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Abstract

Background: The length of recovery after benign gynecological surgery and return to work frequently exceeds the period that
is recommended or expected by specialists. A prolonged recovery is associated with a poorer quality of life. In addition, costs
due to prolonged sick |leave following gynecological surgery cause a significant financial burden on society.

Objective: The abjective of our study was to present the protocol of a stepped wedge cluster randomized controlled tria to
evaluate the cost effectiveness of a new care program for patients undergoing hysterectomy and/or adnexal surgery for benign
disease, compared to the usual care.

Methods: The care program under study, designed to improve convalescence and to prevent delayed return to work, targets
two levels. At the hospital level, guidelines will be distributed among clinical staff in order to stimulate evidence-based patient
education. At the patient level, additional perioperative guidance is provided by means of an eHealth intervention, equipping
patients with tailored conval escence advice, and an occupational intervention is available for those patients at risk of prolonged
sick leave. Dueto the stepped wedge design of thetrial, the care program will be sequentially rolled out among the 9 participating

http://www.researchprotocols.org/2014/2/e30/ JMIR Res Protoc 2014 | vol. 3 |iss. 2| €30 | p.3
(page number not for citation purposes)


mailto:j.huirne@vumc.nl
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Bouwsmaet a
hospitals, from which the patients are recruited. Eligiblefor this study are employed women, 18-65 years of age, who are scheduled
for hysterectomy and/or |aparoscopic adnexal surgery. The primary outcome is full sustainable return to work. The secondary
outcomes include general recovery, quality of life, self-efficacy, coping, and pain. The data will be collected by means of
self-reported electronic questionnaires before surgery and at 2, 6, 12, 26, and 52 weeks after surgery. Sick leave and cost data
are measured by monthly sick leave calendars, and cost diaries during the 12 month follow-up period. The economic evaluation
will be performed from the societal perspective. All statistical analyses will be conducted according to the intention-to-treat
principle.

Results. The enroliment of the patients started October 2011. The follow-up period will be completed in August 2014. Data
cleaning or analysis has not begun as of this article’s submission.

Conclusions:

We hypothesize the care program to be effective by means of improving convalescence and reducing costs

associated with productivity lossesfollowing gynecological surgery. Theresults of this study will enable health care policy makers
to decide about future implementation of this care program on abroad scale.

Trial Registration:

Netherlands Trial Register: NTR2933; http://www.trial register.nl/trialreg/admin/rctview.asp?TC=2933

(Archived by WebCite at http://www.webcitation.org/6Q7exPG84).

(JMIR Res Protoc 2014;3(2):€30) doi:10.2196/resprot.3236
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Introduction

Early Discharge From the Hospital

In the last two decades, the hospital stay following surgical
procedures has been shortened drastically, due to
recovery-enhancing strategies such as the use of minimally
invasive techniques and the implementation of fast-track
programs|[1-4]. The advantages of early postoperative discharge
include increased patient satisfaction, low hospital-acquired
infection rates, and reduced hospitalization costs [5]. However,
a maor disadvantage of minimizing the length of a
hospitalization isthat patient contact becomesvery brief, which
is often at the expense of time spent on patient education.
Ironically, thelack of detailed convalescenceinstructions at the
time of dischargeincreasestherisk of an unnecessary prolonged
recovery [6-11]. Therefore, as long as the organization of
perioperative care has not fully anticipated the transition of
postoperative recovery to the home setting, early discharge does
not necessarily tranglate into accelerated recovery and earlier
resumption of (work) activities[12-14].

In gynecol ogy, the postoperative conval escence after discharge
from the hospital has not received much attention in research
and practice. Yet, thereis considerabl e evidence that the length
of recovery time after a gynecological surgery systematically
exceeds the period considered as appropriate by specialists
[5,10,12-17]. In aprospective study performed by our own study
group among 148 patients receiving gynecological surgery for
abenign disease, median timeto return to work (RTW) exceeded
the recommended sick leave of 6 weeks by approximately 3
weeks. The median time to RTW following an intermediate
surgery (eg, laparoscopic or vaginal hysterectomy) was 60 days
(interquartilerange, | QR 56-135) and following amajor surgery
(eg, abdominal hysterectomy) 69 days (IQR 56-135) [10].

Prolonged Recovery at Home

An unnecessary prolonged recovery is associated with poorer
quality of life[18,19]. In addition, work related problems have

http://www.researchprotocols.org/2014/2/e30/

also been associated with anincrease in health care consumption
[20]. Furthermore, taken into account that about 14,000
hysterectomies are performed annually in the Netherlands alone
[21], the financia burden on society due to delayed
convalescence after a gynecological surgery is substantial.

In order to reduce unnecessary delayed recovery, and
concurrently decrease costs associated with prolonged sick leave
and increased health care utilization following gynecological
surgery, our research group started working on an innovative
strategy to optimize perioperative care in 2008. Since the
beginning of the project several goals were achieved, starting
with  the development of detailed convalescence
recommendations following 4 types of benign gynecological
surgery, using amodified Delphi method [22]. Simultaneously,
a multidisciplinary care program was developed [23,24]
consisting of an interactive eHealth intervention and—for those
patients at risk of prolonged sick leave—an occupational
intervention. The care program provides guidance to patients
from the moment the surgery is planned, until the full
resumption of al activities—including return to work—and
encourages patientsto take an active rolein their own recovery.
The care program was subject to an effect evaluation aswell as
aprocessevaluationin 2010 [25]. Whilethe effectiveness study
among 215 patients showed a positive effect on the outcomes:
(1) RTW, (2) quality of life, and (3) perceived pain [26], the
process eval uation showed some room for improvement [27].

Besides evaluating the effectiveness of a study, it is of equal
importance to conduct an economic evaluation, especially
considering the high economic burden of extended time to
convalescence after a gynecologic surgery. The economic
evaluations are necessary to gain insight into the costs of an
intervention in relation to its effects. Health care policy makers
can use these results to decide how resources should optimally
be allocated to maximize health or welfare [28].

Therefore, the primary objective of the current study is to
conduct an economic evaluation of the care program compared
to the usua care. This economic evaluation will be conducted
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alongside a randomized trial, as the intervention concerns a
further developed version of the care program, which has not
yet been subject to an effect evaluation. In addition, this
construction enablesthe systematic collection of relevant effect
and cost data under “real life” conditions. As the intervention
care program targetstwo levels (the hospital level and the patient
level), a cluster design was chosen in order to prevent
contamination between the study arms. The primary outcome
duration until full sustainable RTW will be assessed on thelevel
of the individual participant. On the level of the participating
hospitals, we will investigate to what extent the guidelines on
convalescence recommendations are adopted, and how future
implementation of the guidelines and care program can be
facilitated.

Methods

The Standard Protocol |tems

The Standard Protocol Items, Recommendations for
Interventional Trials statement [29], and CONsolidated
Standards Of Reporting Trials (CONSORT) statement [30,31],
were used in order to describe the design of this study. In
addition, we used the extension to cluster randomized trial s[32]
and the CONSORT eHealth checklist [33].

Ethical | ssues

The Ingtitutional Review Boards of all participating hospitals
approved this study protocol. Informed consent was obtained
from al of the patients.

Trial Design
Thistria isdesigned asacluster, randomized controlled, stepped

wedge trial, which involves a sequential rollout of the
intervention in the participating clusters over severa time

Figure 1. Trial design.

Bouwsmaet al

periods. In our study, clusters are the departments of obstetrics
and gynecology in nine different hospitals in the Netherlands.
Each time period (TP) takes 2 months. At the start of the trial
(TP,), al of the patients scheduled for a surgery in al of the
participating hospitals receive usual care (control phase). After
two months (TP,), the intervention is implemented in the first
cluster, and from now on the patients scheduled for a surgery
in this hospital will receive the intervention program, while in
all of the other hospitals the patients still receive usua care.
The patients in cluster 2 who underwent surgery during TP;
remain in the control group until they finish the 12 month
follow-up. During TP, the intervention program continues in
cluster 1, and the intervention is implemented in cluster 2 as
well, resulting in the deliverance of the intervention program
tothe patientsin clusters 1 and 2 that will undergo surgery from
this point onward, while patientsin clusters 3to 9 serve as the
control group. At the beginning of TP,, cluster 3 startswith the
intervention, etc. This is repeated until the intervention is
implemented in all clusters (TPy). Figure 1illustratesthe study
design.

A cluster design was chosen to minimize the risk of
contamination, as our intervention targets both health care
providersand patients. A stepped wedge approach was employed
because of the unique feature of an unidirectional crossover,
preventing the intervention to be withdrawn from the hospital
during the trial [34-36]. Because there is substantial evidence
from our previous trial that the care program under study will
be effective, thisis particularly convenient, as hospitals will be
able to keep using the intervention after the trial. Moreover, it
enables usto study theimplementation process carefully, giving
valuable insight into barriers and facilitators for future broader
implementation.
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Selection of Clusters

The clusters in this trial consist of nine hospitals in the
surroundings of Amsterdam, the capital of the Netherlands. The
hospitals were eligible if they performed at least 100
hysterectomies or laparoscopic adnexa surgeries yearly, and
were located within 50 km of the Vrije Universiteit Medical
Center (VUmc). The research team enrolled the clusters before
the start of the trial. In an attempt to select a heterogeneous
sample of hospitals, weincluded 1 university hospital, 7 teaching
hospitals, and 1 nonteaching hospital.

Study Population

The eligible participants for this study are women 18-65 years
of age, employed for at least 8 hours per week (salary employed,

Table 1. Eligibility criteria.

Bouwsmaet al

self employed, or voluntary work), and scheduled for a surgery
for a benign gynecological disease in one of the nine
participating hospitals. The types of surgeriesthat are included
are: (1) total abdominal hysterectomy (TAH), (2) vaginal
hysterectomy (VH), (3) total laparoscopic hysterectomy or
laparoscopic assisted vagina hysterectomy (TLH), or (4)
laparoscopic adnexal surgery (LAS). The factors that are
possibly complicating the postoperative course (eg, severe
comorbidity, malignancy, pregnancy), the factors that are
interfering with the eHealth intervention (computer or Internet
illiteracy), or with the occupational intervention (conflict with
employer, prolonged sick leave, or disability) serve as the
exclusion criteria. Table 1 lists an overview of all eligibility
criteria.

Inclusion criteria Exclusion criteria

Women scheduled for: (Suspicion of) malignancy

L aparoscopic adnexal surgery (Ectopic) pregnancy
Total |aparoscopic hysterectomy
Vagina hysterectomy
Total abdominal hysterectomy

18-65 years of age

Employed = 8 hours/week

Deep infiltrating endometriosis

Legal conflict with employer

Concomitant health problems affecting daily activities

Psychiatric disorders affecting daily activities

Being sick listed >4 weeks, or when reason of sick leave is related to gynecologica surgery > 2 months

Inability to understand or complete Dutch questionnaires

Computer or Internet illiteracy

Recruitment of Patients

The recruitment of patients will take place in al participating
hospitals. When the patients are scheduled for a hysterectomy
or laparoscopic adnexal surgery, they will receive aletter about
the study on behalf of their gynecologist. The letter includes
detailed information about the trial. In addition, it is explained
that someone from the research team will make contact by
telephone after one week to evaluate the patients' willingness
to participate and answer questions if necessary. If the patient
does not wish to be contacted, she can return an included reply
card, or send an email to a specified email address.

When contact is made and the patient is willing to participate,
eligibility is assessed. The eligible patients are then requested
to return a signed informed consent, which is also attached to
the information letter. The participants will not receive any
financial or nonfinancial incentives.

Randomization

The randomization takes place at the level of the clusters and
determines the order in which the intervention program is
implemented in the participating hospitals. The randomization
will be performed by a statistician using a computer generated
list of random numbers.

The patients are informed about the allocation of treatment by
the research team after the patient’s informed consent and the
completion of the first questionnaire before surgery. As the
treatment allocation depends on the scheduled date of the

http://www.researchprotocols.org/2014/2/e30/

surgery, and the implementation phase of the hospital in which
they are being operated, it is predetermined for each participant,
potentially causing selection bias. To minimize the risk of
selection hias, the participants will not be informed about the
study design, and will be counseled asif they have equal chances
between receiving the usual care or the intervention program.
For this reason, counseling will be done by the research team,
rather than by their own physician, who might be, for example,
more willing to include patients during the intervention phase
than during the control phase. Moreover, physicians will be
blinded to the randomization schedule, and will only be
informed about the start of the intervention phase approximately
one month before the actua implementation. Once the
intervention phase has sarted, the importance of not
communicating thisinformation with the potential patientswill
be emphasized.

I nterventions

Usual Care

Before the implementation of the intervention program, the
participants receive the usual perioperative care as provided in
the hospital in which they are scheduled for surgery. Although
considerable variation exists in the Netherlands, in most cases
patients get verbal (general) instructions at discharge by anurse
and/or physician, often followed—but not necessarily—by a
letter or brochure. In general, an outpatient postoperative
consultation is scheduled 4 to 6 weeks following the surgery.
Between discharge and the postoperative consultation, medical
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careisonly initiated by the patient, who can consult her general
physician (GP) or gynecologist, if necessary. Employed workers
who have not resumed work within 6 weeks after the surgical
procedure will be invited for a consultation with their
occupational physician (OP), as required by law in the
Netherlands.

I ntervention

The systematic development of the care program using the
principles of Intervention Mapping is described in more detail

Bouwsmaet al

elsewhere [23]. Both theory and practice were combined, and
all stakeholders were involved in the process. The engagement
of the patients was prompted through focus groups [24]. The
Attitude, Social influence, and Self-efficacy model was used as
atheoretical framework for determinants of behavior regarding
return to work [37,38].

The care program targetstwo levels, which are described bel ow.
Figure 2 shows an overview of the intervention care program.

Figure 2. Overview of the care program. GP=genera physician; OP= occupational physician; RTW=return to work.

LEVEL 1: clusters

Dissemination of convalescence
guidelines to physicians and nurses

Standardized discharge procedure

Standardized postoperative consult
— adnexal surgery: 2 weeks
— hysterectomy: 4 weeks

Informed consent
Baseline measurement

v

Dissemination of convalescence
guidelines to individual GP and/or
OP (with approval of patient)

eHealth
Intervention

A

Access to webportal

Before surgery

Inadequate expectation fowards
own RTW?

LEVEL 2: individual participants

Occupational
intervention

yes Preoperative consultation with

Low intention to resume work-
activities while recovering?

no

Tﬂ — e —— — — — — — — —

Sick leave after surgery exceeding

clinical OP

yes Postoperative consultation with

5 weeks?

no

After surgery

Full sustainable RTW

\ 4

clinical OP
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Cluster Level

At the cluster level, the intervention care program aims to
structure and stimulate evidence-based perioperative care.
Approximately two months before a cluster shifts from the
control to the intervention phase, the principle researcher will
approach the head of the department to arrange logistics. A
minimum of two meetingsis planned one or two weeks before
the actual implementation with physicians and nursesto provide
and explain the new conval escence recommendations that should
be communicated to the patients. In addition, al health
professionalsinvolved in the clinical carereceive apocket card
on which these recommendations are summarized for quick
reference. The residents involved in the discharge
communication are instructed to explain the convalescence
recommendations to their patients before they are discharged.
Visual reminders in the patient records will help the residents
do so. With the secretary of the department, a strategy is
developed to prompt the standard postoperative consultation at
4 weeks following a hysterectomy, and 2 weeks following
adnexal surgery. During the trial, newsletters will be spread
regularly to reinforce the different aspects of the intervention
care program.

Patient Level

Individual Tailored Guidance

At the patient level, the care program aimsto provide individual
tailored guidance to patients from the moment the surgery is
planned until the full resumption of all activities. It consists of
two steps: (1) access to an interactive eHealth intervention for
all patients, and (2) an additional occupational intervention for
those patients at risk for prolonged sick leave.

eHealth Intervention

The patient webportal (Figure 3, [39] aims at empowering its
usersand improving communication between patients and their
employers, as well as improving the communication between
the involved health care professionals during the perioperative
period. Access to the webportal will be given to the patients
approximately 2 to 4 weeks prior to surgery by the research
team, by providing a username and temporary password. The
instructions are given by email, and it isexplained that if patients
require assistance, they can contact the research team by phone

http://www.researchprotocols.org/2014/2/e30/
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or emalil. If patientsfail tolog in, an automatic reminder is sent
to them one week before their surgery to remind them about
the webportal and its functionalities. User authentication will
make it possible to analyze website activity for each individual
participant (visit duration, number of sessions, number and
details of pages visited).

The most important tool of the webporta is the possibility to
generate atail ored convalescence plan. Intheinstruction email,
patients are encouraged to generate such a plan at least once,
preferably before surgery. Having access to detailed
convalescence advice will enablethe patientsto develop redlistic
expectations about their own recovery, and plan the resumption
of their activities and work reintegration accordingly. Moreover,
atailored conval escence plan will help the patients gain insight
into potential recovery problems and find solutions at an early
stage, preferably before surgery. Because the convalescence
plan is composed before surgery, gynecologists are asked to
approve the plan electronically on the first postoperative day.
In the case of an uncomplicated procedure, the plan is turned
into adefinite conval escence plan, and the patients are instructed
to follow the recommendationsin it. In the case of a converted
procedure, the plan is adjusted to the type of surgery that was
actually performed. In the event of severe complications, the
gynecologi st can choose not to approve the conval escence plan,
and the patients then receive a message that the conval escence
plan is not valid anymore, and that they should follow up with
the specific instructions given to them at discharge. With the
consent of the patient, the approved convalescence plan isaso
disclosed to the GP and/or OP of the patient. This last feature
was added since the prior evaluation of the webportal, and was
developed to facilitate the involvement of other health care
professionals during the perioperative period in order to
stimulate a multidisciplinary approach. In addition, the
webportal was equipped with atool that enables the patients to
generate arecovery report, a graphic presentation of their own
recovery, allowing them to track their progress.

During thetrial, the content of the website will be frozen, except
from the dynamic component (forum). Table 2 summarizesthe
most important tools of the eHealth intervention. Screenshots
of the webportal are included as a Multimedia Appendix (see
Multimedia Appendix 1).
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Figure 3. Screenshot of ikherstel.

Kherstel

naar de hoofdpagina

Begeleiding

De onderdelen hieronder zijn bedoeld om u
extra hulp te bieden bij uw herstel. In het
roze staan de onderdelen die van belang
zijn om op korte termijn uit te voeren. De
blauwe knoppen zijn minder urgent. maar
natuurlijk wel beschikbaar

Bouwsma et al

startpagina | contact | colofon | privacy | disclaimer | help | bereikbaarheid | mijn gegevens | uitloggen |

e TINSNE
’ oo N \\

1

Actielijst

De onderdelen hieronder vragen wij u
regelmatig te raadplegen in het belang van
het onderzoek. Als een knop roze is. is het
belangrijk dat u het onderdeel op korte
termijn bekijkt Als u het onderdeel heeft
afgerond. zal de knop grijs worden en naar

Snelmenu

=

Uw zoektermien)

download privé advies (PDF) -
download werk advies (PDF) -
richtlijnen -+

maak hier uw persoonlijk
hersteladvies

herstelrapport

arbeidsgeneeskundig advies

uitnodigen leidinggevende

heneden schuiven
Nodig uw leidinggevende uit om de
website te bekijken

vragenlijsten

Handleiding bij gebruik website -

Handleiding bij gebruik website -
herstelmonitor

Herstelrapport op 19-02-2012
teviedenheid adviezen en erstelrapport op

herstel Persoonlijk Lichamelijk
functioneren functioneren

complicaties & l y l

@Ir=E Copyright © 2009: ikherstel.nl
Table 2. Content of the eHealth intervention.
Tool Description
Personalized Thetool alows patients to generate detailed tailored instructions on the resumption of activities after the surgery, allowing

convalescence plan?

Recovery monitor +
recovery report®
Invitation of employer

Video
Knowledge

Forum

preoperative planning of (work) activities.

The convalescence plan is approved electronically on thefirst postoperative day by the surgeon who performed the surgery,
resulting in a definitive conval escence plan. With the consent of the patient, the approved convalescence plan is shared with

GP and/or OP?

The tool makes an inventory of the resumption of activitiesat 2, 4, 7, 14, 28, 56, and 84 days after surgery. Results are
graphically displayed in arecovery report, allowing the patient to track their progress.2

In case the patients fall behind, an aerting system advises them to contact a specific health care professional, depending on
the underlying problem.

Thetool alows patients to invite an employer to an anonymous section of the webportal to stimulate a dialogue. The devel-
opment of areintegration plan preoperatively will help them gain insight into potential RTW problems.

Thereisa9-minute film illustrating the common pitfalls during the postoperative period.

There are several tools to find additional information, such as an extended list with answers to frequently asked questions,
aglossary, and links to other useful websites.

Thetool alowsthe patients to interact (privately or publicly) with other patients.

#Tools that were modified since the last evaluation of the webportal

Occupational I ntervention
The occupational intervention is developed to provide additional

beforethe start of thetrial. There aretwo types of consultations:
(1) a preoperative, and (2) a postoperative consultation. All
consultationswill be delivered by telephone, unlessthe OP and

guidance to those patients at risk for prolonged sick leave. The  he patient decide together otherwise.
occupationa intervention will be delivered by a group of six
independent OPs, who will be trained as RTW coordinators
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The patients who have an inadequate expectation about their
own recovery (longer than 3 weeks for LAS, longer than 6
weeks for VH/TLH, or longer than 8 weeks for TAH), or have
alow intention to resume work activities while still recovering,
are offered a preoperative consultation, as expectations about
RTW and intention to resume work have been identified astwo
predictors for RTW in recent studies [10,40,41]. During the
preoperative consultation, the OP explains the importance of a
prosperous recovery in terms of improving quality of life and
preventing long term sickness. In addition, the OP tries to
identify and—if necessary—alter attitudes and (irrational)
beliefs about recovery.

The patients who exceed 5 weeks of sick leave receive a
postoperative consultation, during which, the OP assesses the
underlying mechanism for the delayed recovery. The OP gives
advice to improve the reintegration process. Moreover, as a
RTW coordinator, the OP has an excellent position to
communicate with the patient’s gynecologist, GP, OPF, and
employer, if necessary, and of course, with the consent of the
patient, stimulating an integrated care approach. In addition,
the OP has the possibility to initiate a participatory workplace
intervention, aimed at finding consensus between the patient
and her employer concerning solutions for identified obstacles
for RTW with the hel p of an occupational therapist (OT) [42,43].

The occupational intervention described above differsfrom the
intervention as delivered during thefirst trial, due to theinsight
gained during the process evaluation. Originally, contact with

the clinical OP took placein the 10"or 11™week, however, this
turned out to be too late in order to be ableto alter attitudes and
beliefs, and influence the development of a solid RTW plan.
Therefore, inthe current trial, contact will be made much earlier,
at 5weeks, and on indication already before surgery. In addition,
the patients will receive the details of the postoperative
appointments before surgery in order to prepare them that the
occupational intervention is part of the care program they
receive, asin the prior trial, amost half of the patients declined
additional occupational care. In the case of full RTW, the
postoperative appointment will be cancelled.

Outcomes

Effect Measures

The effects of the intervention will be assessed on the level of
the patient. The primary outcome of the study isthe sick leave
duration until full sustainable RTW, defined as the duration of
the sick leavein calendar daysfrom the day of surgery until full
RTW, intheir own work or other work with equal earnings, for
at least 4 weeks without (partia or full) recurrence [44]. The
recurrence of sick leave due to the gynecologic surgery within
the four week period after initial full RTW will be added to the
preceding period of the sick leave. The RTW will be assessed
by a monthly electronic sick leave calendar.

Secondary outcomes that will be assessed are;

1. Recovery, measured by the Recovery Index-10 (RI-10) a
validated recovery-specific questionnaire [45];

http://www.researchprotocols.org/2014/2/e30/

Bouwsmaet al

2. Sdf-reported quality of life, assessed by the Dutch versions
of the EuroQol-5D (EQ-5D) [46] and the Short-Form Health
Survey (SF-36) [47,48];

3. Duration of sick leave until first RTW, and total duration
of sick leave dueto the gynecological surgery for theentire
follow-up period, both measured by the monthly sick leave
calendars,

4. Self-efficacy, assessed by the Dutch adaptation of the
General Self-Efficacy Scale (GSES) [49];

5. Coping, assessed by the Pearlin Mastery Scale (PMS) [50];

6. Pain intensity, measured by the Von Korff questionnaire
(VAYS) [5]]; and

7. (Post) operative complications both assessed through
self-report and by the review of surgical reports.
Complications include: (1) enlargement of the wound (=
8cm), (2) unintended injury to other structures (eg, bowel,
bladder, ureter), (3) unexpected blood loss requiring
transfusion, (4) prolonged hospital stay, (5) readmission
within 72 hours (overnight), (6) repeat surgery within 2
weeks, and (7) postoperative infection requiring antibiotics.

Prognostic Factors

Before surgery, data about potential prognostic factors will be
collected. In case of coincidental and meaningful differences,
analyses will be adjusted for the following characteristics. (1)
sociodemographic data such as age, education level, and
ethnicity; (2) personal factors such as expectation, motivation,
and intention toward RTW, duration of sick leave in the past 3
months; and (3) work related factors such as physical workload
and potential work related psychosocial factors, assessed by the
Dutch Muscul oskel etal Questionnaire (DM Q) [52] and the Job
Content Questionnaire (JCQ) [53].

In case of an unequal distribution of severe complications
(defined as. wound enlargement with more than 8cm or repeat
surgery within 2 weeks), between the two study arms, the
analyseswill be adjusted for these surgery-related characteristics
aswell.

Cost Measures

The costs will be measured from a societal perspective and
consist of: (1) costs of the intervention, (2) health care
utilization, and (3) costs associated with lost productivity. All
of the costs will be converted to the year 2014 using consumer
priceindices[54]. The discounting of costswill not be necessary
because the follow-up period is limited to one year.

Theintervention costs are those that are related to implementing
and operating the new care program, and will be estimated using
a bottom-up approach. The detailed information regarding the
quantity and unit prices of the following resources will be
collected: (1) training of involved health care professionals
(clinical staff, OP, OT), (2) the eHealth intervention (hosting
of webportal, administrator time), and (3) the occupational
intervention (number and duration of consultations).

The health care utilization will be assessed on a monthly basis
using a retrospective electronic questionnaire. Only the health
care costsrelated to the gynecol ogical surgery will be collected
and include: (1) surgery and hospitalization; (2) visit isto health
care professionals in primary or secondary care and visits to
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alternative medicine therapists; (3) medication; and (4) home
careand informal help. If available, Dutch guideline priceswill
be used to value health care utilization. If cost guidelines are
not available, costs will be estimated using real prices or
population-based estimates if available in the literature. The
prices of the Royal Dutch Society for Pharmacy will be used
to value medication [55].

The costs associated with productivity loss consist of
absenteeism and presenteeism costs. The absenteeism will be
assessed by monthly sick leave calendars. The human capital
approach will be used to caculate the costs of losses to
production as a result of sick leave due to the gynecologic
surgery (net number of days on sick leave during follow-up,
multiplied by the estimated prices of production loss of aworker
per day of sick leave). The presenteeism (reduced productivity
while at work) will be assessed with two items of the
Productivity and Disease Questionnaire [56]. A declinein the
amount or quality of work performed due to the gynecologic
surgery compared to the level at which the patient normally
performs, will be considered as presenteeism. The costs
associated with presenteeism will be calculated by multiplying
the presenteei sm score during follow-up by the estimated price
of production loss per day.

Process Measures

A process evauation will be conducted to evaluate the
implementation process of theintervention [57]. The assessment
of the extent to which the intervention program was applied as
intended will provide valuable insight into the facilitators and
barriers for future implementation. The process eval uation will
take place both on the level of the cluster aswell asthe patient,
and both quantitative and qualitative methods will be used. An
automatically generated weblog will enable the analysis of the
website activity for each individual participant, giving more
insight into which patients used the eHealth intervention, and
how it is being used. The appointment system and patient
records of the OP will enable us to analyze the number of
consultations that have taken place, as well as the reasons for
cancellations, and the occurrence of any protocol deviations.
By meansof an Internet questionnaire at the end of thefollow-up
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period, patient satisfaction, perceived effectiveness, and any
usage barriers will be assessed. The principle investigator will
continuously collect reasons for exclusion and dropout during
thetrial. In accordanceto the prior process evaluation conducted
[27], the following process measures are included: (1) reach,
extent to which the intervention reaches the target population;
(2) dose delivered, extent to which the intervention is delivered
to the target population; (3) dose received, extent to which the
participants used the intervention; (4) fidelity, extent to which
the intervention was delivered as planned; and (5) attitudes,
satisfaction, perceived effectiveness, and usage barriers.

Cointerventions and Contamination

Cointerventions during the intervention period cannot always
be avoided. However, we will be able to determine whether
patients received cointerventions by means of the monthly cost
diaries. The risk of contamination is reduced by the cluster
design of the trial. To assess whether contamination occurred,
the patientsin both groups are asked about theinstructionsthey
received at discharge, which will then be compared to the
convalescence recommendations implemented during the
intervention phase of the study.

Data Collection

The surgery is considered T,. The data will be collected by
means of self-reported electronic questionnaires [58] before
surgery and 2 weeks (T), 6 weeks(T,), 12 weeks(T5), 26 weeks
(T,), and 52 weeks (Ts) after surgery. In addition, all of the
participants will be requested to fill out a monthly electronic
sick leave calendar and cost diary. The patientsthat are not sick
listed, and do not have medical costs during 3 consecutive
months, receive a shortened version of the monthly
guestionnaire. In the case of no response, the patients receive
an electronic reminder after 1 and, if necessary, 2 weeks. Every
3 months an attempt will be made to complete missing data
regarding RTW, sick leave, and health care usage per email,
post, and/or telephone. Table 3 provides an overview of all
outcome measures and assessment instrumentsused inthistrial.
Not al of the instruments have been validated for Internet use.
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Table 3. Assessment of study outcomes.
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Outcome measures - + + + + +
+4weeks Surgery 2 weeks 6 weeks 3months 6 months 12 months
(To) (T1) (T2) (T3) (Ta) (Ts)
Primary
Duration of sick leaveuntil full - ponthly sick leave calendar®
sustainable RTW
Secondary

Duration of sick leave until first
RTW

Total duration of sick leave

Recovery (RI-10)

Quality of life (EQ-5D)

Quality of life (SF-36)

Self-efficacy (GSES)

Coping (PMS)

Pain intensity (VAS)

(Post) operative complications
Prognostic factors

Socia demographic variables

Personal factors

Work related factors (DMQ,
JCQ)

Type of surgery/complications
Cost

Care program
Health care utilization

Productivity loss

Process
Compliance (dose received)

Attitudes (satisfaction, per-
ceived effectiveness, usage
barriers)

Satisfaction Petient Satisfaction
with Occupational Health Ser-
vices Questionnaire

Monthly sick leave calendar®

Monthly sick leave calendar®

X X X X X X

X X X X X X

X X X X
X X X
X X X
X X X X X
X X xP

X

X

Bottom-up approach®
Monthly cost diary?

Monthly sick leave calendar®

Continuously by weblog

8short version after 3 consecutive months without sick leave or health care usage

breview of surgical reports

Ccalculated by research team
donly intervention group

Blinding

Sample Size
We cal cul ated the sampl e size needed with the method described

The participants, care providers, and researchers cannot be
blinded for the allocated treatment. However, analysis of the
databy theresearcher will beblind, asall of the patientsreceive
their own study code, under which their data is stored in the
database. The assessment of the outcomesis measured through
self-reported questionnaires.
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total of 212 patients will be needed when using the log-rank
test.

With an intracluster correlation of .05, 9 clusters, and 10 time
periods, the design effect is calculated to be 2.14 [35]. By
multiplying the design effect by the sample size without a
correction for a stepped wedge design, a sample size of 454
womenisneeded. Assuming that all of the hospitalswill include
the same amount of participants, each hospital should include
approximately 50 patients (5 patients per time period per
hospital).

Statistical Analyses

Effect Evaluation

All further described analyses will be performed at the patient
level, according to the intention-to-treat principle. In addition,
for al tests, a two-tailed significance level of P<.05 will be
considered statisticaly significant. The statistical software
packages that will be used include SPSS (version 16.0) and
STATA (version 11.2).

The baseline characteristics will be summarized using
descriptive statistics, and compared between the experimental
and control group to verify prognostic comparability. In case
of coincidental and meaningful differences, these variableswill
be used as covariatesin the further described models.

For the primary outcome, the duration of sick leave until full
sustainable RTW, Cox regression analyses will be used to
investigate the intervention effect. Both the crude and adjusted
analyses will be performed. In the adjusted anayses, the
following variables will be used as covariates: (1) hospital, to
adjust for clustering (random gammaeffect); (2) type of surgery
performed; (3) time period, to adjust for naturally occurring
changes over time irrespective of the intervention; and (4)
optionaly, (time period) x (intervention) interaction term, to
adjust for time effects (the longer the care program is
implemented, the more effective it might be).

The differences in secondary outcomes will be assessed using
generalized linear longitudinal mixed models. All of the
available measurements (2 weeks, 6 weeks, 12 weeks, 26 weeks,
and 52 weeks) will be used, and the baseline scoreswill be used
as covariates, as well as the hospital and the type of surgery
(random effect).

To assesswhether protocol deviations caused bias, aper protocol
analysiswill be performed, and the results will be compared to
the intention-to-treat analyses. In addition, several subgroup
analyses will be performed. The predefined subgroups will be:
(1) hysterectomy (TAH, VH, TLH); (2) minimaly invasive
hysterectomy (VH, TLH); (3) abdomina hysterectomy only;
and (4) laparoscopic adnexal surgery only.

Economic Evaluation

Both a cost-effectiveness analysis and a cost-utility analysis
will be performed from the societal perspective. The analyses
will be performed according to the intention-to-treat principle.
The missing cost and effect datawill beimputed using multiple
imputation [59]. The imputation will include variables that are
related to the missing data or the outcome measure, and variables
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that differ at baseline between the groups. To account for the
skewed distribution of costs, predictive mean matching will be
used in the multipleimputation. The number of imputed datasets
to be created will be determined based on the fraction of missing
information [60]. 'All of the datasetswill be analyzed separately,
and the results of these analyses will be pooled using Rubin's
rules [61]. The incremental cost effectiveness ratios (ICERS)
will be calculated by dividing the differencesin mean total costs
between both treatment groups, by the differencein mean effects
between both treatment groups. To avoid double counting, the
productivity costs due to sick leave will be excluded in the
ICER, with sick leave as the effect measure. The incremental
cost utility ratio will be calculated by dividing the incremental
costs by the differencein the quality adjusted life years between
both treatment groups. To account for the typically skewed
distribution of costs, bias corrected and accelerated
bootstrapping (5000 replications) will be used to estimate the
95% confidenceintervals around the mean cost differences, and
the uncertainty surrounding the |CERS. The bootstrapped ICERs
will be graphically presented in cost effectiveness planes[62].
The cost effectiveness acceptability curveswill be estimated to
show the probability of the intervention program to be cost
effective in comparison with the usual care for a range of
different ceiling ratios, thereby showing decision uncertainty
[63]. To assess the robustness of results, several secondary
economic analyses will be performed: (1) complete case
analysis, (2) per protocol analysis, (3) analysis with costs
calculated according to the friction cost approach, and (4)
analysis from the health care perspective.

Results

The enrollment of the patients started October 2011. The
follow-up period will be completed in August 2014. Data
cleaning or analysis has not begun as of thisarticle’'s submission.

Discussion

Targeting Two Levels

This paper outlinesthe methodol ogy of a stepped wedge cluster
randomized trial to evaluate the cost effectiveness of a care
program designed to improve postoperative recovery compared
to the usua care. The intervention care program targets two
levels: (1) the level of the hospital, and (2) the level of the
patient. At the level of the hospital, the newly developed
guidelines will be distributed among the clinical staff in order
to stimulate evidence-based patient education at the time of
discharge. At the patient level, accessto an eHealth intervention
is provided with tailored conval escence recommendations, and
an occupational intervention is available, for those patients at
risk of prolonged sick leave, for additional guidance.

What This Study Will Add

The combination of increasing demands on the health care
system and the limited health care budget designates a need to
enhance the cost effectiveness of our health care system. The
introduction of minimally invasive techniques in the last two
decades has led to savings in in-hospital care due to shorter
lengths of hospital stay, despite higher operative costs, longer
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operation time, and more expensive equipment [64-66].
However, early discharge does not necessarily lead to enhanced
recovery, as postoperative recovery at homerequiresadifferent
organization of perioperative care aswell, such as preoperative
patient education, including the deliverance of evidence-based
standardized conval escence recommendations[6,8,9,12,67-70].
As far as we know, our care program is the first intervention
developed, and being thoroughly evaluated, that anticipatesthis
transition of perioperative care to the home setting. Second, the
utilization of innovative eHealth technologies will limit the
workload of involved health care professionals, anticipating a
personnel shortage in the health care sector due to a shrinkage
of the working population in the near future [71]. Finally, our
trial will be one of few that conducted an economic evaluation
from asocietal perspective, not only taking into account solely
direct medical costs—which are important for the hospital
perspective—but also including costs associated with
postoperative health care utilization and productivity losses due
to absenteeism and presenteeism after discharge.

Strengths and Limitations

The main strength of the present study isthe choice for astepped
wedge cluster randomized trial. The contamination between
study arms is prevented by the cluster design. In addition, the
stepped wedge approach enables usto study theimplementation
process carefully, and gain valuable insight into the facilitators
and barriers toward future implementation of the intervention
program [72]. Because the crossover of the design is
unidirectional, the intervention is not withdrawn from the
hospitalsduring thetrial. Thisis particularly convenient, asour
previoustria supportsour hypothesisthat the care program will
lead to enhanced postoperative recovery [73]. Finaly, thereis
a statistical advantage to the stepped wedge approach because
the intervention effect is estimated not only by between cluster
comparisons, asin a parallel group design, but also by within
cluster comparisons, limiting the risk of confounding and
increasing statistical power [36,74].

This study also has limitations. First of all, randomized studies
without blinding have higher risks of (selection) bias. A second

Bouwsmaet al

limitation of this study might be the fact that some of the
hospitals have aready participated in the earlier trial in 2010.
The existing knowledge about the convalescence
recommendations could be a source of contamination for the
current study, and could lead to an under estimation of the care
program effect.

Generalizability

The generalizability of this study will be high, due to the
pragmatic study design. In order for procedures to be similar
to clinical practice, interference of the research team will be
minimized during the trial. The wide diversity of participating
(7 teaching, 1 academic, and 1 nonteaching) hospitals, will also
contribute to aheterogeneous sampl e of patients being enrolled
in this study, enhancing generalizability. However, we should
also be aware of factors that could possibly limit the external
validity. A typical feature of eHealth interventions is the risk
of selection bias toward the higher educated participants as
compared to the general population. Moreover, as the care
program was developed in the Dutch setting, and especially
tailored to Dutch patients, generalizability of the results of this
trial to other countries will be unknown, due to differencesin
socia and health care systems.

Policy Implications

The results of this cost effectiveness study will enable health
care policy makers to decide about future implementation of
the care program on a broad scale in the Netherlands. In the
case that the care program under study is proven to be cost
effective, thiswill have considerableimpact. Most importantly,
the financial burden on society due to prolonged sick leave
following benign gynecological surgery will be substantially
reduced. Also, the individual patients will benefit through
increased quality of life, and employers will profit because of
a decline in absenteeism rates. Moreover, for hedth care
professionals, the care program will be an asset, asit will lead
to better organized and more efficient care. Finally, the care
program has the potential to maximize the beneficial effects of
other recovery enhancing strategies, such astheuse of minimally
invasive surgery.
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Abstract

Background: Warfarin and similar vitamin K antagonists have been the standard therapy for patients with mechanical or
biological valve prosthesis and atrial fibrillation (AF). Even with the appropriate use of therapy, some studies have reported that
there is a high incidence of thromboembolic events, 1%-4% per year. Furthermore, a bleeding risk is significant, ranging from
2% to 9% per year, according to some studies.

Objective: The objective of our study was to examine the effect of dabigatran etexilate versus dose-adjusted warfarin for the
prevention of intracardiac thrombus in persistent or permanent AF at least 3 months after aortic and/or mitral bioprosthesis
replacement.

Methods. Dabigatran versuswarfarin after bioprosthesis valve replacement for the management of atrial fibrillation postoperatively
(DAWA) is aphase 2, prospective, open label, randomized exploratory pilot study. The main variable to be observed in this study
isintracardiac thrombus. From August 2013 to April 2015, 100 patients, at least 3 months after aortic and/or mitral bioprosthesis
replacement and permanent or persistent AF postoperatively, who match eligibility criteria will be selected from Ana Nery
Hospital in Salvador-Bahia with a follow-up of three months. Patients were randomly assigned in a 1:1 ratio to receive either
dabigatran etexilate or warfarin.

Results:  Although the present study has no statistic power to proof non-inferiority, it is expected that the dabigatran etexilate
group will be protected aswell as the warfarin group from intracardiac thrombus, without increasing the bleeding rates, since we
are using safer doses (110 mg bid). The lack of necessity of monitoring INR is also another factor that contributes to a better
adherence to the new drug and it can make all the difference in the manner of doing anticoagulation for patients with similar
clinical characteristics.

Conclusions: Thestudy isintherecruitment phase. It ispossible that dabigatran etexilateis as effective aswarfarin in preventing
the emergence of intracardiac thrombus in patients with AF and mitral and/or aortic bioprosthesis.

Trial Registration: Clinicaltrials.gov NCT01868243; http://clinicaltrials.gov/ct2/show/NCT01868243 (Archived by WebCite
at http://www.webcitation/60A Biuasd).

(JMIR Res Protoc 2014;3(2):€21) doi:10.2196/resprot.3014
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Introduction

Overview

Valvular heart disease affects over 100 million people
worldwide. Its prevalence is rising due to the high incidence of
rheumatic disease in developing countries and the growing
impact of degenerative valve disease in elderly populations, a
conseguence of population ageing [1,2]. An estimated 4 million
valve replacement procedures have been performed in the last
50 years, and it remains the only definitive treatment for most
patients with advanced heart valve disease [3].

Warfarin

Warfarin and similar vitamin K antagonists (VKA) have been
the standard therapy for patients with a prosthetic heart valve
and atrial fibrillation (AF). Even with the appropriate use of
therapy, the incidence of thromboembolic events is till
substantial, 1%-4% per year. Furthermore, bleeding risk is
significant, ranging from 2% to 9% per year [3-5]. VKA have
a narrow therapeutic index and also a complex pharmacol ogy,
for example, a long pharmacologic inertia and common
interaction with other drugs [6]. These features make the
management of these drugsachallenge for physiciansand their
patients.

Dabigatran Etexilate

Dabigatran etexilate is the prodrug of dabigatran, a direct
thrombin (factor 11a) inhibitor. After administration, itisrapidly
converted by serum esterase to the active moiety, dabigatran,
which is a nonpeptide, potent, competitive, and reversible
inhibitor of thrombin. The pharmacokinetics and
pharmacodynamics of dabigatran alow fixed dose
administration without coagulation monitoring [7].

The US Food and Drug Administration (FDA) approved
dabigatran on October 19, 2010, for the prevention of stroke
and systemic embolism in patients with nonvalvular AF [8].
The Randomized Evaluation of Long-Term Anticoagulation
Therapy (RE-LY) tria [9] was a noninferiority study that
compared dabigatran at 2 fixed doses (150 mg twice daily and
110 mg twice daily) with dose-adjusted warfarin (target
international normalized ratio, INR range = 2.0-3.0) reaching
the criterion of noninferiority for the two doses tested (relative
risk, RR = 0.66; 95% confidenceinterval, Cl 0.53-0.82; P=.001;
and RR=0.91; 95% CI 0.74-1.11; P=.34, respectively) [8]. The
continued observation of 5851 dabigatran-treated RE-LY
patients beyond the randomized trial's follow-up time suggests
no significant difference between the two dosagesin the trial's
primary endpoint, stroke or systemic embolism, however, the

http://www.researchprotocols.org/2014/2/e21/

150 mg dosage showed higher rates of major and minor
bleeding, without increasing therisk of hemorrhagic stroke[10].

Nevertheless, there are no studies in humans evaluating the
efficacy and safety of dabigatran in patientswith AF and mitral
and/or aortic bioprosthetic valve. Among patients with
mechanical heart valves, the randomized phase Il study to
evaluate the safety and pharmacokinetics of oral dabigatran
etexilatein patients after heart valve replacement (RE-ALIGN)
wasterminated early because the dabigatran etexilate treatment
arm had significantly more thromboembolic events (valve
thrombosis, stroke, and myocardial infarction) and major
bleeding (predominantly postoperative pericardia effusions
requiring intervention for hemodynamic compromise) than did
thewarfarin treatment arm. These bleeding and thromboembolic
eventswere reported in patientswho wereinitiated on dabigatran
etexilate postoperatively within 3 days after mechanical bileaflet
valve implantation, and in patients whose valves had been
implanted more than 3 months previoudly [11].

With thisgap in mind, considering the complicated management
of VKAS, the investigators of this study chose to conduct an
open randomized controlled pilot trial to assessthe efficacy and
safety of dabigatran etexilate compared with warfarin in patients
with persistent or permanent AF after bioprosthetic mitral and/or
aortic replacement (DAWA).

Methods

Study Design

DAWA is a phase 2, prospective, open label randomized pilot
study. The main variable to be observed in this study is
intracardiac thrombus. Thereare no formal primary or secondary
clinical efficacy or safety outcomes because it is a pilot study.
Mortality and morbidity events (ischemic and hemorrhagic
stroke, systemic embolism, major bleeding, prosthesis valve
thrombosis, and any cause of death) will be evaluated in an
exploratory manner and are considered as further endpointsin
this trial. The inclusion and exclusion criteria are outlined in
Textboxes 1 and 2.

The study will be performed in accordance with the ethical
principles that have been laid down in the Declaration of
Helsinki. They are consistent with the I nternational Conference
on Harmonization/Good Clinical Practice, and applicable
regulatory requirements in Brazil where it was approved
unreservedly by thelocal ethicsand research committee”sunder
protocol number 14284813.9.0000.0045. A data monitoring
committee will monitor patient safety and treatment efficacy
every 2 months.
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Textbox 1. DAWA inclusion criteria.

Duraeset a

1. Agefrom 18to 64 years at entry

2. Patients with mitral and/or aorthic valve bioprosthesis for at least 3 months postoperatively

3. Thereis12-lead electrocardiogram documented AF on the day of screening or randomization; or a 24-hour Holter electrocardiogram recording

showing AF episodes postoperatively

4.  Brain computed tomography scan without hemorrhage or findings of acute cerebral infarction on the last 2 days of screening

5. Exclusion of atrial thrombus or valve prosthesis thrombosis by transesophageal echocardiograph on the last 2 days of screening

6.  Written, informed consent

Textbox 2. DAWA exclusion criteria.

Previous hemorrhagic stroke
Ischemic stroke in the last 6 months
Severe renal impairment (creatinine clearance rates < 30 ml/min)

Active liver disease (any etiology)

Increased risk of bleeding (congenital or acquired)
Uncontrolled hypertension

Gastrointestina hemorrhage within the past year

Anemia (hemoglobin level <10 g/dL) or thrombocytopenia (platelet count < 100 x 109/L)

10. Activeinfective endocarditis

11. Pregnant or lactating women

1
2
3
4
5. Concomitant use of any antiplatelet (aspirin, clopidogrel, prasugrel, ticagrelor, ticlopidine, etc)
6
7
8
9

Randomization and Follow-Up

Prospectively, from August 2013 to April 2015, 100 consecutive
patients between 18 and 64 years old, at least 3 months after
mitral and/or aortic bioprosthesis valve replacement,
documented AF postoperatively, and who match the eligibility
criteria are being recruited from Ana Nery Hospital in
Salvador-Brazil after obtention of informed consent.

For the allocation of the participants, acomputer generated list
of random numbersincluding 1 to 100 was used [12]. Following
that, the alocation sequence was conceadled (in sequentialy

http://www.researchprotocols.org/2014/2/e21/

numbered, opague, black, sealed, and stapled envel opes) from
the researcher who was enrolling and assessing participants. By
convention, every “even number” is being alocated to the
dabigatran etexilate group and every “odd number” to the
warfarin group, that was consecutively selected blindly from
the previous list, thereby selecting exactly 50 patients in each
group (1:1 alocation), (Figure 1 shows this grouping). After
thisrandomization, patients had study visits scheduled at 7 days
(via telephone) and at 30 days (personaly). The enrollment
period was 21 monthswith a planned minimum follow-up period
of 3 months.
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Figurel. DAWA study.
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Rheumatic patients with mitral and/or acrtic
bioprosthesis valve at least 3 months after
replacement and atrial fibrillation

postoperativel v

'

Diabigatran etexilate
110 mg twice a day

n= 50

Randomization

(N = 100)

}

Warfarin
(INR =2.0-3.00

n = 5(}

Drug Administration Protocol

Dabigatran etexilate will be supplied as capsules containing
110 mg, which should be taken twice daily without the need of
INR monitoring. All the patients randomized to use dabigatran
etexilate will remain with that drug for the duration of the study.
Any patients who used warfarin previously will do a drug
washout, followed by an immediate introduction of dabigatran
etexilate once the INR < 2.5.

The patients assigned to warfarin will require close coagulation
monitoring to achievethetarget INR (range, 2.0-3.0). Therefore,
it will be necessary to follow a protocol of monitoring and
dosage adjustment of this drug to ensure the safety and
optimization of its use since each patient responds differently
to the same doses. The warfarin dose adjustment algorithm was
made according to the evidence-based guideline of the American
College of Chest Physicians, and several other studies[6,13-18].
Doses between 5 mg and 10 mg were administered for the first
days for most individuals, with subsequent dosing based on
INR response. The patients should have abaseline prothrombin
time/INR checked prior to initiating warfarin therapy, and
rechecked 2-3 days after initiating therapy, and then checked
again every 2-3 days until stable. After this, they will be
rechecked after 15 days, and if they are stable, every 30 days.

Outcomes

The primary endpoint will be the appearance of an intracardiac
thrombus in an esophageal echocardiogram to be held at the
end of the follow-up. Other probable endpoints are the
composite of stroke (ischemic or hemorrhagic), systemic
embolism (to the central nervous system or peripheral), and
prosthesis valve thrombosis. The safety endpoints will be any
bleeding event (major or minor), elevated liver enzymes, or
hepatic function abnormalities.

http://www.researchprotocols.org/2014/2/e21/
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A thromboembolic event involving the central nervous system
was defined as a sudden, focal neurological deficit of presumed
vascular origin lasting 24 hours to 7 days (reversible ischemic
neurological deficit) or enduring more than 7 days (stroke), as
confirmed by computed tomographic or magnetic resonance
scan imaging and eval uated by askilled physician. A peripheral
embolism was diagnosed when there was a sudden onset of
arterial occlusion in the extremities (with or without cyanosis)
and with reported absence of pulse, or sudden abdominal pain
requiring urgent intervention (confirming acute intestinal
ischemia during the surgical procedure). One of the criteriain
the list below defined a major bleeding event [19]. All other
bleeding will be considered minor and will aso be computed.

Major bleeding criteria: (1) fatal bleeding, (2) symptomatic
bleeding in a critical area or organ, such as intracranial,
intraspinal, intraocular, retroperitoneal, intraarticular or
pericardia, or intramuscular with compartment syndrome,
and/or, (3) bleeding causing afall in hemoglobin level of 20 g

L"}(1.24 mmol L) or more, or leading to transfusion of two or
more units of whole blood or red cdlls.

Safety Monitoring

Any patients with bleeding on dabigatran etexilate or warfarin
therapy will be immediately hospitalized and screened for the
severity of bleeding (mild, moderate, or life-threatening
bleeding). The management of these complicationswill follow
current guidelines and review articles[13-18].

All participants will have telephone visits scheduled weekly.
After that period, study visits will be scheduled monthly. The
telephone number of al the researchers will aso be available
to the patients. At any time, in any phase of the study, the patient
will have the full right to request exclusion from the study.
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Electrocardiography and laboratory tests (blood count, rena
function, el ectrolytes, and liver function tests) will be performed
monthly to monitor any changes that indicate bleeding or
coagul opathy. Before the randomization and after the follow-up
period, patients will undergo a brain computed tomography
without contrast to exclude recent ischemic or previous
hemorrhagic cerebrals events, and a transesophageal
echocardiogram to check prosthesis function (including peak
and mean gradient), and to check left atrial thrombus.

During thefollow-up, if any unfavorable outcome with patients
inthe study is evidenced, an emergency meeting with the ethics
committee will be held to evaluate the discontinuation of the
study, regardless of their stage of recruitment. Other than that,
every 2 months there will be a meeting with the same group
with the intention of observing the progress of the study and
the outcomes observed in each patient.

Statistical Consider ations

The SPSS 17.0 (SPSS Inc) will be used to perform statistical
analysis of the collected data. The primary anaysis will be
performed according to the intent-to-treat principle. A safety
analysis will be performed on al patients treated regardless of
any protocol violations. The quantitative variables will be
described as mean and standard deviation. The mean comparison
will be performed by the Student t test for independent
populations or related populations, as appropriate. The
qualitative and categorical variables will be presented as
percentages and their comparisons will be made by X2 test
(chi-sguare) or the Fisher exact test when indicated.

Use of Concomitant Drugs

The use of drugs such as acetylsalicylic acid, clopidogrel, and
other antiplatelet agents will not be allowed during the study
period. The same applies to antiarrhythmic drugs that interact
with dabigatran etexilate, such as quinidine.

Results

Although the present study has no statistic power to proof
non-inferiority, it isexpected that the dabigatran etexilate group
will be protected aswell asthewarfarin group fromintracardiac
thrombus, without increasing the bleeding rates, since we are
using safer doses (110 mg bid). The lack of necessity of
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monitoring INR isalso another factor that contributesto a better
adherence to the new drug and it can make all the differencein
the manner of doing anticoagulation for patients with similar
clinical characteristics. Enrollment for this study started in July
2013 and is expected to conclude in April 2015. Final results
areexpected in September 2015. The study isin the recruitment
phase.

Discussion

Anticoagulant treatment reduces the incidence of death and
cardioembolic events in patients with AF or a prosthetic heart
valve, and the incidence of death and recurrences in patients
with venous thromboembolism [18]. Warfarin works by binding
to vitamin K epoxide reductase to inhibit vitamin K-dependent
coagulation factors |1, VII, IX, and X. For all its extensive use,
warfarin has many clinical shortcomings, including variable
pharmacokinetic and pharmacodynamics properties, a narrow
therapeutic index range, and numerousinteractionswith certain
foods and drugs. All of these factors contribute to the need for
frequent coagulation laboratory monitoring and dosage
adjustments.

Recently, direct thrombin inhibitors and factor Xa inhibitors
have been added to the armamentarium for anticoagulation in
AF. Dabigatranisan ora, reversible, direct competitiveinhibitor
of thrombin, which prevents the conversion of fibrinogen to
fibrin within the coagulation cascade, thereby inhibiting
thrombusformation [8]. The association of AF and bioprosthesis
increases significantly the thromboembolic risk, making the use
of dabigatran etexilate uncertain at this scenario. The
RE-ALIGN trial [20] wasthefirst clinical study to evaluate an
oral direct thrombin inhibitor (dabigatran etexilate) as an
alternative to warfarin for use in patients with mechanical heart
valves requiring anticoagulation therapy. That study was
prematurely interrupted because it showed increased rates of
thromboembolic and bleeding eventsin the dabigatran etexilate
treatment arm [20]. This report describes the rationale and
design of the first clinical trial, to our knowledge, to test the
hypothesis that dabigatran etexilate exhibits similar efficacy to
warfarin with respect to prevention of intracardiac thrombusin
patients with aortic and/or mitral bioprosthesis valve and AF
postoperatively.
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Abstract

Background: Innovative interventions that empower patients in diabetes self-management (DSM) are needed to provide
accessible, sustainable, cost-effective patient education and support that surpass current noninteractive interventions. Skills
acquired in digital virtual environments (VES) affect behaviors in the physical world. Some VEs are programmed as rea -time
three-dimensional representations of various settings viathe Internet. For thisresearch, atheoretically grounded V E that facilitates
DSM was devel oped and pilot tested. It offered weekly synchronous DSM education classes, group mestings, and socia networking
in a community in which participants practiced real world skills such as grocery shopping, exercising, and dining out, allowing
for interactive knowledge application. The VE was available 24/7 on the Internet, minimizing access barriers.

Objective: The objective of this study was to evaluate the feasibility and efficacy of participation in aVE for DSM education
and support.

Methods: This study utilized a single group, pre-mid-post measure design. At 0, 3, and 6 months, we assessed participants
perceived VE usability and useful ness, self-efficacy, diabetes self-management behaviors, perceived social support, and diabetes
knowledge using validated survey measures; and we recorded metabolic indicators (HbAlc, BP, BMI). Process data were
continuously collected in the VE (log-ins, voice recordings, locations visited, objects interacted with, and movement). Data
analysisincluded descriptive statistics, t teststo evaluate changesin mediators and outcomes over time, and depiction of utilization
and movement data.

Results:  We enrolled 20 participants (13/20, 65% white, 7/20, 35% black), with an age range of 39-72 years (mean age, 54
years) and diabetes duration from 3 monthsto 25 years. At baseline, 95% (18/19) and 79% (15/19) of participantsrated usefulness
and ease of use as high on validated surveys with no significant changes at 3 or 6 months. Participants logged into the site amean
of 2.5 hours/week over the course of 6 months. High DSM class attendance was reflected by the largest percentage of time spent
in the classroom (48.6%). Self-efficacy, social support, and foot care showed significant improvement (P<.05). There were
improvement trendsin clinical outcomesthat were clinically meaningful but did not reach statistical significance given the small
sample size.

Conclusions. Because relatively little is known about usability, acceptability, and efficacy of health interventionsin VES, this
study constitutes an important, innovative first step in exploring the potential of VEs for facilitating DSM. The preliminary data
suggest that VEs provide a feasible and useful platform for patients and educators that affects self-management and related
mediators. Flexible access to both synchronous and asynchronous diabetes education, skill building activities, and support from
ahome computer remove barriersto attending clinic-based meetings. This program has potential for improving DSM in an easily
disseminated alternative model.
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Introduction

Overview

“The medium is the message,” a phrase coined over 40 years
ago, signifies not only that the content of the message, but also
the characteristics of the medium itself affect perception of the
message[1]. Digita virtual environments (VE) allow messages
to be embedded within redlistic sensory scenarios and
synchronous conversations among inhabitants affect the
perception of the messages. Virtual environments, which
promote social and educational interaction via repetition,
practice, feedback, and application, may lead to superior learning
[2]. Furthermore, virtual environments not only provide the
context for the delivery of health messages, but aso can
potentially bring assistance and support to patients with chronic
diseases like type 2 diabetes, to change behaviors needed for
effective self-management.

Diabetes affects 23.6 million US adults, most of whom have
type 2 diabetes (T2D) [3]. Asthe prevalence of T2D increases,
health care providersand patients face the challenge of effective
diabetes management and control to reduce complications and
mortality [4-7]. Self-management is integra to the control of
T2D, because patients provide 99% of their own care [8,9].
Effective self-management by patients requires informing and
aiding patients via ongoing health professional facilitation of
monitoring, support, and care, which are notably absent from
current health care systems[10-12]. Diabetes self-management
(DSM) interventions have demonstrated improvements in
diabetes knowledge, self-management behaviors, and metabolic
control; however, the interventions and their effects have been
relatively short-lived [10,11,13]. The most effective
interventions have incorporated interactive, somewhat
individualized and freguent interactions among educators,
providers, and patients [10]. However, frequent in-person
interactions are costly and unsustainable. Ongoing diabetes
education and support are necessary in a format that is more
sustainablein health care systems[13,14)]. Internet interventions,
alogical approach to fill this need, have been used with T2D,
resulting in increased support [15,16] and knowledge [16];
improvements in glycemic control [16] and self-management
behaviors[17]; and more efficient use of primary care services
[16] with decreased hospitalizations and emergency department
visits[18]. In chronic disease, interactive health communication
applications (computer-based information and support) have
had a positive impact on knowledge, social support, clinical
outcomes, and behaviora outcomes [19]. However, the
heterogeneity of the effects of the Internet and technological
interventions on metabolic control and self-management, ranging
from small to large (and frequently not measured), may be due
to alack of interactivity in these interventions [20] and a drop
in utilization of some technologies over time by clinicians and
patients [18].

http://www.researchprotocols.org/2014/2/e23/

Currently, patients and providers with T2D face barriers to
accessing even minimal self-management support or short-term
diabetes self-management training (DSMT), including a lack
of referral sourcesfor DSMT, fear of losing patientsto DSMT
if offered outside their clinic, a belief that DSMT was not
needed, inability to fit it into their schedule, cost, and
transportation [21]. The flexibility of accessing both
synchronous and asynchronous diabetes education, skill-building
activities, and support via personal computer opens up doorsto
these aspects of diabetes care for many facing barriers (eg,
location, time) to attending traditional clinic based meetings.
Beyond these barriers to attending DSMT, VEs provide the
potential platform for sustained education and interaction that
is necessary throughout the trajectory of this chronic disease.

Digital VEshavethe potential to solve the contextual disconnect
between the clinic or other education-center based educational
programs and the challenges of patients' daily lives [12] by
simulating the community setting, allowing for knowledge
application and role playing of self-management behaviors.
Instead of being passive observers of computer images, users
are active participantsin computer-generated three-dimensional
worlds. Digital VEs provide users with presence, immersion,
and social interaction that can facilitate communication between
patients and providers without physical limitations. Virtual
environments have the capacity to profoundly change health
care from “institution-centric” to “patient-centric’ [22], yet
further research isneeded to determine the feasibility, usability,
and outcomes of the technology. Virtua environments have
been proposed and explored to address the need for transforming
diabetes education and support, and addressing obesity; yet, to
our knowledge, formal trials of their efficacy have not yet been
conducted.

For this project, a Second Life[23] virtual diabetes community
called SLIDES (second life impacts diabetes education &
self-management) [24] was built with real-time interactions
among adultswith T2DM, health care professionals (HCP), and
peers. The primary aim was to determine the feasibility and
acceptability of an eHedth (a form of health information
provided via the Internet [25]) program using a VE platform
that providesDSMT and self-management support. A secondary
aim wasto determine preliminary effects of participation in the
VE intervention on self-management and diabetes outcomes
(HbA1c levels, blood pressure, and body mass index), as well
as psychosocial outcomes or mediators (diabetes knowledge,
self-management behaviors, self-efficacy, perceived support,
presence, and copresence). The long-range goal is to build a
tool for health care providersto not only disseminateinformation
to health care consumers with chronic diseases, but aso to
promote skill building viainteractive simulations and scenarios,
provide socia support, and offer individual educational
consultation.
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Theoretical Framewor k

Social cognitivetheory [26] providesthetheoretical framework
for the behavioral intervention here, addressing interactive or
reciprocal factorsin relation to DSMT and support including
environmental, personal, and behavioral factors. It was aso
necessary to incorporate constructs used in the VE literature
and theory such as physical and behavioral realism, presence,
copresence, and agency [27,28] to address the challenges and
opportunities such environments provide compared to
face-to-face ones. Details regarding this theoretical framework
and how it was operationalized in the VE have been published
elsewhere [29]. Thisintegrated theoretical framework allowed
usto capitalize on the strengths of successful self-management
interventions (eg, the incorporation of socia cognitive theory
and frequent patient-provider interactions, peer support,
feedback, and a multidisciplinary team) and enhance the
intervention and participants' experiences by overcoming the
weaknesses of current interventions (eg, alack of interactivity,
accessibility, and sustainability; resource intensiveness) [29].

Methods

Overview

Thisfeasbility study involved aone-arm, pre-mid-post measure
design. A convenience sample of adult participants with T2D
was enrolled in the VE intervention with access to the site for
6 months. Pre-intervention measures a baseline,
mid-intervention measures at 3 months, and post-intervention
measures at 6 months provided data addressing the primary and
secondary aims of the study.

Recruitment and Study Eligibility

Approval from the Duke University Ingtitutional Review Board
was obtained prior to study initiation. Endocrinologists and the
study coordinator recruited a convenience sample within the
endocrinology clinic at the Duke University Medical Center.
Potential participantswereidentified by endocrinology providers
either during scheduled visits or through medical record review.
If recipients were interested in learning more or participating,
letters were sent to them introducing the study and giving them
the study coordinators contact information. Eligible participants
were those with a diagnosis of T2D who (1) were between 21
and 75 years old, (2) were able to speak and read English, (3)
were computer literate (have used a computer for at least 6
months), (4) understood how to use the Internet (have accessed
theInternet on at least 6 occasions), (5) had accessto acomputer
with anon-dial-up Internet connection in aprivate location, (6)
were mentally capable of informed consent, (7) werereachable
by telephone, (8) had ho comorbidities or severe diabetes-related
complications that would interfere with study participation or
measures (eg, rena failure, stage Il hypertension, severe
orthopedic conditions or joint replacement scheduled within 6
months, paralysis, bleeding disorders, or cancer), and (9) were
ableto travel to the clinic for follow-up appoi ntments. Subjects
at various stages of T2D with treatment regimens including
both oral and injectable medicationswereincluded if the above
criteriawere met.

http://www.researchprotocols.org/2014/2/e23/

Johnson et al

Intervention

User-Centered Design

The SLIDES community was developed using an iterative
usability design, informed by the programmer, researchers,
study team, and patients with diabetes [24]. This iterative
user-centered design approach was informed by user, task, and
environmental analyses[30]. The user analysis determined the
characteristics of users such as age, computer literacy, social
and cultural issues, and familiarity with Second Life. Hence,
we built the environment for adult users who were VE novices,
yet who were computer literate and possessed Internet skills.
Furthermore, we considered the types of restaurants and types
of food in the grocery store that should be included in the
SLIDES site based on our user characteristics. Thetask analysis,
which examined the goals of the users and the required tasks
to meet these goals, informed the necessary task features of the
VE community. For example, we considered that it was
important for users to be able to purchase the books that they
reviewed within our SLIDES site. Thus, if the user clicked on
a book within the bookstore, a website where they could
purchase the book directly appeared. In the environmental
analysis, we considered types of machines used by the users
and the specificationsfor use of the machines. We stayed within
our specifications and did not require the users to purchase any
special software to use the site. After we completed the build,
we conducted a small-scale usability study with the first 5
participants in the study [31]. Small-scale usability studies are
away to validate the interface design decisions [30,32]. Using
a talk-aloud methodology [33], we gave the users 12 most
frequently used tasks and functions within the SLIDES
environment (such as accessing a menu, navigation, and how
to text) and asked them to complete these tasks under the
observation of the investigator. The results of this study were
used to make some minor changes within the SLIDES site (eg,
added menus of popular chain fast-food restaurants, added a
sign entitted Medications above the medications in the
pharmacy). No major usability problemswere found within our
launched design.

SLIDES Site

The SLIDES site was designed to provide DSMT and support
based on socia cognitive theory, effective diabetesinterventions,
and American Diabetes Association and American Association
of Diabetes Educator standards for diabetes care and education
[34-36]. Classes, resources (grocery item feedback, menu
feedback, weblinks, etc), and the infrastructure within Second
Lifeweredevel oped with enhancing patients’ self-management
skills and behaviors and interpersonal support in mind. The
SLIDES community contained a bookstore with books and
websites chosen by diabetes educators with links to purchase
them; a grocery store with over 200 interactive grocery items
with embedded information on nutritional content, suggested
portions and substitutions; a pharmacy with items such as oral
care products, glucometers, etc, which could be bought directly
online, and information on related medications and
over-the-counter applicable medications chosen by our diabetes
educators; aclothing store where participants could individualize
their avatar; a restaurant featuring the menus of popular chain
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restaurants with embedded information on each menu item on
nutrition, portions, and substitutions; agym with exercise videos
created by exercise physiologists that participants could mimic
in their own home; and a community center with a classroom,
dide projector, and aforum that allowed participantsto cocreate
information such as adding information on favorite recipes,
restaurants, or personal experiences. This interactive VE
incorporated many aspects of social cognitive theory, including
cues to action and skill development [37-39]. Role-playing in
this diabetes community allowed for immediate feedback and
modeling of healthy behaviors. Brief health promotion and
disease prevention messages were hung around the site (ie,
signs) as cues to action.

Weekly 1-hour classes (using the American Diabetes
Association/American Association of Diabetes Educators
self-management training curriculum facilitated by nurse
practitioners, diabetes educator or health professional guest
presenters) were held [35,40] (Figure 1). Classes were offered

Figurel. Classsessionin SLIDES.

M easures

Demographics and I nternet Experience

Demographic dataincluded age, marital status, ethnicity, race,
cohabitation, family history of diabetes, level of education,
employment status, and household income range. We aso
assessed duration of diabetes, diabetes-related medications,
attendance at prior diabetes education, and prior attendance at
a diabetes support group. Finally, we assessed Internet use in
general by hours per week, and then specifically hours per week
using socia networking sites, emailing, playing games,
searching the Internet, and reading newspapers or magazines.

To meet our primary aim of developing a virtua diabetes
community (SLIDES) and assessing its feasibility and
acceptability, wetracked participation rates (number of log-ins,
time spent in SLIDES) and use (locations visited in SLIDES,
objects manipulated, voice and text tracking), perceived
usefulness, perceived ease of use, and attitudes toward use.
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during daytime and evening hours, alowing participants
flexibility for attendance. Twelve classes rotated through the
core AADE topics (healthy eating, being active, monitoring,
taking medications, problem solving, healthy coping, and
reducing risks). Classes allowed for delivery of information by
the educators as well as opportunities for participant questions
and interactions with one another. In addition, a weekly
scheduled discussion/support group was moderated by a nurse
practitioner.

Each participant had access to the SLIDES community sitein
Second Life 24 hoursaday, 7 days per week. Accessto SLIDES
allowed participants to utilize resources and weblinks such as
thosein the bookstore or grocery store and to interact with other
participants at their convenience. Participants were advised to
consult their health care provider regarding any medication
regimen changes or side effects, symptoms, or health status
changes. Medical management remained outside the domain of
this intervention.

‘The Diabetes Police

Participation Rates and Usage

Process data were measured via the number of log-ins into
SLIDES, duration of each log-in, locations visited in the site,
and objectstouched such asbooks, food items, etc. Additionally,
all verbal and text communication during the duration of the
study were recorded continuously (24/7). Process data were
analyzed via average number of log-ins per month, average
amount of time spent in the site, average amount of time spent
in each location within the site, average number of objects
touched, and a list of objects touched. Data points such as
participant avatar location were collected every 15 seconds, or
any time an object was “touched,” to ensure that object
interactions were captured in the database.

Perceived Usefulness

Perceived usefulness was assessed using averbal 7-point Likert
scale based on work by Davis [41] (Cronbach apha, 0.98). We
averaged participants’ responses to the 6 questions to obtain a
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perceived usefulness score. Lower scoresindicated higher levels
of perceived usefulness with responses ranging from 1
(extremely likely) to 7 (extremely unlikely). Questions were
modified to fit outcomes related to VES. The baseline version
was modified to reflect participants’ anticipated rating of
usefulness of the VE, which could then be compared to the 2
later measures during and after their participation in the VE.

Perceived Ease of Use

Perceived ease of use was assessed based on work by Davis
[41] (Cronbach apha, 0.94). The questionnaireincluded 6 items
using 7-point Likert scalesthat ranged from 1 (extremely likely)
to 7 (extremely unlikely). These questions were modified to fit
outcomes related to VEs. We averaged the 6 itemsinto asingle
score of perceived ease of use. Again, the baseline version was
modified to reflect participants’ anticipated ease of use of the
VE, which could then be compared to the two later measures
during and after their participation.

Focus Group

The purpose of the focus group was program evaluation.
Questions asked during the focus group included: What are your
perceptions of the SLIDES site? What did you get out of the
SLIDES site? What were positive and negative aspects of the
SLIDES program? What changes would you make to the
SLIDES program?

To meet our second aim of determining the preliminary effects
of participation in the SLIDES intervention, we collected data
on metabolic outcomes and potential psychosocial mediating
variables as outlined below.

Physiological Outcomes

Metabolic control was measured by glycosylated hemoglobin
(HbA1c), blood pressure (BP), and body mass index (BMI)
obtained from medical records. HbA1c is aroutine laboratory
measure of metabolic control in clinical practice, obtained at
3-month intervals by diabetes care standards [36] and indicates
average glucose levels over the prior 3 months. BP and BMI
(calculated from height and weight) are clinical parameters
associated with metabolic control and diabetes-related
complications (heart disease, stroke) and influenced by
self-management.

Self-Efficacy

Self-efficacy was assessed using the Diabetes Empowerment
Scale-Short Form (DES-SF), an 8-item Likert scale that ranged
from 1 (strongly disagree) to 5 (strongly agree), measuring
participants' confidence in their ability to perform DSM
behaviors and self-assess satisfaction with diabetes care. The
DES-SF was created by choosing the item from the original 28
itemswith highest item to subscal e correl ation from each of the
original eight conceptual domains (Cronbach alpha, 0.85) [42].
Thetotal scale score was divided by 8 to provide a mean score
for each participant.

Diabetes Knowledge

Diabetes knowledge was measured using a subset of the
Assessment of Diabetes Knowledge [43] instrument. Twenty
true/false items were utilized from this 114-item instrument,
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with representative items selected from the subcategories of
treatment, sick days, hypoglycemia, effects of physical activity,
reducing complication risks, smoking/al cohol effects, foot care,
and diet. This scale was scored based on percentage of correct
answers to the 20 items for each participant.

Sdf-Management Behaviors

The 11-item Summary of Diabetes Self-Care Activities [44]
assessed the frequency of health behaviors over the previous
week (number of days), including diet, exercise, blood sugar
testing, foot care, and smoking. The instrument has acceptable
internal consistency (mean, 0.47), and moderate test-retest
correlations (mean r, 0.40) [44]. Responses were scored
according to the authors' instructions, creating amean score for
each of the subscales of diet, exercise, blood sugar testing, and
foot care [44].

Perceived Support for Diabetes Management

Perceived support for diabetes management was assessed using
a 12-item survey with Likert scale items ranging from 1
(strongly disagree) to 7 (strongly agree). This diabetes support
scalewas devel oped specifically for assessment of social support
in a diabetes Internet intervention. It has demonstrated internal
consistency reliability of 0.90-0.93, sensitivity to intervention
effects, and construct validity when compared to the
Interpersonal Support Evaluation List and Chronic Illness
Support Survey (r, 0.26-0.45) [ 15]. Each total scorewasdivided
by 12 to calculate a mean score with higher scores indicating
more perceived support.

Presence

Presence (sense of actually being in the site) evaluation was
based on the work of Witmer and Singer [45] (Cronbach alpha,
0.81). The original questionnaire included 32 items; however,
we removed 5 items that were not applicable to this
environment; 2 questions relating to the haptic subscale (tactile
feedback), which isnot available within thisVE, and 3 questions
regarding gaming experiences that were not related to any
subscales. The subscales measured involved/control, natural,
auditory, resolution, and interface quality. Theinvolved/control
subscal e focuses on the reaction of the VE to user actions, users
perception of their control of actions in the VE, the degree of
engagement of the visual aspects of the VE, and how engaged
the participant felt [45]. Natural subscales assessed the
perception of natura movement, the naturalness of the
environment, and the participant’s perceptions of natural
interactions [45]. The auditory subscale addressed identifying
and localizing sounds, and resolution addressed how well the
participants could examine objects. Finaly, theinterface quality
subscal e assessed whether devices associated with theinteraction
in the environment interfered with the performance of tasks
[45]. The presence questionnaire contained a 7-point scalewith
anchors based on the question stem from 1 (not) to 7 (very).
We averaged each subscale, but do not provide an overall
presence score because we diminated 5 questions. However,
each of the subscal es should provide some measure of presence.

Copresence
Copresence (sense that others are actually present in the
environment) [46] was measured based on the work of
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Bailenson, Swinth, and Hoyt [47] (Cronbach alphafor subscales,
0.71-0.72). In addition to the 3-item scal e measuring copresence,
we measured embarrassment (3 items) and likability (4 items),
both of which help to define copresence by showing social
responses people have to others, such as liking others and
willingnessto perform embarrassing actsin front of others. All
of the items were measured on a 7-point Likert scale from 1
(strongly disagree) to 7 (strongly agree). The means were
obtained for copresence, embarrassment, and likability,
respectively. Greater scores indicated higher levels of
copresence, embarrassment, and likability. According to
Bailenson et al [47], all three should be correlated: copresence
and likability should be positively correlated and
copresence/likability and embarrassment negatively correlated.

Study Procedures

During the baseline participant visit in a private room at our
study office, the study coordinator obtained signed informed
consent and administered surveysto assess demographic factors
and psychosocia mediators as described above. The most recent
height and weight, BMI, BP, and HbA 1c were obtained from
the participant’smedical record by the study coordinator. During
the baseline visit, subjects were oriented to the SLIDES sitein
Second Life and each subject’s avatar was developed by the
study staff with the participant’s input and approval. Although
participants could keep their individualized avatar indefinitely,
they could only accessthe SLIDES site during the study period.
Participants were given headphones with amicrophonefor home
use to alow for synchronous voice communication. Online
tutorialsthat were developed in Second Life helped to facilitate
participant learning and integration into the VE. Written
instructionsfor accessing the site were given to each participant
along with their username and password during the initial,
baseline visit. The initial basdline orientation with the study
coordinator was approximately 60-90 minutes long. Most
participants required at least 1 follow-up phone conversation
with the coordinator to ensure that the application was set up
and that they were able to use the basic functions on their home
computer, which took about 30 minutes. Although periodic
technical challenges required follow-up support, most were
either related to Second Life server issues beyond our control
or limitations of participant computers (processing capabilities,
etc).

Individuals were told that they could visit the SLIDES site as
frequently as they wanted, but were instructed to signin to the
SLIDESintervention at |east twice aweek for thefirst 4 weeks,
after which they could log in to the SLIDES site at any time for
the remaining 5 months. The rationale for the initial required
log-ins were to encourage use and increase familiarity with the
site, resourcesin the site, and to meet others and attend weekly
diabetes education meetings. This was only “required” and
participants received reminders from the study coordinator to
log inif they did not meet this requirement for the first month
so that their use of the site after that point could be observed
for the remainder of the study as a part of feasibility testing.
Three days after the baseline appointment, participants were
telephoned to address any questions about Second Life or study
procedures. A re-orientation was provided to those who
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continued to have difficulty with how to usethe site, which was
necessary for approximately 4 participants.

Weight, BP, and HbA 1c at 3 and 6 months were obtained from
medical records (with a2-week window before or after the study
follow-up time point). Subjectswere sent alink viaemail to the
follow-up surveys (as outlined above), which were administered
online at 3 and 6 months through REDCap [48]. In the final
week of the 6-month intervention period, all participants
(including those who had withdrawn) were invited to attend an
online focus group in the SLIDES site with the primary
investigator and coinvestigator to discuss perceptions of the
experience, positive and negative aspects of the intervention,
technical difficulties, and suggested changes. Subjects who
completed all visitsand measures received $50 as compensation
for their time, or prorated compensation depending on time
spent in the study.

Statistical Analysis

All data, including the process data recorded in Second Life,
were stored on a secure research server at the Duke University
Office of Instructional Technology. Statistical dataanalysiswas
conducted in SAS software version 9.3 [49]. Data to test
feasibility and acceptability of thiseHealth intervention (primary
aim) were descriptive and qualitative. Descriptive statisticswere
used to analyze the survey data on perceived usability and
usefulness of the platform at 3 months and 6 months of study
participation. In terms of the process data collected in the
SLIDES site, descriptive statistics were used to provide
frequencies, means, and standard deviations of the number of
log-ins, number of minutes spent logged into the site, number
and type of objects touched, and locations visited within the
site. Heat mapping data were analyzed in R [50] by computer
scientiststo show locations visited. The focus group qualitative
data were analyzed using content analysis, which is a data
reduction technique that examines verbal data for recurring
themes. Codes and themes were identified by the researchers
based on participant discussion and responses. These focus
group members’ responseswere categorized into four categories:
expectations, positives, problems, and suggestions. These four
categories were then coded into themes according to the
constructsin our theoretical framework [29]. Thetext segments
were analyzed for frequencies of themes. A second researcher
reviewed the content of the focus groups for rigor of the
findings.

Addressing our secondary aim, the preliminary effects of our
VE program on measures of metabolic control (HbA1c levels,
BP, and BMI) and potential psychosocial mediating variables
(perceived support, self-efficacy, diabetes knowledge, diabetes
self-management behaviors, presence, and copresence) were
assessed. Means and standard deviations were used to describe
these parameters at baseline. Paired t tests were used to assess
pre-mid-post intervention differences in the study dependent
variables (two-tailed tests, a<.05). Given that this was a small
pilot sample, with 61 missing follow-up data points out of 342
datapoints (18%), we did not attempt more sophisticated models
accounting for missing data. In a larger trial and sample, we
would have accounted for it in this manner.
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Results

Demographic and Internet Experience

Of the 42 patients contacted, 20 (48%) agreed to participate in
thisfeasibility study. Table 1 presentsthe sample characteristics.
The average age of the sample was 53 years old (range, 39-72
years), with an average duration of diabetes of 12 years (range,
3 months to 25 years). Sixty-five percent (n=13) of the
participants were white and 35% (n=7) were African American,
95% (n=19) were female, 55% (n=11) were married, and 25%
(n=5) lived alone. In terms of socioeconomic status, 65% (13)
had a bachelor’s degree or higher and 20% (n=4) had |less than

Figure 2. Typeand amount of Internet use.
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acollege degree, 55% (n=11) were employed full or part-time,
and 70% (n=14) had annual incomes= $50,000. Ninety percent
(n=18) of the participants reported having a family history of
diabetes, 25% (n=5) were using insulin, 45% (n=9) were on
oral diabetes medications, 25% (n=5) were on both oral
medications and insulin, and 70% (n=14) reported attending at
least one diabetes class in the past. All participants reported
spending 3 or more hours per week on the I nternet, 75% reported
spending greater than 3 hours/week using social networks such
as Facebook, 60% reported spending greater than 3 hours/week
emailing, 30% reported playing Internet games greater than 3
hours/week, and 85% reported searching online greater than 3
hours/week. See Figure 2 for types and amount of Internet use.
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Table 1. Sample characteristics of participantsin SLIDES (N=20).

Attribute n (%)
Gender
Female 19 (95)
Male 1(5)
Age (yr)
<45 3(15)
45-54 7(35)
55-64 6 (30)
65-74 3(15)
Missing 1(5)
Race
White 13 (65)
African American/black 7 (35)
Marital status
Single 7(35)
Married 11 (55)
Divorced 2(10)
Living with
Spouse/Partner 11 (55)
Children 4 (20)
Other relatives 2(10)
Other 2(10)
None of the above 5(25)
Education
Technical/trade school 2(10)
Some college 2(10)
Associates degree 3(15)
Bachelor’s degree 4(20)
Master's degree 9 (45)
Employment
Full-time 7 (35)
Part-time 4(20)
Retired 4(20)
Not employed 5(25)
Incomelevel (US$)
25,000-34,999 4(20)
35,000-49,999 2(10)
=50,000 14 (70)
Family history of diabetes
Mother 9 (45)
Father 12 (60)
Sister(s) 5(29)
Brother(s) 6 (30)
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Attribute n (%)
Children 2(10)
Medications
On oral medications 14 (70)
Oninsulin 10 (50)
On other medications 2(10)
Ever attended diabetes support group 14 (70)

Participation Rates and Activity

Participants logged into SLIDES a total of 766 times with a
mean of 38 times, a median of 35 times, and arange of 1-113
times per participant over the 6 months they were in the study.
Seventy-five percent of thelog-ins occurred in thefirst 3 months
with the mgjority in the first month (Figure 3). Participants
logged in for an average of 43 minutes per session with amedian
of 33 minutes per session. A subgroup of participants (n=14,
70%) were very active during the first 3 months in the study.
This 3-month period represented one of the 12-week DSM class
periods held in the site over the 6-month study period. These
participantslogged into the siteatotal of 712 timeswith amean
of 51 times, amedian of 42 times, and arange of 19-113 times.
On average, they logged into the site for 40 minutes per session.
Most log-ins occurred around the times of scheduled classes or
support sessionsin SLIDES; however, some participants|ogged
in on their own on other dates or times and interacted with the
resourcesin the site (ie, grocery items, books, etc). In terms of
communication, participants used voice communication a
majority of the time when in the VE with others; text
communication was only used during technical Second Life
issues with voice functionality.

Figure 3. Number of log-insinto the SLIDES site.
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The participants in this study visited every location in the VE.
However, they spent the mgjority of their timein the classroom
(48.6%) because DSMT classes were held there twice weekly.
The second most frequently visited area was the “outdoors’
area on the site. As shown in the heat map (Figure 4), we
discovered from our focus group that some of the participants
used the outside area as a way to reduce stress because they
could hear birds chirping or water in the background. The third
most frequent area where the participants spent time was the
social center (9.0%), aplacethey visited to socialize with other
participants. Interestingly, the fourth most frequented areawas
the clothing store (5.6%), which alowed participants to
individualize their avatars with clothing, hair, and general
appearance.

A total of 297 of 394 (75%) objects such as food items, books,
menus, websites, videos, and pharmacy items were “handled”
by 19 of the participants while in SLIDES. Participants
interacted with these 297 objects a total of 1180 times.
Participant interaction with specific types of objectswithin these
locations is delineated in Table 2.
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Figure 4. Heat map of locations visited.
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. between baseline and 6 months. With regard to ease of use,
Perceived Usefulness and Ease of Use participants ranked SLIDES at baseline, 3, and 6 months
Overall, participants anticipated SLIDESto be useful at baseline  between slightly and quite easy to use (baseline mean 2.48 SD
(mean 2.14 SD 0.73) and this continued at 3months(mean2.02  0.87; 3-month mean 2.73, SD 1.34; 6-month mean 2.33, SD
SD 1.21) and at 6 months toward extremely likely (mean 1.68,  1.16). There were no statistically significant differences over
SD 0.79). Although there was atrend toward extremely useful, time in ease of use; and baseline anticipations matched
there was not a statistically significant improvement (P=.07)  experiences during the study participation.
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Table 2. Summary of all object interactions by participants.
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Location of objects Object category (itemsin store/items Object subcategory (number

examined)

No. of partici-
pants who inter-
acted with ob-
jectsin location

of interactions, %)

Total no. of times  Number of inter-
object wasinter-  actions with ob-
acted with by all  jects per partici-
participants pant, mean (SD)

Grocery store All food items (146/211)

Bookstore Books (20/22)

Websites (self-care) (11/18)

Restaurant Menus (56/64)

Pharmacy All items (49/63)

Medications (Rx) (10/11)2

Gym Exercise videos (cardio, yoga,
strength training) (3/3)

Community center Recorded classes (11/12)

19

Meat, poultry, fish, nuts,
beans (90, 22%)

Beverages (82, 20%)2
Fats, oils, sweets (61, 15%)2
Cereal/breads (33, 8%)®
Dairy (33, 8%)2
Vegetables (33, 8%)
Frozen foods (33, 8%)2
Snack foods (20, 5%)2
Fruit (16, 4%)2
Rice/pasta (8, 2%6)2
15

Nutrition (56, 89%)2
Diabetes management (4,
6%)2
Medication/treatment (3, 5%)2
15
16
Chain eat-in restaurants (106,
559%)2

Chain drive-through restau-
rants (86, 45%)2

15
Blood glucose monitors (42,
40%)3
Dentd, foot, skin care (25,
24%)2
Injection supplies (15, 14%)?

Mobility products, scales, dia-
betes specialty supplements

(23, 229%)2

Lipid lowering (21, 20%)

Oral antihyperglycemic (66,
63%)

Insulin (18, 17%)
17

16

408 22.66 (29.79)

63 42 (3.74)

105 7.0 (6.15)
192 12 (18.46)

104 6.93 (5.67)

134 7.88(9.31)

73 6.63 (4.05)
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Location of objects  Object category (itemsin store/items  Object subcategory (number  No. of partici-

Total no. of times  Number of inter-

examined) of interactions, %) pantswho inter-  object wasinter-  actions with ob-
acted with ob- acted with by all  jects per partici-
jectsinlocation  participants pant, mean (SD)
Intro to diabetes (15, 21%)2
Healthy eating (10, 14%)2
Exercise (10, 14%)2
Forum 12 101 8.41 (10.1)

3 tems reviewed most often.

Focus Groups

Eight of the participants attended the focus group. Six of these
focus group participants were active users of the SLIDES VE
and 2 were much less active participants. Four categories were
discussed based on the focus group questions: expectations of
the program, positive aspects of SLIDES, negative aspects of
SLIDES, and suggestionsfor changes. The themes noted in the
data coding were consistent with the theoretical framework
(environmental factors, personal factors, and behavior) for the
study approach, and are summarized in Table 3. The
environmental factors were addressed in the participant
commentsthrough the themes of informational and community
resources, social interaction, physical realism, and aspects of
the usability of the site. The personal factors were addressed in
the participant comments through the theme of diabetes
knowledge, and behavior was addressed through
self-management behavior change.

The focus group confirmed existing problems that we were
aware of with the site and offered new insights for improvement
of the site in future versions. With regard to the user
expectations, all usersthought that site provided resources that
improved their knowledge of diabetes. The maority of the
comments regarding the positive aspects of the site revolved
around the informational resources and social interaction. The
participants thought that the site provided a source of new
information not only in the various locationsin the site such as
the grocery store, restaurant, and bookstore, but they also liked
the interactive nature and informational aspects of the weekly
classes. One participant stated that she learned something new

http://www.researchprotocols.org/2014/2/e23/

every week. The mgjority of the positive comments on social
interaction addressed their ability to interact with others
synchronously and hearing about the experiences of othersand
learning through other participants* stories’ about their disease.
The majority of the comments about the negative aspects of the
site were categorized as usability problems. For example,
participants found the background noises made by other
participants chewing food or just general home sounds, such as
people talking or dogs barking, very annoying. Because the
majority of conversations were synchronous, if the users did
not mute their microphones, al of the sounds within their
respective homes were heard by all participants and thus
distracting. This required the moderators of social events such
as the classes to ask participants to mute their individual
microphones until they were ready to speak. Other problems
identified by the participants had to do with the complex
functionality of Second Life. These problems included
navigational issues such as moving their avatar from one
location to another, having difficulty with sound, and general
computer problemsthat did not meet the specifications required
by Second Life. Additionally, 1 participant who thought that
there would be more participantsin the site was referring to an
age diversity issue. She was hoping for more peoplein her age
group. Finaly, the suggestions for future changes provided us
with ideason how to improvethe sitein the future. The majority
of these suggestions were about how to improve socid
interaction such asincluding tasksto compl ete together as group
such as homework, scavenger hunts, and in genera group
bonding activities. The participants thought that these types of
activities would have helped them to bond earlier during their
timein the site.
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Table 3. Focus group results.
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Categories

Themes (n, %)

Examples

Expectations (N=10)

Positive aspects of the site (N=55)

Negative aspects of the site (N=34)

Suggestions for changesto site (N=31)

Informational resources (3, 30%)
Met expectations (2, 20%)
Diabetes knowledge (2, 20%)
No expectations (2, 20%)

Social interactions (1, 10%)

Informational resources (17, 31%)

Social interaction (16, 29%)
Diabetes knowledge (6, 11%)

Usability (6, 11%)

Community resources (5, 9%)
Physical realism (3, 5%)
Self-management behavior change (2, 4%)

Usability (26, 76%)

Social interactions (3, 9%)

Informational resources (3, 9%)

Behavioral realism (2, 6%)

Social interaction (13, 42%)
Informational resources (9, 29%)
Usability (5, 16%)

Diabetes knowledge (3, 10%)

Community resources (1, 3%)

“The educationa material was a plustoo”
“Met expectationsin terms of discussion”
“Learn afew things’

“1 had no expectations and was delighted”

“Intrigued by being with other people with
diabetes’

"Liked the comments on the itemsin the
grocery store”

“| did enjoy interacting with others’

“have had diabetesfor 25 years, but learning
new things’

“1 am aclick and find person—like things
immediately at my disposal”

“Liked the gym, helped me to exercise”
“Liked the seasons changing in the site”

“Literally changed my lifein terms of
treatment with insulin—rarely now takes
insulin during the day”

“background noises from others — home
sounds, chewing”

“Expected larger group of participants’

“Need clarity on nutrition information by
serving”

“Avoided gym ‘just likein real life'”

“Would be good to have group exercises’
“More variety in the grocery store”

“Would like to hear (bots)and read feed-
back”

“Would like nutritionist or other specialists
at classes (podiatry, pharmacist)

“Would like awalking path”

Physiological Outcomes

changes that were noted were in weight and HbA 1c. Although
there was not a statistically significant changein either of these

There were no changes noted from baseline to 6 months in  indicators, there was an average weight loss of 9.1 Ib from
systolic or diastolic blood pressure; however, overall the paseline to 6 months. HbAlc also decreased from 7.51% (SD
participants had good blood pressure control (Table 4). The  1.15%) at baseline to 6.92% (SD 1.37%) at 6 months.
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Table 4. Physiological and psychosocial outcomes.

Johnson et al

Variable Baseline 3Months(N=14) Change at 3 months 6 Months Change at 6 months
(N=18) Mean (SD) (N=13)
Mean (SD) Mean (SD)
HbA 1c (%) 7.51 (1.15) 7.14 (1.24) t13=0.54; P=.60 6.92 (1.37) t11=0.20; P=.85
Weight (Ib) 2175(452) 2157 (45.8) t 1=0.61; P=.55 208.4(43.9)  1;,=1.04; P=.32
BMI (kg/m?) 37.4(7.9) 37.2(8.3) t14=0.56; P=.58 36.2(8.5) t1p=1.14; P=.28
Systolic blood pressure (mm Hg) 131.3(13.0)  129.6(14.5) t14=0.47; P=.64 130.1(105)  t,,=-0.38; P=.71
Diastolic blood pressure (mm Hg) 74.8 (10.8) 74.7 (11.2) t14=0.31; P=.76 78.1(9.4) t1o=—0.91; P=.38
Self-efficacy (score scale 1-5) 3.89(0.81) 4.45 (0.67) t15=-2.3; P=.036 4.64 (0.39) t11=-2.73; P=.02
Social support (score scale 1-7) 461 (1.25) 5.45 (1.07) t13=-2.1; P=.056 6.35 (0.44) t11=—4.0; P=.002%
Diabetes knowledge (% score) 89.1 (4.04) 93.9 (5.25) t13=-1.73; P=.108 88.2 (15.0) t10=0.29; P=.77
Self-management (days per week)
Dietary 413 (1.42) 45 (1.67) t13=0.51; P=.618 4.75 (1.45) t11=-0.69; P=.50
Exercise 3.07 (2.03) 2.43(1.74) t11=0.00; P=1.00 2.79 (2.26) tg=-0.76; P=.46
Blood sugar  5.15 (2.04) 4.79 (2.08) t13=0.18; P=.859 4.83 (2.28) t1,=0.70; P=.50
testing
Footcare  3.68(2.08) 4.61(2.19) t13=-1.3; P=213 6.17 (1.54) t1=-2.54; P=.03"

gignificant difference at P>.05 level.

Psychosocial and Behavioral Outcomes

Table 4 presents a summary of the effect of SLIDES on
psychosocia diabetes outcomes including self-efficacy, socia
support, self-management behaviors, and diabetes knowledge.
Participantswerefairly knowledgeable about diabetes at baseline
with amean score of 89.1 (SD 4.04). There were no significant
changes in knowledge level from baseline to 6 months
post-intervention. At baseline, self-efficacy was neutral to
moderate (mean 3.89, SD 0.81); however, this improved to
moderate at 3 months (mean 4.45, SD 0.67) and then improved
significantly toward high (P=.02) at 6 months (mean 4.64, SD
0.39). Similarly, participantsranked their social support for help
in managing their diabetes between neutral and moderate (mean
4.61, SD 1.25) at baseline. However, their perception of social
support changed at 3 monthsto moderate (mean 5.45, SD 1.07)
and significantly (P=.002) increased at 6 months (mean 6.35,
SD 0.44). For self-management behaviors, participants only
showed statistically significant improvement in the number of
days per week performing foot care (mean 3.68 SD 2.08 days
per week to mean 6.17, SD 1.54 days per week at 6 months).
No significant changes were noted in diet, exercise, or blood
sugar testing. No participants reported smoking.

Presence

Participant perception of presence [45] (the feeling of “being
there”) changed dlightly from 3 months to 6 months. At 3
months, the mean response was somewhat or 4.44 (SD 0.73;
mean range, 2.74-5.59) on a 7-point Likert scale. At 6 months,
the mean response did not significantly change, but increased
dlightly to 4.64 (SD 46; mean range, 4.04-5.56). We examined
the factors of control, sensory, distraction, and realism within
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the presence questionnaire, but found no significant differences
between the overall mean and the individual factors.

Copresence

Copresence (the sense of being with other virtual humans)
changed dlightly from 3 months to 6 months. At 3 months, the
mean score on a 7-point Likert scalefor copresence was (dightly
agree) 5.25 (SD 1.42) and at 6 months, the score was not
significantly different (toward agree) at 5.78 (SD 1.35).
Although ahigher score indicates agreater level of copresence,
and the participants average score did increase from 3 months
to 6 months, there was not a statistically significance change.
Embarrassment and likability are two other constructs to
measure social response to others in a VE [47]. For
embarrassment (degree of social influence), the mean score at
3 monthswas (dightly disagree) 3.44 (SD 2.08) and at 6 months,
the score was (toward neutral) 3.99 (SD 2.03). Again, athough
a higher score shows a greater readiness to carry out
embarrassing acts in front of others, there was no statistically
significant difference between 3 and 6 months. These scores
correlate well with how the participants acted while in the site.
For example, when the participants lost their clothes while
changing the clothes on their avatars, they were so embarrassed
that they immediately left the site and the study coordinator had
to intervene and redress their respective avatars. Likability
(social responseto others) was also measured into asingle score
at both 3 and 6 months. At 3 months, the composite score was
(slightly agree) 5.4 (SD 1.23) and at 6 months, the score was
(agree) 6.06 (SD 0.76); however, there was not a statistically
significant difference between time points.
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Discussion

Principal Results

This study examined the feasibility and acceptability of an
eHealth program utilizing a digital VE platform that provided
diabetes education and self-management support. In addition,
weexamined physiological outcomes (HbAlclevels, BP, BMI)
and psychosocial outcomes or mediators (diabetes knowledge,
self-management behaviors, self-efficacy, perceived support,
presence, and copresence) to determine preliminary effects of
participation in the VE intervention. To our knowledge, thisis
the first study to explore the feasibility of VES asamedium to
improve T2D self-management in patients. This study showed
that not only was the VE easy to use even for our elderly
participants (age >65), but the participants overall found the
environment and the synchronous interaction with peers and
educators useful.

Participants were very engaged in the VE particularly within
the first 3 months or the total time of one diabetes class series
(12 weeks). Oncethey completed the class series, they continued
to come into the site, but not as frequently. There were two
possible reasons for this: (1) the class series was compl eted,
and (2) they had reviewed all informational resources on the
site. A subgroup of 6 participants who had formed a supportive
social group continued to return to the site to attend weekly
group sessions. Thisongoing group demonstrated that the classes
and resources were important, but social support was very
significant in their disease management, as we know from the
literature to date [51]. Two factors may have facilitated this
bonding between the participants; presence (thefeeling of being
there), copresence (the sense of being there with others), and
the ability to communicate synchronously with other participants
inreal-time. The sense of presenceis dependent uponimmersion
and interaction. Because our participants interacted
synchronously with each other viavoice, their virtua experience
was morerealistic and thus the greater sense of bonding among
these participants. Additionally, the sense of presence and
copresence prompted the participantsto relate personal diabetes
experiences and thus promoted asocial learning situation. Social
learning is based on the premise that understanding of content
is socialy constructed through conversations and interactions
with others[52]. In addition to these potential reasons for drop
off in utilization and persistent use by asubgroup of participants,
we will conduct further analysis in our data visualization and
case-based work, whichisongoing. Thiswill allow usto address
potential subgroup efficacy and participation characteristics as
described by Eysenbach in VE and other Internet-based
intervention research [53]. Although a cost analysis of this
i ntervention was not within the scope of this study, sustainability
of an intervention such asthis one, we believeisdirectly linked
to participant engagement. Keeping participants engaged
requires not only a dynamic interface with sustained changes
to the content, but also a supportive socia group where
individuals have the potential to bond over aperiod of time.

Participants spent the majority of their time in the classroom
(48.6%), followed by the outside areas of the VE (16.8%), and
the Socia Center (9.0%). It was expected that the mgjority of
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participant time would be spent in the classroom because that
iswhere they attended class once or twice aweek. However, it
was surprising to find that a significant amount of time was
spent outside. The time spent moving from one location in the
VE to another (see path around site on heat map Figure 3) was
expected for transit. The activity on the “grassy areas’ of the
VE were unexpected, but clarity was obtained from our focus
group, when we learned that participants used the site to help
reduce anxiety or stress by sitting in the open outdoor areas and
listening to the ambient sounds such as water lapping at the
shore, birds chirping, or wind blowing. Virtual environments
that areimmersive provide both visual and auditory information
[54]. This sensory information changes as the avatars move
from place to place within the environment similar to real life,
thus promoting asense of presence or actually being there [54].

Participants also spent a significant amount of time interacting
with objects. The top objects interacted with were food items
in the grocery store. This is not surprising as people with
diabetes find dietary issues and guidelines to be the most
challenging [55]. Considering that social cognitive theory
includes knowledge application, we embedded information in
the virtual objects (user had to click on the object to see the
information) such as nutritional feedback and suggestions for
change in unhealthy food choices in each item in the grocery
store. These external pieces of information served as cues to
action to trigger good decision-making processes in terms of
food choices. Participantsin the focus group reported using this
information to make healthier eating choices.

Statistically significant improvements were found in 3
behavioral and psychosocial outcomes at 6 months. social
support, self-efficacy, and foot care. This was not expected
given the small pilot sample size. However, we interpret these
with caution given the sample size and heterogeneity in terms
of baseline demographics and metabolic control. Although we
did not find statistical significance in the physiological
indicators, we did find someweight l0ss, and associated decrease
in BMI. The mean weight loss of 9.1 Ib is clinically relevant
and we will need to explore case-based analysis further
regarding improvements among subgroups by participation and
behavioral outcomes characteristics. Interestingly, this weight
loss occurred in the absence of significant dietary and physical
activity changes, which could also indicate inaccuracy or
variation in weight measurement in the clinic settings and needs
to be interpreted with caution. Attaining higher quality and
consistently collected measures are being studied in our current
larger trial. HbAlc decreased from baseline to 6 months
post-intervention, reaching alevel of lessthan 7% at 6 months,
although thisisinterpreted in the context that metabolic control
was relatively good at baseline. It is thought that interactive
health interventions exert their effects by a combination of
enhanced self-efficacy and knowledge, enabling patients to
change their health behaviors, leading in turn to changes in
clinical outcomes[19]. Therefore, these findings are promising
because significant improvements in self-efficacy and support
may affect DSM and metabolic control in larger trials of VEs.
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Limitations

Our findings are limited by the small pilot study sample and
lack of comparison or control group, and will need to be tested
in our future larger randomized controlled trial. This study
primarily focused on feasibility and usability of VES in the
context of DSM and support. Although the study sample was
diverse in terms of age and number of years with diabetes, it
was primarily well-educated women with at least moderate
income levels. We need to demonstrate the efficacy in alarger,
more diverse sample. Broadening the locations and
demographics of targeted participant recruitment in our larger
trial, and ensuring that a VE is developed that appeals across
age, race/ethnicity, and gender groups is a primary focus. We
will also need to address the issue of enrolling a sample of
activated participants who start with fairly good metabolic
control in our future efficacy studies, and determine the ability
to engage and improve outcomes among those with poor
metabolic control who are less likely to participate in DSME
in general. Interms of results, the reliance on clinical measures
(weight, BP, HbA 1c) from medical records due to the financial
constraints of a pilot study resulted in some missing data and
possible inconsistency in collection of these measures within
the clinic setting. Therefore, the clinical outcomes must be
interpreted with caution. Finally, participation within the site
dropped after 12 weeks. We believe this was problematic
because we did not keep the site content dynamic [56]. Our
further study in this area will address these issues and attempt
to explore participation and engagement over time.
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Conclusions

e-Health applications such as SLIDES enable patients with
chronic diseases such asdiabetesto become more engaged with
the self-management of their disease. Evidence shows that
people who use e-Health resources have better social support
for their disease, increased knowledge, and gainsin self-efficacy
[57]. This study clearly showed a difference in social support
and self-efficacy after 6 months of participation that
substantiates these previous findings. Because little is known
about usability, acceptability, and efficacy of hedth
interventions in a VE, this study constituted an important,
innovative first step in exploring the potential of VES in
facilitating DSM. Using constructsfrom social cognitive theory
and constructs from a VE theoretica framework in the
development of this virtual community, we showed that
developing environments such as these have the potential to
motivate and support people to effectively self-manage their
type 2 diabetes. The preliminary data demonstrated that VEs
provide a feasible, useful, and effective platform for patients
and educators. Flexible access to both synchronous and
asynchronous diabetes education, skill building activities, and
support from a home computer removed barriers to attending
traditional clinic-based meetings. This program has potential
for improving DSM in an easily disseminated alternative model
on the Internet that may promote more effective resource
utilization by reaching increased numbers of participants across
geographic boundaries and potentially decreasing institutional
diabetes education resources while maintaining the sense of
personal interaction that has been shown to be important in
successful diabetes self-management interventions.
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Abstract

Background: Cancer is one of the most common diseases that patients research on the Internet. The Commission on Cancer
(CoC) recommended that Parkland Memorial Hospital (PMH) improve the oncology services website. PMH is Dallas County’s
public health care facility, serving alargely uninsured, minority population. Most research regarding patient Internet use has been
conducted in insured, Caucasian populations, raising concerns that the needs of PMH patients may not be extrapolated from
available data. The PMH Cancer Committee, therefore, adopted a quality improvement initiative to understand patients’ Internet
usage.

Objective: The objective of the study wasto obtain and analyze dataregarding patients’ Internet usagein order to make targeted
improvements to the oncology services section of the institutional website.

Methods: A task force developed an 11-question survey to ascertain what proportion of our patients have Internet access and
use the Internet to obtain medical information as well as determine the specific information sought. Between April 2011 and
August 2011, 300 surveys were administered to newly diagnosed cancer patients. Multivariate analyses were performed.

Results: Of 300 surveys, 291 wereincluded. Minorities, primarily African-American and Hispanic, represented 78.0% (227/291)
of patients. Only 37.1% (108/291) of patients had Internet access, most (256/291, 87.9%) having access at home. Younger patients
more commonly had Internet access, with a mean age of 47 versus 58 years for those without (P<.001). Education beyond high
school was associated with Internet access (P<.001). The most common reason for Internet research was to develop questions
for discussion with one's physician. Patients most frequently sought information regarding cancer treatment options, outcomes,
and side effects.

Conclusions: Lessthan one-half of PMH oncology patients have Internet access. Thisis influenced by age, educational level,
and ethnicity. Those with access useit to obtain information related to their cancer diagnosis. The most effective way of addressing
our patients needs using the institutional website is to provide links to reputabl e disease-specific sites.

(JMIR Res Protoc 2014;3(2):€26) doi:10.2196/resprot.2806
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Internet; cancer; quality; quality improvement; patient education

[2]. Common reasons patients search the Internet areto devel op
guestions to discuss with their physicians, verify information

Cancer isamong thetop three diseasesthat the public researches  @lréady received from their physicians, and seek aternative
on the Internet [1]. Studies reveal that up to 63% of cancer treatment options [2]. Research reveals significant differences

patients search the Internet for information about their diagnosis
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in Internet usage based on age [2], education [3], income [3],
and ethnicity [3-6].

Hospitalsarefacing increasing pressuretoinitiate and maintain
an Internet presence, particularly in competitive marketswhere
consumers have the resources and ability to compare and select
their preferred health care organizations [7]. Additionally,
accrediting organizations, such as the American College of
Surgeons Commission on Cancer (CoC), encourage participating
members to create and maintain an Internet presence that
includes patient education materialsaswell asinformation about
the hospital itself.

Parkland Memorial Hospital (PMH) is Dallas County’s public
health care facility. It serves alargely uninsured, minority, and
uneducated population, particularly with regard to cancer
programs [8,9]. In March 2009, the CoC advised PMH to
improve the presence of oncology services on the institutional
website and include patient educational materials. A task force
was subsequently formed, comprised of physicians, hospital
administrators, nurses, and patient advocates, in order to oversee
this quality improvement initiative.

A review of the literature was performed and revealed that the
majority of research regarding patient Internet use was
performed in insured, primarily Caucasian populations [2-4].
Thisraised concernsthat the educational needs of these patients
could not be extrapolated to the population that PMH serves.
In addition, it was unclear what proportion of the PMH cancer
patients actually had Internet access and would use it to seek
medical information. Therefore, due to the paucity of data
pertinent to the patterns of use and educational needs of the
PMH patient population, a patient survey was developed. At
the time of our study, prior surveys had been conducted, but in
primarily Caucasian, insured populations. Therefore, the lack
of such asurvey in aminority, uninsured population prevented
direct adoption of previously used instruments. It isworth noting
that there were few investigations available for review that
focused on the Internet use in the Hispanic population, which
is the fastest growing demographic in the United States and a
considerable segment of the PMH patient population. More
recent studies of Internet usagein thisrapidly growing segment
of the population have focused primarily on mobile text
messaging [5,6]. Whileinsightful and compelling, these are not
directly applicable to the CoC mandate for PMH to improve
the oncology services presence and provide educationa
materials on the institutional website.

Prior to expending valuable resources, it was critical to
understand how resources would be best applied. The goals of
the survey were to ascertain rates of Internet access, rates of
medical Internet use, and to understand the specific educational
needs among the PMH cancer population. This information
would be used to make targeted improvements to the oncology
services section of the PMH institutional website.

Methods

Recruitment

After discussion with the institutional review board (IRB),
because the primary focus of the study was quality improvement,

http://www.researchprotocols.org/2014/2/e26/
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this project was approved and initiated as an IRB-exempt
protocol. From April 2011 to August 2011, 300 surveys were
administered to newly diagnosed cancer patients presenting to
PMH oncology clinics. Patients still without a known cancer
diagnosis, those presenting for follow-up, and patients who
were not yet 18-years old were excluded from the study. The
surveys were administered in clinics focusing on breast,
gastrointestinal, liver, lung, prostate, and gynecological cancers
to provide broad representation and include the most commonly
treated cancers at PMH. Survey administration was performed
inthe clinics by medical assistants, both in an attempt to ensure
the surveys were completed as thoroughly as possible and so
that illiterate and non-English speaking patients would not be
inadvertently excluded. Patients who only spoke Spanish were
administered the survey by Spanish speaking staff. During the
months of survey administration, April through August of 2011,
864 patients were eligible to participate. These patients were
approached during their initial oncology clinic visit and, of
these, 300 patients agreed to participate, yielding a participation
rate of 34.7% (300/864). Most of those who chose not to
participate cited time constraints. No additional questioning or
data collection was performed regarding reasons for
nonparticipation.

Data Collection

The survey primarily focused on whether patients had Internet
access, the location of Internet usage, and whether they
attempted to obtain information on the Internet about their
diagnosis. Demographic data including age, gender, race, and
educational level was collected. Patients were asked to provide
their specific cancer diagnosis. Additionally, to obtain guidance
on the content of the PMH oncology services website,
information regarding the patients’ educational needs was also
collected. Patients were asked if their primary reason for
performing Internet research was to develop questions for
discussion with their physician, verify information already
received from their physician, investigate alternative treatments,
or to learn about PMH. Patients were asked to select the type
of information they were seeking and were given the following
choices: cancer treatment options, cancer treatment outcomes,
resources for coping with cancer, cancer clinical trias, cancer
treatment side effects, and information about PMH. Patients
were asked how many minutes per day were spent conducting
Internet research. They were also asked if they would use the
PMH site more if the content were offered in Spanish.

Statistical Analysis

De-identified patient information was collected and entered in
an Excel spreadsheet for analysis. Fisher exact test was used
for categorical data. Multivariate analyses were performed to
determine which factors significantly impacted Internet access
rates.

Results

Patient Surveys

Of the 300 surveys that were administered throughout PMH
oncology clinics, 291 were sufficiently completed for inclusion
into the study. Analysis revealed that 107/291 patients (36.8%)
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had Internet access. The majority of these, 94/107 patients
(87.9%), had Internet access at home. Of all patientswith access
tothe Internet, 70/107 patients (65.4%), reported that they used
the Internet to research their cancer diagnosis.

Demographics

Demographic datafor the overall study population are depicted
in Table 1. Most of the study population study population,
200/291 patients (68.7%), had obtained some or all of a high
school education. Only 20/291 patients (6.9%) had graduated
from college and an even fewer, 9/291 patients (3.1%), had
obtained a graduate degree. The majority, 227/291 patients

Table 1. Study population demographic data.

Wallace et al

(78.0%), were minorities, primarily African-American and
Hispanic.

The data were organized according to Internet access.
Multivariate analyses were performed and the results are
depicted in Table 2. Younger patients were more likely to have
Internet access. The mean age of patients with Internet access
was 47 versus 58 years for those without (P<.001). Patients
with an educational level beyond high school had Internet access
more often than those with a high school diploma or less
(P<.001). Therewas no differencein Internet accessrates among
males and females. There was no dstatistically significant
difference in rates of Internet access among the various races
represented.

Demographics n (%)
Gender
Male 163 (56.0)
Female 118 (40.5)
Missing Data 110(3.4)
Race
African-American 108 (37.1)
Hispanic 96 (32.9)
Caucasian 54 (18.6)
Asian 16 (5.5)
Other 7(24)
Missing Data 10 (3.4)
Educational Level
High School 200 (68.7)
Beyond High School 78 (26.8)
Some College 48 (16.8)
Some Graduate School 20(6.9)
Graduate Degree 9(3.1)
Missing Data 13 (4.5)
Cancer Type
Genitourinary Tract 51(17.5)
Gynecologic 44 (15.1)
Gastrointestina Tract 43(14.8)
Breast 41 (14.1)
Lung 28 (9.6)
Other 56 (19.2)
Missing Data 28 (9.6)

http://www.researchprotocols.org/2014/2/e26/
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Table 2. Multivariate analyses.
Factor/variable analysis Oddsratio 95% ClI P value
Age
Continuous 1.083 1.053-1.114 <.001
Gender
Female Reference®
Male 2491 1.043-5.951 .0399
Race
Asian, Caucasian 0.475 0.232-0.971 .0414
African-American, Hispanic Reference
Education
High School Reference
>High School 0.194 0.095-0.397 <.001
Cancer Type
Breast 4.577 1.488-14.081 .008
Gastrointestinal 2.236 0.716-6.986 1661
Lung 5.816 1.509-22.414 .0105
Gynecologic Reference
Genitourinary 1.480 0.399-5.490 .5578
Other 5.301 1.757-15.997 .0031

#The word referenceis used to delineate the variable against which the others were compared to obtain the statistical data displayed.

Internet Usage

The qualitative data regarding patients' reasons and goals for
their Internet useisrepresented in Table 3 and discussed herein.
For the analysis of survey questions exploring the reasons for
performing Internet research and the specific information that
was sought, only the 107 surveys reporting positive Internet
access were used. Also, multiple answers were allowed. There
were57.0% (61/107) of the patientswho stated that the primary
goal of their Internet research was to assist them in developing
guestions for discussion with their physician, this being the
most common response. There were 38/107 (35.5%) patients
who stated they used the Internet to verify information already
received. Only 14.9% (16/107) patients stated their primary

http://www.researchprotocols.org/2014/2/e26/

goal wasto learn about PMH. The most common categories of
information that patients are seeking on the Internet are
information regarding cancer treatment options (42/67, 63%),
cancer treatment outcomes (30/57, 53%), and cancer treatment
side effects (23/49, 46%). Very few (7/28, 26%) wereinterested
in learning about cancer trials. Even fewer (1/14, 13%) were
seeking information specific to PMH.

When asked how many minutes were spent using the Internet
daily, the most common response was 30 minutes. Of 107
patients, 25 (23.4%) stated that they would use the PMH
oncology services website more if the information were also
presented in Spanish. All of those patients were Hispanic and
that number represents 61% (25/41) of the Hispanic patients
who reported having Internet access.
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Table 3. Patient goalsfor Internet use.
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Patient goals n (%)
Reason for performing Internet research
Develop questions for discussion with physician 61 (57.0)
Learn about PMH 16 (14.9)
Investigate alternative treatments 37(34.6)
Verify information already received 38 (35.5)
Specific information sought
Cancer treatment options 67 (62.6)
Cancer treatment outcomes 57 (53.3)
Information about PMH 14 (13.1)
Coping with cancer 41 (38.3)
Cancer trids 28 (26.2)
Cancer treatment side effects 49 (45.8)
Discussion Limitations

Principal Findings

Less than one-half of PMH oncology patients have access to
the Internet. This is lower than Internet access rates of 80%
previously reported in study populations that are primarily
Caucasian and insured [2]. However, the proportion of PMH
patients with Internet access was greater than anticipated,
supporting an effort to improve the oncology services presence
on the PMH institutional website. Thisis especially true given
that, of the patients with Internet access, the percentage who
actually use the Internet to research their cancer diagnosis is
comparable with that which has been reported in study
populations that are primarily Caucasian and insured, 42% to
63% [2,3].

Regarding the portion of the survey that addressed content, a
pattern emerged in the responses. Patients expressed little
interest in information specific to PMH. It is believed that this
likely speaks to the fact that PMH patients, being enrolled in
Dallas County’s public health care system, do not have other
options for health care delivery, and therefore are not using the
Internet to compare hospitals.

Patients' primary reason for performing Internet research was
to develop questions for discussion with their physicians. They
were most interested in finding information regarding cancer
treatment options, outcomes, and side effects. Thisiswhat the
task force has chosen to focus on, as changes have been made
to the Oncology Services portion of the PMH institutional
website. It was determined that the most efficient and
cost-effective way to address the CoC recommendation, to
provide educational materials on the institutional website, isto
providelinksto the websites of other reputabl e disease-specific
organizations, such as American Cancer Society, National
Institutes of Health, and Susan G Komen for the Cure.

http://www.researchprotocols.org/2014/2/e26/

The inherent limitation of this and any study using a survey to
gather dataisthat thereis no way to account for recall biason
the part of the respondent. There were also surveys that were
used but had some missing data. In other words, despite the
survey being administered by a medical assistant in person,
there were patients who did not compl ete every single question
on the survey. An additional limitation of the survey format is
that only the particul ar responsesthat areincluded in the answer
choices can be analyzed. This survey did not include a section
for free-form responses and, in the occasional instance of
narrative response, there was no mechanism for analysis.

Conclusions

The findings of this quality improvement initiative will serve
to assist other like institutions working to improve Internet
resources for patientsin an efficient and cost-effective manner.
This is particularly true as it relates to other hospitals with a
large and growing Hispanic population, as it has already been
stated that thisisthe fastest growing demographicin the United
States and was well represented in this study population.

In general, there is more pressure for health care systems to
create and maintain a presence on the Internet, particularly in
competitive marketsin which patients have many choices. There
is also theregulatory obligation for hospitals to implement and
maintain an Internet presence, as the CoC mandate illustrates.
However, this study has shown that in the county hospital
setting, serving primarily minority, uninsured patients, valuable
resources need not be dedicated to elaborate website interface
implementation and maintenance. By conducting this survey
and understanding the ways patients use the Internet and the
specific information they are seeking, the PMH task force was
ableto successfully satisfy the CoC requirement using relatively
few resources.
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Abstract

Background: Underserved women are at high risk for smoking relapse after childbirth due to their unique socioeconomic and
postpartum stressors and barriers. Mobile text messaging technology allows delivery of relapse prevention programs targeted to
their personal needs over time.

Objective: To describe the development of a social-cognitive theory-based and evidence-guided text messaging intervention
for preventing postpartum smoking relapse among inner city women.

Methods: Guided by the cognitive-social health information processing framework, user-centered design, and health
communication best practices, the intervention was developed through a systematic process that included needs assessment,
followed by an iterative cycling through message drafting, health literacy evaluation and rewriting, review by target community
members and a scientific advisory panel, and message revision, concluding with usability testing.

Results: All message content was theory-grounded, derived by needs assessment analysis and evidence-based materials, reviewed
and revised by the target population, health literacy experts, and scientific advisors. The final program, “Txt2Commit,” was
developed as a fully automated system, designed to deliver 3 proactive messages per day for a 1-month postpartum smoking
relapse intervention, with crave and lapse user-initiated message functions available when needed.

Conclusions. Thedevelopmental process suggests that the application of theory and best practicesin the design of text messaging
smoking cessation interventions is not only feasible but necessary for ensuring that the interventions are evidence based and
user-centered.

(JMIR Res Protoc 2014;3(2):€20) doi:10.2196/resprot.3059

KEYWORDS
smoking relapse intervention; low-income women; mHealth; text messaging

birth weights, 8% of preterm births, and 5% of all perinatal
deaths [1-3]. Smoking during pregnancy and postpartum
Tobacco use has remained the single most important modifiable  CoNtributes to sudden infant death syndrome, changesin brain
cause of adverse pregnancy outcomes in the United States. @nd nervous system development, and increased risk for infant
Smoking accounts for 30% of deliveries of infants with low & and respiratory infections, in addition to cognitive and
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behavioral deficits[4,5]. Motivational factors during pregnancy,
including protection of the health of the unborn baby, social
pressure, pregnancy nausea, and loss of taste for tobacco, often
result in a “suspension of smoking behavior” [6-9]. However,
many women relapse after giving birth, suggesting that their
commitment to cessation is not permanent. Indeed,
approximately 45% resume smoking after only 3 months and
up to 80% relapse within 1 year [10]. Low-income women are
more likely than their higher income counterparts to smoke
during pregnancy and relapse after childbirth. Therefore, they
represent an important target popul ation for postpartum relapse
prevention interventions, especially given that they aretypically
difficult to access and contact [11].

Although there are programs designed to motivate underserved
women who are at increased risk for smoking relapse [12,13],
underserved women are less likely to successfully participate
in and/or complete a smoking cessation program in the first
place [14,15]. Conflicts in scheduling, lack of transportation,
and family prioritiesare barriersto attending smoking cessation
interventions[15,16]. These personal barriers are compounded
by postpartum responsihilities and roles of the new mother,
including childcare burden, relationship issues, medical
problems, coping with maternal weight gain, weaning issues,
and attempts to return to a nonpregnant state that can trigger a
return to smoking [17-22]. In general, few interventions focus
on the critical transition from pregnancy to the postpartum
period, where the focus shiftsfrom the time-limited barriers that
undermine protecting the fetus's health to the psychosocial
barriers that undermine the ongoing protection ofthe woman's
and new infant’s health [23,24]. Thus, there is a need for
smoking relapse prevention interventions that are accessible to
the target population and tailored to their specific psychosocial
needs.

A key barrier that emerges for the delivery of evidence-based
postpartum programsis accessto the new mother.Encouragingly,
dueto the avail ability of modern technologies, one particularly
well suited but under-utilized technology involves the use of
mobiletelephonesto deliver health-related information to these
hard-to-reach populations. Currently 90% of Americans own
and use a mobile telephone with text messaging service and
47% of Americans use mobile phones to gain access to
information on a daily basis [25]. Because mobile phones are
also readily available to underserved women, text-based
delivered interventions may benefit those who are most
vulnerable and least readily accessible through alternative
channels by providing intervention support and advice in a
feasible and timely fashion [26]. Indeed, arecent Pew Research
Center study found that African Americans and Latinos use
mobile phones more than their white counterparts [27].
Furthermore, reading and sending text messages on a mobile
phone are the most frequently engaged in activities [27]. In
addition, mobile text messaging programs can be personalized,
cost-effective, easily disseminated, and provide the anonymity
that many people prefer [28,29]. Given that text messaging is
available on all mabile phone platforms and with all providers,
this technology demonstrates strong potential as a resource for
behavior change interventions [29].
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One successful example of using atext messaging program for
pregnant women is the “Text4baby” program, which sends
targeted health messages to promote healthy pregnancies and
healthy babies [30]. Furthermore, studies show that text
messages tailored to smoking habits and barriers to quitting
have high usage, encourage quit attempts, and support smokers
coping with crave and rel apse [ 28,31-33)]. Yet, to our knowledge,
no study has examined text messaging as an intervention channel
for delivering postpartum smoking cessation interventions[34].
In fact, the number of interventions specifically designed to
prevent postpartum smoking relapseis limited, and only afew
have focused on underserved minority populations [35-38].
Degspite the growing body of literature reporting the positive
outcomes of text messaging-based interventions for behavior
change, including smoking cessation [31,34,39-42], thereis a
gap in the literature related to the application and systematic
description of the developmental steps that need to be
undertaken to produce and test the feasibility of text messaging
interventions [43,44], a critical component of producing and
disseminating asuccessful behavior changeintervention [45,46].
Tofill thisvoid, guided by our research team’s cognitive-social
health information processing (C-SHIP) model and health
communication best practice principles, this paper describesan
iterative user-centered developmental process of an
evidence-based text messaging intervention designed to
preventing smoking relapse among underserved inner city
postpartum women.

Methods

Overview

With use of a user-centered approach, the intervention
development followed a series of iterative steps to ensure that
all content was understandable and evidence-based. Guided by
the C-SHIP framework and health communi cation best practices,
the text messaging intervention was developed through a
systematic process that included needs assessment interviews,
followed by an iterative cycling through text message drafting,
revision through health literacy evaluation, review by target
community interviews via cognitive response interviews,
scientific advisory panel evaluation and feedback, and message
revision, followed in turn by usability testing of the entire
program.

The order of the development processes was established from
our research team’'s multimedia intervention development
experience [47,48] and the relevant literature [43,49] to ensure
the integration of formative research, pretesting content, pilot
testing,and the involvement of stakeholders. The following
sections detail each phase of the developmental process. The
final intervention product (Txt2commit) isalso described. This
study was approved by the Institutional Review Board at Fox
Chase Cancer Center.

The Cognitive-Social Health Information Processing
M odel
Constructs from the C-SHIP model were used to guide the

intervention development strategy and content. The C-SHIP
model offersaunifying theoretical framework for assessing and
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addressing the psychosocial relapse factorstypically experienced
by postpartum women [50-52]. Themodel isbuilt on cumulative
findings and theorizing from diverse relevant sub-areas of
cognitive-behavioral science and evidence-based psychosocial
interventions, and integrates key cognitive and affective
processes. Guided by this model, we identified 5 areas of
psychosocial relapse risk factors among low-income, minority
women: (1) low knowledge and perceived risk for relapse, (2)
inadequate decisional balance (low pros and high cons of
cessation), (3) high affect (distress), (4) negative beliefs (low
self-efficacy and fatdlistic beliefs), and (5) lack of
self-regulatory, practical, and social support strategies. Over
the past decade, a sizable literature has accumulated to support
the role of these factors in undermining smoking behavior,
acting as barriers of self-initiated cessation and enrollment in
smoking programs, and decreasing quit rates and maintenance
of smoking abstinence [18,53-56]

Phase 1: Needs Assessment I ndividual | nterviews

Participants (N=30) wererecruited viaflyers and staff referrals
at 3 Women, Infants, and Children (WIC) clinicslocated in the
inner city Philadelphia region. Interested women were invited
to participateif they: (1) were 18 years of age or older, (2) had
quit smoking for at least 1 pregnancy, and (3) had given birth
to at least 1 child in the past 3 years. Interviews lasted
approximately 20 minutes and included specific questions
addressing the experiences, motivators, and techniquesthat had
helped women maintain smoking abstinence after pregnancy,
as well as personal, social, and environmental factors that
triggered a postpartum relapse. Their mobile phone and text
message use and preferences were also obtained. Upon
completion of the interview, participants received a $20 gift
card as compensation for their time and input.

Following an initia review of the interview transcripts, the
research team devel oped a coding scheme based on the C-SHIP
model. Responses categorized under C-SHIP were coded into
1 of the 5 psychosocial relapse risk factors. Subcategories in
each domain were established asrel evant themes emerged from
thedata. Theintention behind coding responsesinto the C-SHIP
processes was to systematically assess the major psychosocial
relapse risk factors and identify the unique pattern of challenges
faced by low-income, inner city women during the postpartum
period.This information was used to guide the devel opment of
the Txt2commit intervention text message content.

Phase 2: Text M essage Content Development

As reported above, text message content development was
grounded in the C-SHIP theoretical model and guided by a
formative research approach through a needs assessment
interview phase with the target population. In addition, we
conducted a comprehensive literature review, as well as an
evidence-based guideline search for the potential adoption of
existing materials to adapt to the target population. Content
component constructs included factors such as messages for
increasing awareness of the risks associated with smoking on
infant’s health (knowledge), techniquesfor controlling exposure
to stressful cuesthat trigger the urge to lapse/relapse (affective
distress), reinforcing beliefs about the woman’s ability to sustain
smoking absence (self-efficacy), considering the consequences
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of continued smoking (decisional balance), and identifying new
behaviors to be substituted for smoking-related activities
(self-regulatory skills). To respond effectively to situations in
which the participant required an instant message to deal with
craving or lapse situations, text messages were developed to
offer strategies and emotional support to copewith craving/lapse
situations and strategies for how to get back on track.

Phase 3: Health Literacy Evaluation

To ensure that the messages were designed for a low
health-literate audience, 2 health literacy experts systematically
evaluated al drafted messages using software and their health
literacy expertise. The program Health Literacy Advisor (Health
Literacy Innovations, LLC) was used to scan and highlight the
text for complex terms, complex health terms, polysyllabic
words (ie, words with more than 3 syllables), and long sentences
(ie, sentences with 12 or more words).The findings from the
health literacy analysis were then evaluated by the 2 health
literacy experts and the research team to further revise the text
messages to improve readability.

Phase 4: M essage Review Cognitive Response
Interviews

Following the revisions for health literacy, the messages were
reviewed and vetted by participants (N=30) recruited at the 3
WIC offices with the same dligibility criteriaidentical to those
of the needs assessment phase.Each participant reviewed 21
messages and was asked to think aloud about the messages,
paraphrase the content, and respond to other inquiries and probes
using the cognitive response technique [57]. Specificaly,
participants were asked if messages were relevant to them,
understandable, and helpful in a stressful situation, as well as
whether and how they would change the wording of the
messages. Additionally, they rated each message from 1 (very
poor) to 5 (very good) based on how helpful the message would
be if they were inclined to smoke. Upon completion of the
interview, participantsreceived a$20 gift card as compensation
for their time and input. Theinterview dataand field noteswere
reviewed by the research team and messages were subsequently
revised according to the participants' ratings and comments
through a consensus process. L ow-rated messages were flagged
for possible removal.

Phase 5: Text M essage Scientific Advisory Panel
Review

A multidisciplinary scientific advisory panel was convened to
provide further insight into the cultural sensitivity,
appropriateness, and message appeal of the intervention for the
target population. The panel (N=7) was composed of smoking
cessation professionals, with expertisein psychosocial behavior,
health communication, WIC management, and community
perspectives. Panel members were provided with a list of
messages (with information on revisions made in the health
literacy evaluation process and suggestions made by
participants), and the C-SHIP coding guide for each message.
Members of the advisory panel evaluated the appropriateness
of the content of each of the messages and provided their
recommended revisions to the wording and readability of each
message from their individual perspective and expertise. The
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research team then reviewed the advisors comments and made
necessary modifications to produce the final program.

Phase 6: 1-Week Usability Testing

Ten participants, with the same €eligibility criteria identical to
those of the needs assessment phase, were recruited to pretest
the program for usability testing following the scientific advisory
review phase. The program was delivered over 1 week.
Participants were provided with phones equipped with text
messaging service and were instructed as follows. complete
(open and confirm receipt of) 7 system-initiated messages (1
per day), and initiate 3 crave (described below) and 3 lapse
message requests (described below) during the 1-week testing
phase. Participantswere debriefed individually by research staff
at the conclusion of the usability testing and received a $20 gift
card as compensation for their time and input. They were asked
to provide the following overall feedback: system-initiated text
message understandability, cultural appropriateness of text
message wording, ease of use of crave and lapse functions, and
problems encountered in use of the program. Each participant
was also asked to provide additional comments concerning the
intrusiveness, timing, and general burden imposed by using the
program. Feedback was compiled and evaluated by the research
team to determine whether adjustmentsin the messages, system,
or study procedures warranted correction or adjustment, with
subsequent implementation of necessary corrections and
adjustments.

Results

Phase 1: Needs Assessment | nterviews

The findings of the needs assessment interviews are reported
elsewhere; participant characteristic information is presented
in Table 1. In summary, participants (N=30) expressed the
following reasons for why they resumed or refrained from
smoking following childbirth: (1) motherhood demands (26/30,
87%), (2) partner and family relationships (22/30, 73%), and
(3) the presence of other smokers in the environment (15/30,
50%). Participants reported 4 main strategies that helped them
cope successfullywith postpartum cravings and relapses,
including being informed of smoking risks (26/30, 86%),
maintaining goal -oriented thoughts (18/30, 60%), thinking about
the pros of quitting (26/30, 87%), and receiving positive social
support from families and friends (27/30, 90%).

With regard to phone habits, most participants (21/30, 70%)
had a home phone, but even more were mobile phone users
(25/30, 83%). In addition, 93% (28/30) of participants reported
that they used their mobile phonesfor texting, and 83% (25/30)
reported that they texted on adaily basis. However, none of the
participantsin this population owned a smartphone. Therefore,
our intervention only used text-messaging delivery, which is
compatible with all models of mobile phones. Furthermore,
when inquiring about their attitudes toward text message styles
for a smoking cessation/relapse program, a more formal tone
of content without the use of common text messaging
abbreviations was preferred because it was thought to increase
the creditability of the program. Information gathered from the
needs assessment interviews was synthesized by the research
team to guide the drafting of the text message content.
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Phase 2: M essage Development

A pool of 204 messages was initially developed based on the
findings of the needs assessment and a review of the relevant
literature. The emerging themes from the needs assessment
content analysiswere also integrated into the message drafting.
The C-SHIP model provided a theoretical guide for message
creation because this model indicates specific areas that are
especialy relevant for health interventions. Smoking factsfrom
several evidence-based resources, including the National Cancer
Ingtitute’s fact sheet concerning the harms of smoking, were
identified and extracted to be included within the messages
where appropriate.

The text messaging intervention developed included 3 main
components:. low-frequency messagesto be sent during the third
trimester (1 per week for engagement before the start of the
main intervention), high-frequency messages to be sent after
participants had given birth (1 message per day for 1 month),
and messages available upon participant request when
experiencing a craving for a cigarette or a lapse into having
smoked one. The messages were systematicaly and
comprehensively developed to address each component, so that
some messages were specific to the prenatal or postpartum
period and some to the situation of craving or lapsing. The
drafted messages were coded across the 5 C-SHIP constructs
by the research team.

Phase 3: Health Literacy Review

The initial assessment of the 204 text messages identified a
number of issues, including the use of polysyllabic words,
complex health terms, complex nonmedical terms, and long
sentences. After the 2 health literacy experts reviewed and
modified each messagein collaboration with the research team,
a second assessment using Health Literacy Advisor revedled a
significant reduction in the following health literacy problems:
a 72% reduction in polysyllabic words, 79% reduction in
complex health terms, 91% reduction in complex honmedical
terms, and 47% reduction in long sentences. Most of the
complex terms remaining in the text messages were words that
pertained to the message content and the study, such astobacco,
smoking, and cancer. During the message review interview
phase described bel ow, these words were specifically tested and
found to be readily recognized by study participants, indicating
that they were not difficult to read or understand.

Phase 4: M essage Review Cognitive Response
Interviews

Messageswere reviewed by 30 women at 3 different WIC clinic
sites using the cognitive response interview technique. Table 1
displays the sample characteristics. Participants provided
specific commentsregarding improvementsthat could be made
to the messages, as well as their general reaction to each
message. This feedback was used to guide message revisions.
For al but 1message, at |east 67% (20/30) of participantsfound
the messages to be understandable. Messages were generally
viewed as helpful, obtaining a mean rating of 4.2 on a 5-point
scale, and 50% of the messages were highly rated (>4.5).
However, 25 messages received lower ratings, as summarized
in Figure 1.These low-rated messages were subsequently either

JMIR Res Protoc 2014 | vol. 3 |iss. 2| €20 | p.54
(page number not for citation purposes)


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

JMIR RESEARCH PROTOCOLS Wen et &

revised (n=8) or eliminated (n=17). We also received universal  be appropriate during the postpartum period.
agreement from the participantsthat 2-3 messages per day would

Table 1. Background variables for needs assessment and message review interview sample (N=30).

Variable Needs assessment Message review
n (%) n (%)

Race/ethnicity

Hispanic 6 (20) 6 (20)
White 11(37) 4(13.3)
African American 12 (40) 19 (63.3)
Other 1(3.3) 1(3.3)
Marital status
Single 28(93.3) 23(76.7)
Married/cohabiting 2(6.7) 4(13.3)
Separated 0(0) 2(6.7)
Divorced 0(0) 1(3.3)
Income
$0-15,000 17 (56.7) 18 (60)
$15,000-30,000 10(33.3) 11(36.7)
$30,000-45,000 3(10) 0(0)
$45,000-60,000 0(0) 1(3.3)
Education
8-11 years 4(13.3) 5(16.7)
H.S. grad/GED 14 (46.7) 16 (53.3)
Vocational/tech 4(13.3) 2(6.7)
Some college 6 (20) 7(23.3)
Bachelor’s degree 2(6.7) 0(0)
Health insurance
Medical assistance 28(93.3) 24 (80)
None 2(6.7) 6 (20)
Employed 6 (20) 10(33.3)
Home phone owner 21 (70) 14 (46.7)
Cell phone owner 25(83.3) 25(83.3)
Smoking frequency
Every day 17 (56.7) 12 (40)
Some days 5(16.7) 6 (20)
None 8(26.7) 12 (40)
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Figurel. Stepsand resultsfrom each development phase. M essages may fall under multiple categories; thus, percentages do not sum to 100%. 2Eleven
messages required additiona revision to fit within the 159-character limit for text messages. 3Highly rated messages received a mean rating over 4.5

(out of 5) for “Overall Helpful” and were found to be “Helpful If Stressed” by al raters. 4M0$sag$ were flagged if they received a mean rating less
than 4 (out of 5) for “Overall Helpful”; these were then identified for possible removal if two-thirds or more of ratersfound it “Not Helpful If Stressed,”

or designated “Problematic” in all other cases.
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Phase 5: Text M essage Scientific Advisory Panel
Review

All messages were evaluated by the advisory panel in relation
to the relevance of the messages to the population, as well as
their coverage of factorsinvolved in the C-SHIP framework. A
final review of the advisory panel input by the research team

Wen et a

resulted in slight modifications to 50% of the messages and 21
additional messages being eliminated.Table 2 providesexamples
of the message revision process and Table 3 provides samples
of final text messages corresponding to the 5 C-SHIP constructs.
For most messages, the basic content of the original message
was retained, but revisions improved the readability and

specificity of the message.
Table 2. Examples of message revision process.
Original message Hedlth literacy Participant comment Comment revision After advisory panel
revision
Research showsthat female Research showsthat women “It's confusing. . . [when] it Research showsthat women Women who don't smoke

smokers lose an average of
14.5 years off their lives be-
cause of smoking.

The American Lung Associ-
ation reports that smoking

during pregnancy accounts
for 10% of al infant deaths.

Think about it. Would you
rather feel tired and less en-

who smoke lose about 14.5
years off their lives.

The American Lung Associ-
ation reports that smoking
during pregnancy isthe rea-
son for 10% of all infant
deaths.

Think about it. Would you
rather feel tired and have

saysthisisabout 14.5 years
off their lives”

"Good message. Gives peo-
pleinfo about the risks of
smoking. It makes pregnant
moms think about their un-
born child."

None

who smoke live about 14.5
years less than those who
don't.

None

Would you rather feel tired
and have less energy be-

live about 15 years more
than women who do smoke.

The American Lung Associ-
ation reports that smoking
during pregnancy istherea-
son for 10% of al infant
deaths.

By not smoking, you will
feel healthy and freshin-

ergized, or healthy andreju-  less energy, or healthy and cause you smoke? Or feel  stead of tired and drained.
venated? You'reon theright rejuvenated? You're on the healthy and rejuvenated as ~ Stay on theright path to a
path to a healthier you! right path to ahealthier you! anonsmoker? Stay onthe  healthier you!
right path to ahealthier you!
Table 3. Samples of final text messages across 5 C-SHIP constructs.?
Knowledge Decisional balance Distress Beliefs Self-regulation

/social support

Kids whose parents smoke
get bronchitis and pneumo-
nia much more often.

With each cigarette, you
breathe in more than 4000
chemicals. Don’'t be fooled,
al forms of tobacco can hurt
you and your baby.

Babies whose mothers
smoked during pregnancy
areuptothreetimesaslike-
ly to die from sudden infant
death syndrome (SIDS) as
babies of nonsmokers.

Caring for ababy takesalot
of energy! If you do not
smoke, you will feel more
active during theday to play
with your baby.

If you hope to have more
children, now isthetimeto
quit. Smoking raises your
chance of having trouble
getting pregnant again.

Not smoking makes you a
better role model for your
kids. A child raised by a
nonsmoker isless likely to
start smoking. Stay smoke
free for your baby.

Feeling extra stressed and
grouchy today? Try playing
soft musicto helpyou relax.
It may help calm any sudden
urges and relax you and
your fussy baby.

It isnormal to feel stressed
with anew baby in the
household. Remember to
make “me” time!

Do not worry if you are
gaining afew pounds.
Weight gainisnormal when
you stop smoking. Keep a
healthy diet and talk to your
doctor if you are concerned.

Smoking while pregnant
putsyour baby at higher risk
for ear infectionsand asthma
attacks. Be glad you chose
to quit!

At the end of each day, think
about how you didn't smoke
at all. Be thankful for that
moment. It will make your
thoughts of successstronger.

You quit smoking for area-
son. Think about thisreason
often. It will never be less
true, but it could become
less important if you forget
about it.

Put away ashtrays, matches,
and lighters. Trade them for
things that remind you not
to smoke, like alist of rea-
sonsfor quitting, or afamily
photo.

Make sure your car and
home are smoke free. Do it
for yoursdlf and others, espe-
cialy for your baby.

Peoplewho lift weights have
spotters. You too should
have a spotter! Pick some-
oneyou trust to support you
and help you to stay smoke
free.

330me messages may fall under multiple categories.

Phase 6: 1-Week Usability Testing

Ten participants were recruited from the same 3 WIC clinic
sites as in the interview phases to participate in a 1-week
usability testing session. Each participant was provided with a
mobile phone and instructions for mobile phone and message
use. Each participant received 7 system-initiated messages over
a 1-week period and was instructed to initiate 3 crave and 3
lapse message requests. Among the 10 enrolled participants, 8
successfully completed the testing and responded to the
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evaluation interview. All 8 participants identified the messages
as helpful and reported being satisfied with the messages, as
well as with the crave and lapse functions. They all stated that
they would use the program and recommend it to others. They
also suggested changes, including making the system-initiated
messages more frequent (3 per day) and adding voice and video
messages to the program. Based on participants’ feedback, the
research team finalized the “Txt2commit” program, which
provided: (1) 1 text message per week during the prenatal period
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(27 weeks gestation and on) to enhance and sustain program
engagement, (2) 3 text messages daily during the first
postpartum month, and (3) crave and lapse functions so that
participants could request additional messageswhen feeling the
need. The final program was tested in alarger feasibility pilot
study, results of which will be reported elsewhere for ease of
communication. Figure 1 provides an illustration of the order
and findings throughout different phases of the development,
including the changes of the numbers of messages over time.

Discussion

The development of the Txt2commit mobile text messaging
intervention relied on a combination of theory and evidence,
systematic attention to health literacy issues, and integration of
auser-centered approach throughout the devel opmental process.
This research adds to the emerging literature supporting the
critical role of a comprehensive strategy for the design of
mHealth interventionsand highlightsthe value of ascientifically
based health literacy focus. This study aimed to stimulate
discussion among target users about how to use mobile text
messaging as a platform for delivering smoking cessation
interventions for underserved postpartum women, as well as
demonstrate a rigorous process of development to ensure that
the messages are potent, easily understood, and delivered in an
effective manner. Using an iterative developmental process, a
multidisciplinary team, and user input, the text messaging
intervention was progressively devel oped and refined based on
formative participatory eval uationsto achieve aculturally—and
lingui sti cally—appropriate psychosocial program that provides
relevant content to underserved women who quit smoking during
their pregnancies.

The needs assessment, message review, and cognitive response
interviewswere all essential to identify gapsin women’'s needs
in postpartum and smoking relapse trigger stressors, which
resulted in relevant and appropriate text messaging content and
format. Furthermore, the health literacy review and painstaking
editing significantly increased the readability and accessibility
of the information. The final usability testing confirmed the
preferred frequency of message delivery and the usefulness of
the crave and lapse functions, prior to the fina production and
pilot study implementation. Theintensity and functionalities of
our final intervention program design is comparable to most of
the studies in the text messaging smoking cessation literature,
with an average of 1-5 text messages per day and the
availabilities of crave and lapse functions [28,58,59].

As technology advances become more common as a delivery
mechanism for health behavior interventions, it isimportant to
recognize that the impact will depend on the interdigitation of
well-designed content, technology, and end user input.Given
advances in the field of behavior medicine, it has become
increasingly clear that knowledge alone does not change
behavior. Likewise, technology a one does not change behavior,
but the combination of theory-based best practice approaches
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in content development, coupled with technology, increases
access and reach and has great promise for improving outcomes
through attention to evidence-based cessation barriers. The
strengths of the study include the use of an established C-SHIP
theoretical framework, application of health communication
and health literacy best practicesto guide text messaging content
drafting and revision, extensive input from acommunity-based
sample at various steps in development, and the use of a
multidisciplinary expert advisory board. This approach extends
our prior research, where the C-SHIP framework was
successfully applied to smoking cessation and multimedia
intervention behavior change studies [47,50,52,60,61]. To our
knowledge, thisis the first text messaging intervention guided
by the C-SHIP framework. Because research has shown that
messaging interventions designed by using behavioral theory
are more likely to be successful [29], this paper contributes to
the field by demonstrating how to apply a well-established
framework in the context of new technology delivery. We also
found that using aguiding theoretical framework, coupled with
input from a diverse group of stakeholders, was helpful during
the message revision process, particularly in terms of better
addressing the target conceptual construct contained in each
message as well as keeping the message within the limit of 160
characters.

This study providesinsight into the systematic devel opment of
text messaging interventions for use in other behavior change
contexts. The prevalence of mobile phone use and text
messaging among the present underserved sampleindicatesthe
potential of text messaging as a delivery modality in a variety
of health settings and behaviors. Therefore, the devel opment
concepts used in this intervention should be applicable to the
development process for other health-related mHealth
interventions, especially those targeted to diverse underserved
populations. One important lesson learned was that athough
text messaging was an acceptable channel to communicate
smoking relapse messages, postpartum women indicated their
preference that these messages be written using formal language
to highlight the credibility of the information.

Asthevision of eHealth/mHealth is beginning to be actualized,
devel opment must also allow for theinvolvement of “ consumers
with diverse perspectives, circumstances, capacities, and
experiences in the design of, evidence-based eHealth tools’
[62]. This study supports the importance of a comprehensive
developmental process as an essential foundational basis for
rigorous research in this area [47-49,63]. The goal isto ensure
that the intervention messages are appropriate, relevant, and
understandable, with a view to developing meaningful
interventions that can be evaluated for effectiveness, over the
short and long term. With the increasing prevalence of maobile
phone and text messaging use in underserved inner city
populations in the United States and in low-income countries
at the global level, harnessing this technological approach has
great potential to address health disparities and improve health
outcomesin avariety of challenging behavioral contexts.
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Abstract

Background: Many patients with back pain do not receive health care in accordance with best practice recommendations.
Implementation trials to address this issue have had limited success. Despite the known effectiveness of clinical decision support
systems (CDSS), none of these are available for back pain management.

Objective: The objective of our study was to develop a Web-based CDSS to support Australian general practitioners (GPs) to
diagnose and manage back pain according to guidelines.

Methods: Asking apanel of international experts to review recommendations for sixteen clinical vignettes validated the toal.
It was then launched nationally as part of National Pain Week and promoted to GPs via a media release and clinic based visits.
Following this, a mixed methods eval uation was conducted to determine tool feasibility, acceptability, and utility. The 12 month
usage data were analyzed, and in-depth, semistructured interviews with 20 GPs were conducted to identify barriers and enablers
to uptake.

Results: The tool had acceptable face validity when reviewed by experts. Over a 12 month period there were 7125 website
visitswith 4503 (63.20%) unique users. Assuming most unique users are GPs, around one quarter of the country’s GPs may have
used the tool at least once. Although usage was high, GP interviews highlighted the sometimes complex nature of management
wherethetool may not influence care. Conversaly, several “touch-points’, whereby thetool may exert itsinfluence, wereidentified,
most notably patient engagement.

Conclusions: A novel CDSS tool has the potential to assist with evidence-based management of back pain. A clinical trial is
required to determine its impact on practitioner and patient outcomes.

(JMIR Res Protoc 2014;3(2):€17) doi:10.2196/resprot.3071
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clinical decision support systems; back pain; primary care
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Introduction

Global Disease Burden From Back Pain

Back pain isthe number one ranked disabling health condition
worldwide[1]. Across 21 regions, the lowest ranking of burden
was 4th of 291 diseases in both the Caribbean and Southern
sub-Saharan Africa. Thismakesacompelling casefor increased
efforts to improve health care for this condition.

Back painisbest conceptualized asachronic disease. Although
symptoms usualy improve quickly after onset, pain and
disability frequently persist at low to moderate levels [2]. We
found that nearly one third of the people with reported acute
back pain till experienced pain one year later [3]. Around one
quarter of those who recovered had arecurrence within one year
[4], and the mgjority of those with a prolonged initial course of
pain (> 3 months) reported persisting pain 12 months later [5].
Similar findingswere noted in aUK study [6]. Thus, back pain
iscommonly along term health condition with an unpredictable
pattern of acute episodes, remission, and recurrence [7,8].

Evidence-Practice Gapsin Management of Back Pain

Despite high health care expenditure for back pain, clear
improvements in outcomes do not necessarily follow. In the
United States, back pain expenditureincreased by 65% (inflation
adjusted) in the period 1997-2005, yet the health status for
people with back pain fell [9]. Further, 16.7% of visitsfor back
pain includeinappropriate imaging tests, resulting in over $175
million per year of unnecessary expenditure[10]; the principal
driver for this is that people with back pain are not receiving
the care endorsed in guidelines. Our large survey of Australian
primary health care providersrevealed that few patientsreceived
the care recommended in the nationally endorsed guideline[11].
Less than 10% of the patients received appropriate analgesia,
and just 20% were provided with appropriate advice.
Additionally, over one quarter of the patients were referred for
diagnosticimaging. Crucially, this pattern of care was essentially
the same in the periods before and after the guideline was
released in 2004 [11]. Similar evidence-practice gaps have been
reported in other countries [12-14].

Health Care Intervention Studies

Severa health care intervention studies to improve back pain
management have resulted in minimal or no improvements in
mainly process outcome measures [15-20]. Clinical decision
support systems (CDSS) are one of the most promising
interventionsto improve uptake of guideline recommendations.
In two recent systematic reviews, around two thirds of CDSS
trials demonstrated improvements [21,22]. In the broader
eHealth arena, there is how growing evidence that interactive
Internet and mobile interventions improve outcomes from

http://www.researchprotocols.org/2014/2/e17/
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chronic conditions. A Cochranereview of 124 studies concluded
that computer based “Interactive Health Communication
Applications’ could improve cognitive and social support
outcomesin patientswith chronic conditions[23]. Despitethis,
we are not aware of any CDSS that have been trialed for back
pain management.

In this paper, we outline the devel opment of a\Web-based CDSS
for back pain management. We also discuss the devel opment
and validation of an algorithm, in addition to afeasibility study
examining the acceptability and utility of the tool following
national deployment for use by Australian general practitioners
(GP). Our objective was to determine whether the tool had the
potential to support GPs to diagnose and manage back painin
accordance with guideline recommendations, and to identify
barriers and enablers to uptake. The study was designed to
inform a future large scale trial evaluation.

Methods

Tool Development

First, our recent systematic search of relevant guidelines was
drawn on to inform development of the decision support
algorithm [24]. In this review, we searched for guidelines in
MEDLINE, PEDro, the US Agency for Health Care Research
and Quality National Guideline Clearinghouse, and the UK
National Institute for Health and Clinical Excellence, and used
backward and forward citation tracking, retrieving 15 eligible
guidelines. A key finding from the review was that there was a
high level of consistency in recommendations from al 15
guidelines. These recommendations were converted to plain
language rules, hardcoded into an agorithm, and a prototype
tool was developed. Figure 1illustrates the key variablesin the
algorithm and treatment recommendations provided.

Second, the algorithm was validated as follows. There were 16
hypothetical casesrepresenting all permutations of the algorithm
that were entered into the tool to generate management
recommendations. The output was compared to an expert's
clinical decisions for each case based on their interpretation of
the guidelines. Additionally, a panel of four experts who
developed the UK, US, and Australian guidelines [25-27]
reviewed the prototype and commented on the
recommendations. Any misinterpretations were reviewed and
inconsistencies resolved by a consensus process.

Third, a user interface was designed, resulting in a four step
process of excluding serious pathology, clinical assessment,
establishing treatment options, and building a personalized,
patient information sheet (Figures 2-5 show this interface).
Technical user acceptance testing was conducted to ensure the
tool functioned as specified.
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Step 1:

Exclude
serious
pathology

Exclude:

+ vertebral infection

* cancer

+ fracture

+ ankylosing
spondylitis

+ cauda equina
syndrome

Imaging
recommendations
based on:

+ past history

+ fracture risk

* cancer risk

* symptom severity

+ severe neurological
deficits
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Step 2:

Clinical
assessment
questions

Duration of symptoms

(< 6 weeks or=6
weeks)

First presentation or
recurrent presentation

Are any features
suggestive of sciatica /
radiculopathy present?

Are any features
suggestive of spinal
stenosis present?
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Step 3:
Diagnosis

Nonspecific LBP
{NSLBP)

LBP with spinal
stenosis

LBP with Sciatica/
Radiculopathy

Peiriset d

Figure 1. Decision support flowchart for management of low back pain (LBP). Nonspecific LBP (NSLBP).

Step 4:
Treatment considerations

Acute NSLBP- first presentation

Reassurance, early resumption of activity, education,
paracetamol, review in 1-2 weeks, no imaging required.

Persistent NSLBP/ Acute NSLBP repeat presentation

Reassurance, review pain and activity levels, graded
resumption of normal activity, check medication adherence
and consider stronger pain relief or manual therapy if
needed, no imaging if serious pathology not suspected.

Acute LBP with spinal stenosis

Reassurance, encourage graded resumption of activity,
paracetamol initially, locally applied heat. Consider stronger
analgesia if required. Review in 1-2 weeks. If progressive
neurological deficits or no improvement at 4 weeks then
consider imaging and/or specialist review.

Persistent LBP with spinal stenosis

Initial management as per acute LBP with suspected spinal
stenosis. Review adherence to management and consider
imaging/specialist review if no improvement at 4 weeks.

Acute LBP with sciatica

Reassurance, paracetamol, and consider stronger analgesia if
insufficient, locally applied heat, review in 1-2 weeks. If no
improvement or progressive neurological deficits, then
further imaging and/or specialist review.

Persistent- LBP with sciatica

Initially conservative management as per acute LBP with
sciatica. Review adherence to treatment. Review in 4 weeks.
Consider further imaging/ specialist referral if no
improvement/ worsening neurological deficits.
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Figure 2. Screenshot Step 1 - Exclude serious pathol ogy.

Back pain choices

Assess for
serious pathology

Assess for serious pathology

Clinical Treatment Build patient
assessment considerations information sheet

Serious conditions such as vertebral infection, cancer, fracture, ankylosing spondylitis or cauda equina syndrome are
rare causes of back pain (<1% of cases) in Australian primary care. Imaging and laboratory tests are only required
when you suspect that the cause of the patient’s low back pain is a serious condition or the patient has radiculopathy
or spinal stenosis AND is a candidate for surgery. The table below outlines these clinical scenarios and an
appropriate imaging strategy.

Note: Imaging is not required for patients with non-specific low back pain.

Timing Imaging strategy Clinical Situation
Immediate Radiography plus Major risk factors for cancer (new onset of low back pain with
imaging erythrocyte history of cancer, multiple risk factors for cancer, or strong clinical
sedimentation ratet suspicion for cancer)
Magnetic resonance Risk factors for spinal infection (new onset of low back pain with
imaging fever and history of intravenous drug use or recent infection)

Risk factors for or signs of the cauda equina syndrome (new
urine retention, faecal incontinence, or saddle anaesthesia)
Severe neurologic deficits (progressive motor weakness or motor
deficits at multiple neurologic levels)

Deferimaging  Radiography with or Weaker risk factors for cancer (unexplained weight loss or age
after a trial of  without erythrocyte >50y)
therapy sedimentation rate Risk factors for or signs of ankylosing spondylitis (morning

stiffness that improves with exercise, alternating buttock pain,
awakening because of back pain during the second part of the
night, or younger age [20 to 40 y])

Risk factors for vertebral compression fracture (history of
osteoporosis, use of corticosteroids, significant trauma, or older
age [>65 y for women or >75 y for men])

Magnetic resonance Signs and symptoms of radiculopathy (back pain with leg pain in
imaging an L4, L5, or S1 nerve root distribution or positive result on
straight leg raise or crossed straight leg raise test) in patients
who are candidates for surgery or epidural steroid injection
Risk factors for or symptoms of spinal stenosis (radiating leg
pain, older age, or pseudoclaudication) in patients who are
candidates for surgery

No imaging No criteria for immediate imaging and back pain improved or
resolved after a 1-month trial of therapy
Previous spinal imaging with no change in clinical status

T Consider magnetic resonance imaging if the initial imaging result is negative but a high degree of clinical suspicion for cancer
remains.

Source: This table is adapted from The American College of Physici Clinical ideline for Di ic Imaging for low

back pain (Ann Intern Med 2011; 154:181-189.)
Start Back Pain Choices P

\
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Figure 3. Screenshot Step 2 - Clinical assessment.

Back Pain Choices

Clinical Treatment Build patient
assessment considerations information sheet

Clinical assesment

Answer the following questions and a suggested diagnosis will show.
You can see alternative diagnoses by changing the clinical variables at any time.

Duration of symptoms

) Less than 6 weeks

) Greater than 6 weeks

Are any features suggesting sciatica / radiculopathy present?

+ Back pain with multiple leg symptoms in a nerve root distribution
» Paraesthesia and motor loss or diminished reflex
I Yes

' No

Are any features suggesting spinal stenosis present?
» Radiating leg pain
» Older age
+ Pseudoclaudication
7 Yes

7 No
This is
Z) The first visit for this presentation

) A repeat visit for this presentation

< Assess for serious pathology

\}
\\/THEGEURGEINSTWUTE About | Evidence  Survey NPS

Better chosces » Botter hoalth
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Figure 4. Screenshot Step 3 — Treatment considerations.
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I mplementation

The tool was published on the Internet in June 2012,
accompanied by a media release issued to coincide with
Australian National Pain Week [28]. Thetool was subsequently
mentioned in several leading GP focused periodicals, the Royal
Austraian College of General Practitioners electronic newsl etter,
sent to over 20,000 GPs, the Australian Medicare Local Alliance
newsl etter, and circulated to all 61 Medicare Locals, which are
government funded, middle tier primary hedth care
organizations. The tool was aso directly promoted viaa NPS
MedicineWise “visiting topic”, in which physiotherapist
educators conducted small clinic based workshops to support
GPsinimproved health care quality.

Following this, a convenience sample of twenty GPs in the
Sydney areawereinvited to use thetool over afour week period
in order to provide further insightsinto its utility, barriers, and
enablers to uptake.

Evaluation

A mixed methods evaluation was conducted of the tool. Usage
data were collected using Google Analytics over a 12 month
period. Dataincluded visit frequency, number of uniquevisitors,
number of page views, and average visit duration. The
qualitative component involved in-depth, semistructured
interviews with all 20 GPs who had trialed the tool. A GP
interviever who was not involved in tool development
conducted the semistructured interviews (see Multimedia
Appendix 1 for the interview guide). The interviews covered
four key domains: (1) opinions on back pain management, (2)
a “live walk-through” of the website, (3) clinical and patient

Peiriset d

perspectives on utility, and (4) recommendations for
improvements. The interviews were digitally recorded,
transcribed, and imported for analysis into NVivo 10 (QSR
International). An inductive approach was taken, with thematic
content analysis conducted contemporaneously with data
collection. A preliminary coding framework was collaboratively
derived from the analysis of four interviews, discussed by the
broader project team, and revised accordingly. There were two
researchers that then independently coded the remaining
interviews (eight each), and discussed new themes not
previously identified. Saturation of themes occurred after around
15interviews. At the end of theinterview coding, final findings
were again discussed by the project team and key themes were
further refined.

The University of Sydney Human Research Ethics Committee
approved the study.

Results

Website Usage Data

Figure 6 shows the usage data from June 2012 to May 2013 of
thetool. The peak in early August 2012 coincideswith the media
release; subsequent to this usage, patterns remained relatively
constant. The average time spent per visit was just over four
minutes and the average number of pages viewed per visit was
six pages. Almost al visitors clicked through to at least the
second page of the back pain assessment.

Qualitative Evaluation

Table 1 outlines the characteristics of the GPs interviewed that
had trialed use of the tool.

Figure 6. Usage patterns of the decision support tool for June 2012-May 2013.
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Table 1. GP and practice characteristics.
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Characteristics Total=20,
n (%)
GP characteristics
Age, years?
<50 8 (40)
50-59 8(40)
60+ 3(15)
Male 13 (65)
English primary language spoken at home 14 (70)
Australian university graduate 15 (75)
Vocationally registered 20 (100)
Number of sessionsworked per week
2-5 4.(20)
>5 16 (80)
Participates in research often or very often 6 (30)
Conducts own research 8 (40)
Daily use of Internet or email for work purposes 20 (100)
Practice characteristics
Number of patientsregistered
1001-3000 1(5)
3001-5000 7(39)
>5000 12 (60)
Number of doctors
1-5 9 (45)
6-10 9 (45)
>10 2(10)
Number of nurses
0 2(10)
1-3 15 (75)
>3 3(15)
Practices with a practice manager 17 (85)
GPregistrar placement 4 (20)

@0ne response missing

Identified Themes

There were three interrelated themes on the management of
back pain and therole of toolsthat wereidentified. An additional

http://www.researchprotocols.org/2014/2/e17/

RenderX

theme, focused on the functiona aspects of thetool, also yielded
important information on recommendations for improvement.
Figure 7 showsthekey thematic domains and rel ated subthemes.
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Figure 7. Thematic domains from in-depth interviews with twenty GPs.
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Theme 1: Low Back Pain I|sa Common Condition

Our motivation for devel oping the CDSS tool was to improve
adherence to guideline recommendations. Many of the GPs
interviewed, however, considered back pain diagnosis and
management to be common and relatively straightforward. It
was viewed as integral to being a competent practitioner, and,
therefore, the notion that GPs might need a tool to assist them
seemed to indicate that “ something waswrong” with their skills.

You can't have a tool for every presentation in
general practice...thisis something that should be up
there (pointing to his head) rather than “ Oh wait a
second, let me use thistool..” [GP 3]

Similarly, one GPwasworried that the use of such atool during
a consultation would make him look “abit strange” in the eyes
of his patient, while another felt it was condescending and that
he did not need “a step-by-step approach on how to suck an
egg.” These accounts highlight the tension between a perceived,
sound knowledge of best practice and the published data
demonstrating large evidence-practice gaps.

Theme 2: Low Back Pain Isa Complex, Chronic
Condition

Juxtaposed with the notion that back pain is common, was a
more nuanced appreciation that it may have acomplex, chronic
course. Thiscourse can be characterized by relapse and setbacks,
psychosocial and work related repercussions, and fragmented
health care experiences. Most GPs acknowledged that under
these circumstances back pain management was challenging
and required considerable effort to ensure satisfactory health
care. These challenges are particularly pronounced with work
related back pain, where health care costs are subsidized in
Australia by the government worker’s compensation schemes.

For one patient injured at work...he seemsto beusing
it to get back at his employer...It also |ooks as though
his relationship (with his partner) is going to break
down...and he fosters a sense of entitlement through
his back pain... [GP 2]

http://www.researchprotocols.org/2014/2/e17/
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Tools to engage patients
* Strategies to manage expectations

* Tools to discuss need for imaging
« _Pain management aids
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Back pain as a chronic, complex
condition
* Psychosocial aspects
* Pain syndrome management
* Work/employer challenges
«_|nadequate specialist access

ST

In such circumstances, GPs may be more likely to conduct
imaging tests or prescribe complex pain relief medications,
while cognizant that these are not routinely indicated.

| tried to get (him) managing the pain, but he was
also a very anxious man. He went to my colleague,
had a CT scan, which then showed something he
fixated on. It's been yearsto get himto a point where
he's not obsessing about every twinge in his back.
[GP14]

Theme 3: Toolsto Engage Patients

We came to appreciate that the tool was situated amid highly
varied clinical contexts, ranging from where GPs required
minimal additional support, through to complex situationswhere
new resourcesweredesirable. Thishelpsto explain why at times
the tool was seen as superfluous, and at other times it had the
potential to assist with management dilemmas.

Thetool was perceived to be the most useful in situationswhere
patient reassurance and avoidance of complex tests or medicines
were recommended. The GPs used the tool as a source of
authoritative advice to support their recommendations. The
patient information sheet was a particularly useful component,
as it synthesized the key messages that would otherwise take
some timeto explain.

WEl, | suppose we tended to make the patients feel
happy if they want x-rays...Now at least we can say,
“This is the evidence. You've got to wait for a
while..” [GP 3]

Similarly, in the context of awork related injury, one GP used
the tool to communicate with the patient’s employer.

| used the tool for the employer because the patient
refused to go back to work...So | copied a few things
fromthetool and emailed it to the employer and they
were quite happy. [GP 5]
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Theme4: Recommendationsto I mprove Tool Content

Whilethetool had the potential to be of value, some GPsfound
that it was not sufficiently dynamic to be of usein thelong term.
Once the core components became clear, there was perceived
to belittle variation in the content. Thiswas not necessarily an
adverse finding, as many GPs felt that over time the
recommendationswould be“incorporated as part of their normal
skills” Some GPs, however, wanted more detailed advice for
complex pain management and indicationsfor referral, whereas
others wanted more autonomy in customizing the patient
information.

The main influence to future tool uptake appeared to be
integration into routine workflow. Integration with clinical
software systems and the ability to rapidly navigate to the parts
of immediateinterest were frequently recommended by the GPs.
They were also concerned with the growing number of tools
that compete for their attention. Many described a process by
which they establish their own “tool box” of resources, often
compiled over many years. Tool developers therefore need to
make new tools that complement rather than compete with
existing tools.

Discussion

Principal Results

This study examined the devel opment, uptake, and acceptability
of an Australian GP Web-based CDSS for the management of
back pain. There were three key findings that were observed.
First, the agorithm underpinning the tool appeared to have
acceptable face validity when reviewed by expertsin the field
and when implemented among GPs. This reflects consistency
in guideline recommendations over several years. Second, we
identified an effective implementation mechanism for rapid
dissemination of thetool, drawing on amulti-pronged approach
of mediareleasesin target periodicals, alignment with National
Pain Week, and promotion via an existing national network of
facilitators who conduct face-to-face GP visits. Assuming that
most unique visits were GPs, and that there are 20,360 GPsin
Australia[29], then, over a12 month period, around one quarter
of the GPs in the country used the tool. Moreover, the ratio of
new to returning users has remained constant, indicating the
tool has not yet reached full market saturation. Third, and
perhaps most importantly, the qualitative component revealed
the complexities of managing low back pain and the
“touch-points’, whereby a CDSS tool may exert its influence.

Limitations

This study was exploratory in nature and did not assess the
clinical effectiveness of the tool. The focus was to look at

Acknowledgments
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usability factors, identify enhancements needed, and further
refine the tool. Further, although the usage data are useful, we
were unable to analyze use by provider type, and to examinein
more detail which parts of the tool were most/least popular. A
final limitation was that we did not examine the perspectives
of patients and other health care providers, such as
physiotherapists and specialists.

Comparison With Prior Work

To our knowledge, this is the first CDSS for back pain to be
evaluated. Although uptake and genera satisfaction was
encouraging, ongoing usage patterns are likely to be highly
variable. Our findings resonate with our recent study of a
cardiovascular CDSS tool and outline that GPs adopt guideline
recommendations judiciously, depending on multiple social and
environmental factors [30,31]. This may partly explain why
interventions, including Internet interventions to improve back
pain management, have thus far yielded small effects at best
[32,33]. The notion that GPs establish their own “tool box” to
conduct their work is useful in understanding how a new tool
will be perceived. For common conditions like back pain, this
compendium of existing toolstendsto be well established, and,
consequently, a tool that covers only the basics is likely to be
less effective. Conversely, GPs clearly experience challenges
in effectively managing back pain for their patients. If a CDSS
tool can support GPsin these domains, especially complex pain
management, psychosocial impact, and work related issues,
then such atool islikely to be concordant with their needs. Tool
customization was of particular importance to the GPs. In a
model akinto amobile“app store”, GPs could sel ect and modify
their preferred “apps’ on the basis of personal interest, user
feedback, or endorsement by trusted organizations.

Conclusions

Degpite the existence of clear and consistent recommendations
from national and international guidelinesfor the management
of back pain, large evidence-practice gaps exist. Our findings
suggest that decision support tools have the potential to serve
asan effective dissemination mechanism for theimplementation
of guidelines. Thisstudy representstheinitial stage of aresearch
trandation program to improve health care quality for back pain.
Several tool features were identified to be useful, but,
importantly, anumber of contextual factors affecting how back
pain is managed were also noted. These factors may require
additional tools with a different focus. Further work with care
providers and consumers is planned to develop and test these
enhancements. The system will then be assessed for its
effectiveness in improving health care for the world's most
disabling health condition.
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Abstract

Background: Photographs are an effective way to collect detailed and objective information about the environment, particularly
for public health surveillance. However, accurately and reliably annotating (ie, extracting information from) photographs remains
difficult, a critical bottleneck inhibiting the use of photographs for systematic surveillance. The advent of distributed human
computation (ie, crowdsourcing) platforms represents a veritable breakthrough, making it possible for thefirst time to accurately,
quickly, and repeatedly annotate photos at relatively low cost.

Objective: This paper describes a methods protocol, using photographs from point-of-sale surveillance studies in the field of
tobacco control to demonstrate the development and testing of custom-built tools that can greatly enhance the quality of
crowdsourced annotation.

Methods: Enhancing the quality of crowdsourced photo annotation requires anumber of approaches and tools. The crowdsourced
photo annotation process is greatly simplified by decomposing the overall process into smaller tasks, which improves accuracy
and speed and enables adaptive processing, in which irrelevant data is filtered out and more difficult targets receive increased
scrutiny. Additionally, zoom tools enable users to see detail s within photographs and crop tools highlight where within an image
aspecific object of interest isfound, generating a set of photographsthat answer specific questions. Beyond such tools, optimizing
the number of raters (ie, crowd size) for accuracy and reliability is an important facet of crowdsourced photo annotation. This
can be determined in a systematic manner based on the difficulty of the task and the desired level of accuracy, using receiver
operating characteristic (ROC) analyses. Usahility tests of the zoom and crop tool suggest that these tools significantly improve
annotation accuracy. The tests asked raters to extract data from photographs, not for the purposes of assessing the quality of that
data, but rather to assess the usefulness of the tool. The proportion of individuals accurately identifying the presence of a specific
advertisement was higher when provided with pictures of the product’s logo and an example of the ad, and even higher when

also provided the zoom tool (x?,=155.7, P<.001). Similarly, when provided cropped images, a significantly greater proportion
of respondents accurately identified the presence of cigarette product ads (x?,=75.14, P<.001), as well as reported being able to

read prices (x%,=227.6, P<.001). Comparing the results of crowdsourced photo-only assessments to traditional field survey data,

an excellent level of correspondence was found, with area under the ROC curves produced by sensitivity analyses averaging over
0.95, requiring on average 10 to 15 crowdsourced raters to achieve values of over 0.90.
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Results: Further testing and improvement of these toolsand processesis currently underway. Thisincludes conducting systematic
evaluations that crowdsource photograph annotation and methodically assess the quality of raters’ work.

Conclusions: Overal, the combination of crowdsourcing technol ogies with tiered data flow and tools that enhance annotation
quality represents a breakthrough solution to the problem of photograph annotation, vastly expanding opportunities for the use
of photographsrich in public health and other data on a scale previously unimaginable.

(JMIR Res Protoc 2014;3(2):€22) doi:10.2196/resprot.3277

KEYWORDS

image processing; crowdsourcing; annotation; public health; surveillance

Introduction

Near universal penetration of mobile phones with built-in
cameras marks the advent of a highly valuable platform for
collecting data on the distribution of health-related featuresin
the built environment. Photographs can provide detailed and
objective information that cannot be detected by other
surveillance and sensing systems. In addition, the ubiquity of
mobile phones and ease-of-use of built-in cameras empowers
citizens to participate in data collection on a scale previously
unimaginable. Further enhancing the usefulness of photographs
isthe rapid advancement of the quality of geolocation services
on mobile phones, alowing the linkage of mobile photographs
to the physical location at which they were taken [1,2].

Photographs have long been recognized as a useful tool for
public health advocacy and research, such as in the context of
photovoice, aprocess in which individual s take photographs to
relay their experienceswith the goa of informing dialogue and
ultimately enhancing their community [3]. More recently,
photographs have dramatically improved resource evaluation
and natural disaster response efforts around the globe [4,5], and
in another recent example, smartphone cameras have been worn
on lanyards by study participants to track individual health
behaviors using life logging software that takes pictures at
regular intervals[6].

Itisimportant to note that photographs are not merely amethod
of validating traditional data collection modes such as surveys;
rather, photographs are a rich source of data in and of
themselves. In the context of surveillance research, collecting
data in the form of photographs provides an interesting
advantage over traditional surveysin that a set of questions need
not be developed ahead of time. Instead, photographs can be
taken of generic targets such as storefronts or street cornersand
later annotated to identify features of interest. This has
significant implications for the need to hire and train skilled
field workers for surveillance work, lowering the bar such that
any citizen interested in collecting data about features of their
environment that might impact the health of their community
can take concrete action.

A logistical bottleneck that has previously inhibited the use of
photographs for systematic surveillance has been the need to
accurately and reliably annotate (ie, identify features within)
large numbers of images. Technological advances enable
photographsto be captured in large quantities, but the annotation
of these photos is often an expensive and time-consuming
process. It is seldom feasible to hire and train enough

http://www.researchprotocols.org/2014/2/e22/

independent “raters’ to examine photos and annotate them based
on content, particularly when the number of photographsreaches
in the thousands or more (multiplied, of course, by the
complexity of information in each photo and the targets under
study). The challengeismagnified when new questionsrequiring
additional rounds of annotation arise, along with the ever-present
need to addressinterrater reliability and thevalidity of the entire
endeavor. For the first time, distributed human processing or
crowdsourcing platforms make it possibleto accurately, quickly,
and repeatedly annotate photos at relatively low cost.

This paper describes a methods protocol for the crowdsourced
annotation of photographs. Specifically, the paper outlines the
development and initial testing of a set of custom-built tools
that may greatly enhancethe quality of crowdsourced annotation
of photographs. The usability tests described in this paper were
designed to assess the functional utility of the tools described,
not to systematically evaluate them as part of an applied or
experimental research study. Photographs were obtained from
a research study on point-of-sale product categories and
availability that took place from September 2011 to May 2013.
During this time, two point-of-sale surveillance studies were
conducted to better understand tobacco advertising in the retail
environment, one in Washington, DC and one in New York
City. In addition to photographs, trained field surveyors
collected datathrough avariety of electronic methods, including
phone-based interactive voice response, text messaging, global
positioning system technol ogies, and amobile application[1,7].

Methods

Crowdsourced Annotation Framewor k and Tools

Crowdsourcing isarelatively recent term, introduced in a2006
WIRED magazine article and defined asan “open call to alarge
network of potential laborers’ [8,9]. The 4 common categories
of crowdsourcing include: (1) knowledge discovery and
management, such asinformation gathering and organizing, (2)
large-scale data analysis, such as photo coding and language
tranglation, (3) innovation or problem solving contests, games,
or platforms, and (4) generation and selection of the best idea
[10]. This paper focuses on category 2, large-scale dataanalysis,
namely the annotation of photographs. Photographs of the retail
environment provide a good test case for crowdsourced
annotation because they consist of complex scenes full of fine
detail. This complexity enables the testing of different
approaches and tools that might enhance the quality of
crowdsourced photo annotation.
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A number of studies have examined the use of crowdsourcing
for purposes of image and photo annotation. Raschtchian et a
[11] describe their experience using crowdsourcing to annotate
images with multiple, one-sentence descriptions, and Sorokin
and Forsyth [12] describe their experience crowdsourcing the
annotation of images to outline any persons appearing in the
image. Two more recent biomedical studies have used
crowdsourcing to process images of biomarkers related to
malaria and retinopathy [13,14]. In the field of public health,
crowdsourcing has been used to aid in the annotation of images
collected fromwebcamsin order to identify active transportation
[15], and in a system entitled PlateMate, which crowdsources
nutritional analysis of photographs to determine food intake
and composition estimates [16]. However, examples such as
these arerare, and thereis limited information in the literature
regarding specific methodologies that can facilitate
crowdsourced photo annotation, particularly tasks that require
further processing of images (eg, zooming or cropping) in order
to complete annotation accurately.

Tiered Tasking Framework

Annotating photographs to the level of detail required for this
project, which involvesidentifying the tobacco products, brands,
and prices present in pictures of the point-of-sale environment,
requires a tiered workflow. Decomposing the overall process
into smaller tasks ensures that each separate task is ssimple,
thereby improving the accuracy and speed with which the tasks
can be completed and verified when needed. Tiered tasking also
enables the simultaneous analysis of different photographs at
different stages of the analytic process. Moreover, it enables
the creation of an efficient workflow through adaptive
processing, inwhichirrelevant or uninformative dataarefiltered
out (eg, if there are no tobacco advertisementsin a photograph,
thereisno need to ask for the identification of the type or brand
of tobacco product advertised) and more difficult targets receive
increased scrutiny (eg, if the crowd fails to reach consensus
during the annotation of certain photographs, those photographs
can be funneled to experts for further inspection).

Such a workflow greatly streamlines the crowdsourced photo
annotation effort. For this project, an infrastructure was built
to enable photographs to flow automatically from one stage of
the process to the next. For example, in one workflow,
photographs from a crowdsourced data-mining task (zooming
into a storefront photograph and cropping out any tobacco
advertisements) are automatically funneled into a subsequent
annotation task involving identification of features, such as
brand name or price.

http://www.researchprotocols.org/2014/2/e22/
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Choosing aplatform to operationalize this crowdsourced photo
annotation workflow was the first consideration in building a
customized annotation system. Amazon Mechanical Turk
(MTurk) was the crowdsourcing platform used for this project.
MTurk is a Web-based marketplace where “requestors’ create
open calls for “workers’ (referred to as “raters’ in the context
of this project) to complete specified Human Intelligence Tasks
(HITs) inreturn for asmall payment. Assuch, raters completing
crowdsourced tasks for the usability testing described in this
paper are not selected or trained; they respond to an open call
and the first raters to respond complete the task. MTurk is a
marketplace for work that humans can achieve more effectively
than computers, and image annotation is a prime example of
such work [17]. While asimple interface for tasks is available
within MTurk, for this project, MTurk application program
interfaceswere used to customize and configure workflow, task
management, and reliability assessment processes external to
the M Turk system. Thisenabled the automation of all processes,
eliminating the need to export task results, manually filter data,
and import back into the system, whilestill leveraging MTurk’s
payment system and ability to attract workers.

Photographic Zoom Tool

In deploying atask to identify the lowest advertised price for a
cigarette within a photograph of astorefront, it quickly became
apparent that it was difficult to identify and read individual
advertisements and see details without a zoom capability.

There are various ways that a zoom tool can be incorporated
within an M Turk task. One option isto configure the zoom tool
in such a way that moving the mouse over a section on a
photograph displays a close-up version of that section instead
of the entire photograph. Thiswould servethe need to see details
more clearly, but users lose the ability to orient themselves
within the context of the larger photograph. For the purposes
of annotating storefront photographs, seeing the larger context
of the photograph and where within it certain advertisements
are situated can be very important. Thus, the zoom tool
developed for this project was configured so that moving the
mouse over a section of the photograph displays a close-up
version of that section on a separate area of the screen, leaving
the full photograph visible (Figure 1). Although this separate
window blocks out a portion of the survey questions on the
right-hand side of the screen while the user is zooming, the
close-up image disappears once an answer to aquestion isfound,
and this process provides the critical advantage of being able
to orient oneself within the overall context of the photograph.
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Figure 1. The Zoom Tool shows magnified detail while the mouse hovers over an image, temporarily obscuring the question.
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Zoom Tool Usability Test

A test was conducted to examine the usefulness of the zoom
tool in improving annotation and to determine what other
information in conjunction with the zoom tool might help equip
ratersin annotating a storefront photograph to identify specific
tobacco advertisements.

This test involved 3 phases using a prototypical photograph of
agtorefront from prior surveillance work, in this case a storefront
inthe Central Harlem area of New York City. In phase 1, raters
were asked if advertisements for Eon, Logic, and Blu
e-cigarettes were present in the photo. In phase 2, using the
same photo and questions from phase 1, raters were given
additional assistance in the form of pictures of the typical
point-of -sal e adverti sements for these e-cigarettes along with a
logo for each of the e-cigarette brands. In phase 3, using the
same photo and questions from phase 2, raters were also given
the zoom tool in addition to the e-cigarette logo and
advertisements to better help them identify the presence or
absence of e-cigarette ads at the point-of-sale. Each of thethree
tasks was completed 100 times by 100 raters.

Raterswho were equipped with additional imagery (brand logo
and exampl e advertisement, phase 2) or additional imagery plus
the zoom tool (phase 3) were significantly more adept at
identifying ads for Eon e-cigarettes than raters who were only
provided a photo of the storefront (phase 1). When provided
with asingle storefront image, only 7.0% (7/100) of respondents
were able to accurately identify the presence of an Eon
adverti sement. This proportion was significantly higher among
respondents who were provided with pictures of the product’s
logo and an example of the ad (73/100, 73.0%), and even higher
among respondents given the zoom tool (88/100, 88.1%)

(x22:155.7, P<.001). The Blu e-cigarette ad was more easily

noticed in the original storefront image: 88.0% (88/100) were
able to identify the ad looking at the storefront alone, with the
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proportion of respondents properly identifying ads being only
dlightly higher when provided with logo and ad images (92/100,
92.0%) and the zoom tool (92/100, 92.1%) (x2=3.70,
P=.45).This task also contained a question about a Logic
e-cigarette ad, which was not present on the storefront; adding
additional information or the zoom tool did not improve

accuracy (x%,=6.89, P=.14).

Photographic Crop Tool

The crop tool evolved from the need to indicate the exact
location of a specific tobacco advertisement within the image
of the storefront. Initially, adifferent tool was set up that could
mark a single point on the photograph where the specific
advertisement wasfound. However, thereisno way to determine
how large this point is relative to the rest of the ad. Capturing
the close-up image from the zoom tool was considered asaway
to identify the specific ad. The problem with this approach is
that afixed zoom size might not capture the boundary of the ad
given that ads are different shapes and sizes. Thus, a dlight
variation of the zoom tool was created where auser could draw
a box around what he or she wanted to zoom into, and then
could press a button to capture that image. This is the
custom-built crop tool used in this project.

Initially, the crop tool—related task was designed as arepeatabl e,
multipart task. Inthisiteration, raters were asked to use the crop
tool to draw abox around asingle advertisement from an overall
storefront photograph, and then answer questions about that
cropped picture. Three questions were asked, beginning with
asking the crowdsourced rater to identify the brand of the
tobacco product being advertised. This question was formatted
as either a dropdown (for short lists of brands, such as for
e-cigarettes) or an auto-fill question (for longer lists of brands;
auto-fill questions are similar to dropdowns, but filter results
based on the initial letters typed). The second question asked
about the price of the product advertised, and the third question
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asked about additional price-related information such aswhether
the advertisement includes information about a tax or specia
offer, if the price is per-pack or per-carton, and so on.

While this was a fast and efficient approach for experts
attempting to complete the task, it was not well suited to
crowdsourcing due to the difficulty of assessing reliability. In
effect, a complex storefront photograph can be broken into
dozens of pieces, each of which is associated with a different
guestion, making it difficult to determine how similar responses
are across raters.

As a result, the first modification of this tool and task was
simplified to ask a single question, for instance, “draw a box
around the lowest price for a pack of cigarettes you seein the
picture’. The result for this question would be a set of
coordinates describing the box. However, this approach only
allowed for one picture per question, leading to a long list of
repetitive questions.

The next modification of this tool and task involved stringing
together several smaller tasks, thus occupying a sweet spot
between the expert-level, multipart crop task and thetoo-simple,

Ilakkuvan et &

basic crop that only answered a single question. In thisversion
of thetool, called a“tagged crop” (Figure 2), multiple selections
within an image can be associated with atag. Asillustrated in
Figure 2, asingleitem can therefore produce a variable number
of tags, each of which might be associated with multiple image
selections.

Thisisavery efficient way to design atask and generate a set
of images that answer specific questions. A simple task might
ask raters to draw a picture around every tobacco ad in the
storefront photograph, and categorize each as an advertisement
with or without apricelisted. A more complex task might have
more options, asking ratersto further separate ads and cigarette
packs with shelf pricing, or asking them to separate out
advertisements for different tobacco products (eg, combustible
cigarettes, e-cigarettes, and little cigars).

Regardless of the way this crop tool is designed, one challenge
that remains is that agreement on a cropped image is seldom
exact; two ratersmay draw avery similar box and capture almost
the samething, yet their boxesare unlikely to beidentical down
to the level of pixels.

Figure2. Example of a*“tagged crop” task in which one or more selections within an image are associated with atag, and multiple tags can be defined

inasingle question.
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appropriate.

Use Full Screen

1. There are indications that tobacco is sold at the store in this pictures. Draw a
box all of those ads or signs (up to four). Make sure to crop

enough of the

ad so the next Turker can just look at what you've cropped and extract the
brand and (if applicable) price.

» Tobacco Ads WITH prices m

Remove

» Tobacco Ads WITHOUT prices a

Remove

» Signs, like "ID Checked" or "We Card" or signage without a brand. =

“Black-Out” Reverse Crop Tool

Another remaining challengeisthat in the absence of additional
controlsover dataflow and processing, efficiency in annotating
images can be seriously undermined by redundancy and
inaccuracy due to false negatives (ie, failures to identify and
crop a feature). Some easy-to-spot items might be identified
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many times, leading to redundancy, and other difficult-to-spot
items might not be found by anyone, leading to inaccuracy. In
order to address this issue, a “reverse crop” tool was
conceptualized to further enhance the annotation process. The
reverse crop tool removed the cropped section from the photo,
leaving abackground image with one or more rectangular areas
that are blank or blacked out. Thistool enables sections cropped
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by the first rater to be blacked out before the image is passed
on to a second rater, so that the second rater is working from a
less complex image, reducing redundancy and increasing the
likelihood that no relevant advertisements are missed. An option
to toggle on or off whether a rater can see the portion of the
image that has been blacked out may be useful in cases where
the initial crop is too wide and accidentally encroaches upon
another portion of theimage that could be a separate crop. This
tool has the additional advantage of alowing a graded
distribution of payment, with higher paymentsfor crops of items
that are more difficult to find.

Crop Tool Usability Test

A test was conducted to examine the usefulness of cropping for
annotating photographs of storefront advertisements. The test
involved 2 phases. In the first phase, raters were presented with
an unaltered storefront photograph and asked questions related
to the presence of cigarette advertising and the identification of
cigarette and menthol cigarette prices on the storefront. In the
second phase, raterswere presented with cropped advertisements
fromtheoverall storefront image and asked the same questions.
In the first phase, there was one task, completed 100 times by
100 different raters. In the second phase, there were two tasks
(onefor each cropped image), and each task was completed 100
times by 104 different raters.

When provided cropped images, nearly all respondents (103/104,
99.5%) were ableto accurately identify the presence of cigarette
product ads on the storefront, asignificantly greater proportion
than among respondents provided only with an overall storefront
image (65/100, 65.0%) (x*=75.14, P<.001). Respondents
receiving cropped images properly identified which ads
promoted menthol and nonmenthol product types (104/104,
100.0% reported that Newport menthol was amenthol product,
and 103/104, 99.0% correctly reported Newport nonmenthol as
an unmentholated brand).

Respondents who received cropped images of ads were
significantly more successful at recognizing that prices appeared
on the storefront (80/104, 76.5%), compared with respondents
who were provided an image of the storefront alone (24/100,
23.5%) (x22=85.5, P<.001). Similarly, nearly al respondents
who were provided with cropped images reported being ableto
read the prices (100/104, 96.6%), while none said they could
read the prices when given the storefront image aone
(x22=227.6, P<.001). When provided with a cropped image of
Newport nonmenthol brand cigarettes, all respondents were
able to accurately identify the lowest price in the image (mean
$6.34, SD 0.00). For the Newport menthol image (accurate
price, $7.29), the average identified lowest price was $7.24 (SD
0.45), which was not significantly different from the accurate
price (P=.31). For respondents receiving only the storefront
image, the lowest identified price was significantly less than
the accurate price ($6.34), (mean $2.24, SD 0.72; P<.001). The
storefront image contained an advertisement of a nontobacco
product at a low price ($2.59), which respondents reported
instead of the lowest-priced tobacco product. It is the only
condition in which the average of lowest reported prices was
significantly different from the accurate prices.
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Optimizing Crowd Size for Accuracy and Reliability

Data quality and reliability are of paramount importance when
testing new data collection methods. Beyond improvementsin
feasibility and cost, a key advancement enabled by
crowdsourcing is the potential to drastically improve methods
for assessing interrater reliability. Reliability is improved not
only because individual tasks can be simpler, but also because
it is possible to collect large numbers of independent ratings.
To capitalize on this methodology, a new “crowd-size
resampling” approach to reliability assessment was devel oped.

Each MTurk task requires one to specify the desired number of
raters, essentially defining the size of a simple random sample
of raters drawn from the entire population of over 500,000
registered workers[18]. Because photosvary so muchin quality
and quantity of detail and, thus, coding difficulty, a very
important challenge is that of determining the optimal number
of raters needed to reach the best achievable level of accuracy
regarding the contents of the photo. Asisthe casefor any sample
drawn from a population with unknown parameters, larger
samples of raters will more closely approximate the actual
population parameters as variance estimates decrease, while
smaller sampleswill be morevolatile. A researcher who selects
a crowdsourced rater sample size that is too small risks
unreliable results even when the interrater agreement is
otherwise high, as smaller samples of raterswill reach consensus
about what isactually anincorrect answer more often than larger
samples.

We sought to optimize crowd size by characterizing the degree
of variation in accuracy among various sample sizes of raters
in order to identify the point at which between-samplevariation
isstabilized, such that it approximated the true population level
variance for agiven task.

A population of 500 raters was established who all rated the
same set of eight retail photographs along a number of
dimensions. Jackknife resampling methods were then used to
draw random subsamples of raters, beginning with 50 random
samples of 2 raters, then 50 random samples of 3 raters, and so
forth [19]. The ratings of each random sample of raters were
evaluated relative to the ratings provided by trained field
surveyors, making it possible to estimate the variance in
accuracy derived from each randomly drawn sample of raters
at each crowd size.

Receiver operating characteristic (ROC) regression was used
to quantify the quality of this binary classification process,
estimating the balance between true- and fal se-positive results
from each photo rating task, relative to the results produced by
our field surveyors[20,21]. A summary statistic called the area
under the curve (AUC) was used to characterize the resultsfrom
each ROC analysis. The AUC reflects the mean sensitivity, or
true-positive fraction, averaged uniformly over thewholerange
of false positivefractionsin 0,1[20,21]. The resampling process
produced pointwise Cls for the AUC at each crowd size,
ultimately identifying the number of independent ratersrequired
to reliably approximate the maximum achievable AUC, given
the characteristics of each given photograph and the difficulty
of the question under study.
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Results reveal the optimal number of raters needed to compare
the quality of crowd-sourced photo-only assessments with
traditional field survey data collected at all DC tobacco outlets.
Beginning with exterior store-front images, raters coded each
for the presence versus absence of any tobacco product
advertising, the presence versus absence of tobacco advertising
that also included a price, and the presence versus absence of
menthol tobacco product advertising. An excellent level of

Ilakkuvan et &

correspondence between crowdsourced-rater and fiel d-worker
ratings was found, with AUC produced by sensitivity analyses
averaging over 0.95 (Figure 3). Crowd size needed to reach
maximum correspondence ranged, however, with the more
difficult menthol item requiring aconsiderable number of raters,
10 to 15 total, to get the variation of consensus above an AUC
of 0.90.

Figure 3. Areaunder the receiver-operating characteristic (ROC) curves produced by sensitivity analysesindicate an excellent level of correspondence

between crowdsourced-rater and field-worker ratings.
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Results

Further testing and improvement of these tools and processes
is currently underway. This includes conducting systematic
evaluations that crowdsource photograph annotation and
methodically assess the quality of raters’ work.

Discussion

Principal Findings

In the past, photos such as those described in this paper have
remained uncollected or underused due to the extremely high
burden of annotating images. Crowdsourcing makesit possible
to access information contained within these rich data sources
in atime-efficient and low-cost manner. This article describes
an interface and associated methodol ogies used to crowdsource
the annotation of photographs, including new approaches to
improve the quality and reliability of this annotation.
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Resultsfrom the zoom tool test suggest that thetool helpsraters
identify specific tobacco ads within a larger storefront
photograph, particularly when paired with pictures of the
product’slogo to aid in identification. Similarly, the test of the
crop tool indicates that the tool improves raters ability to
accurately identify the presence of cigarette product ads, aswell
as details about the ads, such as determining which ads are for
menthol products and what tobacco product prices appear on a
storefront. Finally, the ROC analysis confirmsthat in the context
of photograph annotation, for more difficult coding targets,
larger crowd sizes are likely needed to maximize the likelihood
that results reflect the “emergent” accuracy available from the
crowd. Methods such as the ROC analysis presented in this
paper can be used in apreliminary step to estimate areasonable
crowd size to use for target types with different levels of
difficulty.

Overall, resultsfrom testing the methods described here suggest
that in the future, the traditional model of operationalizing
manually collected field survey data as the gold standard for
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comparison should be flipped, instead collecting photographs
to achieve coverage of an area and then surveying some
proportion of the targets for the purpose of reliability.
Interestingly, this photo archive can be integrated into a
longitudinal record and mined for new information in perpetuity.
This formative work demonstrates the scalable, sustainable
nature of this solution, transforming an otherwise unfeasible
task into one that is quite attainable and sustainable.

Next Steps

Key next steps in this work include further testing and
improvement of the toolsand process described here, developing
other tools and processes that will further enhance the quality
of crowdsourced annotation, and conducting systematic studies
that crowdsource photograph annotation and assess the quality
of raters work in a methodical fashion. While the work
described in this paper suggests that crowdsourced photograph
annotation has promise, these next steps are necessary to
systematically determine the quality of data produced through
this process and how it compares with other traditional methods
of analyzing surveillance photographs.

Further applications of crowdsourcing to public health research
present a range of exciting opportunities. Advancements are
needed to move beyond simpleimage tagging, in which images
are tagged with certain identifying words, to extract more
complex information, such as calculating the size of an object
relativeto othersin the picture, examining change across aseries
of pictures, detecting anomaliesin animage, and so on. Thisis
an important area for development because questions such as
these are challenging in the absence of computational assistance.
For instance, questions about the size of objects or areas, and
especialy their relative size (eg, proportion of a store-front or
lunch-tray left empty), are of great interest, but also of great
difficulty to raters, to the point that reliable ratings have not yet
been attained.

Leveraging crowd-sized scaling to optimize reliable and valid
processing of data could prove more useful than anything else
crowdsourcing has to offer public heath researchers and
advocates. In the past, manual processing of photographic data
has often proven a cost-prohibitive or otherwise insurmountable
challenge. Even when an effort is made to code images, there
is pressure to burden raters with as many simultaneous coding
tasks as possible to maximize the amount of data that can be
obtained. In contrast, crowdsourcing enabl es the deconstruction
of research questions into many smaller tasks, thus lowering
the burden of any one task and minimizing difficulty and
disagreement, subsequently increasing overal reliability.
Crowdsourcing also offersthe scale needed to conduct repeated
independent ratings of images under study. As these
methodologies iteratively improve, researchers will be able to
adaptively optimize task design to maximize reliability.

Lastly, there are significant opportunities to go beyond
annotation and expand the use of crowd-based systems for the
collection of health relevant dataitself. Researchers have already
coined theterm “ participatory sensing” to describethe collection
of data using mobile phones by individuals and communities;
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examplesinclude exploration of transportation and consumption
habits and reporting of problems and assets in the context of
civic engagement and advocacy [22]. Combined with gaming
dynamics like leader boards and scavenger hunts, the
crowdsourced data collection approach will likely prove highly
valuable as the need for information that can guide rapid
response from regulatory and relief agencies continuesto grow.

Crowdsourcing Consider ations

There are anumber of important issues that must be considered
when implementing a crowdsourced data processing project
[10,23-25]. Most of these are beyond the scope of this paper,
but we highlight afew that are directly relevant to the systems
we have devel oped.

First are payment aternatives. MTurk’s built-in payment
mechani sm enabl es both flat-rate and bonus paymentsto raters,
reducing the complexity and hassle of either building or using
a separate third party payment mechanism. Researchers
considering other crowdsourcing platforms should ensure a
user-friendly payment systemiseither in place or can be created.
Regardless, we recommend accounting for the hourly wage that
can be reasonably obtained by any rater engaging with the task
at hand, rather than simply focusing on minimizing costs.
Providing the opportunity for raters to obtain reasonable
compensation for their time and effort attracts and retains more
highly skilled raters, and thus superior results.

Secondly, it is important to consider the reputation systems
within a crowdsourcing community. The provision of accurate
and detailed information about the quality of raters’ work has
important implications for task design, especialy in terms of
how difficult atask can be. MTurk operationalizes reputation
with a Worker HIT approval rate, which requestors can
incorporate into task qualification requirements (eg, requiring
that over 95% of prior HITs completed by theworker must have
been accepted). The creation of more nuanced reputation
systemsacross M Turk and other crowdsourcing platformswould
likely enhance the quality of crowdsourced annotation.
Reputations cut both ways, however, and research or advocacy
groups must be aware of their own reputation within the crowd
community when designing tasks and attempting to understand
rates of completion, as well as quality and quantity of effort
exerted by individual workers.

Conclusions

Ultimately, thereisgreat potential for the use of crowdsourcing
for data collection and analysis in public health research,
particularly datain the form of photographs. Iterative, in-depth
experimentation with platforms, approaches, and tools is
necessary to optimize the crowdsourced photo annotation
process and explore further use of crowdsourcing for photo
collection. Asthesetoolsare optimized, they will vastly increase
capacity for large-scale, fast, high-quality photograph
annotation, whichin turn will expand opportunitiesfor collection
and analysis of photographsrich in public health data, and thus
significantly advance our understanding of environmental
influences on public health.
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Abstract

Background: In multiple sclerosis (MS) patients, symptoms of anxiety, depression, pain, and cognitive impairment are highly
prevalent and contribute to lower wellbeing. As these physical and psychological symptoms of distress often stay unnoticed,
regular screening could offer possibilitiesto identify and refer impaired patients to appropriate care.

Objective: Theaim of our study was to pilot a new computer-based method in 43 M S patients to efficiently screen for avariety
of psychological and physical symptoms of distress.

Methods: Dataon feasibility and psychological and physical distress (anxiety, depression, fatigue, physical disahility, cognitive
functioning) were collected via a touch screen computer. Referral to psychosocia care and rehabilitation was retrospectively
checked.

Results: The results demonstrated that most patients (35/40, 88%) considered the screening meaningful and the system easily
usable (37/40, 93%). Average completion time of the screening was below 8 minutes. Many patients (35/40, 88%) had el evated
distress levels, of whom the majority was referred.

Conclusions: Thesefindingsimply that computer-based screening for M S-related distressincorporatedin clinical careisfeasible
and aids to identify psychological or physical needs. A randomized controlled trial with follow-up should address whether this
screening method could be more effective than routine care, and whether it can improve costs and efficiency of care.

(JMIR Res Protoc 2014;3(2):€29) doi:10.2196/resprot.3098

KEYWORDS
multiple sclerosis; distress; computer-based; screening; feasibility; depression; anxiety; cognitive functioning

depression, anxiety, fatigue, pain, and cognitive dysfunction,
are highly prevalent both in early and more advanced disease
Multiple sclerosis (MS) is a chronic inflammatory disease of ~ Stages and related to lower quality of life [1-3]. In the present

the central nervous system that can have a great impact ona  Study, we focus on this wide variety of physica and
patient’s life. In multiple sclerosis patients, symptoms such as ~ PSychological symptoms impairing MS patients in their daily
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activities, and refer to them with the umbrellaterm “distress’.
Although treatments are available that can help to minimize
some of these symptoms, still much distress remains
unrecognized and untreated [2,4]. Consequently, it has been
recommended that, with each visit to the neurologist or clinic,
neurological nurses should screen and evaluate the level of
distressin MS patients [5].

Inclinical care, routine screening techniques can help to enable
adequate recognition of distressand referral to appropriate care.
Lately, successful initiatives of computer-assisted data collection
in health care have increased. Advantages are high compliance
rates, rapid completion and processing, and immediately
available results [6-11]. The aim of the present study was to
pilot a computer-based screening method, which can be easily
incorporated into clinical care to support MS nurses in
identifying psychological or physical needs of MS patients.

Methods

Patients and Procedure

From February to August 2012, consecutive M S patients who
visited the MS nurse of the Department of Neurology of the
VU University Medical Center in Amsterdam, the Netherlands,
were asked to complete a computer-based screening with six
self-report questionnaires. Patients were mainly referred to the
MS nurse by their neurologist after their first visit, a standard

Boeschoten et al

procedure for patients who remain under our care, or could
make a request for consultation themselves. Consultation with
the MS nurse was aimed at getting acquainted, providing
information on MS and treatment, and discussing further
assistance if required.

One week before the visit, patients were invited by telephone
and letter to participate in the pilot. Fifteen minutes before the
consultation, nursing staff assisted the patient to the touch screen
computer in a private room to fill out the questionnaires. The
patient identification number was filled in, which was linked
with the hospital database that contains general data on the
patient’s age, gender, and disease history. Then, questions on
psychological and physical distress followed by questions on
satisfaction about the screening procedure were presented to
the patient on the computer screen one by one (Figure 1). The
patient answered by touching the appropriate response on the
screen and then moved on to the next question. More details of
the software and computer system have been described
elsewhere [9].

When patients finished the screening, they were assisted to visit
the M Snursein another room. By using the patient identification
number, the nurse had direct access to the results that were
displayed in graphs on her computer screen (Figure 2). At the
end of the pilot project, the M S nurse was asked to evaluate the
screening.

Figure 1. Screenshot of one of the questions of the Hospital Anxiety and Depression Scale as presented to the patient on the touchscreen (trandated

from Dutch to English).

Worrying thoughts go through my mind

A great deal of time

A lot of time

| From time to time, but not too often

‘ Only occasionally
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Figure 2. Screenshot of the patient score on one of the questionnaires (Fatigue Severity Scale) as presented to the nurse. The red line indicates the

cut-off value.
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Several weeks after the consultation, we explored patients
Feasibility medical files. Referrals were retrospectively coded to social

Compliance rate and time needed to complete the questions
were recorded. Patient satisfaction regarding the system and
procedure was evaluated by seven self-designed questions and
a10-point visual analogue scale (VAS). Alsothe MS nursewas
presented with comparable questions of satisfaction on paper.

Distress

We used questionnaires that have been shown to be reliable,
valid, and frequently used in clinical practice and/or research
in MS. Clinical relevant cut-offs based on literature or clinica
practice were used for al questionnaires. Anxiety and depression
were measured with the Hospital Anxiety and Depression Scale
(HADS, each subscale cut-off>7) [12], fatigue with the Fatigue
Severity Scale (FSS, cut-off=4) [13], and cognitive functioning
with the Multiple Sclerosis Neurological Questionnaire (MSNQ,
cut-off>27) [14]. The Multiple Sclerosis Impact Scale-29
(MSIS-29) was used to explore the impact of MS on physical
(cut-off>60) and psychological wellbeing (cut-off>24) [15].
Finally, patients were asked to fill in the VAS health
thermometer from the EuroQol-5D (EQ-5D). The EQ VAS
self-rating records the respondent’s own assessment of their
health status on a vertical VAS where the endpoints are labeled
“best imaginable health state” (100) and “worst imaginable
health state (0)” [16].

http://www.researchprotocols.org/2014/2/e29/

XSL-FO

RenderX

workers, psychologists, physiatrists, physiotherapists, and
occupational therapists.

Results

Feasibility

Of the 43 referred patients, 2 patients did not give consent for
scientific documentation and 1 was excluded because he was
physically unable to complete the screening questionnaires. It
took the 40 remaining patients on average 7.4 minutes
(median=6.8; interquartile range=3.1) to complete the 66
guestions on distress. Thiswas evaluated as “little time” by 36
of 40 patients (90%) and the mgjority (37/40, 93%) reported
that the equipment was easy to use and experienced the
screening as meaningful (35/40, 88%). On average, the screening
was graded 7.5 (range 3-10, N=38).

The MS nurse evaluated the screening positive on the VAS
(7.5). She was satisfied with the quality and content, the system
was easy to use and it took her littletimeto consult the screening
data. The screening facilitated her work and hel ped her to more
specifically focuson actual problemsto be addressed, including
unmentioned problems that could be overlooked easily.
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Outcome M easures

For the total group (N=40), the mean HADS-score for anxiety
was 8.3 (SD 3.6) and depression 5.4 (SD 3.8). Mean FSS and
total MSIS-29 scores were 5.0 (SD 1.6) and 67.7 (SD 25.3),
respectively. Mean MSNQ-score was 23.4 (SD 12.2). On
average, patients gave their general health 66 (SD 17.7) points
out of 100. A large part of patients (35/40, 88%) had scores
above cut-off, indicating high levels of distress. More
specifically, Figure 3 shows that 21 of 40 patients (53%) met

Boeschoten et al

criteriafor anxiety. A remarkably lower percentage of patients
met the criteria for depression (10/40, 25%). Fourteen of 40
patients (35%) had significant cognitive complaints, 10 of 40
patients (25%) experienced a high physical impact of MS, and
28 of 40 patients (70%) met criteriafor significant fatigue.

Referral

Some patients reported already suitable treatment for their
distress. However, Table 1 showsthat the majority wasreferred
by the MS nurse to psychosocial care or rehabilitation.

Figure 3. Percentage of M S patients (N=40) with high level of psychological or physical distress.

@ Percentage patients > cut off

80 -
70 -
60 -
50
40 -
30 -
20 -
10 -
0 T T T T
Anxiety Depression Fatigue Cognitive Physical disease  Psychological
functioning impact disease impact
Table 1. Percentage referred and treated M S patients with low and high levels of distress (N=40).
HADS? MSIS-29P FSS® MSNQH
<cut off >cut off <cut off >cut off <cut off >cut off <cut off >cut off
(n=18), % (n=22),% (n=25),% (n=15),% (n=12),% (n=28),% (n=26),% (n=14), %
No referral 28 18 32 7 34 18 31 7
Suitable care 17 14 12 20 8 14 19 0
Referral 55 68 56 73 58 68 50 93
Referral only 17 18 16 20 8 25 15 29
Treatment after referral 38 50 40 53 50 43 35 64

®Hospital Anxiety and Depression Scale, measures anxiety and depression

EMulti ple Sclerosis Impact Scale-29, measures Physical and Psychological disease impact

CFatigue Severity Scale, measures fatigue

dMulti ple Sclerosis Neurological Questionnaire; measures cognitive functioning
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Discussion

Principal Findings

This pilot study shows that computer-based screening is a
feasible way to detect psychological and physical distress in
MS patients in clinical care, and could support MS nurses in
their work. It congtitutes an easy way to administer
guestionnaires and processing datathat can be directly available
to patients and nurses. The computer-based method we
demonstrated here can be easily adapted for routine screening.
It would be suitable for application on personal mobile devices
or via an Internet website, offering patients the possibility to
complete it in their own time and pace, improving costs and
efficiency of care.

Regular screening offers possibilities to identify and refer
impaired patients to appropriate care as early as possible and
monitor distress. Also, screening could increase patient
awareness that their experienced distress can berelated to MS,
which might decrease barriersto request appropriate treatment.

Acknowledgments
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Next to clinica use, data collection could be suitable for
scientific documentation.

Conclusions

M S patients appear to be willing to compl ete a computer-based
screening. Average completion time of our assessment was
comparablewith similar initiatives (5-8.7 minutes) [6-8]. Many
patients showed elevated levels of distress, and were referred
to further care. However, the number of referred patients with
minimal distress was disproportionally high. Moreover, the
results do not provide uswith acomplete overview of prescribed
medication and referrals other than psychosocial and revalidation
care. In addition, whether relevant needs of MS patients are
covered by this procedure is still unclear because our study
concernsapilot design using an uncontrolled unselected sample.
Therefore, the findings of this study should be used with caution.
A randomized controlled trial with longer follow-up should
reveal whether routine screening, in comparison to routine care,
is effective in detecting distress that would otherwise remain
unnoticed, and results in appropriate referrals, adequate
treatments, and improved distress outcomes.
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Abstract

Background: Heart failure (HF) isachronic condition, prevalent especially among older people, characterized by acute episodes
leading to hospitalization. To promote HF patients engagement in physical activity (PA) and adherence to medication, we
developed Motivate4dChange: a new interactive, information and communication technology (ICT)-based health promotion
program for delivery in the hospital. The devel opment of this program was guided by the Intervention Mapping protocol for the
planning of health promotion programs. The users of MotivatedChange were defined as hospitalized HF patients and hospital
nurses involved in HF patient education.

Objective: Two aims were addressed. First, to explore the use of interactive technology in the hospital setting and second, to
evaluate user needs in order to incorporate them in Motivate4Change.

Methods: Participant observations at a hospital in the United Kingdom and semistructured interviews were conducted with
hospitalized HF patients and HF nurses following their completion of MotivatedChange. Interviews were recorded, transcribed,
and analyzed according to athematic coding approach.

Results: Seven patients and 3 nurses completed Motivate4Change and were interviewed. Results demonstrated that patient
needs included empathic and contextual content, interactive learning, and support from others, including nurses and family
members. The nurse needs included integration in current educational practices and finding opportunities for provision of the
program.

Conclusions: The current work providesinsight into user needs regarding an interactive-technology health promotion program
for implementation in the hospital setting, such as Motivate4Change.

(JMIR Res Protoc 2014;3(2):€32) doi:10.2196/resprot.3188

KEYWORDS

heart failure; health promotion; interactive-technology; hospital; user needs; patients; nurses, physical activity; medication
adherence
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Introduction

Heart failure (HF) is a chronic cardiac condition prevalent
especially among older people, characterized by acute episodes
leading to hospitalization [1]. HF isusually irreversible but can
be managed with medication and with nonpharmacological
treatment, which includes arange of behaviors, such asdietary,
physical activity (PA), self-management, and monitoring
behaviors [2]. However, adherence rates to the behavioral
treatment plans are suboptimal [3], which has been linked to
adverse clinical outcomes [4]. There is a need for effective
programs that promote the adherence of HF patients to
behavioral treatment.

Figure 1. Screenshot of the main menu from Motivate4Change.

Introduction

A user-centered design approach was followed in the
development of the program, to incorporate user perspectives,
needs, and preferences. When users are not involved, they often
refrain from using a system [7]. If a program is poorly or
incompletely implemented in the intended setting, or fails to
reach a sufficient proportion of the target group, it may lack
success [8]. The users of Motivate4dChange were defined as
hospitalized HF patients and hospital nurses involved in HF
patient education and health promotion.

MotivatedChange was designed to educate hospitalized HF
patients about PA and medication adherence, and motivate them
to become more adherent to these behaviors after hospital
discharge. The aim of the research is to formatively evaluate
the use and experiences of patientsand nurseswith the program
and its implementation in the hospital setting, in order to
incorporate the results in a next version of MotivatedChange.

MotivatedChange consists of an introduction module, a
medication adherence module, and a PA module. Within each
module there are four components: (1) an introduction, (2) a
list of take away messages (the key messages patients should

http://www.researchprotocols.org/2014/2/e32/
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To promote engagement in PA and adherence to medication
among patients with HF, we developed MotivatedChange: a
new interactive health promotion program for delivery in the
hospital (Figure 1). Patients with HF are often educated
regarding self-management by HF nurses during hospitalization,
and MotivatedChange was developed to assist nurses in the
delivery of the education, as well asto optimize the promotion
of self-management health behaviors among patients. The
development of this program was guided by the Intervention
Mapping protocol [5,6] for the planning of health promotion
programs. Using this protocol, health promotion program
planners can integrate evidence and theory in a structured
manner in the planning of health promotion programs.

remember from the module), (3) a video with information on
medication adherence and PA that showsa“typical” HF patient,
John, living his daily life and dealing with difficulties related
to medication adherence and PA, and (4) assessments and
feedback. Specifically, in the medication adherence module, an
assessment of the patient’'s knowledge on how to take
medications appears first. Patients can answer the multiple
choice questions by clicking a button on the tablet’s touch
screen. Next, an assessment of barriersto medication adherence
is presented. This assessment includes barriers of HF patients
to taking medications. Finally, an assessment of beliefs about
medicationsis presented. Next, in the PA modul e, an assessment
of the patient’s knowledge on how to perform PA is firstly
presented, followed by an assessment of barriers to PA
performance. Based on their answer to each question in the
assessments, patients receive tailored feedback messages.

Previous qualitative studies have been published about
perspectives and experiences of older people with health
technology [9,10]. One study, for example, explored reactions
and perceptions to home monitoring systems of cognitive and
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physical health[9], and found that older peopl e can accept home
monitoring technology, if they perceive it as valuable. In
addition, qualitative studies have been published about
perspectives and experiences of heath technology and
Web-based health applications of patients with various health
conditions [11-14] including HF [15]. For example, one study
showed that stroke patients found an Internet portal with
information on stroke easy to use and valuable [13]. These
studies show that older patients can accept technology for health
promotion and management.

However, few studies have explored patient experiences with
information and communication technology (ICT) in the hospital
setting. There are aspects of the hospital setting that may have
an impact on the experiences of patients. For instance, the
patient’s physical and emotional state when in the hospital [16]
may influence their experiences with the program, which may
influence its efficacy level. Therefore, the current work is an
important addition to our understanding of the experienceswith
new technology-based health promotion programs for older
patientsin a setting that has not yet been explored, but may be
used more in the future. Qualitative research is an effective
approach for gaining in-depth information about topics on which
there has been limited prior research [9].

When there is a lack of knowledge on a particular topic,
grounded theory is a particularly useful framework to adopt as
theresearch framework [17,18]. According to grounded theory,
behavior is influenced by the context in which it takes place.
In the current research, the context of the hospital setting will
be studied, and the meaning of experiences and behaviors of
patients and nurses in this context will be interpreted.

In sum, two aims were addressed in the current work. First, to
explorethe use of, and experienceswith, interactive technology
used in health promotion delivered in the hospital setting, and
second, to evaluate user needs in order to incorporate them in
MotivatedChange.

Methods

Sampling

A convenience sample of 7 patients and 3 nurses was selected
from an academic hospital in the United Kingdom, which has
a total of 610 beds including 42 on the cardiology ward. To
select participant patients, the following inclusion criteriawere
applied: (1) they were hospitalized for HF, (2) they were able,
cognitively and physically, to use a tablet and read the
information provided inthe M otivate4Change program, and (3)
they did not have a medical condition (eg, an infection) that
could infect the researcher. Patients awaiting valve surgery were
excluded, because the behavioral recommendations for these
patients may be different than for the rest of patients, depending
on the outcome of the surgery. An attempt was made at
achieving maximum variation, in terms of age, sex, and
experience with ICT. However, the sample was restricted to
patients that were hospitalized for HF at recruitment period of
the study. Participant nurses were recruited based on their
involvement in HF patient education and behavior change
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promotion during hospitalization. Only nurses who have HF
patient education tasksin their role were included.

Recruitment

Recruitment to the study took place during two phasesin 2012.
Each phase was 1 work-week long. In each phase, to select
patients meeting the inclusion criteria, anurse reviewed thelist
of patients on a daily basis, and selected patients she believed
met the criteria. She then approached the patients at their
hospital bed, described the study, provided a patient information
sheet that described the study in detail, and asked for their
participation. If a patient agreed to participate, a suitable time
was discussed. All nurses who met the inclusion criteria were
contacted by email and asked to participate by the researcher.
If they agreed, a suitable time was discussed.

Procedure

The researcher (first author) approached participant patients at
the agreed time by their hospital bed, or at a separate room on
the ward, depending on the preference of the participant. The
researcher asked each participant to sign an informed consent
form, and then provided them with M otivatedChange on atabl et
and a brief explanation on how to use the program. Each
participant then started the program, while the researcher sat
on the ward, in the vicinity of the participant, and waited for
each patient to go through the whole program. If participants
had questions, these were answered by the researcher. After
they had completed M otivatedChange, the researcher turned on
an audio recording device and interviewed the patients according
to the predefined, semistructured interview guide. Interviews
lasted between 10 and 40 minutes (Table 1). The interview
guide explored participants expectations of Motivate4dChange,
personal assessments of the program, experiences receiving
MotivatedChange on interactive technology, and possible
behavior change as aresult of using the program.

Observations were made by the researcher during the periods
of time that participants were completing Motivate4dChange,
while sitting in the ward. These periods were approximately 45
minutes per patient. An observation protocol was used. Items
included possibilities and obstacles for providing a health
promoation tablet on the cardiol ogy ward and potential user needs
expressed nonverbally. Extensive field notes were taken during
the observations periods, and if any questions arose, or if any
issues required clarification, these were discussed by the
researcher with the participating nurses.

The interviews with nurses were conducted at office rooms at
the hospital. First, the researcher gave abrief explanation about
the program and the study, then nurses were provided with the
tablet and compl eted the M otivate4Change program, and finally
structured interviewstook place using asemistructured interview
guide, and were recorded with an audio recording device. The
interview guide explored nurses expectations and opinions
regarding use of interactive technology as a tool for health
behavior promotion in the hospital, possible fit of
MotivatedChange in their patient education-related workflow,
and possible impact on patients.
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Table 1. Participant characteristics.

Oosterom-Calo et al

Participant number/ interview length, inminutes® Age

Experience with ICT®: PCSS, smartphones, and tablets

Petient 1/20 58 None
Patient 2/25 75 None
Patient 3/20 76 None
Peatient 4/30 71 None
Patient 5/40 75

Patient 6/10 37

Peatient 7/40 64

Nurse 1/15 48

Nurse 2/20 36

Nurse 3/30 45+

Experience with laptop, needs help with internet

Experience with PC's", tablets and smartphones

Experience with tablets and smartphones but needs help using them
Experience with PC’s’, smartphones and tablets
Limited experiences with PC's’, smartphones and tablets

Experience with PC’s” and smartphones, limited experience with tablets

@Rounded to the nearest whole minute.
B nformation and communication technol ogy.
®Personal computers.

Analysis

Data was analyzed according to the grounded theory approach,
which postulates that data collection and analysis are
interrelated. The analysis of the first interviews directs the
analysis of the next interviews. Therefore, the results of a study
that usesthis approach are achieved through an iterative process
of collecting and analyzing data [18]. In order not to miss
anything important, it is crucial to analyze all information and
see if any new information appears that was not prospectively
considered. An inductive approach to the analysis will be
adopted, whereby explanations and patternswill be sought with
a bottom-up approach [18].

The audio recordings of the patient and nurse interviews were
transcribed. The patient interviews were analyzed separately
from the nurse interviews in order to assess both perspectives.
The text of the first 3 patient interviews was coded separately
by 2 researchers, in order to maximize the quality of theanalysis
[18]. Coding the text was achieved by assigning codesto chunks
of datain order to label and organize the data. First, codeswere
identified and created. Then, data was assigned to codes. The
emerging themes were captured. Finally, codes were sorted into
categories. In this stage a coding framework was developed.
Codeswere grouped into categoriesin an iterative process. This
coding process was first completed for the interview transcript
separately (open coding), then a process of axial coding was
initiated, were material from the various transcriptswas related
and compared. Also, thetextsfrom thefield noteswere analyzed
by assigning codes to chunks of data and grouping the codes
into categories, and finally capturing the emerging themes.
Topics from patient interviews and from the observations were
informally checked with the nurses.
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Results

Patient and Nurse Participation

Seven patients completed MotivatedChange and were
interviewed. The agerange of patientswas 37-76 (Table 1). All
patients were male and had been diagnosed with HF before the
current hospitalization. Patients had varying levels of experience
with ICT. Twelve patients met the inclusion criteria and 4
refused to participate. One of the 8 patients who agreed to
participate was sleeping when the researcher arrived at the
scheduled time, and was discharged soon thereafter. Reasons
for nonparticipation included participating in other studies and
not wanting to participate in more studies during hospitalization
and feeling upset following the recent HF diagnosis.

The analysis of al data revealed two general themes, patients’
and nurses' needs. The theme “patients’ needs’ was divided
into three subthemes, including contextua and empathic content,
interactive learning, and support from others. The theme
“nurses needs’ was divided into two subthemes, including
integration in current educational practices and finding
opportunities for provision of the program.

Patients Needs

Contextual and Empathic Content

Participating patients have been living with HF before using
the M otivatedChange program, and they viewed the information
in MotivatedChange in light of their own experiences with HF
management. They viewed the content as empathic as it
acknowledged their emotions and own personal experiences,
and contextual, since it addressed the context of their lifeasHF
patients. Patients felt their persona situations were
acknowledged in the videos and with the assessment questions
and feedback, and this seemed to encourage them that PA is
relevant and possible for them. For example, one patient
remarked that “he [John from the video] wasn't an athlete. He
was just an ordinary chap. He was doing all sorts of things”
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[Patient 04], and concluded that he can start being more active
after hisdischarge from the hospital. In addition, various pieces
of information from MotivatedChange were recognized by
patients based on their own physical abilities, and this
acknowledgement of their abilities made them feel encouraged
to perform PA in the future. A patient that has not been doing
enough PA, and has been experiencing limitations that make it
difficult to be physicaly active, recaled from the
MotivatedChange content that he can build up his aerobic
capacity by performing a little more activity on a daily basis.
Another patient, that has been very active, recalled that he
should pace himself and spread the activities throughout the
day. Nurses also appreciated the contextuality of the videosand
the fact that the video provides a concrete example of a HF
patient engaging in the behaviorsin daily life situations “to see
potentially what a patient can do” [Nurse 2].

The importance of contextuality was demonstrated also in
discussions about the medication adherence content. Most
patients did not view this content as acknowledging their
personal situation, sincethey indicated they are adherent to their
medications and viewed M otivatedChange as more relevant for
patients who are not: “Well, | think it would benefit some
people, because | know some people think that they are alright
and they can stick the day with one tablet” [Patient 03].
Regardless, some patients did recognize that some difficulties
to taking their medications were acknowledged. For example,
one patient remarked, “ That bloke going out and not taking his
diuretic. | know what it islike”, referring to fluid retention that
resultsfrom skipping adiuretic dose. Although most appreciated
having a repetition of information regarding medication
adherence, patients appreciated the information on medication
adherence to alesser extent than that on PA, dueto the fact that
it was not perceived as personally relevant.

The empathic tone of the program, which included
acknowledgement of possible difficulties and emotions, evoked
feelings of safety and reduced insecurity and fear. Patients
indicated that HF patients can be panicked, and that
Motivate4Change can help with thisand hel p people understand
they can till do things:

You know, people tend to [...] panic! They do! I've

seen them, seen lots of them! [...] yousayitinanice

way, you see what | mean [ ...] because people are

S0... they panic you see. Heart failure!? Oh! Panic,

panic, panic! [...]People are frightened. But that

[MotivatedChange] is sensible. It's telling to keep

going [...]. So that’s right, that's a good idea then.

[...] you can till do this, you can still do that, you

can gtill domorethings| ...] and learn how to go back

to the way you were. That's what you're doing with

that [ MotivatedChange], isn't it? [Patient 07]
Notably, not all patients felt acknowledged by the program.
One patient, who was younger than a typica HF patient
(37-yearsold) did not perceiveM otivate4Change asrelevant for
him because he thought it addresses only older people. He
mentioned that John, the character from the video, is an older
man. Another patient, who receives home care including
medication support and a physiotherapist to help with PA, did
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not perceive that MotivatedChange was relevant for him since
his situation was not acknowledged. Likewise, participating
patients commented that M otivate4Change would not be relevant
for patients with cognitive and physical limitations, or
depression.

Well, you may find an old lady that does not
understand anything very much. And that gentleman
there, it would be a waste of time to show him this,
they can’t even get himto read, he would not be into
that. [Patient 05]

I nteractive Learning With ICT

The patients expressed their preferences for learning in an
interactive manner. This was in comparison to being “told”
what to do with traditional written materials.

| think that [Motivate4Change] is probably more
useful to people than, you know, some of the books
[...] because it interacts with people, and the book
doesn’'t ask you a question. It'sjust telling the things.
When it's asking a question, you can think about it.
If you get the answer wrong it puts you right. And if
you look at the pamphlets, all they doistell this, that,
and the other, it's like reading a novel, in a sense
[Patient 05]

They perceived that interactive learning better addresses their
learning needs. It provided information that isrelevant for them
and included less information.

Thetrouble [with the booklets] isthat they try to give
people complete information. It's information
overload to some. [...]. And some of the other
pamphlets overlap quite a lot. [...] So this
[MotivatedChange] provides a better picture of what
you need to do [Patient 05]

Nurses appreciated the interactivity because of its potential to
facilitate learning “they [patients] can get both answers, in case
itisnot clear intheir mind what the right answer is’ [Nurse 02].
Nurses also related the program to digital video discs (DVDs)
provided at hospitalsin the United Kingdom to post myocardial
infarction (MI) patients. They remarked that Motivate4Change
could work inasimilar way, but they appreciated theinteractive
aspect in MotivatedChange, which is not available in DVDs.

MI patients have a lot of different DVDs, which they
can watch and use [...] | think for the heart failure
patients they need more things. And different tools to
help them [...]. So, yeah, | think things like this
[MotivatedChange] are great. | do really like the
format. [Nurse 02]

Nurses also made clear that a prerequisite to the provision of
an interactive technology program is simplicity. They aso
indicated that Motivate4Changeis simple:

you only have to switch it on and it loads on- | think
it'sreally easy. [...] You have only got one button to
press [Nurse 02]

Termssuch as*“ straightforward” , “ not too complicated”, “ quite
easy to show to people’, “not too difficult for the patients’

[Nurse 03], “easy to use, really easy to use”, “user-friendly”
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[Nurse 02] were brought up. Nurses considered simplicity to
be an advantage of the program.

It wasinteresting that although most of theinterviewed patients
had a positive or neutral attitude toward the use of ICT as a
means to receive health promotion information, some patients
expressed a general negative attitude toward ICT. One patient,
for example, commented that he has* seen some people become
davesto them [computers]” and associated computerswith “not
doing things” [Patient 04]. Notably, some patients viewed nurse
education sessionsasmoreinteractive than | CT-based education:

she gives feedback when you ask a question. She
answers everything and she is there for a lot longer
[Petient 06]

One patient commented that he aready received information
from nurses and doctors. He felt that there was no need to also
get this from a computer: “you don’t need a computer to tell
you to walk” [Patient 02].

The nurses, however, thought Motivate4Change can facilitate
the interaction that patients have with them in the educational
sessions, and thereby make the sessions with them more
interactive. They indicated that patients may not think of all of
their questions during the face-to-face education sessions, and
by using MotivatedChange patients can become triggered to
ask additional questions in the sessions. The nurses indicated
this is especialy relevant for newly-diagnosed patients, who
have little knowledge about HF and therefore no pre-existing
guestions to ask.

It was observed by the researcher that all patientsread al of the
information. When asked why he read everything in the
program, one patient remarked,

It looked interesting. When you go further into that,
it was more interesting [Patient 01]

Which indicates that something compelled him to continue to
completion. Interestingly, patients read the information
regardless of whether the attitude to learning that they expressed
was positive or indifferent. Specifically, some patients expressed
a positive attitude toward learning:

Oh | am the one that ought to read everything. Not
everybody does! It'sjust me[..] Yes, | dotrytolearn.
[Patient 07]
Other patients were indifferent to learning about HF
management. They even preferred to refrain  from
learning-related activities:

| think things like this anyways, you just look at them
if you want to look at them. You know what | mean?
I’ve always tried to avoid this business [Patient 06 ]

When the researcher asked if he read the booklet that was
provided to him in the past by the nurse, the patient remarked:
“not all of it, but the bits that | was interested in, well, not
interested in, that seemed relevant” [Patient 06], indicating that
booklets were not completely read in the way the content in
MotivatedChange was. This patient further indicated although
he did not appreciate the content of MotivatedChange (as
discussed above) he did appreciate the interactivity, and even
made suggestions for additional features. The reason for
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completion seemed to be, therefore, theinteractive aspect, which
was appreciated even when the content was not.

Support From Others

Pati ents would need some support from nurses to engage in the
program. First, they would require an explanation regarding the
meaning of the program and to how to use it. All patients
indicated that Motivate4dChange was easy for them to use,
including the patients who expressed negative attitudes toward
ICT. Indeed, it was observed that al patients could use the
program, although they sometimes leaned on the tablet with
their hands, which caused usability issues. Some patients
demonstrated insecurity by asking the researcher questions
regarding how to navigate, while, in fact, clicking on the correct
buttons. This might indicate that some support would be needed
to reduce the insecurity.

Also, some patients remarked that it is difficult to complete the
program when lying in bed, sinceit can causethemto losetheir
attention. Indeed, it was observed that patients could better
interact with, and seemed more attentive, when performing the
program while sitting in the chair, which was available at every
bedside. Therefore, patients may need some support getting out
of bed and sitting on the bedside chair, or walking to the
common room on the ward.

The nurses indicated that family members could also use the
program, and thereby support patients, both during the program
use, aswell asafter discharge from the hospital. “| think families
could get quite a lot of benefit from it, because they come to
visit somebody [...] and want to know what’s happening, how
easy isit for them to flip through something like this?’ [Nurse
01]. They specified that some family membersvisit only during
the late visiting hours and do not get to meet with the nurse,
and Motivate4Change can be used to inform them about HF
self-management.

Finally, patients would have to know that they have been
diagnosed with HF and what HF is, and be ready to receive
information regarding HF self-management, before receiving
MotivatedChange, because, according to nurses, it could be
psychologically difficult to deal with the diagnosis. Therefore,
before providing the program, nurses would need to assess if
patients are aware that they have HF and are ready for receiving
information about HF self-management.

Nurses Needs

Integration in Current Educational Practices

MotivatedChange was placed by patients and nurses in the
context of past and future educational encounters. They
discussed bookl ets, pamphlets, and nurse education sessions as
learning materials they have previously received (patients) or
used in their education sessions (nurses). Motivate4Change was
viewed as a welcome addition to these materials, since it can
reinforce their existing knowledge:

| felt that (MotivatedChange) reinforced what I’'ve
read, whichisa good idea, becauseif somebody talks
to you for a while you're not going to remember all
of it. If you seeit again in a book, you think “ oh yes
| remember that” —if you seeit in a different format
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altogether it's another cue to your memory so it's a
good idea. [Patient 05]

Since nurses are those that provide patients with education,
including the various educational materias, they discussed the
need for MotivatedChange to be integrated with current
educational practices. They expressed their opinion that the
program could be most efficacious in conjunction with other
learning materias (leaflets, booklets, face-to-face sessions),
which are typically aready provided to patientsin current care
practices.

In addition, they discussed the efficacy of home-based education
provided by the community nurse. This education is provided
in the context of the setting where patients actually perform PA
and take their medications. Nurses recommended that thistype
of education would be provided in conjunction with
MotivatedChange to reinforce it in a real-life setting. Patients
who have already been receiving education at home viewed
MotivatedChange aso in relation to this type of education, and
expressed their desire to keep their contact with the community
nurse:

if I'm poorly she knows whom to phone [..] yeah |
still need her to come [...] she checks me out, fest,
breathing, everything. She makes sure my lungs are
clear. She'sa good nurse. [Patient 03]

Finding Opportunitiesfor the Provision of the Program

Finding a suitable opportunity for nurses to provide, and
thereafter for patientsto complete, MotivatedChangeisan issue
of importance to nurses. One of the nurses described how she
would introduce the program:

You would discuss the heart failure, the condition,
what’s it about. Then, a little bit down the line, you
would introduce that [ MotivatedChange] and leave
it with the patient and while you're doing that you
could go off and start with another patient the basic
introduction to HF and so on. [Nurse 02]

Most patientstook approximately 1 hour to completethewhole
program, including both modules, but 1 patient took about 30
minutes, and another requested a break between the two
modules. A few patients discussed that they would “need their
timewithit”. According to the nursesit would be necessary for
patientsto be able to go through Motivate4Change on their own,
as the nurse would not be able to do this with all patients
individually due to time constraints. It was observed, and
corroborated with information from nurses, that due to medical
procedures, physician rounds, visiting hours and meal times,
and the fluctuating symptoms patients may experience in the
hospital, it may be challenging to find an uninterrupted period
of time to complete the program during hospitalization. The
researcher observed that, during the recruitment process, it was
often difficult to find atime dot to administer MotivatedChange.
Some patients gave their informed consent, but felt too unwell
at the time the researcher arrived to administer the program, or
were engaged with one of the aforementioned activities. The
HF nurses suggested | etting the ward nurses provide the program
outside of their own working hours. This may maximize the
time being spent on education, since patients would be able to
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become educated also when the nurses are away. If tabletswere
to be left on the ward, however, their placement would need to
be considered. Although leaving it on the bedside table may be
possible, it can fall or be stolen. In addition, it was observed
that bedside tables are filled with items, and there is limited
space available on them.

The nurses indicated that no added work would result if they
would be using MotivatedChange as an educationa tool. One
of the nursesindicated that the time nurseswoul d need to spend
on training patients before using MotivatedChange would be
minimal.

In sum, it wasfound that, regarding M otivate4Change, ahealth
promotion program delivered on ICT in the hospital setting,
patients appreciate empathic content, which acknowledgestheir
personal situation. Patients appreciate receiving an interactive
program and they are able to use such a program, even when
they have limited experience with ICT. Finally, when
completing a health promotion program delivered on ICT in
the hospital setting, patients require some support from others,
including nurses and possibly family members. Nurses require
an integration of anew program in current educational practices
and tools. Finding an opportunity to deliver the program to
patientsisachallenge for nurses, but possible waysto overcome
this exist, including making the program available to patients
also when HF nurses are not present on the ward.

Discussion

Aimsof the Study

Two aimswere addressed in the current work. First, the possible
use of interactive technol ogy-based health promotion programs
in the hospital setting was explored. This investigation is
especially interesting because education and health promotion
viainteractive technology has not been previously explored in
the hospital setting, and therefore information on users
experiencesis scarce. Second, we aimed to evaluate user needs
in order to incorporate them in Motivate4Change. In order to
obtain the most accurate information regarding user needs in
relation to the environment intended for the program’s use, we
conducted the study in ahospital setting. Assessing user needs
is avital step in the development of innovative technologies,
and if this step is not taken, the new technology may not be
accepted, and therefore not taken up by the intended user
population [7]. Assuch, researchers have called for exploration
of user needs and their integration in the development of
applications [19,20].

Discussion of the Findings

Acknowledgement of patients own situation, via contextual
content, was acentral need for patients. By acknowledging their
experienceswith HF self-management, aswell asthe difficulties
they experience, and by demonstrating how, regardless of these
difficulties, health behaviors can be performed, patients felt
empowered to perform the behaviors, and this empowerment
motivated patients to perform them. Self-efficacy, or the
perception that one is able to perform a behavior, is one of the
central constructs of Social Cognitive Theory (SCT) [21]. Based
on previousresearch, behavior change interventionsfor patients
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with chronic diseases that focus on enhancing self-efficacy are
promising [22].

When patients did not perceive that their personal situation was
acknowledged, as was the case with a younger patient, they
were less engaged in the program and expressed a lack of
appreciation of it. It is therefore important that all individuals
feel acknowledged, even those that are less “typical,” although
it may be difficult to achieve this. It remains to be seen if
MotivatedChangeis perceived as personally relevant for female
and newly diagnosed patients, since all participants were male
and have been living with HF previously.

Common difficulties experienced by HF patients were
acknowledged in Motivate4Change by including a video with
atypical HF patient as a role model. According to SCT role
modeling isastrategy to increase self-efficacy, whereby seeing
similar others perform certain behaviors leads to expectations
about one's own efficacy in performing these behaviors [21].
Therefore, acknowledgement through a role model, asis done
in MotivatedChange, is also expected to lead to an increased
level of self-efficacy, and thereby behavior change. In addition,
patients personal situations were acknowledged by providing
tailored feedback messages. Tailoring of health communications
isabehavior change strategy in which information is provided
to individuals based on the unique characteristics of those
individuals [23,24]. To achieve this, people are assessed
regarding characteristics of interest [23] and need to actively
provide input. This approach has been found to be effectivein
changing health behaviors [24-26]. In addition, it requires the
patients to actively interact with the program, an aspect of
MotivatedChange that patients and nurses particularly
appreciated.

Interactive learning was asecond need for patients. Both patients
and nurses thought that the interactivity aspect of
MotivatedChange can facilitate learning. It should be pointed
out that the interactivity in Motivate4Change was very ssimple
and included either pressing only one button (eg, “next” to
navigate to the next page) or choosing one out of two buttons
to press (eg, selecting “true” or “false” to answer a question).
Importantly, one of the strengths of M otivate4Change, according
to nurses, was its simplicity. It was stressed that a program
delivered viaICT to HF patients should be easy for patientsto
use.

It remains to be seen, however, if simplicity is sufficient for
patients use of the program. In the current pilot study, all
patients used the program; however, it is unclear if they would
have used it if the researcher was not present. Although most
patients expressed positive attitudes toward using ICT during
their hospital stay, and very few usability problems were
observed, some insecurity regarding their ability to use
MotivatedChange was expressed by patients and al so observed
by the researcher. Previous research on the use of
telerehabilitation by chronic pain patients demonstrated that
although patients may perceive benefits to using technology,
insecurity intheir abilitiesto useit may be abarrier [27]. Further
research isnecessary on patients’ feelings of insecurity with the
use of technology, the sources of thisinsecurity, and its potential
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effectson their actual use of thetechnologies, in order to address
thisissuein future programs.

A third need for patientswas support in the use of the program,
especialy regarding the initiation of use. This support would
be provided by HF nurses, since they are in charge of patient
education, and it is therefore important that they appreciate
MotivatedChange. The nursesinterviewed in the current study
welcomed MotivatedChange as a possible addition to their
current educational tools. Their needs included integrating
MotivatedChangein their current educational practices. Nurses
discussed that they would potentially use MotivatedChange in
their current educational routine and how they would integrate
it in current educational practices.

It was discussed by nurses that a good option would be to also
involve family members in the program, which could be an
additional source of support to patients. The role of family
membersiscentral in patient self-management [ 28], and assuch
they could also potentially be involved in the process of patient
motivation and activation.

Nurses viewed challenges regarding opportunities to deliver
the program to patients. Possible ways to overcome this were
brought up, including making the program available to patients
also when nurses are not present at the hospital, so they can use
it on their own. Family members may be instrumental if this
option were to be pursued and their needs should therefore be
explored in future research. 1t was observed that leaving atabl et
with patients on the ward presents challenges, including location
to place the tablet and safety issues. It is therefore advisable to
create a solution that takes into account also the physical
environment in the hospital.

Some patients discussed theimportance of their connection with
the nurses. They expressed a desire to keep the human contact
and the ongoing support provided by the nurses. Thisisin line
with previous research [29], which showed that some patients
refused participation in atel ehealth and telecaretrial in part due
to fear of losing their relationships with their care providers.
Patients also regarded the education provided by nurses to be
more interactive than the education provided by
MotivatedChange. Interpersonal health communication, such
as face-to-face educational sessions provided by nurses, is the
most individualized form of health communication [23].
However, it also requires the highest level of assessment of
individuals [23], which could mean it is more labor-intensive,
and therefore more costly, than tailored health communication.
It remains to be seen how to combine education and health
promotion strategies, which are | CT-based with those provided
by health care providersin amanner that is appreciated by most
patients.

Strengthsand Limitations

The current work providesinsight into possible acceptance and
use of Motivate4Change. Scant information about the acceptance
and use by patients and nurses of |CT-based health promotion
programsin the hospital setting is available to date. Qualitative
research methods are well suited to address this topic, since
they allow exploring issues on which thereislittle information
[18] because in the context of a qualitative study it is possible
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to ask patients to describe their experiences and provide
feedback, rather than to use a predefined questionnaire, requiring
apriori assumptions on behalf of the researcher [18]. In addition,
the current study was conducted in the natural environment
where usage of the program would occur. This can lead to rich
information and reveal aspects that would not be uncovered if
the researcher does not take part in the environment to truly
understand it [ 18]. Moreover, three sources of information were
used to reach conclusions, including interviews with patients
and nurses, and observations. In this manner, a higher level of
confidence in the results is reached.

Oosterom-Calo et al

However, the sample size wasrelatively small and the research
was conducted in one specific setting, making it difficult to
generalize the results. Since the recruitment of potential
participants was limited to patients hospitalized during the
recruitment period, the sample included only male patients that
were experienced with HF. In addition, it is difficult to make
concrete conclusionsregarding the effects of Motivate4Change.
An additional investigation, in the form of aclinical trial with
guantitative results, is necessary to investigate the effects of the
program on patients' behavior and on clinical outcomes.
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Abstract

Background: Men who have sex with men (MSM) in the United States are at high risk for human immunodeficiency virus
(HIV) and poor HIV related outcomes. Maps can be used to identify, quantify, and address gaps in access to HIV care among
HIV-positive MSM, and tailor intervention programs based on the needs of patients being served.

Objective: The objective of our study was to assess the usability of a Google map question embedded in a Web-based survey
among Atlanta-based, HIV-positive M SM, and determine whether itisavalid and reliable aternativeto collection of address-based
data on residence and last HIV care provider.

Methods: Atlanta-based HIV-positive M SM were recruited through Facebook and from two ongoing studies recruiting primarily
through venue-based sampling or peer referral (VBPR). Participants were asked to identify the locations of their residence and
last attended HIV care provider using two methods: (1) by entering the street address (gold standard), and (2) “clicking” on the
locations using an embedded Google map. Home and provider addresses were geocoded, mapped, and compared with home and
provider locations from clicked map points to assess validity. Provider location error values were plotted against home location
error values, and a kappa stati stic was computed to assess agreement in degree of error in identifying residential location versus
provider location.

Results: The median home location error across al participants was 0.65 miles (interquartile range, IQR, 0.10, 2.5 miles), and
was |ower among Facebook participants (P<.001), whites (P<.001), and those reporting higher annual household income (P=.04).
Median home location error was lower, although not statistically significantly, among older men (P=.08) and those with higher
educational attainment (P=.05). The median provider location error was 0.32 miles (IQR, 0.12, 1.2 miles), and did not vary
significantly by age, recruitment method, race, income, or level of educational attainment. Overall, the kappawas 0.20, indicating
poor agreement between the two error measures. However, those recruited through Facebook had a grester level of agreement
(k=0.30) than those recruited through VBPR methods (k=0.16), demonstrating a greater level of consistency in using the map
question to identify home and provider locations for Facebook-recruited individuals.

Conclusions: Most participants were able to click within 1 mile of their home address and their provider’s office, and were not
always ableto identify the locations on amap consistently, although some differences were observed across recruitment methods.
This map tool may serve as the basis of avalid and reliable tool to identify residence and HIV provider location in the absence
of geocoded address data. Further work is needed to improve and compare map tool usability with the results from this study.

(JMIR Res Protoc 2014;3(2):e24) doi:10.2196/resprot.2946
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Introduction

Internet-Based Questionnaires

Internet-based questionnaires have become more popular as a
mode of data collection because of the expansive connectivity
of individuals in the United States to the Internet overal, and
across different social strata, such as education and income
[1-3]. Internet-based sampling and data collection have become
more practical over the years, as they have the potential to
increase responses rates through improved convenience of
participation, improved quality of data through programmed
validated checks, and decreased costs associated with printing
and postage in sending paper-based questionnaires [4,5].

In the context of human immunodeficiency virus (HIV) research,
Web-based surveys may provide a sense of anonymity for men
who have sex with men (MSM) inthe United States, potentially
reducing misclassification biasfor sensitive questions pertaining
to risky sexua behavior and history of HIV testing, diagnosis,
and care engagement patterns [4]. Internet recruitment is also
an attractive option in studies of MSM who are at high risk for
HIV or poor HIV related outcomes. In a longitudina study
conducted by author PSS, 432/483 (89.4%) Atlanta-based MSM,
recruited primarily through venue-based sampling, reported
using Facebook, Twitter, or another social media site in the
previous six months; 328/483 (67.9%) accessed such sites at
least once a day (oral personal communication with Nicole
Luisi, MPH, and Eli Rosenberg, PhD, July 2013). Further, a
meta-analysis showed that an estimated 40% of MSM in the
United States reported finding sex partners on the Internet [6].
Finding partners on the Internet may be associated with an
increased risk of unprotected anal intercourse [6-8], and
potentially sexually transmitted infections such as HIV [9].

Geographic Information Systems

Recently, there has been a growing emphasis on how certain
contextual factors can affect disease; specifically, trends in
disease incidence or prevalence, or potential predictors of poor
outcomes, may vary based on an individua’s environment or
setting. Quantifying such differences across neighborhoods and
community level factorsusing ageographicinformation systems
(GIS)-based approach can impact public health programs and
policy [10,11]. In the context of HIV, maps may be important
in discerning hot spots of disease, high risk behaviors, such as
illicit drug use and unprotected sex, and the level of health care
access and utilization once diagnosed. GIS analyses can aso
examine how certain neighborhood level characteristics affect
the dynamics of HIV transmission and patterns in HIV care
engagement, which may lead to tailored interventions based on
individual characteristicsand needs[12,13]. For instance, using
maps to quantify accessibility (in relation to proximity to
different health services) may be helpful in identifying and
addressing gaps in access to care, and tailoring intervention
programs based on the needs of the patients being served [14].
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However, map tools embedded in Internet surveys used to
identify key locationsfor study participantsare not widely used
currently, and to our knowledge, have never been evaluated for
usability inthe context of validity and reliability. In the absence
of address data, the development of a valid and reliable map
tool to identify key locations, such as patient’s residence and
location of the patient’s HIV care provider office, may be
important in quantifying place-based barriersto care attendance,
including travel distance and proximity to public transportation.
Alternatively, such a map tool can be used to identify where
people test for HIV or might be finding high risk sex partners
(it may not be easy to obtain a valid address for the latter
location). Even given a known address, however, automated
geocoding systems vary in the degree of accuracy, result in
nonnormally distributed errors, and may beless accurate outside
of urban areas [15,16].

We conducted a cross-sectional study of Atlanta-based,
HIV-positive MSM, called “The Engage Study”, to explore
potential place-based barriers to care, including proximity to
HIV care provider and neighborhood level characteristics, such
as socioeconomic status (SES). In this analysis, we assess the
level of usability of a Google map question embedded in a
Web-based survey, and determine whether it is a valid and
reliable aternative to a geocoded address in identifying
residence and last attended HIV care provider.

Methods

Study Population

The Engage Study is a cross-sectional study of self-identifying
HIV-positive MSM living in the Atlanta area. The study was
designed to examine potentia structural and psychosocial
barriersto accessing HIV care and treatment. Men were recruited
from October 2012 to June 2013 through two sources: (1) based
on participation in prior studies of MSM conducted by Emory
University, and (2) from Facebook.

Men documented to be HIV-positive through HIV testing in
two other Emory-based studies of MSM were recontacted by
phone and email for participation in The Engage Study. These
two prior studies aimed to examine racial/ethnic differencesin
black and white HIV epidemics in Atlanta, so only black and
white MSM were eligible to participate in these two studies.
Participants from the two studies were originally recruited in
Atlanta, primarily through venue-based sampling or peer referral
(VBPR). Men who agreed to participate in the present study
were sent an email with alink that directed them to the digibility
screener and informed consent form.

Facebook advertisements for the study were targeted toward
men who wereinterested in other men and lived within 50 miles
of Atlanta. Those who clicked on the advertisement were
directed to the survey and presented with aWeb-based eligibility
screener (including assessment of self-reported HIV status) and
informed consent form. Men recruited from Facebook were not
restricted by race. However, since very few Facebook-recruited
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participants reported another race, those who did not identify
as black or white were excluded from all analyses to avoid
sparsely populated data by race and maintain comparable groups
across recruitment method.

Men from both methods of recruitment were deemed eligible
to participate in the present study if they reported being at least
18 years of age, ever having sex with another man, being told
they are HIV-positive by a health care provider, and currently
living in the Atlanta area. All consenting participants were
directed to the onetime, Web-based survey instrument,
administered using the Internet survey software platform,
SurveyGizmo [17]. Participants were asked to take the survey
on a personal computer or tablet to minimize issues with the
display and layout of the questionnaire that might have occurred
on asmartphone or simple mobile device. The Emory University
Ingtitutional Review Board approved the protocol (approval
number, IRB0O0060430).

M easures

The questionnaire collected detailed information on
demographic characteristics, where participantslived and sought
HIV care and potential structural and psychosocial barriers to
HIV care engagement, such as transportation, travel distance,
and HIV related stigma. For two key locations, their home and
the provider or clinic where they last received HIV care,
respondents were asked to provide location information in two
ways: (1) using atext address field (or name of the provider or
clinic, to allow research staff to find the street address), and (2)
by clicking on the location in the Google map embedded in the
survey.

Dasgupta et a

For their residential location, participants first entered address
datausing text fieldsfor street address, city, state, and zip code.
Next, they were asked to click on their residential location on
a Google map embedded in the survey. For the HIV care
provider location, respondents first selected from a checkbox
menu of providers located in, or close to, Atlanta, based on
information from the Southeast AIDS Training and Education
Center (SEATEC) Key Contacts booklet [18]. Addresses for
each of these HIV care providers were also available in the
SEATEC booklet. If participants reported receiving care from
a provider outside of the SEATEC network (eg, a private
infectious diseases provider practice), they were asked to report
the name of their doctor and the address or area of town where
hisor her officewas|ocated. The research staff then determined
the exact address of the provider’'s office. Next, participants
clicked on the approximate location of their provider’'s office
using the Google map.

Detailed instructions on how to specify a location on the map
were provided in each map question. Address and map derived
locations were collected independently (ie, the physical address
provided in one section did not change theinitial map focusfor
the map derived location). The map allowed the user to zoom
in as much as needed to click on the appropriate location, but
the initial zoom level alowed users to view major streets in
Atlanta (approximately 1:127,000, or an inch representing
approximately 2 miles). Participants had the option to clear the
map and click on another point on the map, if they incorrectly
identified the location. Figure 1 shows a screen shot of this
survey question.

Figurel. A screenshot of asurvey question used to identify, using the Google map, the location of residence among a convenience sample of HIV-positive
men who have sex with men, Atlanta, Georgia, 2012-2013. A similar survey question was used to identify the location of each participant'sHIV health

provider's office.

Please click on the map approximately where you currently live.

Feel free to zoom in and out of the map as you need to. If you need to start over and
reenter the location of where you eurrently live, DO NOT PRESS BACK on your
browser. Just press "CLEAR MAP" at the bottom left-hand corner of the map, then

click on the appropriate place on the map.
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Analytic Methods

Using the residential address and the address of the attended
HIV care provider or clinic as gold standards, we assessed the
validity of using map derived information by examining how
the locations specified using map-based technology differed
from the gold standard locations. Further, to assess reliability,
we examined the consistency inthe level of error inidentifying
residential location versus the location of the most recent HIV
care provider. All analyses were restricted to participants who
were of black or white race, did not report being homeless at
the time of the survey, and lived more than 50 miles away from
the center of Atlanta, and were conducted using ArcGIS 10.1
and SAS9.3.

Descriptive Statistics

Descriptive statistics for demographic characteristics  of
respondents were computed using counts and frequencies.
Differencesin demographic characteristics were evaluated across
recruitment method using the Mantel-Haenszel chi-square test.

Analysis of Validity

Respondents’ text-based residential and HIV care provider
addresses were geocoded (defined by geographic coordinates
corresponding to address data) [19] using ArcGIS 10.1.
Geocoded addresses and the latitude and |ongitude coordinates
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corresponding to the clicked map points for both the residence
and HIV care provider were then mapped (using the North
American Albers Equal Area Conic projection) [19], and
geodesic distances (the shortest distance between two pointson
asphere or curved surface) between the address data (“the gold
standard”) and the clicked map coordinates were calcul ated.
These geodesic distances represent the “ error” between the gold
standard location and where participants identified them to be
on a Google map. Figure 2 shows a visual example of this
calculation. To distinguish between the residential and HIV
care provider validation analysesin this paper, we will refer to
the comparison of map-based versus gold standard locations
for patient’s residence as home location error, and the
comparison of map-based versus gold standard locations for
last attended HIV care provider as provider location error.

We computed descriptive statisticsfor thetwo primary outcomes
(home and provider location errors) using medians and
interquartile ranges (IQR), because both were continuous, but
nonnormally distributed. Because we hypothesized, a priori,
that participants have a greater Internet literacy and might be
better able to navigate through the map questions, we assessed
differencesin the home and provider location errors across both
recruitment method and demographic characteristics using the
Wilcoxon-Mann-Whitney test. An alpha cutoff of 0.05
determined statistical significance.

Figure2. A visua example of how home and provider location errors were cal culated among The Engage Study participantsin Atlanta, Georgia. The
starred point represents the gold standard, geocoded address, and the dot is where the participant perceived the location to be on the map. Geodesic
distance (the shortest distance between two points, or “as the crow flies”) was then computed between these two points.
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Analysis of Reliability

To examine whether home and provider location errors were
consistent within participants, the provider location error values
were plotted against home location error values; results were
stratified by recruitment method. Further, geodesic distances
were dichotomized as either less than one mile or at least one
mile, and a kappa stati stic was computed to assess “ agreement”
or “reliability” of degree of error in identifying the patient’s
residential location versus the HIV care provider location. A

http://www.researchprotocols.org/2014/2/e24/

kappa dtatistic less than or equal to 0.20 indicated poor
agreement, 0.21-0.40 indicated fair agreement, 0.41-0.60
indicated moderate agreement, and greater than 0.60 indicated
substantial agreement [20] of degree of error in identifying the
residential location versusthe provider location. In this portion
of the analysis, we hypothesized, a priori, that the residential
and provider location errors are consistent within each
participant and expect at least fair to moderate agreement
between the two measures.
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Results

Descriptive Statistics

Out of the 293 HIV-positive, VBPR-recruited M SM who agreed
to be recontacted for other research studies, 131 (44.7%)
participated. Approximately 40,000 Facebook users were
targeted for recruitment based on the criteria described above,
out of which 82 (0.21%) met the eligibility criteria and
participated in the study. Thus, a total of 213 self-identifying
HIV-positive MSM participated in The Engage Study. There
were 3 (1.4%) participantsthat were excluded from all analyses
because they lived more than 50 miles outside Atlanta. For the
home location error analysis, 35/210 (16.7%) participantswere
further excluded because they did not respond to the map-click
question to identify their residential location, 27/210 (12.9%)
participants were excluded because they did not report a valid
text version of the home address, and 6/210 (2.9%) participants
were excluded because both of these were missing. Thus, out
of 210 participantsliving in the Atlantaarea, 142 (67.6%) were
included in the patient’s home error analysis. For the HIV care
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provider location error analysis, 8/210 (3.8%) participantswere
excluded because they reported never receiving HIV care,
33/210 (15.7%) participants were excluded because they did
not complete the map click question to identify their provider
location, 12/210 (5.7%) participants were excluded because
they listed a provider whose office location could not be
geocoded, and 3/210 (1.4%) participants were excluded because
neither provider address nor clicked points were available. As
such, 154/210 (73.3%) respondents were included in the HIV
care provider error analysis. A total of 112 (53.3%) out of the
210 participants living within 50 miles of Atlanta completed
all four questions related to their home and HIV care provider
locations and were used in the analysis of reliability.

The distribution of demographic characteristics of study
participantsis described in Table 1. Median age of participants
was 34 years old. Almost half of the participants reported an
annual household income of less than US $20,000, a majority
of participants reported being of black/African American race,
and about athird of the sample reported having acollege degree.
Demographic characteristics varied across method of
recruitment.

Table 1. Demographic characteristics and error distances among a convenience sample of HIV-positive MSM, overall and by recruitment method,

Atlanta, Georgia, 2012-2013.

All participants
(N=210)

number (%)

VBPR recruitment
(n=129) pb

Internet recruitment
(n=81)

number (%) number (%)

Age <.001
18-35 years 117 (55.7) 24 (29.6) 93 (72.1)
> 35 years 93 (44.3) 57 (70.4) 36(27.9)

Race <.001
White/Cauicasian 73(36.9) 45 (63.4) 28 (22.0)
Black/African American 125 (63.1) 26 (36.6) 99 (78.0)

Household income <.001
<US $20,000/ year 111 (54.4) 31(38.8) 80 (64.5)
> US $20,000 / year 93 (45.6) 49 (61.2) 44 (35.5)

Education .06
High school education or less 41 (19.7) 14 (17.5) 27 (21.1)
Some college, associate's degree, and/or 99 (47.6) 33(41.3) 66 (51.6)
technical school
College, post graduate, or professional 68 (32.7) 33(41.3) 35(27.3)
school

L ocation type ©
Home location error 142 (67.6) 63 (77.8) 79 (61.2) .01
Provider location error 154 (73.3) 57 (70.4) 97 (75.2) 44

AW hole percentages may not sum to 100 due to rounding. Numbers may not sum up to total because of missing values.
M antel-Haenszel chi-square test was used to determine statistical significance.
®These rows indicate counts of data available to calculate the patient’s home and the HIV care provider location errors.
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Analysis of Validity

Out of 142 participants included in the home location error
analysis, 80 (56.3%) clicked withinamile of their home address;
however, agreater proportion of Facebook-recruited individuals
clicked within a mile of their reported residentia address,
compared to VBPR-recruited participants (47/63, 74% vs 33/79,
41%,; P<.001). Figure 3 showsadetailed plot of the distribution
of home location error by recruitment method. The median
homelocation error acrossall participantswas 0.65 miles (IQR,
0.10, 2.5 miles), but was a so significantly higher among VBPR
participants (P<.001), as well as among blacks (P<.001), and
those reporting lower annual household income (P=.04).
Younger age (P=.08) and lower educational attainment (P=.05)
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were also associated with greater median home location error,
but not statistically significantly (Table 2).

Out of 154 participants included in the provider location error
analysis, 109 (70.8%) clicked within a mile of their HIV care
provider. Figure 4 shows a detailed plot of the distribution of
provider location error by recruitment method. The median
provider location error was 0.32 miles (IQR, 0.12, 1.2 miles),
and did not vary significantly by recruitment method, race,
income, or level of educational attainment. Although not
statistically significant (P=.06), the median provider location
error was notably lower among older participants compared to
younger participants (0.46 miles compared to 0.23 miles) (Table
2).

Table 2. Thelevel of the patient’s home and HIV care provider location error anong a convenience sample of HIV-positive MSM by demographic

characteristics and recruitment mode, Atlanta, Georgia, 2012-2013.

Home location error (miles)

Provider location error (miles)

Median IQR pa Median IQR pa
Overall 0.65 (0.10, 2.47) 0.32 (0.12, 1.15)
Age .08 .06
18-35 years 0.79 (0.11, 5.56) 0.46 (0.12, 1.74)
> 35 years 0.56 (0.08, 1.95) 0.23 (0.11, 1.02)
Race .58
White/Caucasian 0.20 (0.05, 0.68) <001 026 (0.11, 1.00)
Black/African American 153 (0.30, 5.02) 0.32 (0.11, 1.15)
Household income .04 92
< US$20,000 1.22 (0.15, 5.34) 0.39 (0.11, 1.15)
> US $20,000 0.44 (0.08, 1.55) 0.30 (0.12, 1.34)
Education .05 .55
High school or less 1.28 (0.17, 4.43) 0.36 (0.12, 2.12)
Some college, associate's degree, or 0.85 (0.16, 4.77) 0.34 (0.11, 1.05)
technical school
College, post graduate, or professional  0.35 (0.08,1.33) 0.19 (0.11, 1.07)
school
Recruitment mode <.001 31
VBPR 171 (0.24, 5.34) 0.38 (0.12, 1.51)
Internet 0.30 (0.06, 1.17) 0.29 (011, 1.12)

Ailcoxon-Mann-Whitney test was used to determine statistical significance.
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Figure 3. The probability density function and cumulative distribution function of home location error among a convenience sample of HIV-positive
men who have sex with men who reported their home address and identified the location on a map (n=142) by recruitment mode, Atlanta, Georgia,
2012-2013. Ami=geodesic distance between geocoded location of home address and where participants identified their home on the map.

VBPR=venue-based sampling or peer referral.
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Figure4. The probability density function and cumulative distribution function of provider location error among a convenience sample of HIV-positive
men who have sex with men who reported where they last received HIV care and identified thelocation on amap (n=154) by recruitment mode, Atlanta,
Georgia, 2012-2013. Ami=geodesic distance between geocoded |l ocation of the HIV care provider address and where participantsidentified their provider

on the map. VBPR=venue-based sampling or peer referral.
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Analysis of Reliability

The plot of the provider location error against home location
error in Figure 5 illustrates that, among VBPR-recruited
individuals, the spread of the home location error (range, 39.8
miles) is much greater than that of the provider location error
(range, 19.7 miles). Further, the range of errors overall were

http://www.researchprotocols.org/2014/2/e24/
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smaller and more consistent among Facebook participants (home
location error range, 26.2 miles; provider location error range,
20.1 miles), compared to VBPR participants. Only 23/64 (35%)
VBPR participants clicked within a mile of the gold standard
locationsfor their residence and HIV care provider, while 27/48
(56%) Facebook-recruited participants clicked within the same
distance of the gold standard locations. R-squared values were
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calculated to measure the correlation between home location
error and provider location error, but were not significant, and
therefore are not reported. Because the plot of the two error
measures was restricted to observations for which all four
location-based questions were answered, we examined, in a
post-hoc analysis, the demographi c characteristics of those who
answered all four questions versusthose who did not, to address
any potential concerns related to selection bias. There were no
statistically significant differences in age, race, income, or
educational attainment across these two groups.

Dasgupta et a

A simple kappa coefficient was also computed to assess the
level of reliability between home location error and provider
location error. Overall, the kappa statistic was 0.20, bordering
on poor to fair agreement between the two error measures.
However, those recruited through Facebook had a greater
agreement (k=0.30) than thoserecruited through VV BPR methods
(k=0.16), demonstrating a greater level of consistency in using
the map question to identify the patient’s home and the HIV
care provider locations for Facebook-recruited individuals.

Figure5. Plot of the home location error versus the provider location error among a convenience sample of HIV-positive men who have sex with men
who answered all four location questions (n=112), coded by recruitment method; Atlanta, Georgia, 2012-2013. Ami=geodesi ¢ distance between geocoded
location of the HIV care provider address and where participants identified their provider on the map. VBPR=venue-based sampling or peer referral.
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Discussion

Principal Results

In this study, we aimed to assess, among a convenience sample
of Internet-using, Atlanta-based, HIV-positive M SM, thevalidity
(ie, the degree of error between map derived location
information and the gold standard) and reliability (ie, the
consistency in the degree of error in locating the patient’shome
vs the HIV care provider location) of using a Google map
question embedded in an Internet survey instrument to identify
the patient’s residential and the HIV care provider location, as
compared to the geocoded address information. The results
demonstrate the map tool’s validity, as a mgjority of the study
participants were able to click within a mile of their home and
most recently attended HIV care provider. However, the
reliability and usability varied by recruitment method.

Although most participants were able to click within amile of
their residence, there were observed differencesin homelocation
error by recruitment method and markers of SES, such as race
and household income, which may be attributed to differences
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in the intensity of Internet use among participants. Though a
majority of US residents have access to the Internet [2,21],
population-based estimates in the United States show that
Internet use varies by race, education, and income [2,22].
Specifically, blacks, those with lower educational attainment
and those reporting a lower household income, are less likely
to report using the Internet either at home or elsewhere [22,23].
Further, by 2012, nearly half of all Americans reported owning
a smartphone, a potential indicator of the level of connectivity
to the Internet through multiple devices. Thisproportionislower
among those reporting a lower household income and lower
educational attainment, suggesting possible differences in the
level of connectivity and intensity of Internet use across markers
of SES [24]. Participants recruited through Facebook in the
present study were more likely to be older, be of white race,
report a higher annual household income, and report a higher
level of educational attainment, and thus, may have had greater
connectivity to the Internet than VBPR participants.

Higher intensity of Internet use, especialy through multiple
devices, may also be associated with agreater ability to navigate
through the mapping questions successfully. In addition, dligible
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Facebook userswho check their accounts more frequently may
have been more likely to view the recruitment advertisement,
and thus, may have been more likely to click through the
advertisement and participate. Therefore, Facebook-recruited
participants, who were more likely to accurately and consi stently
identify their residence and provider’s office, may also have
been more frequent Internet users and, therefore, more likely
to be able to navigate through an interactive, Internet-based
mapping tool.

Observed differences in consistency by recruitment method
may also be explained by the order in which the mapping
guestions were presented in the survey. The map asking
participants to identify their residence was shown first in the
guestionnaire, whereasthe HIV care provider map was presented
later on in the survey. If participants were more likely to have
troubleinitially orienting themsel vesto the mapping questions,
but became accustomed to the format of the question for the
HIV care provider map, there may have been a“learning effect”,
resulting in a higher patient’s home location error and a lower
HIV care provider location error. Conversely, thoseindividuals
already accustomed to using Google maps may have been more
consistently and accurately able to identify both residence and
place of care in the survey. This may be why a greater level of
consistency was observed among Facebook-recruited
participants, if they are more frequent Internet users than
VBPR-recruited individuals. It may also be important to note
that the zoom level on each map question was not fixed. The
participant could zoom in and out as needed to identify each
location; therefore, those who utilized the zoom level may have
been more likely to click closer to the gold standard location
than those who did not. Again, perhaps frequency of Internet
use may be associated with the level of comfort and usability
of the mapping question format and zoom feature, which may
explain why this“learning effect” trend may have been observed
to alesser extent among Facebook-recruited participants.

Limitations

Thereare several limitationsto thisanalysis. First, werecruited
a convenience sample that may not be representative of the
target population of Internet-using, HIV-positive MSM in
Atlanta. Homel essindividual s were excluded from the analysis,
further limiting generalizability of the results. Even among those
recruited, alarge proportion of participants did not provide both
map-based location and address data for their home and HIV
care provider, respectively, and thus, had to be excluded from
the validation analysis. The reliability anaysis was
underpowered, as amost half of the participants did not
complete all four questions related to residentia and care
provider locations. There is also a potential for selection bias
in excluding participants in the reliability analysis, but no
statistically significant differences in age distribution, race,
annual household income, and level of educational attainment
were observed between those who answered both location-based
guestionsfor the patient’ sresidence and the HIV care provider’'s
office and those who did not. The reasons for not answering
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these survey questions should be further explored by convening
asmall post test focus group.

In addition, the zoom level at which participants clicked on the
map questions was not recorded during data collection, which
may be associated with the level of accuracy of clicked map
points in relation to the gold standard location. Either
implementing a fixed zoom level or capturing information on
the zoom level used for each participant would be helpful in
controlling for any potential variability caused by this factor.
The usability of the map tool could vary by the type of device
used to take the questionnaire, but information on the exact
device type used was not collected, and participants were
encouraged to take the survey on apersonal computer or tablet
instead of a phone. Future studies should highlight device type
as a potential source of variation in usability, validity, and
reliability of a map-based tool.

Last, one minor limitation of using geodesic distances as a
metric for assessing home and provider location error is that
they may actualy underrepresent the difference in actua
distance between the map-based locations and the address data.
Further, for subsequent neighborhood level analyses using these
data, even small values for home or provider location errors
may point to adifferent neighborhood with different community
level characteristics from those of the gold standard location.

Despite these limitations, future studies incorporating
improvementsto the zoom level, information on the device type
used, feedback from pre and post test focus groups, and training
sessions to assess feasibility and usability could add to the
results from this study and existing knowledge on the usability
of amap tool to evaluate location-based information.

Conclusions

Despite the observed differences in the patient’s home and the
HIV care provider location errors across certain markers of SES
and recruitment method, the map tool proved to be a valid
aternative to geocoded addresses, as most participants were
ableto click within amile of their home address and their HIV
care provider's office. However, the tool bordered on poor to
fair reliability between home location error and the HIV care
provider location error, although those recruited on the Internet
generally had better agreement, or consistency, between their
home and HIV care provider location errors.

Although there are improvements to be made in this map toal,
it may serve asthe basisfor avalid and reliable tool to identify
important locations in the absence of geocoded address data.
The limitations in the usability of the tool should be addressed
by offering a short training session for participants prior to
taking the survey. Other problems related to the layout,
functionality, or usability of the tool can also beidentified and
addressed in a small focus group. An improved version of this
Google map-based survey question can be used to capture
important data on health care utilization and neighborhood level
risk factorsfor poor health outcomes, which can haveimportant
implications in intervention planning.
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Abstract

Background: The prevalence of information technology (IT) in society is a foundation for new modes of interaction between
patients and health specialists. IT plays an important role in the renewal of care. Several countries have incorporated eHealth
plansinto their national health strategies. Part of the eHealth evolution concerns I nternet psychological treatment and psychosocial
care. These interventions are complex to design and evaluate due to legal, ethical, organizational, technical, and methodol ogical
challenges.

Objective: The objective of our study was to seek to make explicit contributions to the understanding of ideals in eHealth
research, and illuminate their implications for establishing an effective research environment. Our analysis draws from three
years of experience in establishing an eHealth research environment, and the literature.

Methods: We worked inductively to characterize challenging research ideals, and their origins, in our environment. Thereafter,
we made a sel ective search of the literature to scrutinize and illuminate each ideal and it's implications.

Results: In this work, we propose a structured approach to address ideals in eHealth research. The scrutinized ideals are
accountability, innovation, rigor, relevance, and sustainability. The approach supports researchers to systematically understand
the ideals, their origin, and to manage their implications within an eHealth research environment.

Conclusions; The complexity of eHealth research causes a need for sustainable, multi-disciplinary research environments.
Thereisaneed for astructured approach to organize eHealth research. The proposed approach helpsto systematically scrutinize
ideals, thus promoting high quality research.

(JMIR Res Protoc 2014;3(2):€28) doi:10.2196/resprot.3202

KEYWORDS
research management; stakeholders; innovation; accountability; rigor; relevance; sustainability

areainthe Digital Agendafor Europe and the Innovation Union,
both major parts of the Europe 2020 strategy presented by the
European Commission in 2010.

Introduction

The Prevalence of | nformation Technology

The prevalence of information technology (IT) in society is a
foundation for new modes of interaction between patients and
health specialists. Whilethefidd of eHealthisstill initsinfancy,
itisclearly conceived of as an important strategy for the future
of health care. Thisissignified by the status of eHealth asakey

http://www.researchprotocols.org/2014/2/e28/

RenderX

Part of the eHealth evolution is the growth of Web-based
psychological treatment and psychosocial care. Web-based self
help is effective for psychiatric disorders and promotion of
health behaviors [1,2]. The approach is also promising with
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regard to costs, by using less therapist time per effectively
treated patient compared to face-to-face therapy [3,4].

eHealth Research Challenges

Web-based interventions are complex to develop and evaluate,
and substantia investments are required [5]. Severa authors
have addressed the challenges related to eHeath research
[1,6-8]. Barak et a [1] highlight the challenges related to: (1)
transition from face-to-face to Web-based communication, (2)
ethical issues related to patient confidentiality and handling of
emergency situations, (3) lawsand regulations, and (4) practical
and technical concerns that follow from appropriating
technology for critical activities in organizations. Whitehouse
et a [7] discussed legal, ethical, and governance challenges,
and Ahern [6] pointed out both conceptual and methodological
challenges, as well as and design issues, concluding that there
is a need for more research in order to “leverage the
opportunities for public health impact afforded by eHealth
programs’.

The challenges with eHealth research at least partly originate
from the environment in which the research takes place.
Researchers need to relate to ideals put forward by numerous
stakeholders including, but not limited to, the research
community, legislative bodies, and the media. Idealsarein flux,
continually reinforced and challenged by stakeholder groups
[9]. In this work, we propose an approach to systematically
address ideals in eHealth research. The approach supports
researchers to understand the ideals and their origins, and to
adapt their work to comply with the ideals. We seek to
contribute to the understanding of stakeholder ideals, and their
implicationsfor establishing an effective research environment.
Our analysis draws from three years of experience of
establishing an eHealth research environment and the literature.

Methods

The Research Setting

The research setting at hand is a multi-disciplinary research
environment at Uppsala University, Uppsala, Sweden, between
2010 and 2014, and the development of the Uppsala University
Psychosocial Care (U-CARE) program. The program was
established to support three randomized controlled trials on
Internet-based treatment of depression and anxiety for patients
with somatic disease. The development may be characterized
as an entangled design of the research environment, trials,
interventions, and software. The U-CARE program involves
academics from psychology, medicine, information systems,
caring sciences, and economics, aswell as health practitioners.
A set of organizational decisions was made at the inception of
the program. A scientific advisory board was established,
including a set of scholars with expertise in their respective
academic fields. The scientific advisory board meets with
U-CARE staff annually to provide feedback on the U-CARE
research activities. In addition, coordination groups, including
researchers from different disciplines, were established to
coordinate the work between and within various studies.
Information systems researchers were contributing practically
with software development, as well as doing research on
information systems issues.

http://www.researchprotocols.org/2014/2/e28/
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eHealth Servicesfor Patients

U-CARE is oriented toward eHealth services for patients. The
overall aim of the U-CARE program is to prevent and reduce
emotional distressin personsstruck by asomatic disease. Being
struck by a potentially life threatening disease such as cancer
can cause, for example, depression and anxiety [10]. This
distress may not only cause human suffering, but can aso
negatively impact the treatment of the somatic disease and bring
about other issues for the individual and society. For example,
adepressive state may cause apatient to engagein lessphysical
activity [11], contribute to d eeping problems, and nonadherence
to prescribed medications [12]. The interventions evaluated
within the trials are based on cognitive behavioral therapy
[13,14]. Some of the interventions include psychosocia care
consisting of information and interactive support. In the
interactive parts, patients become part of an online community,
allowing them to interact with peersin discussion forums, online
chats, and through internal messages. Patients are recruited to
trialsat various hospitalsin Sweden through collaboration with
hospital staff.

The eHealth Software

The eHealth software at hand was designed to be configurable
in anumber of waysto facilitate the diverging needs within the
three initial trials. An example of this flexibility is the option
to either compose new interventions that are to be evaluated in
additional trials, these possibly based on theintervention content
intheoriginal trials, or to reusethe origina content. In the same
manner, it is possible to use the questionnaires in the original
trials, or to use new ones aswell asto usethe original inclusion
and randomization logic, or to develop anew logic for inclusion
and randomization. The software and the interventions have
already attracted anumber of research groupswho will perform
observational or intervention studies via the software. At this
point, nine research groups are in different stages of planning
and starting studies. These studies are both benefitting from and
contributing to knowledge and technol ogy within the U-CARE
environment. In addition, the ethical approval required for each
trial increased the experience of ethical considerationsin online
trials among U-CARE staff.

The Research Approach

Our research approach follows the pragmatist assumption that
design and intervention in areal world setting are effective ways
to understand social mechanisms[15,16]. The underlying idea
isthat social phenomenaare morelikely to bedisclosed in action
rather than via observations or interviews. Thus, the
development of the U-CARE program and the subsequent
interpretation of experiences are based on the notion that design
and change in a specific domain is a viable approach to
understand the domain [17].

The domain at hand is the evolution of aresearch environment.
Given the complexity of the environment, aiming at researching
psychosocial support for people with somatic disease, through
collaboration across disciplinesand including multiple hospitals,
we conceive of the establishment of the research environment
asarich sourcefor reflections on performing eHealth research.
During the evolution of the U-CARE environment, a number
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of situations occurred that were not easily remedied. The
situations typically included design complexities that were not
anticipated, for example, the uncertainty on how to manage
details of I T-reliant communication between patients and staff.
Over time, the awareness emerged that these challenges needed
to be more systematically addressed to avoid “bottlenecks’ in
the design process. The experiences connected to these situations
wereinterpreted in thelight of relevant literature and abstracted
into the results presented in this paper, consisting of five
identified ideals that affect eHealth research, and an approach
to scrutinizing such ideals. The process was initially inductive,
for example, it was based on the preval ent challenges that were
encountered during the design of research protocols, patient
treatment, and software. Through literature studies, the approach
was iteratively refined in an interpretive and hermeneutic
process. The resulting approach is thus an abstraction from a
single case study [18], for example, the evolution of the
U-CARE research environment. The literature, however,
indicates that the results are valid in a broader context.

An Approach to Scrutinizeldealsin eHealth Research

In this section, we provide astructure to scrutinize ideal s based
on: (1) a practice perspective on organizations, and (2) a
stakeholder centric approach. Since the objective of this paper
is to discuss the challenges in building an eHealth research

Table 1. A structureto scrutinize idealsin eHealth research.

Sjostrom et a

environment, there is a need for reflection about the definition
of a “research environment”. Numerous theories can be used
to explain and analyze organizations. A contemporary view is
that organizations may be studied using a“practicelens’. Socia
science researchers have elaborated on the concept of practice
for along time, and there is no unified view of what it means.
We here subscribe to Schatzki’s view on practice [19],
recognizing the materiality of the social world, for example,
that artifacts affect human action and vice versa. The practice
stance, drawing on Giddens' structuration theory [20], highlights
the reciprocal shaping of action and structure. The reciprocity
means that social structures govern human behaviors, while at
the same time; individuals' actions reinforce and challenge
socia structure. The practice view resonates well with the
phenomena under scrutiny in this paper; the way that social
structures (in this case ideals imposed on research by various
external stakeholders) enable and constrain action, for example,
they cause challenges in organizing a research environment.

A research environment operates in a context continually
influenced by and adapting to external parties, such asacademic
journals, ethical approval boards, funding agencies, and
legislative bodies. Animplication of adopting the practice view
on the research environment is that a successful research
environment needs to adapt to their stakeholders, who define
the preconditionsfor research practice, and evaluate its outcome.

Aspect

Explanatory question

Theoretical discussion and definition
Stakeholders
Impact on the U-CARE environment

Managerial implications

What is the meaning of the ideal and why isit important?
Who reinforces the ideal ?
How, when, and where did the ideal affect the environment?

What are the manageria implications for the research environment?

What, Who, Why, How, When, and Where

An approach to make sense of qualitative dataisto appropriate
the six interrogatives: (1) what, (2) who, (3) why, (4) how, (5)
when, and (6) where [21]. We adapt the interrogatives to the
current context to scrutinize each identified ideal, as outlined
in Table . In addition, each ideal is discussed from the
point-of-view of managerial implications. These include: (1)
accountability, (2) innovation, (3) relevance, (4) rigor, and (5)
sustainability.

In the remainder of this section, we adopt the approach to
scrutinizing ideals to provide an account of each ideal and its
impact on the research environment.

Accountability

Theoretical Discussion and Definition

Accountability is a core concern in health care. The meaning
of information accountability is that “[...] use of information
should be transparent so it is possible to determine whether a
particular useis appropriate under a given set of rules, and that
the system enables individuals and institutions to be held
accountable for misuse” [22]. Accountability in an eHealth
context, for example, concernsabout privacy issuesand avoiding
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misuse of patient information. As stated in the Universal
Declaration of Human Rights[23] (Article 12), “...no one shall
be subjected to arbitrary interference with his privacy, family,
home, or correspondence, nor to attacks upon his honor and
reputation”. A main concern in eHealth is that privacy should
be protected at al times. Information access should aways be
motivated by caregiving needs, and research should be based
on informed consent [24]. Accountability is reached when it
can be reconstructed how an undesired situation occurred.
Accountability is not only a matter of securing safe access to
information, but al so about making people aware about policies
and facilitating transparency in information use[22]. Managing
accountability is a challenge both from a knowledge point of
view and from atechnological point of view. Researchers need
to be aware of and comply with detailed legislation and ethics
concerning how patient information should be retrieved and
handled. Technology needs to be aligned with state-of-the-art
practices for security, authentication, and procedures to
scrutinize information use and misuse.

Stakeholders

Accountability builds on human rights and legislation, and
differs between nations. Researchers need to account for the
way they manage patient information to research funders, ethical

JMIR Res Protoc 2014 | vol. 3 |iss. 2 | €28 | p.116
(page number not for citation purposes)


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

JMIR RESEARCH PROTOCOLS

approval boards, journals, and government agencies, and not
least the citizens.

Managerial I mplications

Accountability needs to be addressed using multiple
competencies, including law, health, and information technol ogy
expertise. While substantial resources are required to find
solutions to accountability issues, it is imperative to
systematically reuse knowledge and technology to efficiently
set up and execute new projects within the eHealth area.

Innovation

Theoretical Discussion and Definition

We adhere to the view of innovation as “...the multi-stage
process whereby organizations transform ideas into
new/improved products, services or processes, in order to
advance, compete, and differentiate themselves successfully in
their marketplace” [25]. In health care research, innovation
concerns the trandation of evidence-based knowledge into
everyday care. Only 14% of findings from medical research
tranglates into practice in 17 years [26]. Innovative health care
research needs to take into account how research results should
be implemented in practice. Such planning impacts the design
of research. If the gap between the research setting and the
practice is too wide, the results are unlikely to be adopted by
practice. Carrying out a randomized controlled trial (RCT)
requires extensive resources and rigorous research. Thereis a
need for innovative alternative methods to evaluate complex
interventions, such asthose developed and evaluated within the
U-CARE. The slow implementation rate has resulted in a call
for more pragmatic and client-centered research [27,28].
Intellectua property (IP) rights issues and business models
affect the implementation of results, and policymaking is a
critical factor. A challenge for policymakers is to establish
regulationsthat promote innovation, while still maintaining the
public’strust [29].

Innovation capability may affect research funding, thus this
capability iscrucial for the survival of the research environment.
If research results do not affect health care practice, their value
isquestionable. Following the innovation ideal, new treatments
that prove effective should be implemented into practice.

Stakeholders

Innovation is desired by research funders, no matter if funding
is commercial, governmental, or comes from nonprofit
organizations. Innovation is important both for public health
and industrial growth. In addition, in many cases researchers
desire that their results be implemented due to commercial or
“atruistic” reasons.

Managerial Implications

A research environment aiming at innovation needs a strategy
to handle IP rights, preferably from the inception of a project.
Innovation requires collaboration with, for example, software
companies, legal experts, and health care providers. Theresearch
environment needs to collaborate with experts in related areas
such as implementation science, service management, and
business administration to devel op business model s supporting
the trandlation of resultsinto practice.
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Relevance

Theoretical Discussion and Definition

Researchers should be able to explain the societal relevance of
their work. Applied research is expected to contribute to society,
and research legitimacy is demonstrated in terms of practical
relevance [5,30]. As stated, "[...] Researchers should describe
the context in which the intervention was developed, applied,
and evaluated, so that readers can determine the relevance of
the results to their own situation" [5]. Relevance is related to
innovation and concerns the kind of knowledge we seek to
develop, while innovation emphasizes the trandation of
knowledge from research into practice. The development of
psychological interventions is a complex process. The design
literature suggests that the understanding of a certain problem
unfolds in the design process [30,31]. Understanding the
problem and its relevance is a challenging task. It has been
proposed that qualitative [5] and interpretive [32] research is
well suited to build a solid understanding of aproblem domain,
and to formulate hypotheses [33,34]. Relevance in research is
a highly discussed ideal, for example, it is used to assess
applications for funding and in the peer-review process.
Relevance is thus a critical success factor for a research
environment.

Stakeholders

Stakeholders related to the relevance ideal are similar to those
related to innovation. To promote relevance, there is a need to
center the design process on health care practice, and include
those who will receive the interventions, for example, the
patients, the significant others, and those who will providethem,
for example, the health care specialists. Relevance builds on an
understanding of societal needs. Such needs are periodically
investigated and reported by government agencies and the
European Union, important stakeholders with regard to
relevance.

Managerial I mplications

Research should proactively adopt a stakehol der-centric design
process, including a broad range of stakeholders. The
experiences from U-CARE support an iterative approach to
development research, interventions, and software. In addition,
relevance highlights the need for a continuous monitoring of
knowledge gaps and improvement opportunities in the health
sector. Theresearch environment needsto engageinintelligence
work to understand societal needs in order to maintain and
improve the relevance of research.

Rigor
Theoretical Discussion and Definition

Rigor concerns the effective use of knowledge, including both
the theoretical foundations and the research methodology
throughout the research process [30]. Rigor thus encompasses
both the manner in which the researcher selectsthe appropriate
techniques for design and evaluation, and the manner in which
the proposed theoretical contributions are justified.

In research on onlineinterventions, it has been argued that trials
should lead to an increased understanding of the processes and
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mechanisms that make treatment effective [5]. Rigor concerns:
(2) the way that research methods are enacted, (2) the way that
interventions build on existing theory, and (3) that research
makes a theoretical contribution. A meta-analysis has shown
that the more extensive use of theory in intervention design has
apositiveimpact on effect sizes[35]. Theoretical contributions
may include knowledge about processes and mechanisms that
make interventions successful, and research methodol ogy, such
as novel data collection methods. Researchers in eHealth face
new challenges as well as opportunities to collect and analyze
data, for example, through the logging of patient behaviors, for
example, in forum, chat conversations, and when completing
guestionnaires[36].

Stakeholders

Rigor is important for researchers who aim for high impact
publications. It isequally important for journalsto maintain and
improvetheir credibility in the academic community. Arguably,
publication in high impact outlets strengthens the research
environment, and its capability to have an impact on health care
practice. Thus, rigor playsan important role as afoundation for
research and its meaning for health care practice.

Managerial Implications

Senior researchers play an important rolein promoting rigor in
the research environment. Knowledge management strategies,
including formal routines and informal discussions, need to be
applied to support all coworkers to continualy reflect on the
three aspects of rigor outlined above. The elaborate reuse of
software and interventions enhances rigor by providing new
projects with well tested practices.

Sustainability
Theoretical Discussion and Definition

Something issustainableif it **...meets the needs of the present
without compromising the ability of future generationsto meet
their own needs’ [37]. Sustainability has been more precisely
defined as social, economic, and environmental sustainability
[38]. While environmental sustainability has been in focus in
IT research (eg, server energy consumption), there is less
research on economic and social sustainability [38]. Economic
sustainability pertains to how actions contribute to long-term
societal development. The contemporary discourse on openness,
for example, open source, open content, open data, open
standards, and open access publications, relates to economic
sustai nability. Openness may be beneficial, but it requires new
skillsand competencies, for example, with respect to legislation
and IP rights issues. Socia sustainability relates to ethical
implications of research, for example, health care should be
equally offered to all humans. Social sustainability thusincludes
the digital divide and access to hedth care everywhere. As
explained by Eysenbach [39], “Thedigital divide currently runs
between rural versus urban populations, rich versus poor, young
versus old, male versus female people, and between
neglected/rare versus common diseases’. Social sustainability
leadsto the normative implication that research should take into
account the equity implications of new findings.
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Stakeholders

The European Union Horizon 2020 program, along with some
other funding agencies, reinforces sustainability ideals. Social
sustai nability—promoting equal health care for all—concerns
all citizens. However, commercial and public organizations are
affected by the trend toward openness, and it's meaning for
organizing and making profits on a market.

Managerial Implications

Sustainability adds complexity to organizing research, since it
enhances the need for competencesin social and ethical issues,
IP rights, and the design of technology that benefits society
outside the scope of the ongoing trials.

Results

TheFiveldeals

During 2010-2014, thefollowing fiveideal s repesatedly occurred
while planning and executing research. These ideals constitute
a comprehensive rather than complete list: (1) accountability,
(2) innovation, (3) relevance, (4) rigor, and (5) sustainability.
The challenges regarding each issue of research have been
reviewed for their impact on the U-CARE environment.

Impact on the Uppsala University Psychosocial Care
Environment

Accountability was a challenging aspect in the setup of the
U-CARE environment and had an impact on how work was
organized, and how interventions and software were designed.
Aspsychological treatment is provided withinthe original trials,
Uppsala University (hosting the U-CARE program) registered
asacaregiver. A health care organization was set up within the
research environment. These organizational implications of
accountability were not anticipated initially. The legal and
ethical aspects of the management of participant data were
continuous concerns radically affecting the software design.
Some examples include the way participant datais logged and
accessed, the use of double authentication for participants,
role-based privileges to access information, and organizational
and technical solutions to protect the information. Electronic
health record legislation adds further complexity, and health
records are at this point managed manually. While accountability
issues need to be addressed in the design process, they also need
to be aligned with research goal s, development, and evaluation
of interventions etc.

In order to promote innovation, the U-CARE environment
strives toward open sourcing of the software and the
interventions. Other research groups may utilize software and
interventions developed within U-CARE. Interventions are
released under a Creative Commons license, allowing anyone
to use them for noncommercial purposes. Research groups
associated with U-CARE contribute with new interventions for
future reuse. The licensing of software is not yet determined,
but the intention isto make it open source. Swedish legislation
provides researchers with the 1P rights of their innovations and
results. Licensing thus becomes subject to anegotiation between
contributing researchers. The challenge is to agree about
licensing in away that supports an effective implementation of
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the software and the interventions, while at the same time
resonating with the interests of researchers who are legible IP
rights holders. The issue of “effective implementation” cannot
be solved without an understanding of stakeholders', such as
IT companies and caregiving organizations having incentives
to use and further develop research deliverables. At this point,
the U-CARE research environment operates as a service
provider. The software is hosted at Uppsala University,
providing associated researcherswith the opportunity to conduct
their studiesviathe eHealth software. It isatemporary solution,
sincethe university should focus on research, rather than service
provisions like IT hosting, software development, and IT
support. The university hostsaunit to support innovation, which
is periodically consulted by the researchers.

The relevance of the research to the patients is important.
Initially, the work was centered on developing interventions
and flexible software. In the first feasibility study, directed to
adolescents with cancer, the software and the intervention, for
example, aself-help program consisting of cognitive behavioral
therapy, information, and interactive support, was not received
well. Recruitment was difficult and retention was low. In order
to improve recruitment, participation, and retention, a group of
adolescents with lived experience of cancer was involved in
research activities. Patient representatives were aso involved
in the devel opment of self-help programsfor adultswith cancer,
and adults having had a myocardial infarct. The group of
adolescentswith lived experience of cancer provided important
feedback on various issues, for example, the content of the
self-help program, the software user interface, the inclusion
criteria, and inclusion procedures. Ideally patient representatives
should have been involved in al U-CARE activities from the
very start. In the multi-disciplinary setting, there is also
exploratory research. As an example, information systems
researchers identified relevant research questions during the
design process, such as management and design issues
concerning privacy and accountability in eHealth.

The U-CARE environment emphasized methodological rigor
fromthevery start. Theoretical foundations have been discussed
extensively, but an emphasis has been placed on methodol ogical
rigor. However, in response to internal discussions and input
from the scientific advisory board, the environment has
increasingly paid attention to theoretical foundations and
potential theoretical contributions. There are several arenas
within U-CARE where methodology and theory is discussed;
for example, it is discussed at research seminars, and study
coordination group meetings, with the purpose of improving
rigor. Rigor is also tightly connected to software design. Well
recognized and extensively used instruments are available for
reusein the software, aswell as features to improve adherence,
for example, rule-based email reminders to participants. In
addition, the software has been equipped with extensive,
theory-based, logging functionality to improve post hoc scrutiny
of patient behaviors. It isbelieved that such logging isimportant
for rigorous development of theory and for accountability
purposes. |n essence, rigor isimplemented in the organi zational
routines and in the software to support research.

The aspect of “openness’ in U-CARE has been illustrated in
the presentation of the innovation ideal. Open sourcing,
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however, is also a matter of sustainability. In relation to the
digital divide, it is clear that eHealth interventions target only
part of the population. In the Swedish context, interventions
such as those devel oped and evaluated within U-CARE would
make psychological treatment and psychosocial care available
for larger groups than they are available for today. First, the
online mode of treatment expands the geographical reach of
support. Second, at least in the Swedish context, the U-CARE
online treatment protocols facilitate support to a group of
patients not regularly offered any support today. However, while
overall access to psychosocia support and psychological
interventions in society is improved, the new form of support
may add to the digital divide, dueto the dependency on technical
equipment and proficiency in using IT. Even though
sustainability has affected the work so far, we believe that the
research environment would benefit from a more systematic
approach to address economic and social sustainability.

Discussion

Our Research

Some research has emphasized the operational aspectsof online
intervention research, for example, the guidelinesfor conducting
online trials [8], and the methods to develop and evaluate
complex interventions[5]. Our work contributesto the literature
through the focus on research practice at a managerial level.
The results, originating from a context of online psychosocial
treatment and support, should be seen as relevant for the
management of aresearch environment that conducts research
where patients are given care viathe Internet. Our approach is
thus likely to be useful in other research environments that
conduct online trials where patients interact with caregivers.

A Tentative Set of |dealsfor eHealth Research

We suggest that a research environment benefits from
systematically scrutinizing ideal sthat govern research, and their
origin in terms of stakeholders. We have identified five ideals
and addressed them in a novel way by discussing their
implications for managing a research environment. A specific
ideal, accountability, originates from the ethics of privacy, and
the need to hold people accountable of their actions in case of
information misuse or maltreatment. Another two of the
discussed ideals, relevance and rigor, are established scientific
ideals. Health research is concerned with ethics and the
long-term effects of new policiesand practices. These concerns
are manifested in the ideals sustainability and innovation.
Depending on the research context, the ideals may be more or
less important to factor into the research design. Given our
approach to identify ideals based on a single research
environment, it should also be emphasized that a different
research context might beinfluenced by other ideal sthan those
included here. Research management needs to incorporate
mechanismsinto the environment to continually addressideals,
for example, integrating discussions about the proposed ideals
into research planning, execution, and reporting.

The result emphasizes the need for different skills, which fuels
the argument that an eHealth research environment benefits
from a multi-disciplinary collaboration. We have pointed out
skills that are of importance to meet each ideal noted in the
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paper, and the challenges associated with each of these ideals.
The need for multiple skills—as well as reuse of knowledge
and technology—underscores the complexity of eHealth
research. We argue that strong, sustainable, multi-disciplinary
research environments are required in order to conduct eHealth
research that appropriately addressesthe complexity that follows
from the five ideals. We have given practical examples of the
implications of these ideals by giving examples of the impact
of the five identified ideals in the U-CARE research
environment.

Sjostrom et a

Finally, ideals are sometimes conflicting. Within the U-CARE
program, there is an ongoing discussion about whether open
sourcing isan effective way to disseminate resultsinto practice.
A commercialization of software and interventions devel oped
within U-CARE might be considered less sustainable, even
though commercialization may promoteinnovation. In addition,
research tends to require a trade-off between relevance and
rigor. Our goal here is not to provide prescriptions for such
decisions;, we merely suggest an approach to systematically
scrutinize ideals. Such scrutiny informs decisions, and

contributesto well reflected multi-disciplinary eHealth research.
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Abstract

Background: eHealth facilitation of chronic disease management has potential to increase engagement and effectiveness and
extend accessto carein rura areas.

Objective: Theobjective of thisstudy wasto demonstrate the feasibility and acceptability of an eHealth system for the management
of chronic conditionsin arural setting.

Methods: We developed an online management program which incorporated content from the Flinders Chronic Condition
Management Program (Flinders Program) and used an existing software platform (goACT), which is accessible by patients and
health care workers using either Web-enabled mobile phone or Internet, enabling communication between patientsand clinicians.
We analyzed the impact of this eHealth system using qualitative and simple quantitative methods.

Results: The eHealth system was piloted with 8 recently hospitalized patients from rural areas, average age 63 (SD 9) years,
each with an average of 5 chronic conditions and high level of psychological distress with an average K10 score of 32.20 (SD
5.81). Study participants interacted with the eHealth system. The average number of logins to the eHealth system by the study
participants was 26.4 (SD 23.5) over 29 weeks. The login activity was higher early in the week.

Conclusions: The pilot demonstrated the feasibility of implementing and delivering a chronic disease management program
using a Web-based patient-clinician application. A qualitative analysis revealed burden of illness and low levels of information
technology literacy as barriers to patient engagement.

(JMIR Res Protoc 2014;3(2):€27) doi:10.2196/resprot.2861
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Introduction

eHealth facilitation of chronic disease management has potential
to add to program components, increase engagement and
effectiveness, and extend access for underserved groups [1-5].
Systems have been developed for specific chronic conditions,
particularly diabetes [6], but generic chronic disease
management systems are also needed to structure overall care,
especidly for the majority of patients who have
multi-morbidities [7,8]. However, there appear to be no
well-evaluated eHealth systems to support delivery of generic
chronic disease management and self-management support for
individual patients [9]. Comorbidity is the norm in chronic
illness, and mental health problems are often present [8,10].
We therefore piloted an eHealth disease management program
in people with comorbid mental health and physical health
conditions or risk factors who live in rural areas. eHealth
technologies should be devel oped and evaluated from the start
as complex individual, social, organizational, and technical
interventions [11]. We therefore report quantitative and
qualitative datafrom this pilot, providing preliminary assessment
of initial patient acceptance, patient engagement, feasibility of
delivery, and outcome measurement to inform further system
development.

Our objective wasto inform development of an eHealth system
of chronic disease management by observing its use by patients
with comorbid chronic diseases who live in rural areas and
health care workers delivering the program to the patients.

Methods

The Intervention

An online management program was specifically developed for
the study. Thisincorporated content from the Flinders Chronic
Condition Management Program (Flinders Program) and used
an existing software platform (goACT), which is accessible by
patients and health care workers using either Web-enabled
mobile phone or Internet [12].

The Finders Program is an overarching program for chronic
condition management applicable to medical and psychiatric
conditions and to multi-morbidities[7]. It provides astructured
collaborative disease management process addressing behaviors
of both patient and clinician. The program is based on cognitive
behavior therapy, motivational interviewing, and behavioral
psychotherapy. It usesaset of tools: the Partnersin Health scale
(PIH), Cue and Response interview (C&R), and Problem and
Goals assessment (P& G). The patient completes the PIH to
assess self-management knowledge, attitudes, behaviors, and
impacts of chronic conditions. The health care worker usesthe
C& R to further explore the same concepts and shares his or her
perspective with the patient. Strengths, barriers, priorities, and
goas identified through shared use of these tools are
incorporated into a negotiated care plan that integrates
self-management and medical issues, management aims, agreed
interventions, responsibilities, and review dates. The Flinders
Program care plan tailors arange of possible self-management
interventions to the individual, including disease-specific
programs, skill-building programs, or community activities.

http://www.researchprotocols.org/2014/2/e27/
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The Flinders care plan is provided to the patient and, with
permission, their health professionals and can be incorporated
into an overall medical care plan.

Research studies have shown improved outcomes with use of
the Flinders Program across avariety of conditions and patient
groups[13-16], including patients with mental health disorders

[17].

goACT is an online platform accessible by patients and health
workers using either Web-enabled mobile phone or computer.
Tools for some psychological therapies were already available
on the platform but additional formsand communications could
readily be added. Investigators wished to assess the feasibility
of eHealth delivery of as many components of the Flinders
Program as possible. All Flinders Program components (PIH,
C&R, and P& G and the Flinders care plan) were therefore added
to the goACT platform. Features of electronic systems were
used where possible to improve on paper-based methods, for
examplein transfer of information between components of the
program, and continual updating and sharing of information.
eHealth features, such as reminders about goal s, appointments,
and activities, were integrated and negotiated so patients could
view them as short message service (SMS) text or emall
messages or by logging into their gopACT webpage. The patient
was able to engage with goACT software to record progress
and notes against their goals and activities on the Flinders
Program and to send messages to the coach. Clients could also
access additional goACT tools such as mood diaries.

eHealth-supported delivery of the Flinders Program included
completion of PIH, C&R, and P& G tools and care plan into the
goACT system where results could be accessed and updated by
patients and health care workers, automated delivery of patient
supports (such as action and appointment reminders), and email
and SM'S communication options to supplement any meetings
or telephone contact agreed upon between patient and health
careworker. The Flinders care plan was shared with health care
providers and support network asidentified by the patient, using
appropriate electronic or physical formats.

Setting

The study was conducted in 2011 and 2012 and based in Mount
Gambier, aregional center in South Australiawith apopulation
of about 25,000. The intervention was delivered by staff of a
local community care organization, UnitingCare Wesley.

Participants

Inclusion criteria for the study were the presence of chronic
physical and psychological comorbidities as recorded in case
records of the recruiting organization, being a patient of the
Mount Gambier Hospital (in rural South Australia) either asan
inpatient or an outpatient, or a client of the local community
care organization that delivered the program. Patients were not
invited if currently physically or mentally distressed (eg by
acute illness) where participation in the study would be
burdensome. Participants were also required to use a simple
mobile phone or Internet-based program. Mobile phones and
dongles were provided for those participants who were
experienced in the use of mobile phones and the Internet but
who did not currently have access. Patientswould be approached

JMIR Res Protoc 2014 | vol. 3| iss. 2 | €27 | p.126
(page number not for citation purposes)


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

JMIR RESEARCH PROTOCOLS

for recruitment after case note review, in medical or surgical
wards of the hospital, in outpatient clinics, in the emergency
department, and in community care settings. Potential
participants were approached by nursing staff in the hospital
and by community care workers in the community. The study
was approved by the government of South Australia, Department
of Health, Department of Health Human Research Ethics
Committee.

Training in the Program

Health care workers had existing credentials and experiencein
delivery of the Flinders Program but had no knowledge of
goACT prior to the study. The health care workers were
provided with initial training in goACT and follow-up support.
Ongoing modifications were made to the health care worker
interface and functions in response to in-use experiences.

The health care worker introduced each participant to the goAct
software on an Internet-enabled computer at the care
organization or on a mobile phone that had an Internet
connection. Ongoing technol ogy-related education was provided
by the health care worker at face-to-face visits and/or over the
phone to match the learning needs of the participant.

Quantitative: M easures of Online Activity

The goACT program had the capacity to record a range of on
line activity of subjects, including the number and date of subject
logins.

Quantitative: Outcome M easures

At baseline, arange of sociodemographic and diagnostic data
wererecorded. Subjectsalso completed the SF36 [18], the K10

Table 1. Participant demographic data and diagnosis.

Schrader et d

[19], and the Partners in Health scale [20]. These scales were
repeated at 6 months.

Qualitative Assessment

Qualitative findings were drawn from documentary records.
These were notesrecorded by the health care worker conducting
recruitment at Mount Gambier Hospital and a study report
written by the health care worker responsible for delivery of
the intervention program. This narrative report was based on
the experiences and observations of thetwo health care workers
delivering the program, along with findings from exit interviews
performed by the workers as participants | eft the program. The
content of the notes and report were analyzed using established
thematic analysis methods to derive the two themes of feasibility
of use and acceptability of use, and the subcategories such as
“infrastructure/hardware problems” and “IT skills and
confidence” [21,22].

We report quantitative and qualitative findings for recruitment
(as an indicator of patient acceptance), use of the system by
patients and clinicians (as indicators of engagement and
feasibility of delivery), and outcome measures (as an indicator
of potential effectiveness).

Results

Recruitment: Quantitative Findings

We recruited 8 participants to the program during the study: 5
from medical and surgical wards of the Mt Gambier Hospital
and 3 from community services. The profiles of subjects
recruited into the study are shown in Table 1 and their online
interactions are shown in Table 2.

Case Gender Age(y) Marital status Source of referral Diagnosis/conditions

1 M 54 Not known A& E¥hospital Diabetes, multiple sclerosis

2 F 63 Married A& E/hospita Diabetes, post-traumatic stress disorder, hypertension,
tachyarrhythmia

3 M 78 Married Mental health team Depression, back pain, eyesight, low mobility

4 F 65 Not known A& E/hospital Diabetes type 2, fibromyalgia, hypercholesterolemia, hy-
pertension, diabetic neuropathy, restlesslegs, low mobility

5 F 51 Not known A& E/hospital Chronic pain, social agoraphobia

6 M 62 Not known Generd practitioner Depression, Crohn disease, osteoarthritis, anemia, bipolar
disorder

7 F 70 Not known Psychosocial rehabilita-  Bipolar disorder

tion service
8 F 49 Single Employment access Fibromyalgia, depression, scoliosis

(disability employment)

service

8A& E/hospital: Accident and emergency department in a hospital.
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Table 2. Participants' online interactions.
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Interaction (No. of patients)

Mean (SD; SEM)

Number of logins (8)

Communications

26.4 (23.5; 8.3)

emailsto patients (4) 1.8(0.5; 0.3)

SMSto patients (3) 1.7 (0.6; 0.3)

Internal emails sent to patients (7) 3.9(34; 13

Internal emails sent by patients (2) 45(2.1;15)
Diary entries

Exercise (3) 17.3(19.6; 11.3)

Mood (5) 11.2 (14.3; 6.4)

Notes (3) 9.7(13.3;7.7)
Activitiestracked

Not done (8) 16.5(18.9; 6.7)

Completed (8) 16.5(15.2; 5.4)

Completion rate (6) (%) 45.2 (26.3; 10.7)

During the recruitment period, 16 inpatients were identified and 3 (25%) initially consented but withdrew before
from notes as meeting inclusion criteria, and 12 (75%) of these  participating. A further 3 patients were approached from
were available when study staff were available to conduct community services, all of them consented and participated.
recruitment (eg, not transferred to another hospital or died). Of The recruitment and intervention processes are outlined in
the 12, 5 (42%) consented and participated, 3 (25%) declined, Figures1and 2.

Figure 1. Participant recruitment process.
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Figure 2. Intervention process.

ittt
1

1
.

Fax K10 and SF36 to
MB/ NB

Service parameters (from
goACT):

= Number of appointments (ftf)
« Occasions of phone

consultations -

Occasions and duration of
web-consultations (both
clinicians and patients)

« TBD

EOT & 6 month follow-up,
same as baseline
« SF36

Referral letter, consent form and
K10 (if relevent) received by fax
from MtGH

¥

T B e f
Preparation [ Start of Treatment Email H

= Create patient account, enter | notification to GP, CL Nursein 1
patient information (goACT) ! MtGH, Psychiatrist !

= Plan first appointment within x H « Account login details 1
days of referral received (goACT) : « Orientation info :

+ Plan PIH (goACT) ! i
[ S } ___________ 1

___________ | S

1% appointment face-to-face
(Ucw)

Patient completes SF36
assessment (paper) and K10
(paper)

Orientation: goACT tech training,
care process, contact people/
numbers, Q&A

If PIH not done, it is filled in with
the clinician (goACT)

C&R interview

C&R paper report uploaded
(goACT)

C&R and PIH adjusted scores
entered (goACT)

Flinders Care Plan preparation
(goACT)

Care Plan Review dates (goACT)

Welcome Email to the patient:
« Account login details
= Invitation to fill in electronic
PIH (goACT)
« UCW contact number for
advise

v

Phone/ web support 3-6mo
Weekly/ ad-hoc activity planning
(goACT)

Mood & activity tracking (goACT)
Care Plan reviews/ updates
(goACT)

Face-to-face follow-up planned
(goACT) if required

'

End of treatment

Face-to-face post treatment
appointment (planned in goACT)
Report to referring org and/or GP
(cc client) on what happened
during Flinders Prog and client's
current plans on future

1
I
1
1
1
1
I
1
L

C

-
Background cover letter + Care

Plan sent to the patient, GP, CL
Murse in MiGH, Psychiatrist
(goACT secure msg + email
link) with pt approval

are Plan Updates

« activity reminders (SMS,
email)

+ mood & activity tracking
(goACT)

= care plan change requests
(goACT)

Schrader et d

= Satisfaction survey (Staff &

1
1
|
1
« K10 -
1
1
1
1

patient & others)
Faxed to MB / NB

R e |

Recruitment: Qualitative Findings

The hedth care workers narrative report of the project
commented on unexpected difficultieswith recruitment. Severity
of illness was the main reason that approaches were not made.
The report noted that there were unexpectedly high numbers of
younger, more acutely ill patients admitted to the hospital during
the period of the study, thereby reducing the number of patients
who fit the inclusion criteria due to the severity of illness. The
study report also noted that recruitment from the emergency
department was not feasible due to high levels of acuity, lack
of privacy to discussthe study project, and pressure for patients
to be quickly triaged. Those who were approached but declined
gave a range of reasons, including stigma associated with
participating in a project associated with psychological health.
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System Use: Quantitative Findings

All participants owned a mobile phone or had Internet access
except for 2 participants, who were provided with a mobile
phone and dongle to enable participation.

Overall, the goACT online management program was accessed
383 times during the study period. The 2 health care workers
logged in 172 times (169 by the main health worker for the
study). There were 211 logins by 6 of the 8 participants and no
logins by 2 participants (see breakdown in Figure 4 below). The
median number of logins for each week after recruitment and
total number of participantslogging in per week are also shown
in Figure 5. The number of logins varies between 4 and 8 per
week during the first 8 weeks and decreases rapidly after this
period. Table 2 contains descriptive statisticsfor different types
of interactions with patients.
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The average number of logins by day of the week is shown in

Figure 3. goACT platform.
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System Use by Health Care Workers: Qualitative
Findings

The narrative study report provided the views and experiences
of the health care workers in relation to the feasibility,
acceptability, and devel opment issues of delivering the Flinders
Program viathe goACT platform.

The hedth care worker was able to use goACT online
management program to manage delivery, record-keeping, and
communication with patients and other health professionalsfor
the Flinders Program. However, Flinders Program aspects
requiring in-depth conversations between health care worker
and patient were entered into the software after the consultation.
Thiswas deemed necessary by the health care worker to achieve
effective and conversational face-to-face interaction. This is
important because the Flinders Program is based on
patient-centered communication and shared decision-making.

Staff reported that the software was beneficial in that it
supported electronic scoring of problems, goals, and activities.
Thiswasmore useful than the traditional scoring on paper copies
because it removed any need for transcribing. For example,
goACT increased the ease of sharing information with other
staff, including general practitioners who were not in the same
area.

Despite the difficulties that the pilot group of participants
experienced with the e-version of the program (as explained in
the next section), the health care workers thought that the ability
to deliver the Flinders Program via goACT added extra layers
to the communication between staff and patient. They thought
that there could be more attractive or convenient waysfor some
patients to interact with their health care workers, or for the
patients to be more involved in their self-management. The
goACT program clearly offers new communication optionsvia
email, aswell astoolssuch as an exercise diary and the capacity

http://www.researchprotocols.org/2014/2/e27/

RenderX

to provide links to high-quality disease information and online
therapy websites.

System Use by Patients: Qualitative Findings

In the narrative report, health care workers observed that most
participants encountered difficulties with technology use and
none used the software extensively. Information technology
issues fell into three different categories. First,
infrastructure/hardware problems, including drop-out of rural
Internet connections (which are still not highly reliable in all
areas of rural Australia) and 1 participant's mobile phone being
stolen. It was difficult for staff to complete the C&R and P& G
with 1 participant as they were repeatedly logged off the
Internet. This problem was later resolved by obtaining a more
efficient Internet dongle. Physical barriers to use included
small-sized phone screens and poor eyesight. The second
problem was related to genera information technology (IT)
skills and confidence. Client difficulties with using the
FP+goACT software reflected their general lack of basic
knowledge and confidence for use of I T. Participants may have
had genera lack of familiarity with mobile phones and the
Internet or limited experience (eg, familiarity with voice cals
on a mobile phone but not SMS or Internet access). Third, the
degree of illness severity affected performance. For 2
participants, their health conditions affected their ability to use
the software. For example, due to multiple sclerosis, 1
participant reported having difficulty comprehending and
remembering information. This reduced his ability to use the
goACT software because he was unable to recall how to use
the software after training from both the health care worker and
hiswife.

Outcome Measures: Quantitative Findings

Differences between scores at admission and exit were analyzed
using paired t-test, in SPSS version 19. There waslittle change
infunctional outcome during the period of the study, asindicated
in Table 3.
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Table 3. Functional outcome changesin health.

Schrader et d

AdmissiontoProgram  Exit from Program Change

Scale Mean, SEM, SD Mean, SEM, SD Mean, SEM, SD Student’st test P value
PIHA 71.4,3.7,82 66.8, 3.5, 7.8 46,50,11.1 0.92 0.4
K10° 32.2,2.6,5.8 30.8,24,53 14,11,25 1.25 0.3
SF36 (Bodily pain score)® 37.8,12.5,28.0 436,5.1,115 -5.8,11.6, 25.9 -0.50 0.6
SF36 (Emotional score)® 13.3,8.2,18.3 26.7,125,27.9 -13.3,17.0,38.0 -0.78 0.5
SF36 (Physical functioning score)®  29.0, 12.4, 27.7 22.0,9.3,20.8 7.0,3.7,84 1.87 01
SF36 (Social functioning score)® 40.0, 10.8, 24.0 62.5,11.9, 26.5 225,145,324 -1.55 0.2
SF36 (Mental health score)® 504, 6.0, 13.4 46.4,5.9, 13.1 4.0,55,12.3 0.73 0.5
SF36 (Physical health summary)© using
Australian norms 318,78, 175 29.2,3.0,6.6 2.6,53,11.8 0.49 0.7

8Range, 0-96.

bRange, 0-100.

®Range, 10-50.

Discussion The intervention achieved only limited participant use. One

This pilot study has demonstrated that an existing chronic
disease management program can be successfully transferred
to an existing eHealth platform for combined face-to-face and
eHedlth delivery. It aso provides pointers for further
devel opment and targeting of eHealth-facilitated chronic disease
management.

After training, the 2 health care workers used the goACT
platform to successfully manage and deliver the Flinders
Program, although a significant amount of additional time and
effort wasreguired for the health care worker to become familiar
and skilled with goACT. They reported advantages to the
eHealth version over the traditional paper-based program, such
as greater ease of sharing patient information with other health
care professionals. The health care workers proposed however
that the eHealth version piloted was useful asan additional layer
in service delivery, but not as a complete replacement.

The rapid decrease in number of weekly logins after the first 8
weeks (Figure 3) might be explained by the decreaseinintensity
of coaching that occurs during the later parts of the Flinders
care plan. It is encouraging to note that the automated weekly
care summary email sent each Sunday night was associated
with a higher number of loginsin the earlier part of the week.
The email summarized care plan activities, appointments, and
data provision scheduled for the upcoming week and reminded
participants that they could go into the system to see more detail
and check off completed activities. The emails could be switched
off by participants but none chose to do so. Future research in
eHealth interventions should focus on strategies to maintain
engagement beyond the early period, such as optimizing
automated and personalized online support.

reason may be that most participants had complex and severe
illnesses and their daily lives were concerned with managing
their health conditions. As well as health status, other factors
limiting successful eHealth use among study participants may
be the age profile (49-78 years old, with the average in their
50s or 60s), and the rural location of residents. These factors
are consistently associated with lower levels of IT use in
Australia[23,24]. These factors would limit their ability to be
interested in, or successfully deal with, the addition of an
unfamiliar eHealth program. We suggest that future studies of
thiskind might includeinitial screening using an e-literacy tool
[25]. This would allow assessment of participants’ needs for
support to use the hardware and software, thereby increasing
the likelihood of success with the eHealth program, and
identification of those patients requiring continuation with the
offline version of the program. It would a so be useful to identify
the extent to which basic IT use and/or IT use for health
self-management are barriers to engagement. In a study
N=2,928, adults living with chronic disease (n=538) were less
likely to go online (51%) than those without such disease
(n=2,367) (74%), but once online, they were avid consumers
of health information [26].

Study limitationsincluded the small samplesize. While outcome
measurement was demonstrated to be feasible, the inclusion of
8 participants was too small to demonstrate any changes in
health-related measures.

In summary, the pilot study demonstrated the feasibility of
implementing and delivering a chronic disease management
program using a Web-based patient-clinician application in a
rural setting. If initial barriersto I T use can be addressed, then
people with chronic conditions can be successful users of
eHealth systems such as FP+goACT.
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