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Abstract

Background: Practice guidelines emphasize the use of exercise and weight reduction as the first line of management for knee
osteoarthritis (OA). However, less than half of the people with mild OA participate in moderate intensity physical activity. Given
that physical activities have been shown to reduce pain, improve quality of life, and have the potential to reduce the progression
of joint damage, many people with OA are missing the benefits of this inexpensive intervention.

Objective: Theobjectivesof thisstudy are (1) to develop abehavioral theory-informed Internet intervention called Osteoarthritis
Physical Activity & Exercise Net (OPEN) for people with previously undiagnosed knee OA, and (2) to assess the efficacy of the
OPEN website for improving physical activity participation through a proof-of-concept study.

Methods: OPEN was developed based on the theory of planned behavior. Efficacy of this online intervention is being assessed
by an ongoing proof-of-concept, single-blind randomized controlled trial in British Columbia, Canada. We are currently recruiting
participants and plan to recruit atotal of 252 sedentary people with previously undiagnosed knee OA using a set of validated
criteria. Half of the participants will be randomized to use OPEN and receive an OA education pamphlet. The other half only
will receive the pamphlet. Participants will complete an online questionnaire at baseline, 3 months, and 6 months about their
participation in physical activities, health-related quality of life, and motivational outcomes. In addition, we will perform an
aerobic fitness test in a sub-sample of participants (n=20 per study arm). In the primary analysis, we will use logistic regression
to compare the proportion of participants reporting being physically active at or above the recommended level in the 2 groups,
adjusting for baseline measurement, age, and sex.

Results:  This study evaluates a theory-informed behavioral intervention at a time when people affected with OA tend to be
more motivated to adopt an active lifestyle (ie, at the early stage of OA). Our approach, which consisted of the identification of
early knee OA followed immediately by an onlineintervention that directly targets physical inactivity, can be easily implemented
across communities.
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Conclusions: Our online intervention directly targets physical inactivity at a time when the joint damage tends to be mild. If
OPEN isfound to be effective in changing long-term physical activity behaviors, it opens further opportunities to promote early

diagnosis and to implement lifestyle interventions.

Trial Registration:
at http://lwww.webcitation.org/6G7sBBay!)

(JMIR Res Protoc 2013;2(1):€17) doi:10.2196/resprot.2553

KEYWORDS

Clinicaltrial.gov: NCT01608282; http://clinicaltrials.gov/ct2/show/NCT01608282 (Archived by WebCite

osteoarthritis physical activity; Internet; lifestyle intervention; theory of planned behavior

Introduction

Background

Arthritisis the most common cause of severe chronic pain and
disability [1,2], affecting about 4.6 million Canadians (aged 15
or older) and projected to affect 7 million by 2031 [2]. It is
estimated that the majority of these people are affected by
osteoarthritis (OA) [3]. Being physically active has been shown
to reduce pain, improve quality of life [4-6], and have the
potential to slow the progression of joint damage[7]. However,
the gap between the knowledge about OA management and the
action of being physically active is extremely large.

Sedentary lifestyle and obesity are predictors of poor health
outcomes in people with OA [8-10]. Recent guidelines by the
OA Research Society International (OARSI) specifically
recommend the use of aerobic, muscle strengthening, and
water-based exercises, as well as weight reduction as first line
management of knee OA [11], but the majority of people with
OA are physicaly inactive. In 2002, the Arthritis Foundation
developed 22 indicators to assess the quality of care in OA
[12-14]. When theindicatorswere applied to acommunity-based
sample in Ontario, 40.1% of people with OA who had no
contraindication to exercise had tried exercise [15]. A survey
of 1713 people with OA in British Columbia, Canada found
that although 79% reported spending time “walking for exercise
in the past week”, the majority walked less than one hour per
week [16].

Several factorsare associated with low participationin physical
activitiesin people with arthritis, some of which are related to
the disease (eg, higher levels of pain and fatigue [17-19]),
sociodemographics (eg, lower education [20] and income[21]),
the person (eg, other commitments, lack of time and motivation
[17], doubts about the effectiveness of exercise[19]), and other
enabling factors (eg, access to transportation [18], weather
[17,18]). People who are newly diagnosed with knee OA tend
to have mild pain, stiffness, and functional disability [22]. For
these patients, disease-related factors may be a less important
barrier to engaging in physical activities. It should be noted that
factors associated with physical activity participation were often
studied without an overall explanatory framework, making it
challenging to devel op interventions that work equally well for
people with different needs.

http://www.researchprotocols.org/2013/1/e17/

Adapting Knowledge to the User’s Context:
Theory-Informed Lifestyle I nterventions

In health promotion, the Theory of Planned Behavior (TPB)
has been used extensively to understand and predict
health-related/lifestyle change behavior [23]. TPB posits that
the adoption of a health behavior is driven by the person’s
intention and perceived behavioral control (PBC) [24]. The
latter represents the perceived skillg/ability, resources, and
opportunities of performing the behavior [25]. Furthermore, the
strength of intention isdetermined by PBC, the attitudes toward
the behavior (ie, affective attitude—enjoyment, pleasure
evaluations about the behavior; and instrumental
attitude—benefit, utility evaluations about performing the
behavior) and subjective norm (eg, the perception of how others
view the behavior and the importance of these views to the
person). In a metaanalysis, Hagger et a [26] reported that
intention and PBC accounted for about 30% of the variance in
physical activity behaviors, while attitude and PBC accounted
for about 40% of the varianceinintention. A 2009 metaanalysis
by Rhodesfound that interventionstargeting affective judgement
constructs such as affective attitude (eg, enjoyment, pleasure)
were effective for predicting intention and physical activity
behaviors above the instrumental attitude construct [27].

Although the TPB has not yet been used in the study of physical
activity in people with early OA, it has been applied in
comparable popul ations, including older adults[28], those with
painful intermittent claudication [29], and those who are obese
[30], to inform the devel opment of interventions for improving
physical activity. For example, Godin observed that in people
with a body mass index (BMI) =30, PBC, past behavior, and
anticipated regret (ie, the perceived feeling of regret if the
behavior isnot performed) substantially improved the predictive
power of intention, explaining 59% of the variance[30]. Another
study examining social cognitive constructsin people awaiting
joint replacement surgery for end-stage OA found that pain was
apredictor of pre-operative physical activity [31]. Hence, proper
monitoring and control of symptoms may be important for
people with knee OA during physical activity.

There is no consensus on the timing to offer physical activity
interventions, but sociopsychological research suggested that
after a major life experience (eg, having a child) or a health
event (eg, a new diagnosis), people tend to be more amenable
to adopting healthy behaviors[32,33]. This*teachable moment”
[34] is thought to be the ideal time for lifestyle interventions
because people are more motivated. Systematic reviews of
chronic diseases such as cancer suggest that people who are
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newly diagnosed are more likely to respond to interventions
aimed at smoking cessation and healthy eating [ 34-36]. A recent
study in people with previously undiagnosed knee OA aso
found that about 40% started exercising within the first month
after receiving apamphlet on OA and completing avolunteer-led
self-management program [37]. Although, the mechanism of
this behavior change was unclear, the diagnosis of OA appeared
to present a“teachable moment” for engaging people who have
been sedentary to become physically active.

Why Use Internet-Based Physical Activity
I nterventions?

In recent years, computerized programs have gained popul arity
as tools for promoting healthy lifestyles because of their
potential to improve the delivery and presentation of
information. Evidence suggested that computerized health
information programs could improve disease knowledge and
clinical outcomesin people with rheumatoid arthritis, diabetes,
asthma, and hypertension [38], as well as self-care behaviors
and patient satisfaction in those with chronic conditions [39].
A 2008 systematic review suggested that mediated i nterventions
such as telephone prompts, emails, and websites can increase
duration of walking in healthy participants, with the added
advantage of saving time for busy individuals because none of
these interventions require a visit to an exercise professional
[40Q]. They also have the benefit of reaching patients outside of
urban centerswho are often marginalized with respect to health
care.

To capitalize on this “teachable moment”, our goal was to
develop a Web-based tool, Osteoarthritis Physical Activity and
Exercise Net (OPEN), and evaluate its ability to improve
physical activity participation in people with early knee OA.
OPEN has interactive modules that allow users to prioritize
their daily activities, set goa's, and find venues where they can
participate in different types of activities according to their
preferences and the local availability. We have begun the
participant recruitment phase of this study, with the following
objectives and goals:

1. To develop a behavioral theory-informed
intervention for people with early knee OA.

2. Toassesstheefficacy of OPEN through a proof-of-concept
randomized controlled trial (RCT). The primary goal of
thisongoing RCT wasto determineif OPEN could increase
participation in physical activity in people with previously
undiagnosed, early knee OA at 6 months. We hypothesized
that the Internet intervention plus an information pamphl et
about OA would improve participationin physical activities
in persons with early OA, compared to those who would
receive only the pamphlet (ie, controls). Our secondary
goals were to assess: (1) whether the intervention has an
effect on knee pain, stiffness, and physical function at 6
months, (2) whether differences between groups could be
explained through amediation model based on abehavioral
theory (ie, the TPB), and (3) in asubsampl e of participants,
the agreement between self-reported exercise behaviors
and a performance-based measure of physical activity.

Internet

http://www.researchprotocols.org/2013/1/e17/
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Guided by Graham’'s Knowledge-to-Action process [41], this
study will directly address akey recommendation from the 2005
Summit on Standards for Arthritis Prevention and Care:

Every Canadian must be informed about the
importance of achieving and maintaining a healthy
body weight, and actively encouraged to engage in
physical activity to prevent the onset and worsening
of arthritis. [42]

Methods

Overview

Our research plan was guided by the 8-phase Action Cycle of
Graham’s Knowledge-to-Action Process [41]. Co-developed
with the Centre for Digital Media and hosted by the Arthritis
Research Centre (ARC) of Canada, OPEN was designed to
mainly target perceived behavioral control (ie, the person’s
skills’/knowledge, resources, and opportunitiesto be physically
active) and affective attitude (ie, enjoyment)[27]. The website
consists of 4 main components: (1) information on OA, benefits
of physical activity in OA, and the association between
sedentary lifestyle and poor outcomes (to target knowledge),
(2) tips about how to be physically active (to target skills and
opportunities), (3) an interactive calendar for goal setting (to
target resources), (4) loca resources (walking trails, parks,
shopping malls for indoor walking) and community fitness
facilities using Google Maps (to target resources and
enjoyment).

To populate OPEN with these local resources, the team
(researchers, patient/consumer, and health professional
collaborators) first defined the breadth of resources to be
included. Next, the geographic locations of these resourceswere
determined (through Web searches and strategic calling) for all
BC communities with populations of 5000 or greater and
geocoded (ie, a postal code or street address was recorded).
Following this, local resources were compiled onto a Google
Map that was embedded within the OPEN website. Tags were
added to each resourceto provide information such as operating
hours and contact information.

Randomized Controlled Trial

The efficacy of OPEN is currently being assessed by a
proof-of-concept, single-blinded RCT. Individuals with early
OA will be identified using validated criteria developed by
Marraat a [22]. Eligible participants are those who:

1. have had pain/discomfort in or around the knee during the
previous year lasting over 28 separate or consecutive days,

2. areage 50 yearsor older,

3. have no previous physician diagnosis of OA, rheumatoid
arthritis, psoriatic arthritis, gout, ankylosing spondylitis,
polymyalgia rheumatica, connective tissue diseases, or
fibromyalgia,

4. haveno history of using disease-modifying anti-rheumatic
drugs or gout medications,

5. have no prior knee arthroplasty,

have not had knee surgery within 4 months prior to enrolling

in the study,

o
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7. have no history of acute injury to the knee in the past 6
months,

8. have been physicaly inactive (defined as participation in
moderate intensity activitieslessthan 150 minutes aweek)
within 6 months prior to study,

9. arenot using medication that may impair physical activity
tolerance (eg, beta blockers), and

10. have Internet access and used their email accounts.

People who may be at risk by exercising, as identified by the
Physical Activity Readiness Questionnaire (PAR-Q) [43], will
be asked to obtain permission from their physicians before
enrolling in the study.

Individualswill be mainly recruited from the following sources:
(1) community health centers across Metro Vancouver, (2) the
ARC website, newdletters, and Facebook site, (3) socid

network (community event posting), and (5) local newspapers.

The research coordinator will contact eligible individuals and
obtain consent via password-protected email documents. After
completing the baseline measures, they will be randomly
assigned to the Internet intervention group or the control group
in 1:1 alocation ratio. Randomization will be performed using
computer-generated random numbersin unegual blocks, which
is necessary to ensure adequate allocation conceal ment.

The intervention group will receive an emailed password.
Participants will receive an automatically generated email
prompt to access the website every 2 weeks, with a short
newsletter about the ongoing projects at ARC, for the first 3
months. The website will remain accessible throughout the
study, but no further prompting emails will be sent after 3
months. In addition, they will receive, by email, an education
pamphlet. 1t will contain information about OA, physical
activity, and other treatments.

The control group will receive the same pamphlet by email. For
the first 3 months, participants will also receive the same
newsletter about the ongoing projects at ARC every 2 weeks
by email. During the intervention period, both groups will be
able to contact a physical therapist for a consultation via email
if they experience increased discomfort after activities.

Outcome measures will be administered online at baseline, 3
months, and 6 months. The primary outcome will be the
proportion of participants to meet the American College of
Sports Medicine physical activity recommendation of 150
minutes or more of weekly physical activity (moderate or heavy
intensity) at 6 months, as measured using the modified
Minnesota Leisure Time Physical Activity Questionnaire
(MLTPAQ). The MLTPAQ assesses the frequency and amount
of time spent on 63 activities in 8 categories. walking,
conditioning exercise, water activities, winter activities, sports,
garden activities, home repair activities, fishing, and hunting.
The average time spent on moderate and heavy physical activity
and average weekly energy expenditure (kilocal ories/week) will
be calculated using the standardized intensity code associated
with each activity [44]. It has shown test-retest reliability in
both men and women (r=.79-.82) [45] and has been validated
against caloric intake and treadmill tests [46-48].

http://www.researchprotocols.org/2013/1/e17/
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Secondary outcomes will be measured with the Knee Injury &
OA Outcome Score (KOOS) [49,50]. The KOOS consists of 5
subscales: knee pain, stiffness, daily activity, sports/recreation,
and quality of life. It was originaly developed for people
recovering from injuries such as anterior cruciate ligament and
meniscus injury, and has been validated in people with OA
[49,50]. KOOS includes al items of the Western Ontario
MacMaster OA Index (WOMAC) in its original format [51]
and has a normalized aggregate score ranging from O (worst
outcome) to 100 (best outcome). Motivation for physical activity
will be measured with Rhodes's 7-point Likert-type TPB
guestionnaire [52-54]. It consists of 16 items measuring all
components of the TPB model, including behavioral, normative,
and control beliefs. Previous studies using this measure have
shown good predictive validity and internal consistency in adult
populations [52-54]. Demographic variables and comorbid
conditions will also be collected at baseline. Website statistics
(frequency and duration of use, intervention group only) and
adverse events (falls, cardiovascular, and musculoskeletal
events) [55] will be tracked monthly.

Finally, in a convenient subsample of participants (n=20 per
arm), we will perform an aerobic fitness test at baseline, 3
months, and 6 months. Aerobic fitness tests (VOopgy) Will be
conducted by an assessor who is blinded to the group
assignment. Heart rate, blood pressure, and VO, will berecorded
at rest, during each exercise stage, and in recovery.

Sample Size and Data Analysis

Based on the Pharmacist Identification of New, Diagnostically
Confirmed OA (PhIND-OA) study [22,37], 40% of residents
from British Columbiain Canada (N=194, mean age=62 years)
started to exercise after receiving an OA diagnosisand minimal
intervention (ie, apamphlet and the self-management program).
We expect that, if OPEN is efficacious, 60% of theintervention
group will meet or exceed the recommended level of physical
activity at follow-up. Taking into account a15% lossto attrition
over 6 months, 80% power to detect a difference of 20% in
physical activity rates between groups and alphalevel of .05, a
total of 252 participants (126 per group) will be needed. To
validate the self-reported physical activity measure, the
MLTPAQ, a subsample of 40 participants will be
recruited. Assuming we observe a Pearson correlation of .5 for
MLTPAQ and VO,pey, & 95% confidence interval around the

estimate would range from 0.26 to 0.74.

As the aim of a proof-of-concept study is to demonstrate
evidence of efficacy, aper-protocol analysiswill be performed.
For the primary outcome, dichotomized physical activity
participation (ie, yes/no to meeting the American College of
Sports Medicine recommendation) from baseline to 3 and 6
months will be analyzed in a logistic regression model after
adjusting for the baseline measurement, age, and sex.
Intention-to-treat analysis will assess the robustness of the
findings. Analysis of covariance (ANCOVA) will analyze the
differencein KOOS scores (overall and subscales) between the
groups over time. No adjustment will be made for multiple
comparisons because Type Il error is a greater concern than
Type | error in proof-of-concept studies [56,57].
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Wewill examine the mechanisms of OPEN on physical activity
participation by conducting mediation analysis using the
bootstrapped sampling distribution model by Preacher and Hayes
[58,59]. Changesin TPB variables over the intervention period
(ie, between baseline and 3 months) will be examined as
potential mediators on physical activity behavior at 3 months.
In addition, changes in TPB variables over the entire study
period (ie, baseline to 6 months) will be examined as potential
mediators on physical activity participation at 6 months. Finally,
an exploratory analysis using Pearson’s correlations will
examine the association between MLTPAQ (ie, energy
expenditure) and the VOypgy.

Timeline

Development and usahility testing of OPEN were completed in
November 2012 and RCT recruitment commenced in December
2012. Final follow-up assessment is expected to conclude in
January 2014. The study protocol has been approved by the
University of British Columbia Clinical Research Ethics Board
(certificate number: H12-00493).

Discussion

The proposed study will be one of the first to evaluate a
theory-informed behavioral intervention at atime when people
tend to be more motivated to adopt an active lifestyle (ie, at the
“teachable moment”). Our approach, consisting of identifying
people with early knee OA using a set of validated criteria[22]
followed immediately by an online intervention that directly
targets physical inactivity, can be easily implemented across
communities. This proof-of-concept study will provide a
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foundation to further study and implement lifestyleinterventions
in managing chronic musculoskeletal conditions. If the
intervention isfound to be effectivein changing physical activity
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Abstract

Background: Physicians” lack of knowledge contributesto underuse of insulin and poor glycemic control in adults with diabetes
mellitus (DM). Traditional continuing medical education have limited efficacy, and new approaches are required.

Objective:  We report the design of atrial to assess the educational efficacy of InsuOnline, a game for education of primary
care physicians (PCPs). The goa of InsuOnline was to improve appropriate initiation and adjustment of insulin for the treatment
of DM. InsuOnline was designed to be educationally adequate, self-motivating, and attractive.

Methods: A multidisciplinary team of endocrinologists, experts in medical education, and programmers, was assembled for
the design and development of InsuOnline. Currently, we are conducting usability and playability tests, with PCPs and medical
students playing the game on a desktop computer. Adjustments will be made based on these results. An unblinded randomized
controlled trial with PCPs who work in the city of Londrina, Brazil, will be conducted to assess the educational validity of
InsuOnline on the Web. In thistrial, 64 PCPs will play InsuOnline, and 64 PCPs will undergo traditional instructional activities
(lecture and group discussion). Knowledge on how to initiate and adjust insulin will be assessed by a Web-based multiple choice
guestionnaire, and attitudes regarding diabetes/insulin will be assessed by Diabetes Attitude Scale 3 at 3 time points—before,
immediately after, and 6 months after the intervention. Subjects” general impressions on the interventions will be assessed by a
guestionnaire. Software logs will be reviewed.

Results: To our knowledge, thisis the first research with the aim of assessing the educational efficacy of a computer game for
teaching PCPs about insulin therapy in DM. We describe the devel opment criteria used for creating InsuOnline. Evaluation of
the game using a randomized controlled trial design will be done in future studies.

Conclusions. We demonstrated that the design and development of a game for PCPs education on insulin is possible with a
multidisciplinary team. InsuOnline can be an attractive option for large-scale continuous medical education to help improving
PCPs” knowledge on insulin therapy and potentially improving DM patients” care.
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Introduction

Achieving and maintaining good glycemic control is the
mainstay of treatment of diabetes mellitus (DM) [1].
Unfortunately, only 24-56% of patientswith DM are within the
goal of the glycated hemoglobin Alc <7%, in most countries
[2,3].

Worldwide, according with public health trends, most diabetics
are treated by primary care physicians (PCPs) [4], but these
professionalslack knowledge and confidence on several aspects
of DM management [5], specially regarding insulin use [6].
This contributes to the common problem known as clinical
inertia, "the failure to advance therapy when indicated" [7],
underuse of insulin [8], and poor glycemic control.

Continuing medical education (CME) on DM and insulin is
often advocated as a solution to optimize the knowledge and
the practice of PCPs [9]; however, traditional CME activities
(such as lectures and group discussions) have small and
short-lasting efficacy [10]. Thus, new educational methods are
urgently required.

Digital games are currently one of the six greatest trends in
higher education [11], since they are able to "create a tight
marriage among content, game play, and valued ways of
thinking and acting” [12]. One of the reasons for increasing
interest in games for higher and professional education is the
huge familiarity of most college students with the medium [13].
Most medical students, for instance, even those who do not play
video games, have highly favorable views about the use of video
games and new technologies in medical education [14].
However, the most compelling reason for adopting learning
games, probably, istheir pedagogical adequacy. Good learning
games are usually built by the same rules that guide the design
of effective learning activities, which include stimulus to

http://www.researchprotocols.org/2013/1/e5/

players’ intrinsic motivation, practice and repetition, effective
feedback, arousal of positive feelings, intensity of the
experience, and learner choice/involvement [15]. In the medical
area particularly, the use of games and simulators for learning
clinical skills has the additional advantage of increasing the
safety of real patients[16].

In the field of diabetes, some games for education of patients
[17-19], and a few technology-based initiatives for education
of health professionals [10,19-25] have been described, but to
our knowledge, no game have been reported for education of
health professionals on diabetes or insulin.

In this paper, wereport the design and devel opment of aserious
personal computer game for teaching PCPs about initiation and
adjustment of insulin in the treatment of DM, and describe the
design of a randomized controlled trial to assess if the game
can be educationally effective.

Methods

Game Design

A multidisciplinary team was assembled, consisting of clinical
endocrinologists (LAD, RZE), experts in medical education
(PAG, MLSGJ, ICMC) and software devel opers/game designers
(JBA, RMS). Theendocrinologists compiled alist of main topics
oninsulininitiation and adjustment for treatment of adultswith
DM, in the context of a primary health care setting, outlining
the minimum curriculum of the game (Textbox 1).

Periodic team meetings were scheduled during the design and
development phases, to review each step, correct problems, and
make decisionsfor the following stages, in an iterative process.
The group agreed that the game should be developed in a way
to satisfy 2 basic conditions: (1) to be educationally adequate,
and (2) to be self-motivating and attractive to the final users.
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Textbox 1. The minimum curriculum describing teaching topics on insulin therapy selected for inclusion in the game.

1. Goals of glycemic control in adults with DM
2. When to start insulin in type 2 DM
3. How to start insulin in type 2 DM (bedtime scheme)

5. Hypoglycemia: prevention, recognition, and treatment

6. Self-monitoring of blood glucose

7. Types of insulin: when to use which (NPH, regular)

8. Oral antidiabetic drugs associated with insulin

9. How to adjust insulin dosage

10. How to intensify insulin therapy in type 2 DM (basal-plus scheme)

12. Type 1 DM: how to recognize it and how to start treatment

13. How to recognize and manage diabetic ketoacidosis

4. Recommendations on insulin use (storing, injection technique, and devices)

11. How to start insulin in recent-onset severe type 2 DM (basal-bolus scheme)

Storyline

The authors (LAD, RMYS) developed the story of InsuOnline
based on Joseph Campbell’s classical description of the myth
cycle [26]. The story begins in a primary health care clinic,
where an experienced medical doctor (the mentor) wants to go
on vacation, but he cannot leave without getting a substitute
physician to take care of his diabetic patients. So, he randomly
choosesayounger doctor to replace him (i, the player”savatar).
The player proceeds to see a series of diabetic patients who
usually requireinsulin initiation or adjustment in order to obtain
abetter glycemic control. If the player successfully reachesthe
end of the game, the mentor character is finally able to go on
vacation, and the player’s character is thanked by the mentor,
obtains the respect of the nurse and the patients, and a brand

http://www.researchprotocols.org/2013/1/e5/

new office. The main objective of the game is to have each
player correctly initiate or adjust insulin for each patient case.

Level Design

We created 16 diabetic patients, reflecting common clinical
scenarios in actua primary health care clinical practice, each
one corresponding to at least one of the topics of game's
minimum curriculum. Each game level has a new patient
presented to the player. The patients/level sare disposed in order
of increasing complexity. The player's avatar must make
decisions on the best therapeutic option to improve each
patient’s glycemic control at every level. Right decisions lead
to progression to the next level, and incorrect choiceslead to a
new attempt at the samelevel. The basic structure of each level
isshown in Figure 1.
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Figure 1. Basic structure of an InsuOnline level.
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I nteractive Components and Game Elements

Several ways of interaction and game elements were included
to create apleasant experience and to maximize players’ intrinsic
motivation. The player can read patients’ clinical charts,
dialogue with them (be choosing among a few options of
"talks"), seetheir lab tests and fingertip glucose readings, review
their physical exam, answer quiz challenges, solve puzzles, get
tips from the mentor and a nurse, and, prescribe insulin. Sound
track, score, visual and sound effects, patients mood (the patient
gets angry if the player makes too many errors), and
between-levels animation scenes (machinimas) were aso
included, to improve the gaming experience and players
motivation.

Pedagogical Elements

Several pedagogica elementswereincluded inthe game, aiming
for the best educational effects. These were based on the
principles of adult learning and problem-based learning,
including motivation, goal-orientation, relevancy-orientation,
self-pacing, timely and appropriate feedback, reinforcement of
learning, informal environment, contextualization, and practical
(ie, hands-on) approach with active participation of the learner
[27,28].

The game gives immediate feedback (presented by the mentor
character), comparing player’s decisions with recommendations
from clinical guidelines [1,29-31]. Correct decisions lead to
gaining points and progression in the game. At every step, the
game offers additional learning resources. help files (eg,
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algorithms, summaries, and clinical pearls), orientation from
the mentor, and links to bibliographic references.

Usability and Playability Evaluation

The next step will be the usability and playability assessments.
For this, we will enroll 4 physicians who work in Londrina,
Brazil (2 female and 2 male; 2 with gaming/computer previous
experience and 2 without experience) and 4 undergraduate
medical studentsfrom Universidade Estadual deLondrina(UEL)
(2 femae and 2 male, with and without gaming experience),
who will play the game on a desktop computer, in a controlled
environment, each participant alonein asingle session. Usability
datawill be assessed using Web-based System Usability Scale
(SUS), as previously described by Brooke [32], and playability
will be assessed by Web-based Heuristic Evaluation for
Playability, as described by Desurvire et a [33] The actions of
the playerswill be recorded by the software for further analysis
by the researchers (LAD, RMS). Further adjustments will be
made in the game, according to responses obtained in this phase
of the study.

Educational Efficacy Assessment

After final adjustments in the game, guided by usability and
playability assessments, the efficacy of InsuOnline as an
educational tool will be assessed in an unblinded randomized
controlled trial [34]. We will send a letter of invitation to all
primary care physicians (PCPs) who work in Londrina to
participate in the study. If those PCPs do not fulfill our sample
size, we will also invite PCPs from other cities in the state of
Parand (Brazil), such as Maringa, Curitiba, or Sdo José dos
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Pinhais. The PCPs who are willing to participate in the study
will beincluded and randomized at study entry, using arandom
number generator, to 1 of 2 groups. We will exclude clinical
endocrinologists or diabetologists.

Physicians enrolled in the Group A will be exposed to
InsuOnline. They will be asked to play the game until its end,
on the Web (with an individual login) in their own time and
rhythm. Physicians enrolled in the Group B will undertake a
traditiona instructional session, during one afternoon, composed
of ashort lecture and agroup discussion of clinical cases, which
will be identical to the ones included in InsuOnline. This
traditional instructional sessionwill focuson the sameteaching
topics of the game, and it will be coordinated by a clinical
endocrinologist not linked to the research team in order to avoid
potential biases. This endocrinologist will be trained by the
researcher endocrinologists, and he will use didactic material
prepared by our team.

We will evaluate subjects” knowledge on insulin therapy using
a Web-based questionnaire, containing 10-20 multiple choice
questions. The questions will be clinical vignettes of diabetic
patientswho requireinitiation and/or adjustment of insulin. For
each question, the participant should choose the best option for
achieving a better glycemic control, according to current
guidelines [1,29-31. Questions regarding insulin therapy will
be selected from the American Diabetes Association
Self-Assessment  Program, Module 2 (Pharmacological
Treatment of Hyperglycemia) [35], trandlated to Portuguese,
and adapted to be compatible with the game’sclinical scenarios
and learning objectives. Participants” attitudes regarding diabetes
will also be assessed, by the application of Web-based Diabetes
Attitudes Scale, version 3 (DA S-3) [36]. The questionnaire and
the DAS-3 will be answered by the participants at 3 time points:
before the intervention (pre-test), immediately after the
intervention (after-test), and 6 months after the intervention
(late-test). The average number of right answers will be
presented and compared in the different time pointswithin each
group (intragroup) using analysis of variance (ANOVA), and
between the 2 groups at each time point (intergroup) using
Student’s t test. A bicaudal significance level of 0.05 will be
adopted. Data analysis will be done by intention-to-treat, with
last observation carried forward, which means that all
randomized participants” data will be included in the fina
analysis.
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The participants will be asked a few Likert-scale and free text
guestions at the end of each intervention to assess their general
impressions about the intervention (mostly to assess if it was
pleasant or enjoyable). Software-recorded dataon player’s usage
of the game will be analyzed to assess the number of logins,
time spent on the game, etc. For the participants in Group A
that do not finish the game, the reasons for early withdrawal
will be collected by an online questionnaire. We will contact
(by phone or email) the participantswho do not eventually fulfill
the questionnaires at least twice.

In order to detect a minimum standard deviation of 0.5 on the
average of right answers with 80% of statistical power at 5%
of significance level, we will need to include 128 subjects in
our study (64 in each group). We will enroll 160 subjects (80
in each group), in order to compensate for an expected 25%
dropout rate.

Ethical Consider ations

Participation will be anonymous and voluntary, and all subjects
will be asked to provide written informed consent, according
to Brazilian Health Ministry’s regulations (Multimedia
Appendix 1). The study protocol was approved by our local
Research Ethics Committee (UEL, #051/2011 and #051/2012),
and registered by UEL research board (Research Project
#0O7471).

Results

InsuOnline is currently at the final stages of development and
programming of itsalphaversion. Theresearchteamiscurrently
playing and testing thisversion of the software, in order to detect
and correct occasional bugs or problems.

The adventure genre was chosen, since it allows the learner to
explore and try to solve consecutive problems, a design most
compatible with adult education principles [11]. The game is
represented in 3D, with third-person vision, representing the
behavior of the character at scene. The characterswere designed
to present a visual appearance that slightly resembles those in
the classic game "The Sims' [37], in that they were not too
serioug/redlistic or cartoon-like. A few screenshots of the game
can be seeninthe Figures 2 to 5.

The programming was done using the game engine Unity, and
the 3D-Suite Blender was used for the character modeling and
animation. Players’ interaction with the gameis made viamouse.
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Figure 2. The main characters: the young doctor (player’s avatar), the nurse, and the older doctor (mentor).

But, but... I don't...

Figure 3. InsuOnline main menu.
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Figure 4. Panel for insulin prescription.
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Discussion

Games and simulators are useful for health care professionals’
education on variousfields[38]. Specifically regarding diabetes
education, afew simulators are available for cliniciansto learn
and practiceinsulin prescribing. These have been well accepted
by the target audience, but lack an objective measurement of
their educational efficacy [22-25]. However in our opinion,
these tools have few ways of interaction and are excessively
text-based. As a result, the existing simulators are not very
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attractive and probably unsuccessful for arousing the intrinsic
motivation of their audience, who will often need some external
stimuli in order to play them.

In order to fulfill learning purposes, any intervention must
incorporate the main principles of adult education:
individualized, self-pacing, contextualized learning, with active
experimentation and appreciation of previous knowledge
[12,27,39]. Theinclusion of game elements adds entertainment
to thelearning experience, increasing the intrinsical motivation
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of the learner to practice and to learn, making the learning
experience more enjoyable and potentially more effective [39].
For these reasons, games can be a more interesting and
successful approach to CME than simulators and other forms
of distance education, such as virtual world interventions [40]
or telemedicine consultations [41].

Many games have been developed for education of diabetic
patients showing good results, including reducing the rates of
urgent hospitalization of diabetic children, for example [42].
However to our knowledge, there were no reported games for
education of medical doctorson insulin or DM, and thisisthe
first report of a game oriented to education of primary care
physicians on insulin prescription (initiation, adjustment, and
problem solving). The need of anew approach for education of
health professionals regarding insulin therapy is justified by
their difficultiesin thisfield. In Londrina, 87% of PCPsdirectly
involved in the treatment of diabetic patients reported at least
one difficulty or insecurity with insulin use, and 38% admitted
that they would not initiate insulin for a hypothetical patient
with type 2 diabeteswho was clearly in need of insulin initiation
[43].

Also, this is the first known research trial studying the
educational efficacy of acomputer gamein teaching PCPs about
insulin therapy for DM. This is important, as most games for
health care have not been validated as tools for education or
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health outcomesimprovement, and thereisagreat need of good
quality studies which can provide good scientific evidences to
support the fast-growing field of games for health. Therefore,
our study was designed to follow the rigorous guidelines for
research on games’ effectiveness proposed by Kato [44].

We hope to demonstrate that a game can be an attractive and
effective option for CME on insulin and diabetes. If we can do
that, it would give more support to the idea that games can be
very good options for large-scale CME, since they can be
published on the Web to reach more health professionals
compared to traditional learning activities, such as conferences
or symposia, which cost substantial amount of time and money.
A well-designed Web-based learning game can be used by the
learnersin their own time and rhythm, at possibly smaller costs,
and have a number of significant potential advantages.

In conclusion, we demonstrated that the design and devel opment
of a game for education of PCPs on insulin management is
possible with the collaboration of a multidisciplinary team.
Although its efficacy still needs further evaluation, we think
that InsuOnline can be a valuable tool for large-scale CME on
DM, inview of itseasy dissemination on the Web, customizable
content, and accordance with adult learning principles. We hope
it can contribute to improving PCPs” knowledge and optimize
DM control in primary care.
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Abstract

Background: Asinterventions are not yet successful in substantially improving physical activity levels of low socioeconomic
status groups in the Netherlands, it is a challenge to undertake more effective interventions. Participatory community-based
physical activity interventions such as Communities on the Move (CoM) seem promising. Evaluating their effectiveness, however,
calls for appropriate eval uation approaches.

Objective: This paper provides the conceptual model for the development of a context-sensitive monitoring and evaluation
approach in order to (1) measure the effectiveness and cost-effectiveness of CoM, and (2) develop an evaluation design enabling
theidentification of underlying mechanisms which explain what works and why in community-based physical activity programs.

Methods: A cohort design is proposed, based on multiple cases, measuring impact, processes, and changes at each of the
distinguished levels. The methods described in this paper will evaluate both short- and long-term effects, costs, and benefits of
CoM.

Results: Testing of the proposed model began in October 2012 and is on-going.

Conclusions: The design offersavalid research strategy for evaluating the effectiveness of community-based physical activity
programs. Internal validity is guaranteed by the use of several verification techniques such as triangulation. The multiple case
studies at the program and community levels enhance external validity.

(JMIR Res Protoc 2013;2(1):620) doi:10.2196/resprot.2327
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Introduction

Background

Physical inactivity is one of the four core risk factors for
non-communicable diseases such as diabetes type 2 and
cardiovascular diseases. It has been identified by the World
Health Organization (WHO) as the fourth leading risk factor
for global mortality in 2012, causing an estimated 3.2 million
deaths globally [1].

In the Netherlands, the Dutch Hedthy Physical Activity
Guidelines (NNGB) have been in use as a standard for
monitoring physical activity behavior at population level since
1998. These guidelines set the norm for healthy daily physical
activity for adults at a minimum of 30 minutes of moderate
activity at least 5 daysaweek [2]. Research showsthat physical
activity levels of the Dutch adult population are rising, from
44% in 2000 to 62% in 2009 meeting the guidelinesfor healthy
physical activity [3]. Adults spend on average 178 minutes per
day in physical activity. Work, school, and domestic activities
are the most important sources of physical activity.

Not all population strata, however, show thisupward trend. The
engagement of low socioeconomic status (SES) groupsin sports
and physical activity in the Netherlands remains lower than in
high SES groups [4], despite various policies promoting
community-based health and physical activity programs at the
national, regional, and local level [5]. The neighbourhood is
recoghized as asetting in which to promote health and physical
activity and to strengthen people's responsibility for their own
health and social participation [5-7].

As interventions have not yet been successful in substantially
improving physical activity levels of low SES groups, it is a
challenge to undertake more effective interventions [8]. In line
with national policy objectives, the Netherlands Institute for
Sportsand Physical Activity (NISB) devel oped and disseminated
a community-based program enhancing physical activity in
inactive low SES target groups. the Communities on the Move
(CoM) approach. Theaim of CoM isto enhance physical activity
levels of low SES groups, in order to contribute to social
participation, quality of life, and life satisfaction of individual
participants. Since 2003, CoM has been carried out by avariety
of user organizations in 37 municipalities, reaching over 100
groups. Preliminary results of the program are promising. An
expert panel of the Dutch Centre of Healthy Living has approved
CoM astheoretically underpinned [9], but its effectiveness and
cost-effectiveness  have not yet been researched
comprehensively.

Community-based interventionslike CoM are grounded in both
individual and community level theories [9,10], calling for
appropriate designs to evaluate them at different impact levels
[11]. To our knowledge, community-based physical activity
programs have not yet been assessed comprehensively on both
process and indicators for effectiveness at multiple levels. The
aim of this paper is to provide the conceptual model for the
development of a context-sensitive monitoring and evaluation
approach in order to (1) measure the effectiveness, including
the cost-effectiveness, of CoM, and (2) develop an evaluation
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design enabling the identification of underlying mechanisms
that explain what works and why in community-based physical
activity programs. The proposed research design is based on
insights derived from the authors experiences in
community-based health promotion programs [12-14].

The Communities on the Move Approach

CoM targetsinactive, low SES groups. CoM isaprinciple-based
approach, enabling community-based physical activity
interventions to be tailored to the needs and demands of target
groups within specific local contexts. The objective is to
identify, assess, and mobilize available resources for physical
activity within the target group and their community. This
requires a participatory approach in program development and
implementation, involving different stakeholdersincluding the
target population in al stages of program planning,
implementation, and evaluation [15,16]. CoM is linked to the
assets for health concept [17]—a health asset being any factor
that enhances the ability of individuals, communities,
populations, and/or socia systemstoimprove or maintain health
and well-being. The concept includes a sal utogenic perspective
on health, focusing on positive health outcomes[18,19].

Thekey principlesof CoM, identified and used in a4-year pilot
phase (2003-2007), at the program and community levels are:
intersectoral collaboration, coordinated action for sustainability,
and active participation of local stakeholders (organizationsand
community representatives). The key principles at the group
and individual levels are: a social network approach, active
participation of participantsin program devel opment, enjoyment,
group bonding, and creating supportive environments. Phase 1
of a CoM program starts with problem definition, based on
community assessments identifying stakeholders, physical
activity needs, and assets. Phase 2 is planning and devel opment
of program activitieswith local stakeholders, setting goals, and
defining actions within contextual boundaries. Phase 3, the
actual implementation phase, is a stepwise approach, starting
with activities for recruitment. First, the participants are
recruited by accessing community groups and mobilizing their
socia networks, where a community group may be women
visiting amosque, for instance. The second step is defining and
implementing the action program using group members’ input
to tailor physical activities to their needs. The third step is
consolidation. Group members practice what they have learned
and actively involve their social and physical environmentsin
order to sustain their behavior change. Phase 4 of CoM is
program evaluation to document impact and lessons learned
for further dissemination. Table 1 isaschematic representation
of alocal CoM program.

Theories to develop and implement CoM use an ecological
perspective on human heath. The ecological perspective
emphasizes the interaction between factors within and across
the different levels [20]. To address the reciprocity of human
interactions with their social and physical environment, CoM
advocates actions at multiple levels, whereas each level builds
on different theoretical frameworks (Figure 1). At theindividual
level, CoM aims to initiate and sustain change in physical
activity behavior, building on the concepts of the theory of
planned behavior (TPB). These concepts include behavioral
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intention, attitude, subjective norms and social influence, and
self-efficacy [21]. CoM stimulates adherence to physical
exercise and the development of habitual behavior through
enjoyment [22-24]. At thegroup level, social learning processes
and active participation, based on concepts of social cognitive
theory (SCT), are used to support sustained behavioral change
[20,25]. At the community level, CoM is based on the social
network approach, community participation, and the notion of
supportive environments. Socia networks contribute to health
[26] and effectively support physical activity behavior [27].
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Community participation fosters higher levels of motivation
and determines effectiveness [12]. At the program level, CoM
is underpinned by theories on intersectoral collaboration and
coordinated action [13], addressing stakeholder involvement
and community ownership. Intersectoral collaboration
strengthens the development and contextualization of the
intervention by assessing assets and resources of various
stakeholders and trandates them into customised program
activities. Intersectoral collaboration also contributes to the
sustainable implementation of CoM.
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Table 1. Principle-based CoM approach in local practice.
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Phase 1 Phase 2 Phase 3 Phase 4
Problem Program Program Evauation
identification devel opment implementation
Recruitment Action Consolidation
Program organization
Intersectoral assessment setting goals program program program formation new
collaboration community needs coordinationand  coordinationand  coordinationand ~ 9rouPs
and assets monitoring monitoring monitoring
stakeholder program communication communication communication
involvement development
Program assessment policy  organizing introduction physical activities physical activities
sustainability godls resources activity program ~ Program program
capacity building  demonstration theme sessions
lessons
Community
Active participation identification identification key formation new
target groups persons groups
Social network mobilizing
participants
Create supportive involving social
environments and physical
environment
Group
Group bonding getting acquainted  social learning group cohesion sustained group
activities
Active participation program program group initiatives
attendance attendance
Create supportive involving socia
environments and physical
environment
Individual
Social network participants involving social sustained physical
acquainted and physica activity behavior
environment
Active participation assessment competence competence
physical activity ~ development devel opment
needs and (attitude,
ambitions knowledge, skills)
Pleasure exploring which learningto enjoy  competence and
physical activity ~ physical activity ~ confidencedevelop-
are liked ment
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Figure 1. Theoretical underpinning of CoM.
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Evaluation Objectives

CoM’s evaluation approach aimsto (1) assess the effectiveness
of CoM at different impact levels (individual, group, program,
and community), (2) identify underlying mechanismsto explain
the context sensitivity of program development and
implementation, and (3) assess the cost-effectiveness of CoM.
This paper will address the following research questions:

1. Which effects can be documented with respect to physical
activity behavior, hedth, quaity of life, and life
satisfaction?

2. Which mechanisms explain the successes and failures of
CoM in low SES groups and how can these be addressed?

3. How canresultsbeinterpreted in termsof costsand benefits
and what combination of economic eval uation methods and
tools is most appropriate to evaluate a community-based
program on cost-effectiveness?
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Methods

Study Design

To measure the effectiveness and cost-effectiveness of CoM,
our study combines a cohort analysis based on multiple cases,
and a process evaluation and action research, measuring
processes and changes at each of the 4 defined impact levels at
multiple pointsin time (Figure 2). The study includes 16 groups
of CoM programs in different municipalities, in 4 cohorts of 4
groups. Data will be collected through standardized
guestionnaires, open interviews, document analysis, interactive
procedures, and focus groups. Four CoM programs (one case
from each cohort) will be studied in depth. The advantage of a
cohort analysiswith cohorts starting successively over acourse
of 2.5 years is that multiple intermediate outcomes can be
studied simultaneously over a period of time. It allows control
for possible history and maturity effects, and as such it offers
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a valid aternative for a randomized controlled tria (RCT)
design. RCT designs are considered less appropriate to assess
the cost and effectiveness of CoM at multiple levels and to
identify underlying mechanisms explaining success and failures
for the following reasons [14,28]:

1. RCT designs focus on behavior change at individual and
community population level, not taking into consideration
conditions for change related to social, cultural, and
organizational factors[14,29].

2. Applyingthe RCT design isdifficult because of the absence
of appropriate ways to define control groups in real life
settings. Community-based physical activity promotion
settings are generally open to the public at large, and people
living in the control areas have access to the activities as
well, hence, participants cannot be assigned randomly.
Initial physical activity motivations for members of the
community may aso be different, making randomization
difficult [14,28].

3. Therearelimitationsinthe ability of RCT designsto grasp
the importance of interactions between the individual and
his or her social and physical environment [30,31].

A mixed method design is therefore required to gain insight
into the effectiveness of CoM programs at al 4 defined impact
levels and to understand the process, the interactions and the
quality of interactions needed for success [14,30]. An action
approach enables researchers and local CoM stakeholders,
including CoM participants, to apply and benefit from loop
learning [12,32]. Learning loops are applicable to the CoM
programs and to the overall learning processes of CoM and this
research project. For local CoM programs, single-loop learning
results in an improved local program. Double-loop learning
results in adaptation of the organization of the program. The
learning outcomes in the first four CoM programs can be used
in the next four CoM programs and so on. As a consequence,
during the research, CoM quality will be improved.

Study Population

To assess outcomes at theindividual and group levels, inclusion
criteria for the study participants in CoM programs are
inactivity, adults not meeting the NNGB, and low

http://www.researchprotocols.org/2013/1/e20/
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socioeconomic status (income, education, and employment
conditions). In each CoM program, one or more groups will be
included in the study for convenience sampling. During the
study, 16 groups will be studied, each group consisting on
average of 15 participants. Consequently, a total of 240
participants will be included. Data will be collected at 4
time-points; at the start of a local program (Ty), at 6 months

(T,), a 12 months (T,), and at 18 months (T5).

At program and community levels, on-going CoM programs
will be included, based on existing partnerships between NISB
and implementing organizations (purposive sampling). The
study population consists of local stakeholders such as user
organizations and networks in place, the disseminating
organization (NISB), and community representatives.

Logic Model

Figure 3 illustrates the logic model for impact evaluation of
CoM, based on the literature on community-based evaluation
approaches [33] as well as dissemination studies of
evidence-based interventions [34,35]. The hypothesisis that a
community-based participatory approach to developing and
implementing physical activity programs is effective in
enhancing physical activity levelsinlow SEStarget groupsand
results in increases in quality of life, life satisfaction, and
community participation.

The framework was devel oped based on the perspectives of the
local program initiators and the community. Local program
initiators seek the evidence base, developed in CoM and
disseminated by NISB, whereas community-based approaches
follow non-linear pathways of development and implementation
[33]. Thiscallsfor process evaluation, addressing intersectoral
collaboration, capacity building and network development, as
well asidentification of intermediate measures to be monitored
at the different impact levels. Short term output is defined in
terms of concrete activities, reach, and program satisfaction.
Short term outcome indicators are defined in terms of
measurable impact, such as increase in physical activity and
knowledge, and the use of qualitative data (group learning) to
understand outcomes. Long term outcomeindicators are defined
to measure broader outcomes and monitor local change.
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Figure 2. Evaluation design of CoM.
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Figure 3. Logic model for evaluation effectiveness CoM.
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Problem identification and definition

Impact Assessment

To assess effects with respect to physical activity behavior,
quality of life, and life satisfaction at the individual level, a
standardized questionnaire will be used to measure quantitative
short- and long-term outcomes (Table 2). The questionnaire has
been devel oped using concepts from the underlying theories of
TPB, in addition to questions related to sports and physical
activity behavior. Data on socioeconomic indicators will be
collected (ie, age, income, education, employment, living
conditions), in accordance with standardized questions in the
Local and National Monitor Public Health in the Netherlands
[36].

To measure physical activity, the validated Short QUestionnaire
to ASses Health enhancing physical activity (SQUASH) will
be used [37]. Correlations for reproducibility of the separate
guestions vary between 0.44 and 0.96. Spearman’s correlation
coefficient between CSA readings and the total activity score
was 0.45 (95% Cl 0.17-0.66) [38]. The SQUASH questionnaire
was used asit generates data that can be compared with national
and regional data. The Dutch trend analysesfor physical activity
behavior over the past 2 decades were based on the SQUASH,
offering avast body of reference data for our study [3].

In this study we will explore the use of objective measures for
physical activity, such as walking tests or accelerometers
[39,40]. These objective measurements, however, generally
require additional data such as generated by SQUASH, to be
able to interpret outcomes on physical activity behaviors and
the development of habitual physical activity behavior. Some
challenges remain with the use of objective physical activity

http://www.researchprotocols.org/2013/1/e20/
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measures. First, validity and reliability can be questionable, for
example, when these measures are used with user groups
suffering from chronic diseases [41]. Second, organizational
efforts and costs are practical issues related to implementation
that must be considered [40].

To measure persona goals on health and physical activity
behavior, a number of persona features will be documented
(eg, demographics, BMI). To measurelife satisfaction, Cantril’s
Self-Anchoring Ladder for Life Satisfaction will be used [42].
To measure the ability to cope with stressors, the validated
13-item Sense of Coherence (SOC) questionnaire will be used
[43]. Cronbach aphavaluesin 127 studies using SOC-13 ranged
from 0.70 to 0.92 [44]. To measure enjoyment, the 9-item short
version of Physical Activity Enjoyment Scale (PACES) will be
used [45,46].

To assess mechani sms explaining successes and failures of CoM
in low SES groups and how these can be addressed, data will
be collected at the group and programlevel through interviews,
focus groups, and document analysis (Table 2). A combination
of action research and realism evaluation will be used. Action
research is important because it has both an action function,
which supports the progress of the intervention, and an
evaluation function, which seeks to monitor and ascertain
processes and outcomes of interventions [47]. Realism
evaluation facilitates the study of the interactions between
context and program mechanisms determining the outcomes
[48]. To assess CoM'’s context-based information, each of the
CoM programs will include an interview with the program
coordinator and the two focus groups—the local stakeholders
and the CoM participants. To measure effectiveness at the
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program level, we will incorporate the factors for achieving
and sustaining participation and collaboration [49], the
coordinated action checklist [50], and Pretty’s participation

Herens et al

effectiveness-adoption, implementation, and maintenance) will
serve asthe framework to measure spin-offsand highlight areas
that require special attention with respect to sustainability [51].

ladder [25]. The RE-AIM dimensions (ie, reach,
Table 2. Overview of variables and methods of data collection.
Level Variables Questionnaires Document Interview Focus  Instruments
analysis group
To T T2 T3
Individual
Age, gender, income, educa- X Questionnaire
tion, ethnic background
Quality of life X X X X EQ-VAS
Life satisfaction X X X X Cantril’s ladder
Physical activity and health  x X X X X Questionnaire
behavior
BMI X X X X Questionnaire
Sense of Coherence X X SOC-13 scale
Enjoyment X X X X X PACES scae
Willingness to pay X X X Questionnaire
Personal goals X X X X X Questionnaire
Group
Social support X X X X Questionnaire
Participation X Timeline
Pretty’s ladder
Program
Organization and collabora- X X X Coordinated action
tion checklist
Program participation X X X X Pretty’s ladder
Support and training X X X
Competences X X
Diffusion X X X X
Cost per QALY X X X
Cost-effectiveness X X QALY
Community
Spin-off: new programsand X X X X X RE-AIM
community participation framework

Economic Evaluation of CoM

To assess how results can be interpreted in terms of costs and
benefits and what combination of economic evaluation toolsis
most appropriate to evaluate a community-based program on
cost effectiveness, results from the cohort analysis, process
evaluation, and action research at all levels discerned will be
used (Table 2). The study perspective in evaluating CoM’s
cost-effectiveness will be the societal perspective. Datawill be
collected about health-related quality of life in relation to the
physical activity program and its program costs over a time
frame of 18 months. To measure health-related quality of life,
the Dutch EuroQoL (quality of life) scale (EQ-5D-3L) and the
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EQ visua analogue scale will be used. The EuroQoL scaleis
standardized, measuring non-disease specific health-related
quality of life, in use for economic evaluation [52,53].

The methods used will include traditional measures such as cost
utility, cost-benefit analysis, Quality Adjusted Life Year
(QALY, expressed in euros per quality-adjusted life-year)
gained, and willingness to pay or accept. We will also use
instruments that measure changes in life satisfaction and sense
of coherence (SoC).

Attheindividual level, the most usual meansto measure changes
in welfare are compensation tests. Compensation tests, such as
willingnessto pay, are measured based on monetary value[45].
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Willingness to pay questions (for sport and physical activity)
will be asked at distinctive points in time during the CoM
program. To measure health gain, the QALY will be calculated
by multiplying the amount of time in a particular health state
by the quality of life during that time, summing over all time
periods, standardized to ayear [54].

A cost-effectiveness analysis at the program level will be
performed by computing cost per QALY gained. At program
level, costs such as salaries, training costs, and materials are
summed up, and benefits are measured through the computation
of QALY gained at various time-points, as described above.
The outcomes of these computations will be compared with
other relevant interventions. In all methods applied, assumptions
used in the economic calculations and evaluation will be made
explicit.

Analysis

Qualitative Analysis

Qualitative research data from interviews and focus group
discussions will be audiotaped (with the interviewees
permission), transcribed (intelligent verbatim style), and
analyzed using Atlasti (version 7.0) to manage the data and
guarantee transparency. Top-down aswell as bottom-up coding
will be used to provide for the analysis of differences in
perspective of CoM participants, professionals, and scientists
[55,56]. Case study data will be used to describe general
mechanisms of failures and successes of the CoM program for
various low SES groups.

Quantitative Analysis

Quantitative data will be analyzed with multivariate analysis
techniques using the SPSS program. The quantitative variables
at the individual level (Table 2) are to be tested for 4
independent variables (gender, age, ethnicity, and SES) using
a multiple regression analysis with a significance level of .05
and a power of 0.80 for amedium effect size. Thisrequires 84
participants for the study [57]. If there are several different
groups (eg, ethnicity, SES) each with eight independent
variables, 107 participants will be needed. Targeting 240 COM
participants would satisfy these conditions.

Power Calculation

Asthe study design lacks control groupsand consequently limits
randomization, the assumption made in the power calculation
is, that the CoM principles used are the same in each location.
Effect sizes, therefore, can be calculated based on the overall
population included in CoM programs.

The power calculation of the effectiveness of the CoM program
is based on the variable physical activity, as the prime aim of
the CoM program is to enhance physical activity in inactive,
socialy disadvantaged groups. Measures for change to be
considered include: increase in the average number of minutes
people are physically active, in the number of people meeting
the Dutch Healthy Physical Activity Guidelines (NNGB), and
inthe number of peopleindicating that they are more physically
active after participation in a CoM program.
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Estimation of the effect sizeisbased on an American systematic
review study [27]. This review showed that the average time
spent on physical activity increased by 35.4% (range
16.7-83.3%), based on 17 studiesinvolving middle-aged adults.
Dutch studies reviewing physical activity interventions gave
no numerical information about effect sizes [58,59]. One
intervention report showed an increase of 38% on average in
the physical activity pattern. Based in these data, the estimated
effect sizefor our study is set at an increase in physical activity
of 35% in each group, roughly equivalent to 500 minutes a
week.

A limitation of the proposed cohort design is the ability to
correct for history or maturity effects, asthetimeframe for data
collection per cohort is restricted to 18 months with
measurement intervals of only 6 months. To control for these
effects, acomparison of cohortswill be conducted. Furthermore,
comparisons will be made with existing population statistics
for physical activity.

Management and Gover nance

Research activitieswill be devel oped and implemented in close
collaboration with NI SB to stimulate active knowledge exchange
and co-creation of new knowledge. In this way, so-called
context-sensitive evidence will be generated, which by itsnature
isrelevant for intended users [60].

For the research project, a steering group consisting of
representatives from Wageningen University and NISB will
meet regularly. In addition, advisors from national and
international organizations (eg, the Dutch Centre of Healthy
Living, other universities, and community programs) will be
involved for specific purposes, such asto review the devel oped
guestionnaires, to critically assess results of the interviews and
focus groups, and to comment on drafts of scientific articles.

Intended Outputs

This study will result in recommendations for improving the
health of low SES groups through physical activity. Further
research results include:

1 An elaborated monitoring and evaluation design for
participatory community health and physical activity
promotion.

2. Assessment of CoM effectiveness and cost-effectiveness
at the individual, program, and community levels.

3. The facilitation of wider implementation of CoM at both
national and local level.

Results

The study began in October 2012 with data collection at both
the individual (Ty) and program levels. Baseline data was
collected for the first cohort. At the program level,
documentation is collected and interviews are conducted with
local stakeholders. The study ison-going and funded by ZonMw,
the Netherlands Organization for Health Research and
Development (project number: 50-51505-98-103).
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Discussion

Need for an Alternative Evaluation Approach

The need to elaborate an alternative evaluation approach to
study the effectiveness and cost-effectiveness of a
community-based physical activity program such as the CoM
is evident. New indicators, methods, and tools are required in
a real-world setting, comprising multiple levels. The design
described in this paper offers a valid research strategy for
effectiveness, combining cohort analysis, process evaluation,
and action research within multiple cases (parall€l investigations
in different settings), addressing the different impact levelsin
a comprehensive way.

Credibility or internal validity is guaranteed by the use of several
verification techniques such as triangulation, stakeholder
checking, external auditing, and peer review [31,61].
Triangulation of data obtained by questionnaires, interviews,
and focus groups elucidates why effects on physical activity
behavior, health related quality of life and life satisfaction have
occurred.

The multiple cases carried out at the program and community
level (4 in-depth cases) will enhance externa validity. The
findings of the study will be context specific and specific to
different low SES groups, but will aso revea generic
mechanisms of change.
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Abstract

Background: Work-related stress is a significant problem for both people and organizations. It may lead to mental illnesses
such asanxiety and depression, resulting in increased work absences and disabilities. Scalableinterventionsto prevent and manage
harmful stress can be delivered with the help of technology tools to support self-observations and skills training.

Objective: Theaim of thisstudy wasto assessthe feasibility of the PAWel intervention in treatment of stress-related psychological
problems. PAWell is a novel intervention which combines modern psychotherapy (the cognitive behavioral therapy and the
acceptance and commitment therapy) with personal health technologies to deliver the intervention via multiple channels,
includinggroup meetings, |nternet/Web portal, mobile phone applications, and personal monitoring devices.

Methods: This pilot study design was a small-scale randomized controlled trial that compared the PAWell intervention with a
waiting list control group. In addition to personal heath technologies for self-assessment, the intervention consisted of 3
psychologist-assisted group meetings. Self-assessed psychological measures through questionnaires were collected offline pre-
and post-intervention, and 6 months after the intervention for the intervention group. Acceptance and usage of technology tools
were measured with user experience questionnaires and usage logs.

Results: A total of 24 subjects were randomized: 11 participants were followed up in the intervention group (1 was lost to
follow-up) and 12 participants did not receive any intervention (control group). Depressive and psychol ogical symptoms decreased
and self-rated health and working ability increased. All participants reported they had benefited from the intervention. All
technology tools had active users and 10/11 participants used at least 1 tool actively. Physiological measurements with personal
feedback were considered the most useful intervention component.

Conclusions:  Our results confirm the feasibility of the intervention and suggest that it had positive effects on psychological
symptoms, self-rated health, and self-rated working ability. The intervention seemed to have a positive impact on certain aspects
of burnout and job strain, such as cynicism and over-commitment. Future studies need to investigate the effectiveness, benefits,
and possible problems of psychological interventions which incorporate new technologies.

Trial Registration: The Finnish Funding Agency for Technology and Innovation (TEKES), Project number 40011/08
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Introduction

Work-related stress is one of the biggest health challenges that
theworld faces at this moment. According to the 2009 European
Risk Observatory Report, stress is the second most frequently
reported work-related health problem and affects 22% of
working Europeans [1]. Long-term exposure to work-related
stress has been linked to an increased risk of psychological
problems, such as depression, anxiety, emotional exhaustion,
and may lead to long-term absenteeism, work disability, and
early retirement [2].

Several studies have investigated work-related mental health
[3,4]. Psychological interventions based on cognitive behavioral
therapies (CBT) have a proven effectiveness for a range of
common mental health disorders[5-7]. CBT isalso an effective
intervention for occupational stress [8-11]. Besides traditional
CBT methods, research suggests that stress management
interventions based on the acceptance and commitment therapy
(ACT) have a positive impact on employees psychological
health, well-being, and stress management skills [12-19].
Research implicates that psychological acceptance promoted
by ACT isassociated with not only mental health variables but
also with a performance-related variable.

Lifestyle-related chronic conditions are an increasing problem
in the developed world. Most existing health services do not
have sufficient resources to support long-term individual
interventions. The delivery of current disease prevention and
management models are not feasible due to their high cost and
they do not always reach those who need them. Therefore, new
models of prevention and treatment measures based on
self-management are needed. Personal health systemsincluding
Web-based programs, mobile devices, and other health
monitoring tools may be used for self-management of chronic
conditions and behavioral change [20].

Internet-based and computer-ai ded treatments have been shown
to be effective in treating a wide range of psychological
problems, and have effect sizes (ES) comparabl e to those found
for moretraditional types of psychological treatments [21-32].
Seymour and Grove [33] have pointed out that accessibility and
acceptability are key issues for further research in addition to
effectiveness. To address these issues, Web-based treatment
programs can be complemented by mobile and wearable
technologies for self-monitoring to best suit the user’s needs
and preferences and also to potentially enhance the effect of the
intervention. In addition, technology delivered interventions
may be complemented by traditional intervention methods such
as individual or group face-to-face meetings and phone
counseling.

PAWell is a novel CBT- and ACT-based intervention which
combines personal health technologies (mobile, Web, and
self-monitoring technol ogies) to an intervention program which

http://www.researchprotocols.org/2013/1/el/

is based on group meetings[34,35]. In intervention design, our
aim was to combine the cost-effectiveness of the group meetings
to apersonalized intervention enabled by technology tools. We
designed the intervention program content and technology
toolkit in parallel, matching them to each other. The PAWell
intervention utilizes a variety of technology tools which allow
personalization of theintervention methods and feedback. This
may increase the acceptance and efficacy of theintervention by
giving the users the possibility to choose appropriate
self-management tool s according to their personal interest.

The objective of this study was to study the feasibility and
effectiveness of the developed PAWEll intervention among
working age maleswho experienced mild to moderate symptoms
of stress and/or depression. We assessed the effects of the
intervention using depression, psychologica symptoms, and
stress as primary outcome measures and compared these effects
to a control group without intervention. Secondary outcome
measuresincluded quality of life, psychological flexibility, and
job strain. Furthermore, we studied the acceptability and usage
of the intervention and its components.

Methods

Recruitment and Allocation

Participants were recruited through an advertisement in alocal
newspaper, seeking males aged 25 to 45 years old with
exhaustion, stress symptoms, or sleeping problems. Other
inclusion criteria were full time employment, basic computer
skills, and accessto Internet. Exclusion criteriaincluded digbetes
and simultaneous attendance in other stress management
programs. We focused this study on male adults because men
have a lower tendency to seek treatment for psychological
problems compared to females [36,37]. The psychotherapy
clinic of the University of Jyvaskyld was contacted by 29
respondents via telephone or email. Before randomization of
subjects into the research groups, 4 men dropped out. Since
fewer participants responded to the adverti sement than expected,
we aso included respondents older than 45 years of agein the
study. The adjusted age range was 28 to 58 years. Of the 25
male participants, we excluded one participant from analysis
because he did not fulfill the inclusion criteria (because of age
and retirement) and one participant who did not participate in
thefollow-up measurements. One participant in theintervention
group was lost at follow-up (Figure 1). Thus, the total number
of participantsincluded in the study was 23. Dropout (n=1) was
treated with an intention-to-treat-analysis using the datamissing
principle of last observation carried forward. We then randomly
allocated participants either to the intervention or the waiting
list control group (intervention group=11, control group=12).
The sample was first divided into pairs based on participants
with similar depression scores, measured by Beck’s Depression
Inventory (BDI) [38]. Second, the order of pairs was
randomized. Third, participants within pairs were randomly
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gned either to intervention or control group. Thus, the groups
were made equal on the basis of reported depressive symptoms
and the researchers generated the randomization. Consent from
participants was obtained offline in paper format at
pre-measurement. Participants received detailed information
about the study procedure and their rights.

The study took place at the psychotherapy clinic of the
department of psychology at the University of Jyvéskyla,
Finland, from January 2009 to October 2009. The Research

Figure 1. Participant flow chart.
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Ethics Committee of the University of Jyvaskyla approved this
study. The study was funded by the Finnish Funding Agency
for Technology and Innovation (TEKES). The study was not
registered in a public trials registry, because the study was a
phase 1 small-scale pilot study including no participants with
medical or psychiatric diagnosis. The study tested a
psychological and technical intervention without any side
effects. The funding of the project required that participants
with diagnoses should not be included in the study.

[ Enrollment ]

Assessed for eligibility (n=29)

Excluded (n=5)
+ Declined to participate (n=4)

A4

Randomized (n=24)

v { Allocation JI y
Allocated to intervention group (n=12) Allocated to control group (n=12)
+ Received allocated intervention (n=12)

3 Group meetings:4h+2h+2h
Y [ Follow-Up ] .
Follow-up (n=11) No follow-up
(treated during follow-up because of
ethical reasons)
y [ Analysis ) y
L - J

Analysed (Pre-Post, Follow-up; n=11)

Participants

The mean age of the participants was 47.1 years (SD 4.72) in
the intervention group and 39.4 (SD 7.96) in the control group
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Analysed (Pre-Post; n=12)

(Table 1). Theintervention group was older, t,,=2.78, P=.011,
and had alower BMI, t,,=2.42, P=.025, than the control group.

The groups did not differ in regard to education, type of work,
shift work, or reported depressive symptoms.
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Table 1. Participant characteristics.

Lappalainen et al

Background variable

Intervention (n=11)

Control (n=12)

Age 47.1(4.7) 39.4(8.0)2

Body Mass Index 244 (3.1) 28.1 (4.2)2
Education (yrs) 7.1 7.2
Married (%) 7 (63) 10 (83)
Permanent employment (%) 9(82) 11 (92)
Fulltime work (%) 10 (91) 12 (100)
Shift work (%) 11 (100) 11(92)
No physical work (%) 8(73) 8 (67)
Depressive symptoms (%)° 7(63) 6 (50)
Medication (%) 4(44) 1(8)

%p=011

bp= 025

€ scoreis 10 or greater in Beck’s Depression Inventory
9 use of anti depressants and/or hypnotics

Intervention

The PAWEll intervention integrated different persona health
technologies, including aWeb portal, mobile phone applications,
persona monitoring devices, and analysis software, withaCBT-
and ACT-based intervention program which was specifically
designed to utilize personal health technologies (Figure 2). The
main idea behind the intervention concept was to combine
cost-efficiency of group meetings, persondization and
self-monitoring capabilities provided by technologies, and,
technology use between the group meetings to increase the
continuity and impact of the intervention. The intervention
program consisted of 3 group meetings held by a psychologist.
The main CBT- and ACT-based methods used in the
intervention included clarification of persona values, goal
setting, self-monitoring, relaxation, mindful ness, and acceptance
procedures. Furthermore, regular physical activity was
encouraged and emphasized as meansfor stress reduction, mood
elevation, and improved well-being.

Participants placed in the control group did not receive any
technical tools or group meetings during the study period.
Pre-measurement consisting of self-assessed questionnairesin
paper format and heart rate variability recording was done for
both the control and intervention groups before the first group
meeting. Both groups had an individual assessment meeting
during the pre-measurement phase where they received
guestionnaires and were given a wearable beat-to-beat heart
rate (HR) recording device (Suunto Memory Belt, Suunto Ltd,
Vantaa, Finland) with instructionsto do a 3-day HR variability
(HRV) recording. One week after the assessment meeting, the
guestionnaires and the heart rate belts were collected and
analyzed. Feedback was given to both groups by an exercise
physiologist. The intervention group received feedback for the
HRV recording (1 hour individua discussion of topics
concerning stress, sleep and relaxation, and exercise habits)
after the first group meeting. Two weeks after the intervention
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group finished its third and last meeting (ie, after 3 months),
both groups were measured for the second time
(post-measurement). Follow-up questionnaires were sent to the
intervention group 6 months after the intervention ended
(intervention group follow-up, n=11). We offered the control
group 1 mini-intervention meeting after the post-measurement.
Feedback of the recordings for the control group was given
during the mini-intervention.

The first intervention group meeting was an informative and
motivating session that consisted of: (1) measurements
(background information questionnaire, technology literacy and
attitude questionnaire, and psychological questionnaires), (2)
general background information about the PAWell intervention
and introduction to the wearable technologies, and (3) the
psychological mini-intervention (90 minutes). Participantswere
provided with credentials to the Web portal, mobile phones
(Nokia E51) with preinstalled mobile applications (Wellness
diary, Fitness coach, and Relaxation assistant; Figure 3),
pedometers, heart rate monitors, and actigraphs. The ACT value
analysis method was used to initiate the intervention by
motivating behavioral changes in the participants [39,40].
Participants were asked to define their valued directions and
goals, aswell as actionsto accomplish these goals. Additionally,
a mindfulness exercise was carried out and participants were
instructed to practice mindfulness and relaxation by doing
exercisesin the Web portal and with amobile phone application.
A self-observation worksheet was presented to encourage
participants to begin their self-observations. As a homework
assignment, participants were asked to further clarify their
personal values and select actions based on these values and to
conduct mindfulness exercises. Participants were also asked to
start monitoring their sleep with the actigraph. The participants
were encouraged but not required to start using one or more
mobile applications and begin their self-observations after the
group meeting.
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The second group meeting (2 hours) was given 4 weeks later.
The psychological assessment Web tool in the portal including
individua problem analysiswas presented and participantswere
asked to reflect over their situation (eg, stressorsin their daily
life, deep, exercise habits, and variables affecting these factors).
Participants were encouraged to continue working with the
assessment tool at home. The session was ended with a
mindfulness exercise. Actigraphs were collected from the
participants and analysis reports about sleep and activity were
sent to them through the Web portal after the meeting. The
participants were encouraged to continue their self-observations
with the technology tools.

Figure 2. PAwell intervention process.
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. planning

.
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HRYV analysis
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The third group meeting (2 hours) took place 4 weeks after the
second group meeting. The theme of the meeting was
acceptance, which involves a willingness to experience all
psychological events (thoughts, feelings, and physiological
sensations), especially negatively evaluated events, without
avoiding, changing, or controlling them [39,40]. Experiential
exercises, such as metaphors and exercisesrel ated to acceptance,
were carried out and discussed. At the end of the group mesting,
all of the provided technology tools were collected from the
participants. After the meeting, the 3-day HRV recording was
repeated, accompanied by an individual stress and recovery
analysis. The participants completed the final psychological
and user experience questionnaires (sent through mail) 2 weeks
after the last group meeting (post-measurement).

Last meeting: |
— Preparing for
maintenance

Sleep analysis
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Figure 3. Screenshots of the 3 mobile applications.
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Technology Tools

The personal health technologies that were provided to the
participants formed a wellness toolkit from which the
participants could choose the most appropriate ones for their
needs and preferences. The toolkit included a Web portal, a
mobile phone with 3 preinstalled applications, apedometer and
a heart rate monitor. Additionally, the participants wore heart
rate belts (Suunto Memory Belt, Suunto Ltd, Vantaa, Finland)
for 3 days before and after the intervention period to obtain
HRV recordings and actigraphs (Vivago Personal Wellness
Manager, Vivago Ltd, Helsinki, Finland) for 4 weeks during
the intervention to obtain sleep recordings. Based on these
recordings, individual feedback reports were given to the
participants. Full details of the PAWell technology toolkit have
been described elsewhere and so only a brief outline will be
provided here [34,35,41].

The secured Web portal (Figure 4) provided the participants
access to information, exercises, self-assessment and
self-reflection tool s, Web-based wellness services, peer support,
and expert consultation. The content of the portal was divided
into modules focusing on different areas of well-being—sleep,
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exercise, mood, stress and recovery, and good life. The modules
consisted of 5 phases: information, eval uation of personal status,
planning of lifestyle changes, putting the plansinto action, and
follow-up. In addition, the portal included a discussion forum
and amessaging client for expert consultation. Mobile wellness
diary entries were made available through portal interface
(NokiaWellness Diary Connected, Nokia Corp, Espoo, Finland)
and access to an adaptive Web-based fitness training program
was asoincluded (Firstbeat WebTrainer, Firstbeat Technologies
Ltd, Jyvaskyld, Finland). Finally, the participants could utilize
alibrary of evidence-based health-related information through
the portal (Duodecim Health Library, Duodecim Medical
Publications Ltd, Helsinki, Finland).

The purpose of the 3 mobile phone applications (Figure 3) was
to better integrate wellness management and self-monitoring
into the participants’ daily lives. The first application was a
mobile wellness diary (Nokia Wellness Diary (WD), Nokia,
Espoo, Finland) that could be used to make daily
self-observations on wellness related parameters. The second
application was a mobile phone version of the fitness training
program (Firstbeat Mobile Coach, Firstbeat Technologies Ltd,
Jyvaskyld, Finland), and the third one was a mobile phone
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relaxation assistant which included personalized relaxation
programs (SelfRelax, Relaxline, France).

The participants were encouraged to monitor their physical
activity with aheart rate monitor (Suunto Ltd, Vantaa, Finland)
or a pedometer (Omron, Kyoto, Japan). Heart rate monitors

Figure 4. The main screen of the P4Well web portal.
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Measures

Primary Outcome Measures

We measured symptoms of depression using BDI, a widely
used 21-item self-report measure of depression [38].

Psychological symptoms were measured using the general
symptom index (GSl), which is based on the 90-item symptom
checklist (SCL-90). The SCL-90 has been validated for the
Finnish population. In a Finnish community sample (n=337)
[42], the mean GSI was 0.60 (SD=0.44).

The primary stress measure was the Finnish 15-item version of
the Bergen Burnout Indicator (BBI-15) [43], based on the
original 25-item Bergen Burnout Indicator [44]. The BBI-15
measures 3 aspects of professional burnout: exhaustion,
cynicism, and sense of inadequacy.

Secondary Outcome Measures

Quality of life included 5 items: mood, self-rated health, life
satisfaction, self-confidence, and working ability. Participants
perceptions of each item were measured using avisual analogue
scale (VAS) from 0 to 100 [45-47].

We measured psychological flexibility and experimental
avoidance using the Acceptance and Action Questionnaire-2
(AAQ-2), a10-item questionnaire that involves both the ability
to accept difficult thoughts and feelings aswell asto engagein
valued activity in their presence (a 7-point Likert-type scale).
High scoresindicate high psychological flexibility (range 0-70).
The AAQ-2 isarevised version of the original AAQ [48].
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We measured job strain and over-commitment using the
effort-reward imbalance (ERI) questionnaire, which measures
extrinsic effort with six items and reward with 11 items. The
ratio of effort to reward (ER-ratio) expresses the amount of
effort-reward imbalance. High scores indicate high job strain.
The ERI questionnaire also includes 6 items that measure
over-commitment [49].

User Experiences and Usage

User experiences were measured post-intervention with a
guestionnaire about perceived utility and acceptance of each
individual technology tool, and the perceived usefulness of
different intervention components. The perceived utility of the
intervention as a whole was assessed with questions about
perceived benefits from participation in the study. Usage logs
were collected from the portal and the mobile applications after
the end of the intervention. For pedometers and heart rate
monitors, usage frequency was assessed through the
post-intervention questionnaire. Participants were defined as
active users of a given tool if they had used it during at least
half of the study weeks (based on log data) or reported having
used it at least weekly (questionnaire data).

Statistical Analyses

We performed statistical analyses using SPSS 15.0 for Windows
(SPSS, Inc, Chicago, IL). A repeated-measures ANOVA
evaluated the intervention effect with group (intervention vs
control) as the between-subjects factor, and pre- and
post-measurements as the within-subject factor. When analyzing
pre-, post-, and follow-up measurements of the intervention
group, a repeated-measures ANOVA was used. The level of
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statistical significance was set at P<.05; however, due to the
small sample size, we took into account interactions where
P<.10. The ES, measured by Cohen's d, were calculated to
measure clinicaly significant between group differences and
within group changes. We calculated the post-treatment
between-group ES by dividing the difference between the
treatment mean and the control mean with the pooled standard
deviation of the two conditions. The within-group ES was
calculated by dividing the mean change from pre- to post- with
the pre-treatment SD and the mean change from pre- to
follow-up with the pre-treatment SD [50,51]. Between-group
ESs of 0.2, 0.5, and 0.8 were considered small, medium, and
large, respectively. Within-group ESs of 0.5, 0.8, and 1.1 were
treated likewise [7,52].

Results

Acceptance and Usage

All participants in the intervention group stated that their
well-being had improved as a result of the intervention. The

Table 2. Usage and user experiences of technology tools.

Lappalainen et al

most common benefits the participants reported included
increased willingness to improve persona well-being (8/11,
73%), decreased level of stress (6/11, 55%), and increased
amount of exercise (5/11, 45%). The most useful intervention
componentswere considered to be measurements and feedback
(10/11, 91%), personal monitoring devices (9/11, 82%), group
meetings (8/11, 73%,), and mobile applications (6/11, 55%).

All participants tried at least 3 out of 6 available tools (mean
4.7, range 3-6) and 10/11 participantsused at least 1 of thetools
(mean 1.9, range 1-4) actively. Each tool had at least 1 active
user (Table 2). The mobile relaxation application had the highest
number of active users. Pedometer was ranked as the easiest
and most personally suitable. Heart rate monitor was rated as
the most useful and difficult to use.

Web portal Wellness diary Exercise coaching Relaxationappli- Pedometer Heart rate monitor
cation
Active users (n) 3 1 4 5 4 4
Easy to use® 6 5 5 8 11 0
Useful® 5 5 7 6 7 8
Personally suitable® 5 3 7 6 8 7
Motivating® 3 5 6 7 6 6

8/alues are the numbers of users who agreed or strongly agreed with the statement.

Efficacy

Depressive symptoms, as measured by BDI, decreased morein
theintervention group compared to the control group (Table 3).
There was a marginally significant group by time interaction
effect for BDI (P=.072). The mean BDI value decreased with
more than 8 scores (Cl 4.92-11.99) in the treatment group
compared to four scores (Cl 0.62-7.38) in the control group.
We found a medium ES (d=0.57) between groups in favor of
theintervention group. Participants maintained positive changes
at the 6-month follow-up. We found a significant within-group
effect over timefor theintervention group (P=.001): both post-
and follow-up measurementswere significantly lower compared
to the BDI pre-measurement. Pre- to follow-up BDI
measurements indicated a large within-group ES (d=1.11). An
analysis of the number of the participants who reported
depressive symptoms at pre-, post-, and follow-up measurements
also suggested that the intervention had a positive effect on
mood. At the beginning of the study, 64% (7/11) of the
participants in the intervention group and 50% (6/12) in the
control group reported at least mild depression (aBDI of at least
10). Only 9% (1/11) reported depressive symptoms in the
intervention group after the intervention ended. In the control
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group, 50% (6/12) were still depressed at post-measurement.
At follow-up, only 1 person (9%) in the intervention group
reported BDI values greater than 10.

Psychological symptoms (SCL-90) decreased intheintervention
group but remained at the samelevel in the control group (Table
3). Wefound amarginally significant group by time interaction
effect in psychological symptoms (P=.053). The between-group
ES was small (d=0.39). The within-group ES from pre- to
foll ow-up measurement was medium (d=1.07). Again, wefound
a sdignificant within-group effect for the intervention
group—both the post- and follow-up measurements were
significantly lower compared to pre-measurement scores. A
significant group by timeinteraction effect wasfound for health
(P=.008) and working ability (P=.016). The between- and
within-group ESswere small for both health (d=0.38 and 0.56,
respectively) and working ability (d=0.21 and 0.60,
respectively). Furthermore, for these variables we found a
significant within-group effect in the intervention group. Thus,
health was rated higher after treatment, and participants
estimated their working ability to be higher at follow-up
compared to the beginning of thetreatment. Aswe can seefrom
Table 3, therewas someindication that life satisfaction increased
from pre-measurement to follow-up, as well.
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Table 3. Psychological symptoms and life quality for the intervention and control group.

Lappalainen et al

Pre Post 95% Cl for thedif- Follow-up Pre-Post Intervention within
Mean Mean ference Mean group X time effect
(SD) (SD) (SD)
Lower  Upper
Depression BDI
Intervention 14.64 6.18 4.92 11.99 6.18 F121=3.59 F220=17.45
(7.61) (3.31) (3.28) P=.072 P=.001
Control 13.33 9.33 0.62 7.38 - d=0.57 d=1.11
(9.24) (7.10)
Symptom SCL
Intervention 0.64 0.40 0.11 0.37 0.35 F121=4.22 F220=10.28
(0.27) (0.18) (0.18) P=.053 P=.001
Control 0.57 0.51 -0.07 0.18 - d=0.39 d=1.07
(0.30) (0.36)
Psych Flex AAQ
Intervention 52.46 55.73 795 140 55.45 F121=1.74 F220=0.93
(10.00)  (6.25) (7.26) P=.201 P=.41
Control 54.50 53.67 -3.64 531 - d=0.25 d=0.30
(7.82) (9.60)
Life Satisfaction
Intervention 59.91 66.09 1478 2.42 69.27 F11=0.04 F220=5.68
(1555)  (10.51) (13.45) P=.838 P=.01
Control 59.92 64.92 -1323 323 - d=0.09 d=0.60
(17.29)  (1550)
Self-rated Health
Intervention 63.27 74.91 -1889 -438 7109 F101=857 F220=5.18
(13.86)  (11.64) (15.41) P=.008 P=.02
Control 72.42 69.92 -4.44 9.44 - d=0.38 D=0.56
(10.26)  (14.49)
Mood
Intervention 60.27 66.82 -1438 129 66.09 F121=0.08 F220=1.50
(17.35)  (8.34) (13.32) P=.783 P=.25
Control 57.08 65.08 -1550 -0.50 - d=0.15 d=0.34
(1651)  (14.18)
Self-Confidence
Intervention 63.55 70.27 -1580 234 7473 F121=0.07 F220=2.49
(15.63)  (15.85) (16.41) P=.788 P=.11
Control 69.58 74.67 -13.77 3.6 - d=0.34 d=0.72
(13.76)  (9.21)
Working Ability
Intervention 64.36 74.00 -16.93 -2.34 75.45 F1,21=6.86 F220=5.48
(20.25)  (15.93) (13.48) P=.016 P=.01
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Pre Post 95% Cl for thedif- Follow-up Pre-Post Intervention within
Mean Mean ference Mean group X time effect
(SD) (SD) (SD)
Lower  Upper
Control 74.00 70.92 -3.9 10.07 - d=0.21 d=0.60
779 (1291

We did not observe a significant group by time interaction for
burnout (Table 4). However, the burnout scores decreased from
pre-measurement to follow-up and showed a medium ES
(d=0.91). In the intervention group we found a significant
within-group effect on cynicism, athough there was no
significant group by time interaction. However, we obtained a
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medium (between group) ES for cynicism. There were
marginally significant interaction effects on effort (P=.07) and
over-commitment (P=.08). The scores for over-commitment
werelower at follow-up compared to the beginning of treatment.
The within-group ES from pre-measurement to follow-up was
small for over-commitment (d=0.61).
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Table 4. Burnout and stress for the intervention and control group.

Lappalainen et al

Pre Post 95% Cl for thedifference Follow-up  Pre-Post Intervention
Mean (SD) Mean (SD) Mean groupx time  Within effect
(SD)
Lower Upper
Burnout
Intervention 352 3.03 0.16 0.82 2.88 F101=1.02 F200=6.67
(0.70) (0.83) (0.73) P=.32 P=.006
Control 3.64 3.38 -0.5 0.59 - d=0.47 d=0.91
(0.70) (0.64)
Exhaustion
Intervention 3.96 3.67 -0.09 0.67 342 F121=0.01 F20=3.08
(1.10) (1.15) (1.06) P=.93 P=.07
Control 4.13 3.87 -0.10 0.63 - d=0.20 d=0.49
(0.67) (0.84)
Cynicism
Intervention 3.15 242 0.32 1.14 2.22 F121=2.63 F20=10.94
(0.93) (0.96) (0.75) P=.12 P=.001
Control 3.22 2.93 -0.11 0.68 - d=0.60 d=1.00
(0.78) (0.73)
Sense of |nade-
quancy
Intervention 3.46 3.00 0.1 0.92 3.00 F101=0.44 Fp00=2.04
(1.10) (0.96) (1.02) P=51 P=.16
Control 3.58 333 -0.19 0.69 - d=0.35 d=0.41
(1.04) (0.95)
Effort
Intervention 3.39 321 0.9 0.45 3.04 F101=3.74 Fp18=2.08
(0.82) (0.95) (0.90) P=.07 P=.15
Control 3.26 343 -0.43 0.09 - d=0.36 d=0.41
(0.66) (0.40)
Reward
Intervention 3.69 3.88 -0.56 0.18 418 F121=0.59 Fp1g=2.21
(0.68) (0.95) (0.48) P=.45 P=.14
Control 3.64 4.02 -0.73 -0.03 - d=0.04 d=0.62
(0.89) (0.72)
Effort-reward im-
balance
Intervention 0.96 0.91 -0.10 0.19 0.74 F1.21=0.02 F218=2.43
(0.29) (0.43) (0.25) P=.89 P=.12
Control 0.94 0.89 -0.08 0.19 - d=0.13 d=0.69
(0.27) (0.23)
Over commitment
Intervention 2.92 2.64 0.05 053 248 F120=353 F1=4.03
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Pre Post 95% Cl for thedifference Follow-up  Pre-Post Intervention
Mean (SD) Mean (SD) Mean groupx time  Within effect
(SD)
Lower Upper
(0.64) (0.61) (0.57) P=.08 P=.04
Control 2.79 2.80 -0.25 0.22 d=0.44 d=0.61
(0.53) (0.44)

In the group intervention, the amount of therapist face-to-face
contact time was 8 hours (4 + 2 + 2), totalling 480 minutes
(including measurements). Thus, the therapist contact time used
for each participant during the intervention was 44 minutes.

Discussion

The objective of this study was to assess the feasibility of the
PAWEell intervention in the target population of working-age
adults who experience mild psychological and stress-related
symptoms. Our results confirm that the intervention was
acceptable and personal health technologies were actively used
by the participants. Theresults also suggest that theintervention
had a positive effect on our primary outcome measures
(depressive and psychological symptoms) as well as on
self-rated health and working ability. The intervention wasalso
cost-effective. Thetotal professional time used during the active
intervention period was less than 1 hour per person.

Before the intervention, the majority of participants reported
symptoms of depression; after the intervention only 1 reported
symptoms of depression. Theintervention group’swithin-group
ES (measuring clinical significance) from pre-measurement to
the follow-up was large and the between-group post-treatment
ES was medium. These effects are in line with other studies
investigating the effects of cognitive-behavioral methods.
Meta-analysis from Gloaguen et a [53] found that the
between-group ES between CBT and controls was typically
d=0.82. In our study, the ES was somewhat smaller (d=0.57),
however the ES was at least the same or larger compared to
groups taking anti-depressant medications. Our data aso
indicated that the intervention might have positive effects on
burnout symptoms: participants’ BBI-15 scores were lower at
the 6-month follow-up compared to the beginning of the
treatment. M oreover, the results suggest that there were positive
effects on cynicism and over-commitment related to recovery
from stress and burnout.

Participants perceived the intervention as beneficial and useful,
and reported reduced amount of stress, increased physical
activity, and greater motivation to improve their well-being.
Almost everyone took some of the technology toolsinto active
use and each tool was considered useful, motivating, and
personally suitable by several participants. These results suggest
that offering several tools and techniques to support changesin
multiple behaviors may be apromising approach ininterventions
that address psychological problems. Most interventionsto this
date have tailored their content to individual needs, but few
have used multiple applications or delivery channels that could
be freely chosen by participants based on their preferences.

http://www.researchprotocols.org/2013/1/el/

There is a wealth of applications and devices available for
self-monitoring of stress, mood, physical activity and sleep, and
for relaxation and mindfulness skills training. Nevertheless,
individuals struggling with psychological problems and stress
may not be aware of the existence or usefulness of these tools.
Based on the wide variety of reasons and behavioral treatment
optionsfor psychological problems, intervention outcomesand
adherence may be improved by matching and recommending
specific applications and/or devices to different needs and
preferences of participants[54]. Anintervention program should
be designed with careful consideration of appropriate technology
tools that best serve the purposes of the intervention.

Even though personal monitoring devices and mobile
applications were received favorably and used actively, human
contact was still highly valued. Personal feedback and advice
based on physiological measurements was considered the most
useful component of theintervention, and group meetingswere
also appreciated. Peer and counselor support may be crucial
factors that increase participant engagement and motivation in
technology-based interventions  [55]. Interestingly,
measurements and personal monitoring devices were eval uated
as useful as group meetings. Technology can facilitate remote
consultation regardless of time and place, hence reducing the
costs and widening the reach and accessibility of interventions.
Furthermore, leveraging technology tools in intervention
delivery optimizesthe use of professionals’ time, sinceit allows
participants to complete routine exercises and tasks
independently with automated and personalized guidance.

There is an acute need to improve people's psychological
well-being, especialy depression and various stress-related
problems. These problems are widespread and can lead to
long-term absenteeism and work disability, which include a
significant economic burden [4,56]. Our data suggest that it is
possible to positively affect psychological well-being by using
interventions that combine face-to-face meetings and
technology. Our intervention may be a noteworthy tool for
self-management, health-related prevention and general
well-being in hedth care settings. Prevention and early
intervention based on self-management are especially important
given that healthcare resources are limited. In addition, our
intervention offers considerable flexibility, and requires only
little professional guidance. In accordance with earlier studies
that have investigated the combination of technology and
multimodal intervention methodsto promote health, our results
suggest that interventions using technologies can extend the
reach of preventive careto many people at arelatively low cost
[57-61]. Our findings are also in line with other studies that
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show positive effects using Web-based stress management
approaches[11, 62].

This study had several limitations. First of al, the number of
participants was small and therefore the statistical power of the
study is weak. This lack of power affects our ability to detect
differences between the intervention and control group as well
as our ability to generalize the results. Also, most participants
reported a small number of psychological problems at the
beginning of the study. Thus, the possibility for improvement
wassmall (eg, for AAQ, BDI and SCL-90) suggesting that other
measurements may have been more appropriate for observing
the changes. The control group showed also someimprovement
that was possibly due to assessment procedures at the beginning.
The effectiveness and the acceptability of thisintervention need
also to be investigated in other populations reporting more
severe problems. Furthermore, longer follow-up periods may
be needed to ensure the sustainability of the effect. Overall,
because all the participantsin this study were male, our results
can be generalized to only middle-aged men who seek help for
stress-related problems and mild to moderate depression.
Additionally, participants were provided severa technology
toolswithin a short period of time, which caused cognitiveload
that may have hindered participants’ capability and motivation
to discover personally suitable tools. Some tools also had
usability problems, data entered in one application was not
synchronized to others, and most of self-monitoring was done
manually. Since the time the study was conducted, there have
been considerable advances especially in smartphone
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technology, which would allow a more integrated and usable
technology toolkit.

In conclusion, this study supports the idea that personal health
technologies, when combined with a brief psychological group
intervention program, may have a positive impact on mild
psychological problems and stress-related symptoms. Our
intervention provides a potential solution to the demand for
accessible and aff ordable empirically-supported psychological
treatments [63]. Our approach is potentially cost-efficient,
flexible and accessible, and may help people to prevent and
manage stress-related problems and to adopt ahealthier lifestyle.
However, due to the limitations in the design and procedure,
our results may be spurious, and must be interpreted with
caution. Furthermore, because the intervention included several
components and it was not possibleto control all of them within
our design, we cannot rule out that these effects were caused
by the group sessions alone. Although there are several
limitations in this study, this intervention nevertheless shows
promising effects. Future studies need to investigate the
effectiveness, benefits, and possible problems of psychological
interventions which incorporate new technologies. Our aim is
to enhance and simplify the presented concept, and evaluate it
in a larger, more comprehensive research study using mobile
technology. A fully powered RCT using partly the same concept
is under way. In the ongoing study, a brief group ACT-based
intervention is compared with an ACT-based mobile
intervention.
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Abstract

Background: TheWeb provideswidespread accessto vast quantities of health-related information that can improve quality-of-life
through better understanding of personal symptoms, medical conditions, and available treatments. Unfortunately, identifying a
credible and personally relevant subset of information can be atime-consuming and challenging task for users without a medical
background.

Objective: The objective of the Personal Health Lens system isto aid users when reading health-rel ated webpages by providing
warnings about personally relevant drug interactions. More broadly, we wish to present a prototype for a novel, generalizable
approach to facilitating interactions between a patient, their practitioner(s), and the Web.

Methods: We utilized a distributed, Semantic Web-based architecture for recognizing personally dangerous drugs consisting
of: (1) aprivate, local triple store of personal health information, (2) Semantic Web services, following the Semantic Automated
Discovery and Integration (SADI) design pattern, for text mining and identifying substance interactions, (3) a bookmarklet to
trigger analysis of awebpage and annotate it with personalized warnings, and (4) asemantic query that acts as an abstract template
of the analytical workflow to be enacted by the system.

Results: A prototype implementation of the system is provided in the form of a Java standal one executable JAR file. The JAR
file bundles all components of the system: the personal health database, locally-running versions of the SADI services, and a
javascript bookmarklet that triggers analysis of awebpage. In addition, the demonstration includes a hypothetical persona health
profile, alowing the system to be used immediately without configuration. Usage instructions are provided.

Conclusions: The main strength of the Personal Health Lens system isits ability to organize medical information and to present
it to the user in a personalized and contextually relevant manner. While this prototype was limited to a single knowledge domain
(drug/drug interactions), the proposed architecture is generalizable, and could act as the foundation for much richer
personalized-health-Web clients, while importantly providing anovel and personalizable mechanism for clinical expertstoinject
their expertise into the browsing experience of their patients in the form of customized semantic queries and ontologies.

(JMIR Res Protoc 2013;2(1):€14) doi:10.2196/resprot.2315
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http://www.researchprotocols.org/2013/1/e14/ JMIR Res Protoc 2013 | vol. 2 | iss. 1 [el4 | p.54
(page number not for citation purposes)


mailto:markw@illuminae.com
http://dx.doi.org/10.2196/resprot.2315
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS

Introduction

For the lay-person, free health information on the Web is a
potentially valuable resource for better understanding personal
symptoms, medical conditions, drugs, and nutrition. However,
while sites such as WebMD [1] provide accredited sources of
information, a multitude of other sources such as blogs,
Wikipedia articles, and news articles exist that provide no
guarantees about their completeness, accuracy, or objectivity.
Thus, distinguishing between reliable and unreliable information
is a central issue. However, even when restricted to verified
sources, the sheer quantity of available material often makes
meaningful interpretation achallenging task for readerswithout
amedical background. For example, astudy published by White
and Horvitz in 2009 demonstrated a phenomenon known as
“cyberchondria’, wherein a person experiences a heightened
anxiety about medical conditions after reviewing search results
and online literature relating to common symptoms (eg,
headache[2]). Finally, theissue of “information quality” isboth
personal and subjective—information that is relevant for one
individual might not be relevant to another, based on personal
factors such as overall health, drug-regimen or other
interventions, lifestyle, gender, or even personal interest. As
observed by Burgess et al, “due to the unique nature of every
individual, a single...method that assumes all people are the
same will fail to meet every person’s information needs’ [3].
It would be highly desirable, therefore, to assist Web users by
filtering and/or annotating the information they encounter on
the Web in a personalized way, thereby increasing its relevance
and utility to that individual. Moreover, given that a patient may
be a any point in their continuum-of-care, it would be
particularly desirableto provide the patient’s clinical-care team
an opportunity to include their “voice” into that annotation and
filtering mechanism, such that the clinician’s plan for that patient
enhances the personalization of the page even further.

We recently published a novel framework for automatically
synthesizing contextually-sensitive data retrieval and analysis
workflows composed of dynamically-selected Semantic Web
Services [4]. The system used a semantic template describing
theabstract “intent” of the workflow, combined with the specific
detailsin agiven dataset, to concretize an appropriate workflow
capable of evaluating that data. In this work we intend to
demonstrate, using astraightforward prototype application called
the Semantic Automated Discovery and Integration (SADI)
Personal Health Lens, that these components—the data, the
semantic model, and the derived analytical workflow—map
directly onto the various facets of the Health Web
personalization problem described above. The Personal Health
Lensapplication utilizesthe patient’sindividual medical history
and data, the clinician’s plan for that patient (in the form of a
semantic query), and publicly available tools that can be
automatically selected and appropriately chained-together to
analyze and contextually interpret the content of a webpage.
The output is an annotated page containing new information
specifically relevant to that patient, which is loaded into their
browser as usual.

Personalization of Web information necessitates the use of the
individual’s personal medical profile, since this information
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can be used to identify both relevant and inappropriate advice
within awebpage. There has been considerablework inthe area
of semantic representation of electronic patient records, both
ingtitutional [5] and personal [6], and a variety of different
standards exist for the content and structure of these records.
Here, we do not intend to prescribe or proscribe any particular
standard. This work simply assumes that such health records
exist, are accessible to the local browser, and are (or can be)
expressed in standard Semantic Web syntaxes. As the various
models for electronic health records begin to consolidate, the
prototype system could be easily re-written to conform to that
standard. For the purposes of thisprototype, we created asimple
model of the drug-regime portion of the patient’s health record,
along with several other clinical and personal features.

Much of the prior work in “personalization” of apatient’s Web
experience has been in the domain of facilitated search,
particularly through the use of semantically-backed personal
health portals (eg, [3,7]) where therole of semanticsin the portal
is either for search-expansion to discover additional relevant
pages, and/or to simplify medical terminology for the patient
while till providing accessto complex literature. While portals
allow a much higher degree of potentia curation by experts,
thus (presumably) improving information quality, they also
require a much higher level of buy-in from the patient, who
must choose to exclusively visit the portal for their health
information in lieu of more typical forms of Web exploration
such as search engines and browsing. Moreover, though aportal
may provide access to a curated or filtered set of pages, the
pages themselves are generally untouched; we were unable to
identify any personal health portal in which the source pages
were, themselves, contextually marked-up. We believe that
context is an important part of the personalization experience,
asisthe freedom to explore the Web in any manner the patient
chooses. The Personal Health Lens, therefore, was designed to
operate over any page, a any time, discovered in any manner,
and places its patient-oriented annotations directly into the
page-context. Thisisachieved by utilizing the semantics—both
inthe patient’sdata, aswell asin asemantic template query—to
generate a contextually-relevant Semantic Web Service-based
annotation workflow at the moment the Health Lensisinvoked.
This workflow may differ depending on the patient’s medical
information and the content of the page they are viewing, thus
providing the flexibility necessary to operate on the open Web,
rather than through a curated portal.

We now describe in detail our prototype system that attempts
to identify drugswithin the online literature that are potentially
dangerousto the user based on their personal health record. We
begin by giving an overview of the system and a description of
the prototype implementation in the Methods section. In the
Results section, we demonstrate use of the prototype in the
context of a sample health profile. Finaly, we discuss some
high-level design issues and provide closing remarks in the
Discussion section.
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Methods

Use of Semantic Web Standards and Technologies
RDF, OWL, SADI, and SHARE

Overview

All datawithin the Health Lens system were represented using
the Resource Description Framework (RDF) model [8], which
provides significant advantages over other formats such as
Extensible Markup Language XML and ad hoc text formats
when integrating data across multiple sources. In particular,
RDF allowsthe assignment of globally uniqueidentifiers (URIS)
toal entitieswithin the data, making it possibleto match entities
across distributed data sets in a reliable manner. Further, RDF
supports an automated procedure called RDF-Merge [9] for
merging data sets into a single file or database, regardless of
the actual content of the data sets involved. This significantly
reduced the cost of developing a database for the system, and
will also reduce the cost of maintenance when adding new data
sources in the future. Finally, in contrast to other data models,
RDF data sets are not constrained to a fixed schema. This
property of RDF alows any type of statement to be added to
an existing data set without adversely affecting clientsor servers
that use that data set. For instance, in Health Lens, the use of
RDF to represent the personal health profilewill allow any new
type of health datato be added to the profilein the future without
requiring an update to the database schema or the interfaces of
the various system components.

The Web Ontology Language (OWL) [10] also played acentral
rolein the design of the Health Lens system, providing ageneral
framework for describing and processing logical constraints
about RDF data. The chief advantage of using OWL in the
context of the Health Lens project isthat data matchmaking and
validation tasks can be performed by a reusable tool called an
OWL reasoner (eg, [11]), rather than by custom,
application-specific software.

The Health Lens system utilizes 2 Semantic Web projects that
have been built on top of the RDF and OWL
standards—Semantic Automated Discovery and Integration,
and Semantic Health and Research Environment.

Semantic Automated Discovery and Integration (SADI)

SADI is a set of design patterns for producing stateless Web
services that natively consume and produce RDF data. The
structure of the input and output data for SADI services are
formally described by an input OWL class and an output OWL
class, respectively. Further details about SADI are described in
[12].
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Semantic Health and Research Environment (SHARE)

SHARE is a proof-of-concept Semantic Web query engine that
resolves SPARQL Protocol and RDF Query Language
(SPARQL, [13]) queries by building and executing workflows
of SADI services. SHARE is aso capable of discovering
instances of agiven OWL classby building an appropriate SADI
workflow. Further details about SHARE are described in [14].

A Note About Opaque URIsin RDF Data

Many of the URIs in the example RDF data of this paper are
opaque, making human interpretation of the data considerably
more difficult than if human-readableidentifiers had been used.
For example, the URI of the “has attribute” predicate of the
Semanticscience Integrated Ontology (SIO) ontology [15] is
http://semanti cscience.org/resource/SIO_000008. The use of
opaque URIs s a best practice when the uniqueness of alabel
for an entity cannot be guaranteed, due to the existence of
synonymous labels or labels in multiple languages. By
convention, human-readable labels are indicated via the
rdfs:label predicate. This allows multiple labelsto be assigned
to the same entity, and al so permits changesto the label swithout
adversely affecting other RDF data sets on the Web that refer
to the entity in question. To aid the reader, comments are
provided within the example datathat providetrand ationsfrom
opaque URIs to human-readabl e labels.

System Overview

The Health Lens system operates in a cycle of 3 steps, as
depicted in Figure 1:

1. Theuser creates or updates his’her personal health profile,
which is stored locally in the personal health database.

2. Thesystem executesaSHARE query toidentify dangerous
interactions between the user's persona health profile and
any known drug. All discovered interactions are aggregated
and stored in the personal health database for use in Step
3.

3. Fromwithin aWeb browser, the user clicksthe Health Lens
bookmarklet to identify mentions of drugs in the current
webpage that may be personally dangerous. The
bookmarklet accomplishes this by (a) identifying drug
mentions within the text using one or more SADI entity
recognition services, and (b) comparing theidentified drugs
against the list of drugs that have interactions with the
personal health profile, as computed in Step 2.

Thecircular arrows of Figure 1 indicate that Steps 1-3 occur in
a repeating cycle; each time the user changes his/her profile
(eg, adding anew prescription), Step 2 must be rerun to rebuild
the full set of known interactions with the profile.
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Figurel. Anoverview of the SADI Personal Health Lens system. In Step 1, the user enters or updates his/her personal health profile, which contains
information such as sex, age, and current prescriptions. In Step 2, a SHARE query is used to aggregate interactions of any known drug with the user’s
personal health profile. This query may be time-intensive and is performed as a separate step prior to interactive use of the system. In Step 3, the user
browses the Web and clicks the Health Lens bookmarklet when reading a health-related webpage. The bookmarklet identifies drugs mentioned within
the webpage using one or more SADI services for entity recognition, and compares those drugs with drugs in the personal health database that are
known to be personally dangerous. Finally, the bookmarklet annotates the webpage with appropriate warnings.

SHARE query identifies
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Step 1: Creating/Updating the Per sonal Health Profile

Our prototype implementation of the Health Lens system
includes asampl e personal health profile (M ultimedia A ppendix
1). The profileis provided as an RDF/N3 file, and describes a
37-year-old female named Jane Doe who is on a prescription
for Alprazolam (Xanax), amember of the benzodiazepine class
of psychoactive drugs that is commonly used to treat anxiety
disorders.

While the current focus of the profileis drug prescriptions, the
use of RDF will allow future extension of the profileto include
personal datasuch asallergies, medical conditions, diet, clinical
test results, and genotyping.

Currently, changesto the health profile must be made by editing
the RDF/NS3 file by hand; however, any future versions of the
system will provide a user interface for this task. The schema
for the sample health profile uses a combination of Friend of a
Friend (FOAF) [16], an ontology for describing people and their
relationships, and the SIO [15], an upper level ontology for
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representing scientific data. The main subject of the profile,
JaneDoe, isrepresented by ablank node (“[ ]”) with an rdf:type
of foaf:Person, and this node has a combination of FOAF and
DBPedia[17] propertiesindicating first name, last name, gende,
and date of birth. A prescription node is attached to the Jane
Doe node by the med: prescription property, and this node has
attached attributes indicating the prescribed drug, quantity,
dosage, and date of prescription.

Step 2: Precomputing Dangerous Drug Interactions

In order to access dangerous drug interactions, we developed a
drug-drug interaction (DDI) discovery SADI service. For the
backend data, asmall data set of approximately 40 known drug
interactions with St. John's Wort, a herbal treatment for
depression, was constructed manually from the literature. The
authors chose to use a hand-constructed data set for the initial
version of the project because they were unsuccessful infinding
acurated public resource with all of the required details of the
interactions, namely directionality, supporting citations, and
coded clinical effects. The databases that came closest to

JMIR Res Protoc 2013 | vol. 2 | iss. 1 [e14 | p.57
(page number not for citation purposes)


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

JMIR RESEARCH PROTOCOLS

meeting the requirementswere DrugBank [18], which describes
clinica effects in natural language, the Twosides [19]
PharmGKB database, which provides only
computationally-predicted interactions, NDF-RT [20], which
does not provide access to supporting citations, and the Drug
Interaction Knowledge Base (DIKB) [21], which does not
describeclinical effects. In future work, the authors may be able
to replace the hand-curated St. John’'s Wort data set with some
combination of these resources.

Example input and output data from the DDI service are
provided in Multimedia Appendix 2 and Multimedia A ppendix
3, respectively. Using the terminology of this example
input/output data, the DDI discovery service takes as input a
“chemical entity” (Alprazolam) that “has attribute” some
“chemical identifier” and outputs an “annotated chemical entity”
that “is participant in” some “drug-drug interaction”. The
provided output data describes adirected drug-drug interaction
between St. John’s Wort and the input drug Alprazolam, where
the direction of the interaction is indicated by assigning the
rolesof “actor” and “target” to St. John's Wort and Alprazolam,
respectively. A citation providing evidence for the interaction
is attached via the SIO “has source’ property, and the clinical
effect of the interaction is attached via the SIO “results in”
property. The effect of theinteraction itself isrepresented using
a controlled vocabulary term for “ decreased efficacy of drug”.
For clarity of exposition, many long auto-generated URIs
(UUIDs) in the real service output data have been replaced by
blank nodesin Multimedia Appendix 3, however, the resulting
RDF is semantically equivalent.

The Health Lens system invokes the drug interaction service
via a SPARQL query (Multimedia Appendix 4) to a loca
instance of SHARE. The result of this query is the collection
of al known interactions between the user’s prescribed drugs
and any other drug. Using the SHARE system asthe client for
the drug interaction service had several advantages over
implementing application-specific client code. One advantage
is that new sources for interaction data can be added to the
system in the future smply by adding entries to SHARE's
registry of SADI services. Another advantage isthat the nature
of the conflictsthat are discovered by the system can be changed
by modifying the SHARE query, rather than modifying the
application code. For example, while the current version of the
system searches for interactions with prescribed drugs, future
versions might al so takeinto account interactionswith alergies
or specific genotypes.

One caveat of using SHARE system for invoking the DDI
serviceisthat running the query can betimeintensive. Resolving
a SHARE query involves several potentially expensive
operations such as downloading ontologies, performing OWL
reasoning to match local datato available services, and invoking
SADI servicesover the Web. The Health Lens system therefore
runs the SHARE query “offline”; whenever the user creates or
updates his’her personal health profile, the query isre-executed
and the retrieved interactions are cached in the personal health
database. Thisapproach enablesthe user to scan awebpage and
view any resulting warnings in a reasonably short amount of
time.
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Step 3: Identifying Danger ous Drugsin Webpages
The Health Lens system was integrated with the user's Web
browser via a javascript bookmarklet [22]. Whenever the user
is reading a health-related webpage, he/she can click the
bookmarklet to scan the page for drugs that are potentially
dangerous with respect to higher heath profile. The
bookmarklet performs the following actions when activated.
First, thetext of the<body> element of thewebpageis extracted
using jQuery’stext() function. Thistext isthen substituted into
an input RDF template for the entity recognition service
(described below) and the service is invoked with an AJAX
request. When the service invocation completes, the URIs of
the identified drugs are extracted from the output RDF. Next,
the URIs of al personally dangerous drugs are obtained by
issuing a SPARQL query (Multimedia Appendix 5) against the
local personal health database. Finally, the URIsof dl personaly
dangerous drugs are compared with the URIs of drugs returned
by the entity recognition service, and any drugsin both of these
sets are marked up with appropriate warnings in the page.

Aspart of the Health L ens prototype, a SADI entity recognition
servicewas created that identifies drug nameswithin plain text.
Exampleinput and output RDF datafor the service are provided
in Multimedia Appendices 6 and 7, respectively. Theinput data
for the service was modeled using a combination of the
Bibliographic Ontotology (BIBO) [23] and the Dublin Core
(DC) [24] ontology, while the output data was modeled using
the FOAF and SIO ontologies. A valid input is an instance of
the bibo: Document class, with the text content attached viathe
bibo: content predicate and aMIME type of “text/plain” attached
via the dc:format predicate. The resulting output attaches
instances of SIO “chemical entity” to the input document URI
via the foaf:topic predicate, where each “chemical entity” has
attributes indicating the DrugBank [18] identifier and any
synonymous drug names. The semantics of foaf:topic are dightly
stronger than isrequired in the context of the entity recognition
task; however, since we failed to find amore suitable predicate,
wefollowed aweaker interpretation where any object mentioned
in the text was considered a topic of the document.

For the business logic of the entity recognition service, we
implemented our own drug extraction algorithm based on a
dictionary lookup. The dictionary was extracted from the
DrugBank database and contains 58,708 entries, where each
entry consists of the name of a drug, its DrugBank 1D, and its
canonical name in DrugBank. Drugs are recognized using the
GATE ANNIE Gazetteer lookup tool [25], which loads the
dictionary and annotates the text with DrugBank IDs and
canonical names. At the final step, annotations of names with
length less than 4 characters were filtered from results. The
entity recognition service is a prototype and has not yet been
evaluated in terms of precision and recall. Although it follows
abasic lookup-based approach with naivefiltering of candidates,
it has shown quaitatively acceptabl e performance during testing
of the Health Lens system.

Results

The authors have provided a downloadable demonstration of
the Health Lens system as a standalone executable jar file
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(Multimedia Appendix 8). Thisjar file bundles all components
of the prototype system, including the sample personal health
profile, the SHARE query engine, the bookmarklet, and the
SADI services for drug interactions and entity recognition.
Please note that running the prototype requires a Java Runtime
Environment (JRE) to beinstalled on your system.

To start the system the user must execute the jar file, which can
be done on most systems by double-clicking the file.
Alternatively, the user may run the jar by typing the following
at aLinux/Windows/OSX command line prompt: java -Xmx1g
-jar personal-health-lens.jar. Executing the jar file brings up a
console that allows the user to start and stop the system on port
8080. (Please note that the current version of the system will
only work correctly on port 8080.) Clicking "Start" starts up
the local SADI services and the Joseki server that hosts the
personal health database.

In most environments, the Sart button will open the
install ation/testing page for the Health Lens bookmarklet in the
user's default Web browser. If this does not happen
automatically, the wuser must instead manually visit
http://localhost:8080/ in a Web browser. The Hedth Lens
bookmarklet can then be installed by dragging one of the two
"Personal Health Lens" links near the top of the page onto the
browser's bookmarks toolbar.
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Thewebpage at http: //localhost: 8080/ can be used to test correct
operation of the system. Asthe content of thetest pageisunder
the control of the authors, it provides areliable meansto separate
issueswith the system components from issues that are specific
to the content of particular webpages. To run the bookmarkl et
against the test page, the user must click the Personal Health
Lens bookmarklet in the toolbar, which will activate scanning
of the page for dangerous substances. During scanning, an
animated SADI logo appearsin the top right hand corner of the
page. When scanning is complete, the words " St. John's Wort"
are colored in red and annotated with a stop sign symbol
indicating adangerousinteraction. Clicking on " St. John's Wort"
displaysadialog box with the details of theinteraction between
"St. John's Wort" and the personal health profile, as shown in
Figure 2. The warning indicates that St. John's Wort may
decrease the efficacy of Alprazolam, a prescribed drug in the
user's personal health profile. Asevidence, it providesalink to
a publication that describes the interaction, which is believed
to due to the induction of the CY P3A4 enzyme.

Any webpage may be scanned for personally dangerous drugs
by clicking the Health Lens bookmarklet. For example, Figure
3 showsthe St. John's Wort warningsin the context of an online
article regarding naturopathic treatments for depression [26].
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Figure 2. The test page for the Health Lens system, after being scanned with the bookmarklet. St. John’s Wort is annotated with a warning due to a
conflict with Alprazolam, a prescribed drug in the sample personal health profile. The test page provides a mechanism to verify that all components of
the system are working correctly, independently of the varying structure and content of real webpages.
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Figure3. A screenshot of the Health Lens bookmarklet operating on areal webpage. The subject page correctly advisesitsreadersto consult aphysician
before taking St. John’s Wort and mentions a possible interaction with birth control pills. Health Lens augments this information with a warning about
an interaction between St. John’s Wort and the user’s current prescription for Alprazolam.
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the set of analytical tools, there is a third component—the
semantic model/query—which guides the selection of which
tool to use given which set of data. Though in this prototype
the semantic model was quite simplistic, taking the form of a
SPARQL query relating to drug-drug interactions, the SHARE
resolution engine is capable of interpreting significantly more
complex moddls, for example, the clinician’streatment trgjectory
for any given patient. As such, we believe this is the first
personal health tool which hasthe potentia for clinician-initiated
health data, such as genotyping and whol e genome sequencing, personalized medical adV|c_e to bg |_n_jected into the patlent's
become more readily available to the general public. What ~OWN health research browsing activities. Moreover, since the

makesthe Personal Health Lensarchitecturedistinct fromother  SAD! Personal Hedlth Lens has a flexible underlying
personalization toolsisthat, in addition to the patient'sdataand ~ INfrastructure, we believe it can be easily adapted to operatein

Discussion

The Personal Health Lensis only one of many tools that have
been developed in recent yearsto leverage personal health data.
For example, profile-oriented smartphone applications are now
availablefor identifying allergy-safe foods [27,28], monitoring
deep patterns [29,30], and sharing medical information across
physicians and caregivers[31,32]. The use of such personalized
toolsislikely to continue increasing as new forms of personal
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combination with many of these existing
health-information-support toolsto enhance the relevance, detail,
or quality of their personalization.

The Personal Health Lens project was intended only as a
prototype of a novel framework for patient/practitioner/Web
interaction, and was not intended to be used by genuine patients.
There are some important factors of the personal profile that
are not yet taken into account when detecting relevant
interactions, such as sex, age, drug dosages, and drug routes
(eg, pills, creams, inhaers), to name afew. Beyond theseissues,
it is useful to point some general concerns with our approach
to health browsing personalization, and possible solutions.

Unlike earlier efforts[7], the Health Lens makes no attempt to
evaluate the quality of the information on any given page;
“hazardous’ pages containing overtly incorrect information are
not automatically weeded-out, asthey arein other portal-based
approaches. If there were a public registry of evaluated
webpages, thislimitation could be partially overcome by adding
that registry’s evaluation as part of the annotation pipeline;
however, it could not be guaranteed that any page the reader
had accessed would exist in that registry. Thus, by ensuring that
our systems scalesto the Web, we become limited in our ability
to filter hazardous or fallacious information. Conversely, the
Health Lens system, by not adopting a portal-like structure,
becomes a more natural part of the patient’s Web exploration,
and one that is under their control. Rather than appearing as a
centralized “paternalistic” [5] information source, the Personal
Health Lens prototype alows the patient to choose when to
bring the expert evaluation framework into their Web
experience.

Although Health Lens does not attempt to evaluate the quality
of information on webpages, information quality is still a
relevant issue with respect to the underlying sources of drug
interaction data. In this sense, much of the previous work and
lessons learned from designing and maintaining portal-based
sites such as MedlinePlus [33] could be usefully applied to
Health Lensto build amore transparent and trustworthy system.
For example, many metrics (“instruments”) have been devel oped
for systematically evaluating information quality on webpages
that might also be used to evaluate the quality of the drug
interaction services. Existing information quality metrics are
based on factors such as provision of article metadata (eg,
authors, date of last update, supporting citations), accuracy of
information, completeness of information, and balanced
presentation of evidence[34]; there also exist various composite
scoring systems, such as DISCERN [35], that employ weighted
combinations of these factors. The criteria of completenessis
particularly relevant to the drug interaction data sets, as there
exists a potential danger that users will assume a substance is
safein the absence of any warnings about interactions. Building
a perfectly comprehensive and up-to-date corpus of drug
interaction datais obviously not afeasible goal, especially given
the distributed nature of the system. This caveat must be made
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clear to the end users, and they must be reminded to consult a
physician before making changes to their medication regimes,
regardless of any warnings that the system does or does not

report.

Another area where the system can potentially be improved is
in catering to the user’s personal level of health literacy. While
Health Lens makes no attempt to filter the webpages themselves
by literacy level, the user’s literacy is till relevant for the
appropriate presentation of warnings. Although we have
intentionally described interactionsin termsof high-level clinica
effects (eg, “decreased efficacy of drug’), the supporting
citations provided with theinteractions are scientific publications
and thus require a high level of medical knowledge to
understand. In future work, providing references to trusted
secondary sources such as MedLine Plus would probably be
more appropriate for most users. As with the issues of
information quality described above, our approach to
accommodating the user’sliteracy level could likely beinformed
by previouswork. For instance, several ontol ogy-based systems
have been devel oped for automatically mapping expert medical
terminology to equivalent consumer-friendly terminology (eg,
[36,37]), and these might be employed within Health Lens to
generate more accessi ble warning messages. In addition, many
sociological studies have employed metrics based on word
complexity and sentence length (eg, the Fry Readability
Formula) to gauge readability levels of health-related webpages
in a systematic manner [34]. These metrics might likewise be
employed within the Health Lens framework to help present
supporting documentsfor interaction warnings at an appropriate
level of literacy.

Finaly, it is important to note that there is a potential privacy
concern relating to the use of a public drug interaction
service—the system must send the URI s of the user's prescribed
drugs out over the Internet in order to retrieve the relevant
interactions. In general, thereis atrade-off between the degree
of privacy the user wants to maintain and the ability to utilize
all possible sources of data for identifying conflicts. In future
work, thisissue can be addressed by allowing the user toindicate
which types of data are safe to send over the Web. In addition,
the user might also chooseto restrict the system to servicesthat
support HTTPS. With respect to privacy, the prototype
implementation errs on the side of caution by using a locally
hosted drug interaction service.

We believe the SADI Personal Health Lens demonstrates that
dynamically-generated, context-sensitive pipelines of data and
analytical Semantic Web Services can be usefully applied to
the personalization of health information on the Web. Moreover,
this approach provides the unique ability to fine-tune these
workflows through the utilization of expert knowledge within
semantically-encoded guidelines. Thus, for the first time, the
Personal Health Lens establishes a framework within which
clinicians can provide on-demand guidance during their patient’s
personal health explorations.
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Abstract

Background: Providing safety education to parents of young children isimportant in the prevention of unintentional injuries
in or around the home. We devel oped a Web-based, tail ored saf ety advice modul e to support face-to-face counseling in the setting
of preventive youth health care (E-health4Uth home safety) in order to improve the provision of safety information for parents
of young children.

Objective: This pilot study evaluated a Web-based, tailored safety advice module (E-health4Uth home safety) and evaluated
the use of E-health4Uth home safety to support counseling in routine well-child care visits.

Methods: From a preventive youth health care center, 312 parents with a child aged 10-31 months were assigned to the
E-health4Uth home safety condition or to the care-as-usua condition (provision of a generic safety information leaflet). All
parents completed a questionnaire either viathe Internet or paper-and-pencil, and parentsin the E-health4Uth condition received
tailored home safety advice either online or by a print that was mailed to their home. This tailored home safety advice was used
to discuss the safety of their home during the next scheduled well-child visit. Parents in the care-as-usual condition received a
generic safety information leaflet during the well-child visit.

Results: Mean age of the parents was 32.5 years (SD 5.4), 87.8% (274/312) of participants were mothers; mean age of the
children was 16.9 months (SD 5.1). In the E-heal th4Uth condition, 38.4% (61/159) compl eted the online version of the questionnaire
(allowing Web-based tailored safety advice), 61.6% (98/159) preferred to complete the questionnaire via paper (allowing only a
hardcopy of the advice to be sent by regular mail). Parentsin the E-health4Uth condition eval uated the Web-based, tailored safety
advice (n=61) as easy to use (mean 4.5, SD 0.7), pleasant (mean 4.0, SD 0.9), reliable (mean 4.6, SD 0.6), understandable (mean
4.6, SD 0.5), relevant (mean 4.2, SD 0.9), and useful (mean 4.3, SD 0.8). After the well-child visit, no significant differences
were found between the E-health4Uth condition and care-as-usual condition with regard to the satisfaction with the information
received (n=61, P=.51). Health care professionals (n=43) rated the tailored safety advice as adequate (mean 4.0, SD 0.4) and
useful (mean 3.9, SD 0.4).

Conclusions: Less than half of the parents accepted the invitation to complete a Web-based questionnaire to receive online
tailored safety advice prior to aface-to-face consultation. Despite wide accessto the Internet, most parents preferred to complete
guestionnaires using paper-and-pencil. In the subgroup that compl eted E-health4Uth home safety online, evaluations of E-health4Uth
home safety were positive. However, satisfaction scores with regard to tailored safety advice were not different from those with
regard to generic safety information leaflets.
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Introduction

Unintentional injury is a magjor cause of death among young
childrenin Europe and the United States[1,2]. Itisalsoamajor
source of morbidity and loss of quality of life [3,4]. The most
common causes of child mortality and morbidity by injury in
and around the home are drowning, poisoning, burns, and falls
[1]. Parents can reduce the risk of injuries by applying various
safety behaviors. However, necessary safety behaviors are still
not taken by a large number of parents, causing unnecessary
risk of injury of young children [5-7].

Many countries have installed preventive youth health care,
which refers to various activities to improve and protect the
health, growth, and development of young people, and aso to
prevent illness and disability in early life. These activities
include asystem of maternal and child health care, which serves
children from birth to 18 years of age [8]. In the Netherlands,
all parents are invited to attend regularly scheduled well-child
visits at the preventive youth health care center, free of charge.
During these well-child visits growth and development of the
children is monitored and relevant health information and
vaccinations are provided. In the Netherlands, around 93% of
parents attend one or more well-child visits with their child
under 4 years of age. The attendance rates may vary from circa
50% to 93% between the specific child-age related scheduled
visits [9]. Parents receive health information on several topics,
including information about nutrition, growth, and child home
safety [10]. Currently this health information is provided to
parents by using generic information leafletsthat parentsreceive
at regular well-child visits.

With the current strain on health care, greater efficiency is
required. Providing health information through the Internet, as
an additional source of information, might be beneficial in
various ways. For example, tailored safety information can be
provided to parents prior to a preventive youth health care visit,
and the information gathered by the eHealth module regarding
specific safety behaviors can be provided to the physician/nurse
to enhance the efficiency of face-to-face counseling, asisdone
with regard to other health topics, such as nutrition and physical
activity [11-14]. However the use of eHealth modules has not
yet been evaluated in providing home safety information in the
setting of day-to-day preventive youth heath care. The
application of eHealth in preventive youth health care provides
the opportunity of giving individual, tailored information.

eHealthisa"broad, emerging field in theintersection of medical
informatics, public health, and business, referring to health
services and information delivered or enhanced through the
Internet and related technologies' [15]. It is the use of
information and communications, especially the Internet, to
improve or enable health and health care [16]. eHealth could

http://www.researchprotocols.org/2013/1/e9/

be used for providing information for parents on several health
topics, including information to promote home safety. Because
tailored information combined with counseling, which can be
provided by using eHealth, is based on the personal situation,
parents could find the information more useful than genera
information materials [17]. Furthermore parents could be
inclined to change their behavior, when the information they
receive is perceived as personally relevant [18,19].

However, eHealth is currently not extensively applied in
preventive youth health care. We developed a Web-based,
tailored safety advice moduleto support face-to-face counseling
at preventive youth health care centers (E-health4Uth home
safety) to provide safety information for parents of young
children [7,20]. By using this eHealth module, parents can
prepare for the next well-child visit at the preventive youth
health care center, with regard to issues concerning the safety
of the child a home [20]. In addition, the health care
professional can evaluate the results of the E-health4Uth home
safety module prior to or during each visit in order to improve
communication with the parents [20]. It is unknown whether
such Web-based, tailored information can be fitted within
current daily practice, existing organizational goals, and
parent-health care professional interactions, which is known to
beimportant for such an eHealth approach to be successful [21].

This pilot study evaluates a Web-based, tailored safety advice
module (E-health4Uth home safety) and evaluates the use of
E-headth4Uth home safety to support counseling in routine
well-child care.

Methods

Sample and Setting

Physicians and nurses of 4 preventive youth health care centers
situated in the Rotterdam area in the Netherlands participated
in this study. These preventive youth health care centers were
chosen because of their ongoing collaboration with the Erasmus
University Medical Center in Rotterdam. In 2006 and 2007,
parents (N=958) were invited to participate in the study one
month before their regular well-child visit at the preventive
youth health care center at child'sage 11, 14, 18, or 24 months.
Parents received written information about the study and
provided written or online informed consent (checkbox). The
Medical Ethics Committee of the Erasmus Medical Center gave
a"declaration of no objection” for this study (MEC-2004-256).

Study Design

Parents within each participating preventive youth health care
center were randomly assigned to a Web-based, tailored safety
advice and counseling group (ie, the E-health4Uth condition),
or to a group receiving the generic safety information (ie, the
care-as-usual condition, Figure 1).
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Figure 1. Study design, participant flow and evaluations.
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E-health4Uth Home Safety Condition

A Web-based, tailored safety advice module (E-health4Uth
home safety) was developed. Parents completed a self-report
guestionnaire (via the Internet or paper-and-pencil) to assess
safety behaviors on thefollowing safety topics: falls, poisoning,
drowning, and burns [7]. When a situation was not applicable
(eg, when parents did not have stairs in their house), they did
not receive any more questions about that subject. After
completing this safety assessment questionnaire parentsreceived
a tailored safety advice immediately on the screen when
completed via Internet. The parents mailed the completed
paper-and-pencil questionnaires back to the research center.
The responses were entered into the database and a hardcopy
of the resulting tailored safety advice was printed and sent to
the parents via mail.

When parents failed to practice a particular safety behavior
(“unsafe behavior”), they received a tailored message on how

http://www.researchprotocols.org/2013/1/e9/

RenderX
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they canimprovetheir safety behavior (Figure 2). When parents
successfully showed a specific safety behavior (“safe behavior”)
they received positive reinforcement and no safety advice on
that item. The tailored safety messages were based on the
guidelines of the Consumer Safety Institute [22]. Table 1
presents the contents and application of the tailored safety
advices used in this study.

After completing the safety assessment questionnaire, parents
were invited to visit the heath care professional of their
preventive health care center for their regular well-child visit.
All the advice given to parents about safety were copied to the
relevant health care professional, in order to enable the
discussion of the advice with the parent during thevisit. Parents
and health care professionals could prepare for the well-child
visit by formulating specific questions about the saf ety situation
at home.
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Figure 2. Sample page of tailored safety advice.

Care-as-Usual Condition

Parents of the care-as-usual condition completed the same
self-administered questionnaire assessing parents’ child safety
behaviors, either by using the Internet or paper-and-pencil.
However they did not receive any tailored safety advice after
completing the questionnaire. After completing the safety
assessment questionnaire, parents visited the headlth care
professional of their preventive health care center for aregular
well-child visit. Parents received a generic safety information
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leaflet from their health care professional during their regular
well-child visit (care-as-usual) [23,24]. This generic safety
information leaflet was developed by the Consumer Safety
Ingtitute [22]. Each age group was provided with a different
information leaflet, divided into 0-6 months, 6-12 months, 1-2
years, and 2-4 years of age. The safety information leaflets
contained information on the prevention of injuries in and
around the home, divided into general information about the
development and environment of the child, and safety advice
about the prevention of falls, poisoning, drowning, and burns.
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Table 1. Contents and application of the tailored safety advice in the prevention of falls, poisoning, drowning, and burns.

Applicableif:
vice, when;

Reinforcement with no tailored safety ad-

Tailored safety advice when:

Prevention of falls

Stair gate The house has a staircase which
the child can reach times
Balcony The house has a bal cony

cony

Prevention of poisoning
Cleaning products Always
Medicines Always

Prevention of drowning

Bath tub The child takes a bath

Swimming pool The child swimsin the swimming
pool

Pond Thereisapond in the garden

Prevention of burns

A stair gateis present and is closed at all

Thechild is never left alone on the bal-

Stored above adult chest-height or in a
locked cupboard

Child is never left alone in the bath tub

Never left alone in the swimming pool

Always the adviceisto fill up the pond

No stair gate is present

A stair gate is present but is not closed at
al times

The child isleft alone on the balcony

Stored below adult chest height or in an
unlocked cupboard

Child isleft alonein the bath tub

Child is left alonein the swimming pool

A pond is present

Thermostat-controlled  Always Thermostat-controlled tap present inthe  Thermostat-controlled tap not present in

tap bathroom the bathroom

Hot drinks Always Child is never on parent’s lap when Child on parent’s lap when drinking hot
drinking hot liquids liquids

Kitchen Always Child is never in the kitchen when the Child isin the kitchen when the parent is
parent is cooking cooking
Parent cooks on the back griddie Parent does not cook on the back griddle
Handles of pans are turned to the back Handles of pansare not turned to the back
during cooking during cooking

Evaluation items of the tailored safety advice, the Web-based
M easures

Socio-demographic data and parents' safety behaviors were
collected through a self-administered assessment questionnaire
completed by the parents. Immediately after receiving the
taillored safety advice, the parents (only those in the
E-health4Uth condition who used the Internet to complete the
guestionnaire) were invited to compl ete aWeb-based eva uation
form about the tailored safety advice received and the use of
the tailored safety advice module.

When parents attended the scheduled well-child visit, they were
invited to complete an evaluation form about the well-child
visit. Parents in the E-health4Uth condition were specifically
asked about the use of tailored information during the
face-to-face counseling. The youth health care professionals
were also invited to complete evaluation forms regarding the
well-child visit, and, if applicable, the use of the tailored
information during the face-to-face counseling.
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tailored safety advice module, and the well-child visit, were
measured on 5-point Likert scalesranging from 1 (most negative
evaluation) to 5 (most positive evaluation), unless stated
otherwise.

Evaluation of the Web-Based Tailored Safety Advice
Module (Immediately After Receiving the Tailored Safety
Advice)

Parents of the E-health4Uth condition who completed the
Internet version of E-health4Uth home safety, were invited to
complete a Web-based questionnaire after having read the
tailored safety advice. The questions were: (1) reading of the
safety advice (ie, having read the advice completely, partly or
not at all), (2) the reliability, understandability, relevance, and
usefulness of the tailored safety advice, (3) the ease of use of
the module, and (4) the pleasantness of the information source.
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Table 2. Characteristics of al parents and by E-health4Uth condition and care-as-usual condition (n=312).
E-health4Uth Care-as-usual
Total participants condition condition
n (%) n (%) n (%) P value
Family characteristics
Mean age of respondent in years 325 32.3 32.8 412
(range, SD) (20-48, SD 5.4) (20-48,SD 5.7) (20-44, SD 5.1)
Mother is respondent 274/312 (87.8) 139/159 (87.4) 135/153 (88.2) 83
Non-Dutch mother 83/312 (26.6) 43/159 (27.0) 40/153 (26.1) .83
Non-Dutch father 82/312 (26.3) 45/159 (28.3) 37/153 (24.2) 53
Educational level of the respondent is low® 54/312 (17.3) 32/159 (20.1) 22/153 (14.4) 14
Single parent 30/312 (9.6) 15/159 (9.4) 15/153 (9.8) 82
One child in family 158/312 (50.6) 84/159 (52.8) 74/153 (48.4) 71
Child characteristics
Mean age of child in months 16.9 174 16.5 142
(range, SD) (10-31, SD 5.1) (10-30, SD 5.0) (10-31, SD 5.3)
Gender child, boys 154/312 (49.4) 80/159 (50.3) 74/153 (48.4) 73
Child can crawl 303/311 (97.4) 154/158 (97.5) 149/153 (97.4) 96
Child can pull up to standing 288/311 (92.6) 145/158 (91.8) 143/153 (93.5) 57
Child can walk independently 221/311 (71.1) 117/158 (74.1) 104/153 (68.0) 24
Child can climb 211/271 (77.9) 108/137 (78.8) 103/134 (76.9) 70
Safe and unsafe behaviors
Risk of falls .27
Safe behavior 198/312 (63.5) 99/159 (62.3) 99/153 (64.7)
Unsafe behavior 90/312 (28.8) 44/159 (27.7) 46/153 (30.1)
Not applicable® 24/312 (7.7) 16/159 (10.1) 8/153 (5.2)
Risk of poisoning .62
Safe behavior 198/312 (63.5) 103/159 (64.8) 95/153 (62.1)
Unsafe behavior 114/312 (36.5) 56/159 (35.2) 58/153 (37.9)
Risk of drowning .03
Safe behavior 190/310 (61.3) 90/158 (57.0) 100/152 (65.8)
Unsafe behavior 107/310 (34.5) 57/158 (36.1) 50/152 (32.9)
Not applicable? 13/310 (4.2) 11/158 (7.0) 2/152 (1.3)
Risk of burns .03
Safe behavior 14/312 (4.5) 11/159 (6.9) 3/153 (2.0)
Unsafe behavior 198/312 (95.5) 148/159 (93.1) 150/153 (98.0)

aMann-Whitney U-test
B ow educational level: intermediate secondary education or less
“Not applicable on falls, when no staircase and balcony is present

INot applicable on drowning; when parents do not bath their child, parents do not go swimming with their child, and no pond is present

Health Care Professionals’ and Parents Evaluation of
the Use of the Tailored Safety Advice During the

Well-Child Visit

After thewell-child visit, health care professional sreported the
duration of thevisit for both conditions on their evaluation form.

http://www.researchprotocols.org/2013/1/e9/
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Furthermore, health care professionals were invited, directly
after each face-to-face consultation, to completeitemsregarding

the following topics: (1) adequacy of the generated tailored
safety advice, (2) usefulness of thetail ored safety advice during

the well-child visit, (3) the rating for the application of the
tailored safety advice on a scale from 1 (most negative
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evaluation) to 10 (most positive evaluation), (4) whether the
information of the tailored safety advice wasin accordance with
what the parent indicated (yes/no), (5) health care professionals
satisfaction with the information given to the parent, and (6)
health care professionals’ overall satisfaction with thewell-child
visit. Health care professional srated both the use of thetailored
safety advice and the well-child visit on a scale from 1 (most
negative evaluation) to 10 (most positive evaluation).

In both the E-health4Uth condition and the care-as-usual
condition, all parents that attended the scheduled well-child
visit, a the end of the visit, were invited to complete items
regarding the satisfaction with the safety information they
received (tailored or generic), the overall satisfaction with the
well-child visit, and therating for the well-child visit on ascale
from 1 (most negative evaluation) to 10 (most positive
evaluation). Parents in the E-health4Uth condition completed
an additional item on whether discussing the tailored safety
advice was a valuable supplement.

Furthermore both parentsin the E-health4Uth condition and the
care-as-usua condition had to report their intention to change
safety in or around the home after the well-child visit (ie,
prevention of falls, poisoning, drowning, and burns: yes/no).

Statistical Analysis

Statistical analyses were performed using SPSS 17.0 (SPSS
Inc., Chicago, IL, USA).

Frequency tables were used to explore the socio-demographic
characteristics of the total study population and of both
conditions (E-health4Uth and care-as-usual). The frequency of
safe and unsafe behavior on each safety topic was determined.
The differences were examined with chi-square tests. Items
about the well-child visit and the intention to change safety
behavior after the well-child visit were compared between the
current method of providing safety information (care-as-usual
condition) and the tailored safety advice (E-health4Uth
condition). Differences were determined with student’st tests.
Mann-Whitney U tests were used to assess data that were not
normally distributed.

Results

Family and Child Characteristics

A total of 312 parents (312/958, 32.6%) provided informed
consent and participated in the study—159 parents were
assigned to the E-hedth4Uth condition and 153 to the
care-as-usual condition. The mean age of the parents was 32.5
(range 20-48, SD 5.4) years, 87.8% (274/312) of parents were
mothers and 17.3% (54/312) of parents had a low educational
level (intermediate secondary education or lower). In this study,
90.4% (282/312) of responding families included both parents
and 50.6% (158/312) of families had one child. The age of the
children ranged from 10-31 (mean 16.9, SD 5.1) months, 49.4%
(154/312) of children were boys. Almost all children could
crawl (303/312, 97.4%), and 92.6% (288/312) could pull up to
standing (Table 2). Unsafe behaviorsrelated to risk of fallswere
performed by 28.8% (90/312) of the parents, while 36.5%
(114/312) of parents performed unsafe behaviors with regard
torisk of poisoning, 34.5% (107/312) with regard to drowning,
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and 95.5% (298/312) of parents performed unsafe behaviors
with regard to risk of burns. More parents in the E-health4Uth
condition performed unsafe behaviors with regard to the risk
of drowning compared to the care-as-usual condition (36.1%
Vs 32.9%, P=.03). More parents in the care-as-usual condition
performed unsafe behaviors with regard to the risk of burns
compared to parents in the E-health4Uth condition (98.0% vs
93.1%, P=.03).

In the E-health4Uth condition, 38.4% (61/159) completed the
onlineversion of the questionnaire (allowing Web-based tailored
safety advice), while 61.6% (98/159) preferred to complete the
guestionnaire viapaper (allowing only ahardcopy of the advice
to be sent by regular mail).

Evaluation of the Web-Based Tailored Safety Advice
Module (Immediately After Receiving the Tailored Safety
Advice)

All of the parentsin the E-health4Uth condition who completed
the questionnaire via the Internet completed the Web-based
evaluation of the safety advice and the safety advice module,
directly after receiving the advice (n=61). Of these, 82.0%
(50/61) of parents reported having read their safety advice
completely, 13.1% (8/61) of parentsread the advice only partly,
and 4.9% (3/61) of parents (5%) did not read the advice at all
(Table 3). Parents considered the tailored safety advice to be
reliable (mean 4.6, SD 0.6), understandable (mean 4.6, SD 0.5),
relevant (mean 4.2, SD 0.9), and useful (mean 4.3, SD 0.8).
Furthermore, these parents evaluated the Web-based, tailored
safety advice module as easy to use (mean 4.5, SD 0.7) and
found it a pleasant information source (mean 4.0, SD 0.9).

Health Care Professionals’ and Parents Evaluation of
the Use of the Tailored Safety Advice During the
WelI-Child Visit

We received 65 evaluation forms completed by health care
professionals with regard to the well-child visits (43 in the
E-health4Uth condition, 22 in the care-as-usual condition) and
we received 61 evaluation formsfrom parents who attended the
scheduled preventive youth health care visit (31 in the
E-health4Uth condition, 30 in the care-as-usual condition).

The mean duration of the well-child visit, as reported by the
health care professionals, was 27.2 minutes (SD 11.1) in the
E-health4Uth home safety E-health4Uth condition versus 23.7
(SD 8.0) minutesin the care-as-usual condition (P=.32).

Health care professionals who completed and submitted the
eval uation formsregarding the well-child visitsfound discussing
thetailored safety advice with the parentsto be adequate (mean
4.0, SD 0.4) and useful (mean 3.9, SD 0.4, Table4). They rated
the application of the advice positively (mean 7.3, SD 1.0).
Eighty-one percent (29/36) of youth health care professionals
reported that theinformation found in the tailored safety advice
was in accordance with what the parent indicated. Health care
professionals were satisfied with the information they gave to
the parents of both conditions (mean 4.1, SD 0.6 for the
E-health4Uth condition and mean 4.3, SD 0.5 for the
care-as-usua condition, P=.31), and there was also no difference
in overall satisfaction of the well-child visit between the
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E-health4Uth condition and care-as-usual condition (P=.16).
Health care professional srated the well-child visit with parents
in the care-as-usua condition dlightly higher than that with
parents in the E-health4Uth condition (ie, mean 7.8, SD 0.8 vs
mean 7.5, SD 0.9 respectively, P=.23).

Among parentsthat attended the scheduled well-child visit and
who completed the evaluation forms, parents of both the
E-health4Uth condition and care-as-usual condition were
satisfied with the information received during the well-child
visit (mean 3.7, SD 0.8 and mean 3.4, SD 1.3, respectively).
Discussing the tailored safety advice with the youth health care
professional was a valuable supplement to the well-child visit

van Bedlen et a

(mean 3.4, SD 1.3). No significant difference was found in
satisfaction between the E-health4Uth condition and
care-as-usua  condition (P=.51). Parents in both the
E-health4Uth condition and care-as-usual condition gave the
well-child visit a mean rating of 8.0.

More parentsin the E-health4Uth condition showed intentions
to change safety in or around the home with regard to the
prevention of falls (43.3% vs 18.5%, P=.04), the prevention of
poisoning (53.6% vs 29.6%, P=.07), the prevention of drowning
(35.7% vs 14.8%; P=.08), and the prevention of burns (57.1%
Vs 22.2%, P=.008) compared to parents in the care-as-usual
condition.

Table 3. Parents' evaluation of the tailored safety advice and the Web-based, tailored safety advice module (n=61).

Reading of the Web-based, tailored safety advice
Have read their advice completely
Have read their advice partly
Have not read their advice

Tailored safety advice
Was the safety advice reliable?
Was the safety advice understandable?
Was the safety advice relevant??
Was the safety advice useful 2
Web-based, tailored safety advice module
Was the module easy to use?®

Was the module a pleasant information source?

n (%)
50/61 (82.0)
8/61 (13.1)
3/61 (4.9)
Mean (SD)
4.6 (0.6)
4.6 (0.5)
4.2(0.9)

43(0.8)

45(0.7)

40(0.9)

@ Scores on a5-point Likert scale ranging from 1 (most negative evaluation) to 5 (most positive eval uation)
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Table 4. Health care professionals’ and parents’ evaluation of the well-child visit and the use of the tailored safety advice during the well-child visit

(if applicable).
E-health4Uth Care-as-usual P val-
condition condition ue
Health care professionals: Mean (SD) n=43 Mean (SD) n=22
Was discussing the safety at home adequate? 4.0(04) NAC
Was the tailored safety advice useful to discuss during the well-child visit? 39(04) NAC
Rating for the application of the tailored safety advice® 73(10) NAC
Wastheinformation of the tailored safety advice in accordance with what the parent indicated? 29/36 (80.6%) NAC
n (%)
Satisfaction with information given? 4.1(0.6) 4.3(0.5) 314
Overall satisfaction with the well-child visit? 4.2 (04) 4.3(04) 16°
Rating for the well-child visit® 75(0.9) 7.8(0.8) 23¢
Parents: Mean (SD) n=31 Mean (SD) n=30
Satisfaction with information discussed® 37(08) 34(13) 514
Was discussing the tailored safety advice valuable supplement? 34(13) NA®
Overall satisfaction with the well-child visit® 4.4(0.5) 4.4(0.5) 92¢
Rating for the well-child visit? 80(12) 8.0(0.9 92¢
Intention to change safety behavior in or around the home after the well-child visit, inthe  n (%) n (%)
prevention of:
Falls 13/30 (43.3) 5/27 (18.5) o
Poisoning 15/28 (53.6) 8/27 (29.6) off
Drowning 10/28 (35.7) 4/27 (14.8) osf
Burns 16/28 (57.1) 6/27 (22.2) 008

85cores on a 5-point Likert scale ranging from 1 (most negative evaluation) to 5 (most positive evaluation)

bScores from 1 (most negative evaluation) to 10 (most positive evaluation)

“Not Applicable

dehi square
CStudent’s t-test
fMann-Whitney U-test

Discussion

Principal Results

In the present pilot study, we evaluated a Web-based tailored
safety advice and the application of an eHealth module
compared to the use of generic safety information leaflets in
well-child visits. This pilot study showed that athough the
tailored safety advice and the E-health4Uth module turned out
to be positively evaluated, the mgjority of parents declined to
complete the online questionnaires that enabled onlinetailored
safety advice, and preferred to use paper-and-pencil to complete
the questionnaires. This diminishes the convenience of the use
of Internet to deliver online tailored safety information. In the
small subgroup of parentsthat attended the scheduled well-child
visits and those that completed the evaluation form after the
visit, the ratings regarding satisfaction in the E-health4Uth
condition were equal to those in the care-as-usual condition,
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stating that parents have no preference with regard to the method
of providing safety information during the well-child visit.
However, among these parents, more parents in the
E-health4Uth condition reported afavorabl e intention to change
the safety situation in and around the home compared to parents
in the care-as-usual condition.

Limitations and Consider ations

In this study, the participation rate (312/958, 32.6%) was
relatively low. One reason for the low participation rate could
be the lack of sending reminders. Thereis no data available on
the characteristics of parentswho did not wish to participatein
this study. Baseline characteristics show that in the study
population, over 90% of children were living in a two-parent
home. In the general population of the Netherlands, the
percentage of two-parents homes is comparable with the
numbers we found in our study [25]. The relatively low
participation rate might limit the generalizability of the results.
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Slightly more parentsin the E-health4Uth condition carried out
unsafe behaviors with regard to the risk of drowning compared
to the care-as-usual condition and slightly more parents of the
care-as-usual condition behaved unsafe with regard to the risk
of burns compared to parents of the E-health4Uth condition.
Given the random allocation to both conditions, this was a
chance finding.

All parentswho provided informed consent completed the safety
behaviors questionnaire, either by using Internet or by
paper-and-pencil; and al parentsin the E-health4Uth condition
who completed the online questionnaire, provided answers to
the evaluation form regarding the online tailored safety advice.
However, relatively few evaluation forms from both parents
(n=61) and professionals (n=65) were collected after the
scheduled preventive youth health care visit. At the time of the
study, there was no digital database regarding the preventive
youth health care visits; so we were unaware whether the
scheduled visits were realized or not. Furthermore, the empty
form (that should have been completed) might have been
missing in the dossier of the child (dueto logistical problems),
or the parent/professional did not want to complete the form.
There was no significant difference in parent and child
characteristics between parents who did and who did not
complete the evaluation (P>.05, data not shown).

For the present study, since most well-child visitsdid not involve
a vaccination (which is in the Netherlands associated with a
high attendance), we might assume that circa50% of theinvited
parents attended the scheduled visit. If this was the case, only
circa 4/10 evaluation forms after the visits were collected. In
future studies, we recommend the use of digital patient filesto
record attendance to the scheduled visits and the topics that
were discussed during these visits. Brief evaluation questions
may be integrated in such digital patient files with informed
consent from the study participants. In the present study the
results with regard to the evaluations after the preventive youth
health care visits should be interpreted with utmost care, since
non-response bias may have occurred, and given the relatively
low numbers of completed forms. Furthermore, the evaluation
of thewell-child visit could depend on moreitemsthan just the
ones we measured in this study.

Over 60% of parents preferred completing the safety behavior
guestionnaire by paper-and-pencil. In the E-health4Uth
condition, this meant that less than 40% of participants could
benefit from the online tailored safety advice. In this study, a
hard copy of the tailored advice was generated after data-entry
of the paper-and-pencil questionnaire results and mailed to both
parent and health professional. Thisis however time consuming,
costly, and diminishesthe convenient nature of using the Internet
to deliver online tailored safety information. According to
Statistics Netherlands, the number of Internet connections in
the Netherlands was 80% during the time of the study, rising
t094% in 2011 [25]. Lack of Internet connections does not fully
explain why parents preferred to complete the health behavior
guestionnaire by using paper. Apparently, the majority of parents
did not highly appreciate the possibility of onlinetailored advice.
On the other hand, the parents that did complete the online
version of E-health4Uth home safety read the advice and
provided favorable ratings. We recommend, however,
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developing strategies to improve the uptake of eHealth
applications and the perceived benefits of online tailored
information in the practice of preventive youth health care by
involving both parents and professionals.

One element may be to increase the perceived benefits from
onlinetailored advice as opposed to current generic advice (most
often provided as |eaflets during well-child visits). This study
showed, unexpectedly, alack of difference between levels of
satisfaction regarding tailored safety information provided
between the E-health4Uth module and the generic safety
information leaflet. We saw that parents were highly satisfied
with both the current generic version as well as the tailored
safety information, which implies that parents might not have
apreference for either method. Safety information is only one
topic in preventive youth health care. When the E-health4Uth
module covers more relevant topics in the future, more
advantage may be gained by providing tailored advice. We
recommend involving both panels of parents and health
professionals in such developments, in order to achieve
maximum profit for the target audience of such eHealth tools.
The current pilot study showsthat ahigh uptake, let a one higher
appreciation of tailored advice compared to high-quality generic
advice cannot be taken for granted.

Although the difference was not statistically significant, the
well-child visit lasted dightly longer in the E-health4Uth
condition compared to the care-as-usual condition. The youth
health care professional sreported asignificantly longer duration
of the visit in the E-health4Uth condition when a Web-based,
onlinetailored information was generated and provided to both
parent and professional (n=21, mean 31.4 minutes, SD 11.8)
compared to when parents completed the questionnaire online
and a hard copy of the advice was generated and provided to
both parent and professional (n=22, mean 23.1 minutes, SD 8.8,
P=.01, data not shown). For practical reasons we suppose the
online generated tail ored advice wasmorelikely to be available
at the moment of the health visit to both professional and parent,
compared to the hard copy that had to be generated and mailed.
Presence of the tailored advice might trigger more and longer
discussions between parent and professional. Although this may
be beneficial from the viewpoint of behavior goalsto be attained,
the duration of visits after provision of online tailored advice
requires attention in future projects for logistical and financial
reasons.

The current study, although in arelatively small, and potentially
biased subgroup, illustrated that the tailored advice may induce
more intention to change behaviors in a favorable direction.
This supports favorable results from early initiatives [20,26].
To determine whether the Web-based tailored safety advice is
more effective to promote parents child safety behaviors
compared to generic advice using information lesflets, it is
recommended that an effect-evaluation of E-health4Uth home
safety is performed [27,28].

Conclusions

There are many potential benefits of gathering health and health
behavior data [29-31] and providing tailored information and
support through eHealth in preventive youth health care. Online
information sources and algorithms to generate tailored
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information can be easily updated, and wide-scale distribution
can be arranged at relatively low cost. However, given the fact
that the majority of parents did not accept the invitation to
complete E-heath4Uth home safety online and preferred
paper-and-pencil instead, we recommend devel oping strategies
toimprovethe uptake of eHealth applicationsand the perceived
benefits of online tailored information in the practice of
preventive youth health care by involving both parents and
professionals. An example could be that parents are unaware
of the benefits of tailored health information, due to lack of
knowledge about this way of providing information. This lack
of knowledge could lead to the fact that parents rather choose
the regular approach in receiving health information, ie, with
generic leaflets. Health care professionals could explain the
goals and benefits to parents, so parents can better choose
between these two forms of information provision. To examine
why parents may not prefer an eHealth intervention, an overview
of the advantages and disadvantages of the eHealth intervention
by users could be collected, for instance how to deal with
privacy issues.

Tailored information has the potential to be more effective in
realizing favorable health behaviors compared to generic
information, but not all potentially effective elements were
already included in the prototype in this study. The current
Web-based, tailored safety advice module and the use of the

van Bedlen et a

safety advice during the well-child visit could be extended using
personal cognitive factors, social factors, or parents’ barriersto
show safety behavior [32].

Changing behavior is difficult, requiring time, effort, and
motivation. Health care professionals could benefit from
techniques to help them motivate parents to change their
behavior. Previous research has shown positive effects of
motivational interviewing on health behavior [33-35].
Motivational interviewing provides techniques that can be
applied by health care professionals to promote safe behavior.
Motivational interviewing could be applied to the discussion
of the tailored safety advice by the health care professiona with
the parent [36].

We propose future effect-eval uations of tailored safety advice,
by exploring whether tailored safety advice is more effective
on parents’ child safety behaviors compared to generic safety
leaflets. When proven to be effective, eHealth combined with
personal counseling could also be used in health promotion on
multiple other areas relevant for prevention such as nutrition,
physical activity, or deep. It may be useful for parentsto prepare
themselves for the well-child visit and to formulate specific
guestions on these topics. Furthermore eHealth could help
parents and youth health care professionals to focus on issues
that need further attention.
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Abstract

Background: An eHealth intervention using computer tailored technology including several behavior change techniques was
developed to support the self-management of chronic obstructive pulmonary disease patients.

Objective: Thegoal of this study was to evaluate and improve the usability of the eHealth intervention.

Methods: We conducted a usability evaluation with 8 chronic obstructive pulmonary disease patients, with a mixed methods
design. We improved the usability through iterative cycles of evaluation and adaptation. Participants were asked to think aoud
during the eval uati on sessions. Parti cipants then completed asemi-structured interview. The sessionswere observed and recorded.
Descriptive statistics and content analysis were used to uncover usability issues.

Results. Areas for improvement were layout, navigation, and content. Most issues could be solved within 3 iterations of
improvement. Overall, participants found the program easy to use. The length of the program urged us to further analyze the
appreciation of behavior change techniques. Some were perceived as helpful and easy to use, while others evoked frustration.

Conclusions: The usability study identified several issues for improvement, confirming the need for usability evaluation during
the development of eHealth interventions. The uncovered strengths and limitations of behavior change techniques may lead to
optimization of eHealth interventions, but further insight is needed.

(JMIR Res Protoc 2013;2(1):€3) doi:10.2196/resprot.2246

KEYWORDS
usability testing; Internet intervention; computer tailoring; chronic obstructive pulmonary disease; self-management

: along with significant systemic consequences|[2]. Although the
Introduction airflow limitation is not fully reversible, hospital admissions
Chronic obstructive pulmonary disease (COPD) is one of the ~¢an beéreduced and health-related quality of life can beimproved
major causes of morbidity and mortality worldwide[1]. COPD Dy adequate patient self-management [3,4]. Self-management
patients suffer a progressive deterioration of respiratory function interventions should focus on behavior modification, such as
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smoking cessation, physical activity, and medication adherence,
in order to attain improvement in health status [5]. Many
home-based disease management programs have been devel oped
to improve the health of chronically ill patients [6] including
COPD patients [7]. These programs make use of eHealth.

EHealth interventions have become quite popular in number
and reach. They are accessible over the Internet or mobile
technol ogies and can offer information to support health-related
behavior change to large population segments at any time with
decreased personnel demands [8]. Especialy the usage of
computer-tailored technol ogy for patient education and changing
lifestylesisbecoming increasingly popular in eHealth programs.
Computer-tailored technology has been shown to effectively
support behavior modifications [9,10]. For example, smoking
cessation studies by Strecher et al [11] and Te Podl et al [12]
showed higher continued abstinence rates in the group that
received a Web-based tailored smoking cessation intervention
compared to the control group. Computer tailoring principles
can aso be applied for changing multiple behaviors [13,14].
By tailoring feedback messages to a person’s responses,
messages become more personalized and matched to key
theoretical determinants of the behavior and characteristics of
the person [15,16]. For example, a smoking relapse prevention
program of Elfeddali et a [17] used name, gender, and
motivational characteristics, such as perceived pros and cons
of not smoking, levels of self-efficacy, and perceived stress.
Personalization and adaptation of computer-tailored messages
result in increased attention, appreciation, and processing of
information [14,16].

Despite the growing popularity of eHealth interventions, it is
very common for users who experience difficulties with the
program to discontinue program use or drop out of a study
before completion [18,19]. A critical factor for the uptake and
retention of consumers for these programs is a high quality
user-centered design [19]. To make a program efficient,
effective, and satisfying to use, ausability study on the program
can be conducted [20,21]. Usability studies enable developers
to discover problemswith the program and to explore end users
experiences. In many practical usability engineering situations
where it is not necessary to collect quantitative data for
benchmark purposes, it is possibleto gain sufficient insight with
a small test group [22]. Iterative cycles of evaluation and
adaptation can befollowed to obtain thisinformation to improve
the prototype and increase its user-friendliness [20,23].

In the MasterYourBreath project (AdemDeBaas in Dutch), a
computer-tailored program is accommodated to support
self-managed behavior change of COPD patients. This paper
reportsfindingsfrom one of thefirst phases of this project—the
evaluation of the usability of the program. A pragmatic approach
was followed, with 3 iterations of detection and resolution of
usability problems.

http://www.researchprotocols.org/2013/1/e3/
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Methods

Design

This was an exploratory study with a mixed methods design.
The study contained a usability evaluation with an iterative
design to assess and improve the user-friendliness of the
program. In addition, research was carried out to examine end
users opinions on the behavior-change techniques (BCTS)
integrated in the program.

Recruitment

We recruited 8 Dutch speaking COPD patients from the
Maastricht region, the most Southern part of the Netherlands.
All participants were capable of using a computer. To create a
heterogeneous sample of COPD patients, half the patientswere
recruited through their family doctor and the other half through
flyersin the Maastricht University Medical Center.

Ethical Considerations

This study was in accordance with all applicable regulations
and was approved by the Medica Ethical Committee of
Maastricht University Medical Center. All participants received
an information letter about the study and participated in an
informed consent procedure with aresearcher. All participants
received a gift voucher after the evaluation session.

Prototype Description

The prototype described in this paper was afurther development
of existing computer-tailored programs for behavior change,
originally developed for public health research. The Internet
application Tailorbuilder (OverNite Software Europe, Sittard,
NL ) based on Perl and aMySQL5 database served asacontainer
for domain-specific knowledge such as routing procedures,
tailoring rules, and feedback messages.

Thekernel of the program isareasoning engine, which isbased
on the I-Change Model for behavior change [24,25]. It
incorporates 8 BCTs in a predefined order (Table 1, [26,27]).
Researchers can enter domain-specific knowledge about
smoking cessation, physical activity, and other desired
behaviors. This knowledge will be captured into specific
questions, rules, and advices. ViaaWeb interface, patients and
other users can access the program to seek advice. They can
choose between different modules, including a general
assessment module for health risk appraisal and 3 modules
targeted to change specific behaviors. These behaviors are
smoking cessation, medication adherence, and physical activity.

Sofar, the program has only been used in the general population.
The modules for smoking cessation and physical activity were
based on earlier projects[14,25] and were adapted for the COPD
target group. The medication module was devel oped specifically
for the MasterYourBreath project.
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Table 1. BCTsdefined by Michieet a [27].
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BCTsused in this prototype

Definition

1. Provide information on consegquences
of behavior in general

2. Provide information on consequences
of the behavior to the individual

3. Provide information about others’ ap-
proval
4. Goa setting (behavior)

5. Barrier identification/problem solving

6. Provide feedback on performance

7. Plan social support/social change

8. Prompt identification asarolemodel/po-

Information about the relationship between the behavior and its possible or likely consequencesin the
general case, usually based on epidemiological data, and not personalized for theindividual (contrast with
technique 2).

Information about the benefits and costs of action or inaction to the individual or tailored to arelevant
group based on that individual’s characteristic (ie, demographics, clinical, behavioral, or psychological
information). Thiscan include any costs or benefitsand not necessarily thoserelated to health (eg, feglings).

Involvesinformation about what other people think about the target person’s behavior. It clarifieswhether
others will like, approve, or disapprove of what the person is doing or will do.

The person is encouraged to make abehavioral resolution (eg, do more exercise next week). Thisisdirected
towards encouraging people to decide to change or maintain change.

This presumes having formed an initia plan to change behavior. The person is prompted to think about
potential barriers and identify the ways of overcoming them. Barriers may include competing goalsin
specified situations. This may be described as problem solving. If it is problem solving in relation to the
performance of abehavior, then it counts asan instance of thistechnique. Examples of barriers may include
behavioral, cognitive, emotional, environmental, social, and/or physical barriers.

Thisinvolves providing the participant with data about their own recorded behavior or commenting on a
person’s behavioral performance or a discrepancy between one’s own performance in relation to others'.

Involves prompting the person to plan how to dlicit social support from other people to help him/her
achieve their target behavior/outcome. Thiswill include support during interventions (eg, setting up a
buddy system or other forms of support and following the intervention including support provided by the
individuals delivering the intervention, partner, friends, and family).

Involves focusing on how the person may be an example to others and affect their behavior (eg, being a

sition advocate good example to children). Also includes providing opportunities for participants to persuade others of
the importance of adopting or changing the behavior (eg, giving atalk or running a peer-led session).
When participants logged in the second time, they wereinvited
Prototype Walkthrough to choose from one of the behavior modules. The module started

A typical scenario for using the program is as follows. After
logging in to the program for the first time, participants filled
out the assessment module, measuring smoking behavior,
medication adherence, and physical activity. The assessment
module consisted of demographical questions, questions to
assess smoking behavior, the Fagerstrom Test for Nicotine
Dependence [28], the Medication Adherence Report Scale
(MARS-5) [29] to assess medication adherence, the Short
Questionnaire to Assess Health-Enhancing Physical Activity
(SQUASH) [30] to assess physical activity, and questions
ng the stages of change[31] and intention to change these
3 behaviorson aLikert scale. Thisquestionnaire elicited health
risk appraisal feedback, which contained information on the
users’ lifestyle.

Table 2. BCTsused in the program.

with the assessment of the motivationa beliefs toward a
particular behavior. Responses then generated tail ored feedback.
Consequently, the program assessed socia influence on the
behavior and provided feedback. Plans for behavior change
were then assessed and tailored to the feedback in an action
planning step. Finally, the program attempted to improve
self-efficacy by identifying barriers participants experienced
when changing or maintaining the behavior and by assessing
plans that participants made to overcome these barriers. This
yielded feedback on the identified barriers and approaches to
overcome them. See Table 2 for an overview of the program
including the BCTs used per intervention component.

Users actions Intervention components

BCTsintegrated in theintervention components?

Usersfill out the assessment module and receive
health risk appraisal feedback

Questionnai re assessing demographics, intention
for behavior change, stages of change, and a

1,6

health risk assessment. Health risk appraisal
feedback was based on the outcomes of the as-

sessment.

Usersreceive feedback in one of themodules ~ Mativational beliefs
(smoking cessation, physical activity, or medica

tion adherence) Social influence

Action planning
Self-efficacy

1,2
3,7,8

8 These steps correspond to those shown in Table 1.
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Procedure and Data Collection

All evaluation sessions took place in a laboratory setting at
Maastricht University Medical Center, except one, where a
participant was visited at home due to his medical condition.
The test scenario for the users was to log on, follow the
instructions presented in the program, and compl ete the program.
A test script for the moderator waswritten out in detail. Analysis
guidelines were written out in advance. Prior to starting the
usability study, the procedure was pretested on one individual,
who was not participating in the usability study and not
diagnosed with COPD, to ensurethat all aspects of the usability
evaluation would function adequately.

The study was performed in successive series of individual tests.
For each series we asked 5 test subjects, or less if saturation
was reached. We planned for 3 series, with the possibility to
proceed should new usability problems arise continualy. All
serieswere conducted by the same moderator and observer, and
both were not involved in the development of the program. The
moderator guided the participants through the test but did not
intervene or disrupt the thinking process. She would only
provide help if participant explicitly requested help to proceed
with the tests. Both the moderator and the observer noted the
problems partici pants encountered.

Participants were asked to perform 2 tasks, which were the same
asthose that would be performed by future program users. The
first task was to go to the website, log on, and complete the
assessment module to receive health risk appraisal feedback.
The second task was to complete one of the modules aimed at
changing a specific behavior. Within each task, the users had
no freedom of navigation, which assured that every participant
encountered the same elements of the program. Thethink aloud
method was used to assess participants’ reasoning and the source
of their problems while using the computer program [32].
Participants were asked to verbalize their thoughts while
performing the tasks. We emphasized that the intention was to
evaluate the program and not the participants’ behavior, in order
to encourage participantsto talk freely. Because thinking aloud
isan unusual task, participantswere given one chanceto practice
this task. Morae video-analytic software (TechSmith

http://www.researchprotocols.org/2013/1/e3/
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Corporation, Okemos, M1, USA) was used to capture screen
display, mouse clicks and participants’ verbal comments along
with nonverbal reactions using a webcam. This alowed the
moderator and observer to review the sessions to identify
problems that were missed during the sessions. Figure 1 shows
a screenshot of arecording of the pretest.

In the last step of each session, participants were interviewed
about their experiences with the tasks and their prior computer
experience. At the end of the interview, the users were asked
to rate the program on a scale from 0 to 10, with O being very
bad and 10 being excellent. The observer took field notes and
composed a descriptive summary from each interview.

Analysis

Descriptive statistics (ie, median and range) for task completion
rate, completion time, program rating, and demographical
characteristics of participants were computed. To uncover
usability issues, the think aloud data, keystrokes, and mouse
clicks were reviewed by both the observer and the moderator.
They independently placed markers in the video recordings at
times that participants encountered problems during task
performance or commented on the content of messages. These
markers, along with descriptive summaries, field notes, and the
interviews, were used to identify the problems participants
experienced working with the prototype. Quantitative criteria
for usability problems were completion time, number of help
guestions, and number of errors. For the qualitative data, a
content analysis approach was used [33]. Observer and
moderator together grouped these problems into 3 categories
(content, layout, and navigation) and identified the major
problemsfromthelist of problems. Major problemswere system
errors, problemsthat repeatedly occurred, problemsthat caused
user irritation, and problems that were recalled by the user in
theinterviews. All other marked problemswere |abeled as minor
problems. When no new major problems were identified by a
participant, the results were used for program refinement. This
process was repeated in the following rounds, until saturation
was reached. The observer and moderator met frequently to
discuss findings, interpretations, and data synthesis.
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Figure 1. Screenshot of arecording.

& Adem de Baas.mpr - Morae Manager

Fle Edt Create Search Flay View Tools Help

Voncken-Brewster et d

i ‘ - ‘ 5 | 15 | ] o do Liog tesks and markers n Manager? .| . onineTuonss (@)
=
% Recording - SoftwareOrWebUsabilityStudyRecordingAdemdeBaasCode2 B
% E
Analyze =% ?rkers A

& fundefine
Details - Marker

[Text Notes:

nerksituatie I« heb geen baan

Mame:

[Marker Type:
(undefined)

Marker Definitior
<hone >

[¥ narmalize audio

Ll

’ LEva&

Nowononoo W ousm2es [ B O ‘ J— a Fiter OF =

€ selectad tacks  Selected recordings

Study: Software or Web Usability Study Search Results
& Entren & a - Modify Search., | Searching for: Markers [al applications]
Entire recording Al recordings ify A M kers (ool

[ 2uner

/_Eepsed... | Recording [ Event
5 of Marker

[ petiis
5

[otes |

s .
{undefined) .. link een paar keer geprobeerd
s
5

Selected Duration: Not applicable

Program I mprovement

After each evaluation round, the detected problems of major
importance were further classified into 2 groups. These groups
were problems that could be solved with simple solutions
implemented by the research team quickly before the next round
of usability evaluation, and problems that required complex
solutions. The solutions to the more complex problems had to
be implemented by the vendor of the system, therefore these
items were put on await list for a future upgrade.

Results

Participant Characteristics

The tests were conducted in 3 series. In the first round, 4
participants were tested, 2 in the second round, and 2 in the
third round. Of the participants, 4 were recruited by their family
doctor and 4 from the hospital. The ages of the 8 participants
ranged from 51-70 years, (median 59.5). Therewere 5 maleand
3 female participants. The education level of the participants
varied—S5 had a high level of education, 2 had an intermediate
level, and 1 alow level of education. Internet experienceranged
from 5-20 years, while current computer use varied from 3-21
hours per week. None of the participants were familiar with the
prototype that was evaluated. The severity of disease ranged
from mild COPD to very severe COPD, needing oxygen therapy.

Usability I ssues

The completion time of both taskstogether varied from 42-120
minutes with a median of 67 minutes (71 minutes in round 1,
82 minutes in round 2, 59 minutes in round 3). Filling out the
assessment module and receiving the health risk appraisal
feedback (task one) took less time (15-39 minutes, median 29
minutes) than completing one of the modulesaimed at changing

http://www.researchprotocols.org/2013/1/e3/
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a specific behavior (22-84 minutes, median 40 minutes).
Completion rate was 100% in al cases. The number of help
guestions per participant varied from 0-2 (median 1) and the
number of errors from 0-6 (median 1). Participantsin the third
round had the least usability problems, with only 1 help question
(font size) and 1 navigation error (scrolling).

The participants' rating of the program ranged from 6-9 on a
10-point scale (median 7.75). They were generaly satisfied
with the layout of the program. All participants were able to
navigate through the program with minimal interference of the
observer. During the interviews participants commented that
the program was overall easy to navigate and the content was
comprehensible. Nonetheless, suggestions for improvement
were made. Analysis reveal ed specific problemsin 3 domains:
layout, navigation, and content. These problems and the changes
we made after each round of testing are explained below and
the major problems are summarized in Table 3. In the third
round only some new minor problems arose as major problems
reached saturation.

Layout

Most participantsin the first round overlooked the information
regarding the option of increasing the font size. As a solution,
we improved the visibility of this instruction by repositioning
it to the top left hand corner of the page, adding a title and
increasing the font size of the instruction. All participants in
the next round of testing noticed it.

Another problem concerned filling out a question matrix. A
participant clicked in the wrong check box, which led to
incorrect answers. This problem was solved by leaving a blank
line after every 3 lines of questions with answer options.
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A minor problem was uncovered in the third round of testing
and related to the utilization of the unfolding questions. An
unfolding question isaquestion that appears only when acertain
answer is given to the previous question. The position of these
guestions confused a participant, because the unfolding question
appeared right after the given answer instead of after the former
question.

Navigation

Every participant completed both tasks without any navigation
problems in the first round. In the second round of testing,
participants noticed the instruction to change the font size, but
thisintroduced 2 new navigation problems. Participants pressed
the wrong keys in trying to increase the font size by pressing
the key combination “Ctrl +". Thereafter, we improved the
instructions. Despite this change, a participant still struggled
withincreasing the font sizein thelast round of testing. Another
navigation problem was linked to the need to scroll to view all
of the information after increasing the font size. Three
participants who increased the font size forgot to scroll down
to see the rest of the page.

Content

We detected 4 major usability problems concerning the content
of the questions and feedback messages. The first content
problem manifested in the physical activity questionnaire
(SQUA SH) that was part of the health risk appraisal. Participants
who were retired or unemployed were irritated by the 4
work/school related questions. One participant commented that
“onewould almost feel discriminated against”. All participants
in the first round of testing used these questions to fill out the
time they spent walking and bicycling at their leisure, being
unaware of the fact that they would be asked about these
activities later. As a consequence, they reported the same
activities twice, which resulted in an overestimation of the
amount of minutes spent walking and bicycling. We solved this
problem by adding an option “I do not have ajob/go to school”
and changing the sequence of the questions (see Table 3 for
changes across rounds). During the last round of testing,
participants completed this part correctly.

The second problem concerned the perceived similarity of 2
guestions—the question that assessed the stages of change and
the question that measured the intention to change on a Likert
scale. These 2 questions were very similar and all participants
in the first round of testing perceived this as unnecessary and
expressed frustration. We initialy solved this by adding an
explanation to the second question that these questions might
look similar, but have different response options. In the second
round participants showed no frustration, but still a participant
commented that asking this question twice was unnecessary.
We decided to eliminate the second question.

The third problem concerned the length of the program. As a
matter of fact, each behavior module urges the user to pass
through al BCTs, which takes time. One participant
recommended shortening the feedback messages. Also,
participants often did not take the time to read all feedback
messages and commented that it was alot to read.
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The last problem was brought to our attention by a participant
who suffered from severe COPD. He stated that the feedback
was not appropriate to his situation, due to the severity of his
condition. “If this is for people like me, there should be
adjustments for functional limitations. Here they talk mainly
about the possihilities, about people who are mobile etc., but
the people who cannot get out of the house, for those
adjustments should be made.” He also expressed that the term
“physical activity norm”, which was used in the feedback,
sounded too negative. He reflected that achieving the norm
highly depends on a person’s possibilities to achieve the norm.
We removed the term physical activity norm, but still gave the
recommendation to be physically active for 30 minutes a day.

In addition to the above modifications, some minor changes
weremade. A participant suggested that an extra question about
breathing problems during physical activity was missing. This
question was added. A clarifying example for a question about
medi cation intake was removed, since thisled to confusion and
incorrect responses. Also, some changes to word choice were
made in response to comments. For example, one participant
found the terminology “COPD patients’ rather offending. She
reasoned that a person is more than a patient. “1 find the word
COPD patient or cancer or lung patient a nasty slogan... | am
not the disease, | have it” We followed this recommendation
and replaced “ COPD patient” by “people with COPD”.

Post-Hoc Analysis: Evaluation of the BCTs

One of the problems identified by the participants was that the
program length wastoo long. Asthe length of the program was
hindered by the requirement that all participants must pass
through all the BCTs, we reanalyzed the think aloud data using
content analyses to assess the users’ opinions about each BCT.

Participants agreed with the information on consequences of
behavior in general (BCT 1) and talked about how this was
applicable to their own lives. One participant thought that it
was more useful to younger people, who are not yet familiar
with the disease.

Opinions concerning BCT 2, information on the consequences
of behavior to the individual, were mixed. One participant
claimed to know all of theinformation presented in this section
already, while another participant stated that the information
may stimulate behavior change.

The opinions about the 3 BCTs focusing on socia influence
(BCT 3, 7, and 8) were mixed—commentswere mainly negative
for BCT 3 and 7, while some participants thought that BCT 8
gave good suggestions (ie, joining a sports club or finding a
buddy to exercise with). Information about others approval
(BCT 3) was bypassed by some participants. They indicated
not to be concerned about what other people think or do.
Prompting i dentification asarole model/position advocate (BCT
7) was not appreciated as some particiantsthought that behaviors
that require change should only be identified by themselves,
not others. A participant considered this awkward and
patronizing. “I find that hurtful... everybody has their own
motives, you should not talk to people about that. | almost find
that patronizing.” Another participant was afraid that hisfriends
would not appreciate it if he talked to them about behavior
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change in a persuasive manner. However, this participant
understood that he could also just set the right example instead
and talk about his health achievements without trying to
persuade others.

A variety of viewswere expressed towards BCT 4, goal setting
(behavior). One participant had difficulties understanding the
guestions about plans they made for behavior change. Another
participant thought that it was useful to make plans, while two
other participants found planning useless. One argued that he
was physically active without the need to think of a plan and
felt that this part of the program was not applicable to him.

Five participants had difficulties identifying barriers and
thinking of waysto overcome them (BCT 5)—they had to read

Table 3. Mgjor usability issues and resolutions per round of testing.

Voncken-Brewster et d

the questions multiple times. These questions were perceived
as hard and annoying. Participants did not have any problems
regarding the feedback that helped them solve their problems.
One participant mentioned that the tailored feedback she
received to overcome the barriers enabled her to plan more
consciougly.

Five participants agreed with the feedback on performance (BCT
6) and accepted it. One participant commented that it was
objective, not too strict or pedantic, and initiated thinking about
behavior, while 2 other participants found it too strict. One of
them said she would not take the feedback into consideration.
Participants were happy to receive compliments.

Round  Typeof problem Problem emerged Resolution
1 Layout Information on increasing the font size was overlooked  Information was made more apparent
Content The work/school questionsin the SQUASH were annoy- The answer option: “I do not have ajob/I do not go to
ing and answered incorrectly school” was added to skip the remaining job/school questions
The assessment of intention and stages of changewas A short explanatory introduction was added
perceived as unnecessary and because of that frustrating
Program and feedback messages too lengthy [no quick solution]
Navigation Scrolling after increased font size [no quick solution]
2 Layout Participant clicked in the wrong check box, when filling An empty line was inserted after each 3 lines
out answer options
Navigation Participants noticed the option to change font size, but  Instruction was simplified
did not succeed changing it
Content Thework/school questionsin the SQUASH wereannoy- 1. A warning to fill out the answer option:” | do not have a
ing and answered incorrectly [solution not sufficient] job/ | do not go to school” was added
2. A short overview of the questions was added
3. The sequence of the questionnaire was changed
The assessment of intention and stages of change was One question was removed
perceived as unnecessary [solution not sufficient]
Some feedback on physical activity disturbed the partici- [no quick solution]
pant suffering from severe COPD
3 Navigation One participant had problems changing the font size[so- [no quick solution]
lution not sufficient]
: : 22] and the best revenues from usability evaluations comefrom
Discussion [22] Y

The purpose of this study wasto assess and improve the usability
of a computer-tailored program amed at supporting
self-management of COPD patients. We found a need for
various improvements concerning layout, navigation, and most
importantly content. Thisisin linewith other studies evaluating
the usability of eHealth applications [34,35]. A remarkable
finding was from a participants’ comment that some feedback
was not adequate for severe COPD patients because of their
progressive physical limitations. Thisfinding demonstrated that
feedback should be tailored to the severity of disease.

This study had several limitations. One limitation was inherent
to its pragmatic approach. While as few as 5 test subjects are
considered enough to find the mgjority of usability problems

http://www.researchprotocols.org/2013/1/e3/

iterative testing [23], such alimited number of participants (we
used 8) is not enough to generate valid and reliable metrics that
can be analyzed [36]. On the other hand, this pragmatic approach
enabled usto correct most problems and retest the program with
corrections implemented.

Another limitation wasthat we were unableto solve all usability
problemsthat were found, given the time frame of the usability
study and the technical means. For example, the problem
associ ated with the lengthiness of the program remains unsolved.
This becomes an issue particularly for future users of the
program, who will not be aided by amoderator. Their frustration
with the long program length may lead to discontinued use of
the program. Thisisthe reason why we decided for a post-hoc
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analysis of the BCTs to explore the possibility of making the
program more elective rather than compul sory.

The question related to that issue is whether the selection of
BCTs should be based on the stage of change [31], the users
preferences[16], or other considerations. There are many studies
that evaluate the impact of BCTs provided by computer-tailored
programs. For example, aprogram can enhance the self-efficacy
of carrying out certain behaviors of a user by assessing the
individual’s perceived barriers to physical activity and giving
feedback to increase confidence for dealing with the identified
barriers. Another technique may be to invite persons to make
action plans on how to prepare anew behavior [14,37,38]. Some
BCTs used in eHedlth interventions have been shown to be
more effective than others [39]. However, less is known about
how users appreciate the BCTs used in these programs [40].
BCTs have a different content in each study, and it is unclear
which aspects appeal to the users.

The evaluation of responses in our study pertaining to the
content of questionsand feedback messages, based onthe BCTs,
showed that it is important to achieve an appropriate balance
between positive and objective feedback considering
performance (BCT 6). Therationalefor thisBCT isto stimulate
behavior change [27]. However, the feedback needs to be
carefully tested. Feedback that istoo strict resultsin frustration
while feedback that is not strict enough does not make patients
aware of their unhealthy behavior. The commentson other BCTs
varied. Some participants found the content useful, while others
expressed a negative opinion. This is in line with the
trans-theoretical construct that states that individuals move
through stages of change and need a corresponding approach
for each stage [31]. A number of computer-tailored programs
provide individuals with the BCTs that match their stage of
change[40]. However, theresults of our study imply that users
characteristics should also be taken into account when selecting
BCTs. For example, BCTs that described consequences of
various behaviors were not appreciated when the participant
felt that he/she already had sufficient knowledge on the topic.
Some participants had problems understanding or appreciating
BCT 4, goal setting (behavior) and BCT 5, identifying barriers
and thinking of ways to overcome these barriers, while others
had no problems and appreciated these BCTs. A
computer-tailored intervention that incorporates these BCTs

Acknowledgments

Voncken-Brewster et d

could be more helpful for users who prefer to use intensive
cognitive processes, such as active planning and problem
solving. According to dua process models (eg, Petty and
Cacioppo’s Elaboration Likelihood Model [41]), information
can be processed viatwo routes, the central and the peripheral.
The central route requires more cognitive effort and leads to
more elaborations, whereas information processing via the
peripheral route is more automatic. A personal preference for
information processing, which can be measured by the need for
cognition scale[42] or theinformation-processing questionnaire
[43], could influence the processing intensiveness of BCTs 4
and 5. Nonetheless, simplifying the questions and feedback
messages in BCT 4 and 5 and lowering the required effort to
process the information could make these BCTs accessible for
abroader population.

Several participants were reluctant to embrace BCTs that
incorporated normative social influence. While the social
environment can be an important factor to influence an
individual's behavior [44], some participants resisted
acknowledging socia influence on their behavior or their
influence on others, as this would compromise their integrity
or that of others. Deutsch et a [45] argued that normative social
influence could undermine individual integrity. Hence, we
recommend that BCTs containing normative social influence
should be carefully applied to prevent users from feeling that
their individual integrity could be compromised, but emphasize
that individuals have independent judgments and learn from
each other to accomplish behavior change.

This usability study was conducted to improve a
computer-tailored program aimed a improving the
self-management of COPD patients, but the usability methods
followed in this usability study can be applied as part of a
user-centered design in any eHealth interventions. This study
uncovered several inconveniencies in the program that could
be resolved, which shows that a usability evaluation with end
users of an eHealth intervention is highly recommended. This
study also revealed that the users appreciated BCTsimplemented
inthisintervention. These results may be helpful for developers
to consider which BCTs they should use in their eHealth
interventions. Further research is needed to uncover which user
characteristics affect the use of computer-tailored programs and
the choice of BCTsthat fit best.
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Abstract

Background: Internet-based cognitive behavioral therapy (ICBT) isaform of guided self-help that has been found to be effective
for addressing several problems. The target for this type of therapy is usually restricted to one specific disorder. Tailoring the
treatment widens the scope of ICBT in that it can address comorbid conditions directly.

Objectives. The working, or therapeutic, alliance has been found to predict outcome in studies of face-to-face therapy. The
extent to which these findings apply to ICBT is largely unknown. We therefore decided to find out whether the working alliance
could predict outcomein tailored ICBT for anxiety disorders.

Methods: Data were obtained from the treatment group (n=27) in a randomized controlled trial aiming to test the effects of
tailored ICBT for anxiety disorders. The forthcoming study was designed to test the hypothesis that the working alliance measured
both pre-treatment and early in treatment (week 3) can predict treatment outcome as measured by the Clinical Outcomes in
Routine Evaluation—-Outcome Measure (CORE-OM) in a heterogeneous group of patients with anxiety disorders (n=27).

Results: Working alliance measured at week 3 into the treatment correlated significantly with the residual gain scores on the
primary outcome mesasure (r=-.47, P=.019, n=25), while expected working alliance pre-treatment did not (r=-.17, P=.42, n=27).

Conclusions: These results raise questions about the importance of working alliance in ICBT treatments, and suggest that the
working aliance could be important in ICBT.

(JMIR Res Protoc 2013;2(1):e4) doi:10.2196/resprot.2292

KEYWORDS
tailored Internet-based cognitive behavioural therapy; anxiety disorders; working alliance; prediction

goal—which he stated could apply to all change situations [1].
He suggested that the working alliance was akey factor in these

The working, or therapeutic, alliance is one of the concepts  Change situations, in which a person tries to achieve change
regarded as common to al forms of psychotherapy. Bordin  With the assistance of another person, and argued that the
proposed a model consisting of 3 parts—task, bond, and concept was universally applicable to al forms of
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psychotherapy. Following the publication of Bordin's original
paper, the working alliance has been investigated in numerous
studies. The results of thisresearch on the relationship between
working alliance and outcome indicate that thereisacorrelation
between client-rated working aliance and post-treatment
outcomein avariety of disorders and treatments[2,3]. Thereis
evidence for the superiority of client-rated, compared to
observer- or therapist-rated, working alliance at the beginning
of treatment in predicting outcome [2], however the results are
mixed [3,4]. These correlation effects seem to be fairly robust,
independent of study design [3] and type of psychological
treatment [4], and are replicated in physical rehabilitation [5].
Taken together, there is a body of evidence indicating that
working alliance, especidly if rated by the client, isanimportant
factor in predicting treatment outcome.

Internet-based cognitive behavior therapy (ICBT) in the form
of guided self-help has been proven to be effective for arange
of conditions, with effect sizesthat equal face-to-face cognitive
behavioral therapy [6-10]. Thereis evidence to suggest that the
benefits of ICBT are enhanced by personal contact [11-13].
Thereis further evidence to suggest that a relationship formed
ontheInternet isas strong and as deep asits offline counterparts
[14]. In arecent review of the therapeutic relationship in the
broader field of e-therapy [15], the authors concluded that even
though thistopic has been investigated, the studiesthat did take
this into account showed that therapeutic relationships or
aliance is equivalent to face-to-face therapy, and that there is
arelationship between alliance and outcome. Previous studies
showed similarities between working alliance measured during
face-to-face treatment and working alliance measured during
Internet treatment [ 16-18], by using comparision groups[16,19],
and by comparing with earlier research on face-to-face therapy
[16]. Thesefindings|ead the authors of these papersto conclude
that a therapeutic relationship can be formed during
Internet-based treatment.

While there is growing evidence to indicate that a working
alianceisformed in ICBT [19], not much is known about the
possible benefitsthis may have on outcomein these treatments,
this has been investigated with mixed results. For example,
Knaevelsrud and Maercker [20] found a nonsignificant
correlation between aliance ratings and treatment outcome in
patients with post-traumatic stress disorder (PTSD), while a
small correlation has been shown for adolescents with anxiety
disorders[21].

In a recently published study by our research group [22], no
significant correlations were found in the analysis of working
aliance as a predictor in patients with generalized anxiety
disorder (GAD), social anxiety disorder (SAD), and depression
treated with ICBT in 3 separate studies. There are severd
differences between that study and the one reported here. The
participants in the Andersson et al [22] study were included
only if their primary diagnosis were matched with the focus of
the study (ie, major depression, social anxiety disorder, or
generalized anxiety disorder), comorbidities were not assessed
or addressed in the trestment, and the ICBT treatment was
strictly manualized. In the study presented in this article, we
were using the novel format of a tailored ICBT treatment
protocol. Thismay seem like asmall difference, but thisformat
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makesit possibleto address participants comorbiditiesdirectly,
and also to tailor the treatment due to patients' preferences. We
believe that this format is more similar to face-to-face CBT
where a personalized functional anaysis or case
conceptualization isused, and therefore the therapeutic alliance
may be shown to yield astronger correlation with the outcome.

There is also the possibility that, in Internet-based treatments
as well in other treatment formats, alliance is at least partly
based on patient expectations before trestment and may therefore
exist even before the start of therapy [16,23]. The definition of
expectation here relates both to the patients treatment
expectation (eg, beliefs about what the respective roles might
be, the treatment format and the duration of treatment), and
outcome expectations, which answers questions about the
possible beneficial effects of the treatment [24]. We believe that
the persons who were recruited to this treatment study knew
about the format and length, since thisinformation was clarified
on the study website before patients started to fill in the
application form, but could have different expectationsregarding
roles and to what extent this might be a proper treatment for
their unique set of problems. The possible differencesregarding
roles and possible benefits of treatment may stem from the
novelty of the treatment format and the fact that neither of the
participants had any earlier experience from ICBT.

Little research has been conducted on the predictors of ICBT
outcomes. As the use of ICBT broadens, it is increasingly
important to establish which factors contribute to outcome.
Therefore, the aim of this study was to investigate whether
self-reported working alliance, as measured by the Working
Alliance Inventory Short form (WAI-S) scale early in treatment
(week 3), could serve asapredictor of outcomeintailored ICBT
for a heterogeneous group of mixed anxiety disorders. In order
to control the possibility of expected working alliance, we also
measured alliance before treatment. We expected allianceratings
to be high on the basis of previousresearch, and measured early
in treatment to be a possible predictor of treatment outcome.
The potential implication from this study is twofold: (1) to
further add to the body of evidence showing that a working
alliance can be formed over the Internet and that can equal the
alliance rated in face-to-face therapies, (2) if alliance is shown
to predict treatment outcome, it could be important for the
therapists guiding these programs to work explicitly on trying
to foster aworking alliance in order to improve outcome.

Methods

Recruitment

The data for this study was collected in association with a
randomized controlled study of tailored ICBT for anxiety
disorders [25], and has not been presented previoudly.
Participants were recruited vianewspaper articlesin the national
and regional press, national radio, interviews about previous
studies, and information on a variety of websites. Neither
comorbidity nor concurrent medications were criteria for
exclusion, provided that anxiety disorder was the principal
diagnosis and, if medication was used, that doses were stable
for 3 months prior to and during the treatment. Participantswere
randomized using an online true random number service,
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independent of the researchers and therapists, to either 10 weeks
of individualy-tailored, guided Internet-based treatment of
anxiety, or to an active control group (online discussion forum).
The study was approved by the regional ethical board, and
written informed consent was collected from all participants.

Procedure

Participants applied to participate via the study website and
completed an online screening questionnaire in which the
CORE-OM [26] served as the primary outcome measure. As
part of the screening, participants also completed the WAI-S
[27,28] inadlightly modified version, measuring to what extent
participants thought that their online therapist would share their
point of view, goas, and focus of treatment. This was done
before any personal contact with the participant was made. The
alliance measure was also completed during the third week of
treatment, and post-treatment. Beforeinclusion, applicantswere
diagnosed in a face-to-face structured psychiatric interview,
Structured Clinical Interview for DSM-IV Axis | disorders
(SCID-I) [29]. With exception of the diagnostic interview, all
data were obtained using Internet-based questionnaires.

The timing of the WAI-S measurement at week 3 was set in
order to measure the alliance before symptom change, where
the alliance could be viewed as an indicator of successful
treatment [ 3], but after enough time had passed for the patient
and therapist to form a mutual agreement [4,30].

Participants

The mean age of the 27 participants included was 39.3 years
(SD 11.2, range 22-63), 67% (18/27) were female, and 44%
(12/27) had ahistory of previous psychological treatment. 30%
(8/27) of the participants had a history of previous, but
discontinued anxiolytic or antidepressant medication, 30%
(8/27) had continuing medication that had been at a stable
dosage for at least 3 months, and 40% (11/27) had no history
of any psychiatric medication. The majority of the participants
(17/27) were married or living together, while 33% (9/27)
reported their marital status as single. Almost half of the
participants (12/27, 44%) reported completion of university or
college education.

Treatment

The treatment consisted of a combination of text modules (ie,
chapters) previously used in ICBT for panic disorder, social
phobia, generalized anxiety disorder, and depression. In total
there were 16 modules. Participants were prescribed 6-10
modulesto work with during the 10-week treatment period. The
treatment, presented in greater detail in Carlbring et al [25], was
tailored to match the clients unique characteristics and
comorbidities (including preferences). Each module included
information and exercises, and ended with between 3 and 8
essay style questions, which served as the participants
homework assignment together with worksheets and reports on
the outcome of exercises. The participants were given feedback
on their homework assignment from anidentified (by nameand
picture on the study website) therapist, usually within 24 hours.
The therapists were 3 master’s students who had completed
their clinical training and they were randomly assigned to 7-10
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participants each. The therapists were instructed not to exceed
15 minutes/participant/week for email feedback.

M easures

The primary outcome measure for this study wasthe CORE-OM
[26], a 34-item scale covering 4 subscales. The subscales are:
subjective well-being, symptoms (anxiety, depression, physical
problems, and trauma), functioning (general functioning, close
relationships, and socia relationships), and risk (to self and
others). Items are scored from 0-4 and relate to the preceding
week. CORE-OM clinical scores can range from 0-40, with
higher scores indicating greater severity. Internal consistency
measured by apha was reported as .94 [31].

We used a modified version of the WAI-S to measure working
aliance. This is a 12-item self-reporting process measure of
working alliance [27,28]. The short form of WAI used in this
study was generated from the original 36-item scale, Working
Alliance Inventory [32], and has 3 subscales—task, bond, and
goal—and an overall aliance score (ie, the total score). The
scale is available in 3 versions, a client version, a therapist
version, and an observer version. The short version consists of
the items with the highest load on each of the 3 subscales [33].
Each item is rated on a 7-point scale, with higher scores
indicating higher alliance. The WAI-S shows good psychometric
properties for both client and therapist versions [33], but large
intercorrelations between subscales have been found, and the
3-scale model of WAI and WAI-S remains a subject of debate
[27,34,35]. The modifications of the scale were minor,
consisting of adaptationsfor the Internet rather than face-to-face
delivery (ie, the word “treatment” was changed to “Internet
treatment”, and “contact” was changed to “email contact”). In
addition, the WAI-S was adapted according to the assessment
point, where the first assessment related to expected alliance.
The adaption consisted of changing past and present to future
tense. It was also made clear that filling out their expected
relationship with their therapist would not affect their possible
future participation in the study. We only collected
measurements of the client-rated working alliance. Psychometric
properties were reported to be excellent for the online version
of the WAI-Sin Andersson et a [22].

Treatment Outcome

Resultson the CORE-OM showed alarge between-group effect
size (d=1.00) in favor of the treatment group. The within-group
effect size for CORE-OM in the treatment group was d=1.24.
A more detailed description of the results is provided in the
original report [25].

Statistical Analysis

We used bivariate correlations and multiple regression models
to investigate the possible relationship between outcome and
working aliance. For the analysis, we calculated residual gain
scores on the composite CORE-OM raw score to control the
initial differences pre-treatment, and possible measurement
errors dueto repeated use of theinstrument [36]. Using residual
gain scores makes it possible to interpret individual scores
relative to typical gains made by other participants at the same
initial level [36]. The formula used to calculate residual gain
scores was z2 - (z1*rl 2) [36], where z2 represents the
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z-transformed post-treatment CORE-OM raw score, and rl 2
represents the Pearson correlation between pre- and
post-treatment assessments.

Theresidual gain scorefrom CORE-OM served as measurement
of treatment outcome, and the client-rated WAI-S score was
used as the measurement of working aliance. Changes in
alliance were tested by means of paired t tests. All statistical
analyzes were made with IBM SPSS statistics 19 for Windows.

Results

Mean alliance ratings on the WAI-Sincluding correlationswith
residualized gain scores on CORE-OM are presented in Table

Bergman Nordgren et al

1. Alliance ratings increased from pre-treatment to
mid-treatment, (t,6=5.5, P<.001) and the expected alliance
correlated significantly with the early aliance rating (r=.57,
P=.002, n=27). The post-treatment score on the WAI (mean
6.2, SD 0.90) did not change from mid-treatment.

WAI-S measured early in treatment correl ated significantly with
residualized gain scoresfrom CORE-OM post treatment (r=-.47,
P=.019, n=25), while WAI-S measurements at pre-treatment
did not (r=-.17, P=.425, n=25). Alliance ratings at post-treatment
were also correlated with residualized gain scores (r=-.42,
P=.037, n=25).

Table 1. Mean working aliance inventory short version ratings pre-, during, and post-treatment, and correlations with residualized change scores on

CORE-OM.
n Mean (SD) r P
WAI-Stotal, pre-treatment 27 5.25(0.72) -17 425
WAI-Stotal, week 3 25 6.00 (0.80) -47 019
WAI-Stotal, post-treatment 25 6.20 (0.90) -42 037

When controlling expected working alliance measured
pre-treatment, in a multiple regression model the role of the
alliancerating during trestment did not change (B=-.53, P=.027,
n=25) In addition, controlling a history of psychological
treatment (B=-.42, P=.039, n=25), and levels of symptoms
(B=-.44, P=.036, n=25) also did not change the association.
Controlling age did not change the role of the working alliance
(B=-.49, P=.016, n=25), whereas controlling gender made the
association between working alliance and outcomefall slightly
(B=-.40, P=.058, n=25).

Discusion

The aim of this paper was to investigate whether client-rated
working alliance could predict outcome, measured by
CORE-OM, for atailored ICBT for anxiety disorders. Wefound
significant correlations between alliance ratings made early in
treatment (week 3) and treatment outcome.

ICBT has been found to be effective for arange of psychiatric
conditions [18,37], but the underlying mechanisms of change
are not well known [38]. There is evidence to indicate better
treatment outcome when personal support is combined with
online material, compared to unguided self-help [12]. Thereis,
however, also evidence indicating that a technician can be as
effective as a therapist [39-41]. Working aliance is regarded
as important in face-to-face treatments with a robust, albeit
moderate, effect on outcome [4], and as aliance ratings have
been shown to be as high in ICBT as in face-to-face therapy
[17,18], investigating the possible effect on treatment outcome
in this therapy format was of interest. In our sample, we found
alliance ratings equal to those typically found in face-to-face
therapy, and the tentative conclusion drawn from this study is
that it may be possible, at least in a self-recruited sample, to
form a working aliance in ICBT. Moreover, aliance ratings
increased from baseline, which suggests that ICBT does not
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lead to worsened alliance. We a so found significant correlations
between alliance ratings made early in treatment (week 3) and
treatment outcome, raising the possibility that early working
alliance does affect outcome and might be an important factor
even in this treatment format. This is consistent with previous
research suggesting that early alliance may predict lower levels
of anxiety in cognitive therapy [42]. The findings are, however,
mixed in ICBT with regards to the strength of the association
between alliance and outcome [20,22]. In this study, we found
a significant correlation between working alliance measured
early in treatment and outcome in a small sample of patients
with comorbidities, and with one third using medications for
their condition. If thisis explained due to the treatment format
of tailoring the treatment, the face-to-face diagnostic interview,
or other sample specific variables is not known. These might
all be possibilities. In the Andersson et al study [22], the ICBT
treatments were manualized and this might be an explanation
for thelack of significant alliance outcome associationsin their
study. This could also be seen in the context of the suggestion
by Andrusyna et a [27] that working alliance should be
measured differently in CBT than in other forms of
psychotherapy. They proposed a 2-factor model consisting of
agreement/confidence and relationship. The mixed results may
stem from the possibility that the working alliance should be
measured differently in CBT.

There has been some debate (eg, [43]) about whether patient
expectation could be afactor contributing to early patient-rated
working alliance. In an attempt to clarify this, we measured
expected working aliance at the time of the application to
participate in the study. These measurementswere made before
any personal contacts had been made with the participants. It
is possiblethat the self-recruited participantsin this study were
more positive about the treatment format from the start and
about the therapistswho provided thetreatment, evenif the data
does not suggest this to be the case.
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There are other limitations to be considered. Firstly, the small
sample size of 27 participants makesit hard to draw conclusions
from this study alone, especially since gender seems to affect
the association between working alliance on outcome. In this
small sample consisting of only 9 men and 18 women, it ishard
to take this matter any further, and we believe that this study
needs replication with a larger sample to make it possible to
explore this issue further. The results are, however, consistent
with findings from research on face-to-face therapy, and research
showing that Internet relationships can be as important as
face-to-face relationships [44].

Secondly, we used the total score of the WAI-S and did not
analyze the subscales, given the high intercorrelation between
the 3 subscales. This could be seen as a limitation, as we did
not investigate whether some subscales showed higher
correlation with post-treatment CORE-OM scores. In order to
improve the WAI and WAI-S psychometric properties, a new
version called Working Alliance Inventory-Short Revised
(WAI-SR, [35]) has been developed. Munder et al [34] have
shown that WAI-SR distinguished more clearly between the
task and bond aspects of the therapeutic alliance, as defined by
Bordin's 3-factor model, making WAI-SR more reliable for
subscale division.
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Thirdly, the fact that WAI-S was originally designed for
face-to-face treatment could be regarded as alimitation. Minor
amendments were made for the study (eg, “treatment” was
changed to “Internet treatment”, and “contact” to “email
contact”), with which we hoped to adapt the scale to this
treatment format. As regards measuring outcomes via the
Internet, research has shown that this is as reliable as
paper-and-pen administration of self-reported measures[45-47].

Fourthly, measurement of the working alliance at week 3 was
not accompanied by symptom measurement, so we were unable
to estimate to what extent outcome was due to the working
alliance and how much was due to the treatment itself.

In spite of the limitations, this study provides some evidence
that the quality of the rel ationship between patient and therapist
can be important in Internet treatment, although the working
alliance alone may not entirely account for its effectiveness.
Our research group has, asafirst step, conducted arandomized
controlled trial with a larger sample size (n=100) to test the
effectiveness of tailored ICBT treatment for anxiety disorders
on aprimary care population. The next step might beto replicate
this study, with the larger sample size, in order to further
investigate the relationship between therapist and patient and
its effects on outcome.
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Abstract

Background: Federal meaningful use standards are promoting adoption of online portals to personal health records (PHRS).
However, relatively little is known regarding barriers and facilitators for vulnerable groups such as persons living with human
immunodeficiency virus (PLWH).

Objective: The objective of this study was to assess barriers and facilitators to use of online PHRs among PLWH.

Methods: We conducted formative research using a written waiting room survey among 120 PLWH regarding barriers and

facilitators of portal PHR use. We supplemented findings with data collected from a PLWH focus group, where some members
had personal experience with use of a portal.

Results: The survey had 90 respondents. Eight PLWH participated in the focus group. Most patients (77/90, 86%) reported
having at least some experience using the Internet and most expressed interest in features offered by the portal. Notably, 70%
(63/90) expressed someinterest in being taught how to use it to communicate with their provider. Focus group themes reinforced
these findings, but also voiced concern regarding access to private computers.

Conclusions. Many PLWH in our sample have experience using computers and most are interested in PHR features. However,
computer or broadband access and privacy are important barriers.

(JMIR Res Protoc 2013;2(1):e8) doi:10.2196/resprot.2302

KEYWORDS
HIV; health records; personal medical informatics; education of patients

PHRs accessibleto patients[2]. Some predict that patient portals
will eventually become the primary means through which
patients access their PHRS, request and cancel physician
appointments, request medication refills, view test results, and
exchange messages with their health care team [1]. However,
the emergence of online PHRs may worsen the disparity of

Introduction

Personal health records (PHRS), typically accessible through
secure Web-based portals, represent apractical way for patients
to access their health information anytime and anywhere [1].
Thefederal meaningful use standardsrequire providersto make
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health care access on the basis of the well-documented digital
divide [3,4].

Mounting data point to the growing sociodemographic
disparitiesin patients’ use of Web-based portalsfor PHRs[5-8].
Thisdisparity in accessis particularly relevant for patientsliving
with chronic conditions such as human immunodeficiency virus
(HIV) who are aracial/ethnic minority and disproportionately
poor [9]. Datafrom early adopters of PHRs suggest that theses
disparitiesin PHR use will emerge among persons living with
HIV (PLWH) [10].

Barriers to Web-enabled technology can be largely grouped
into 3 categories, including cost, knowledge and attitude, and
skills [11]. Cost is the most obvious contributor. Low-income
families often report they are not able to afford the cost of
persona computersand monthly feesfor broadband access[11].
However, some have access to computers or the Web through
friends, family, work, libraries, or handheld devices [11]. The
second contributor relates to attitude. Many nonusers report
they seelittle value in computers and/or the Internet [11]. This
is particularly true of older persons who grew up in an era
without thistechnology in social networksthat reinforcesthese
negative attitudes through social norms. Lastly, computer use
and attitudes are shaped by self-efficacy and skill level related
to computer and I nternet use. Many personswith low education
and older persons lack the necessary skills and confidence to
access health information online [11,12]. Interestingly, neither
mental health nor substance use disordersis correlated to portal
use by PLWH [13].

We conducted formative research to understand the barriersand
facilitators on PLWH in using key features associated with
PHRs. To obtain a more complete picture, we supplemented
the survey with PLWH with input from a PLWH focus group,
where members had varied experience with online PHR.

Methods

Survey

Over a2 week period, 120 written surveys available in English
and Spanish were distributed to patients 18 years and older by
the front staff during their appointments at an HIV clinic that
serves roughly 1000 HIV patients. Survey questions were
adapted from the Health Information National Trends Survey
(HINTS) and addressed barriers and facilitators of Web useand
the level of interest to key PHR features, such as scheduling

http://www.researchprotocols.org/2013/1/e8/
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appointments, requesting refills, viewing test results, and
exchanging electronic messages with one’s providers[14]. The
final survey contained 18 items, including patient demographic
characteristics (age, sex, education, insurance, and marital
status), computer access and comfort, level of interest in specific
features available through patient portals, and desire for
assistance. Over a2-week periodin November 2011, the survey
was handed out to all patients 18 years of age or older that
checked-in for an appointment.

Focus Group

Anonline PHR focus group wasformed by 8 PLWH participants
recruited by offices and organizations that provided care for
PLWH. A trained research assistant conducted the group, which
lasted for one hour. All participants provided verbal informed
consent and were compensated for their time and travel. The
research assistant began with a brief presentation of
Web-enabled PHRs using slides that included screenshots of a
PHR. (Figures 1 and 2). The presentation was followed by a
series of open-ended questionsregarding barriersand facilitators
of PHR use among PLWH. The research assistant concluded
the group session by inviting participants to offer suggestions
to improve access. Data were compiled based on an audio
recording of thefocus group and notes by the research assistant.
The survey and focus groups were approved the University of
Rochester Institutional Review board.

Data Analysis

Survey Analysis

We examined univariate responses for each item and collapsed
categories to create dichotomous categories. We compared
responses acrossitems using chi-square statistics. We examined
independent associations among multiple factors using logistic
regression.

Focus Group Analysis

The principal investigator KF and the research assistant analyzed
the focus group using qualitative methods. We assigned
participant responses to de novo categories and then devel oped
codes for each category. These codesincluded specific barriers
to use of PHR portals (lack of physical access, privacy concerns,
computer literacy, and patient interest) and facilitators
(pro-active engagement, easy-to-use technology, training, and
privacy). The codes were then applied to the entire data for
analysis[15].
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Figure 1. Test resultsin personal health records.
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Figure 2. Prescription refill requests in personal health record.
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Results had a high school education or less and 38% indicated they had

Medicaid astheir primary insurance coverage, with 22% having
Survey Findings privateinsurance and 20% relying on the AIDS Drug Assistance
Program (ADAP). Thus, while we did not ask about income,
based on educational levels and insurance, the sampleislikely

Of the 90 patients (Table 1), most identified themsel ves as black
(38/90, 43%) or 8% (7/90) Hispanic, male (54/90, 61%), 64%

[ow-income.
Table 1. Demographic characteristics.
Patient characteristic (N=90) n (%)
Age
<35 24 (29)
35-49 33(39)
> 50 27 (32)
Sex
Female 32 (36)
Male 54 (61)
Transgendered 33
Race/Ethnicity
Black 38 (43)
Hispanic/Latino 7(8)
White 39 (44)
Other 5 (6)
Education
< high school 27 (30)
high school 31(34)
> high school 36 (36)
Marital Status
Single 57 (63)
Married 16 (18)
Divorced/separated 14 (16)
Widowed 3(3)
Health Insurance
Medicaid 32(39)
Private 18 (22)
ADAP 17 (20)
Other 15 (18)
None 1(1)

Surprisingly, most respondentsreported at least monthly Internet  work, friend, family, or library computer. Barriers cited by
use despite only about half owning acomputer (Table 2). Other  respondentswere cost (16/90, 18%), lack of interest (6/90, 22%)
means for accessing the Internet access included asmartphone,  and do not know how to use (5/90, 19%).
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Table 2. Internet use and barriersto use.

Luqueet a

Internet use and barriers (N=90) n (%)
Monthly or more I nternet use
77 (82)
Primary location of Internet use
Own computer 45 (52)
Smartphone 7(8)
Work computer 12 (14)
Friend/Family computer 15 (17)
Library computer 2(2)
Other 5(6)
Barrierstouse
Do not know how to use 5(19)
Costs too much to use 16 (18)
Not interested in using 6 (22)

Most respondents reported at least some interest in obtaining
test results and scheduling appointments online (Table 3). In
addition, most (77/90, 86%) reported they would use the
computer if available on-site at the clinic and most (54/90, 70%)
expressed an interest in being taught how to use a patient portal
to communicate with their provider. In multivariate analysis,

Table 3. Interest in patient portal features and assistance.

no singlefactor was statistically associated with interest in PHRs
suggesting that interest was distributed across all groups fairly
equally. However, participants who reported more interest in
PHR features were significantly more likely to report interest
in being taught how to communicate with their providers
(P<.001).

Features (N=90) n (%)
Interest in key online PHR features
Obtaining test results online 76 (86)
Schedule appointments online 63 (73)
Refilling prescriptions online 74 (83)
Interest in improve access or assistance
Use acomputer in waiting room 77 (86)
Having someone teach you how to use it to communicate with your doctor 54 (70)

Focus Group Findings

The focus group participants cited the lack of Internet access
and not knowing how to use these online PHRs as barriers, but
mentioned an additional barrier to use of online portal s—privacy
when accessing a portal outside of one’s home. Most of the
participants reported they did not have home Web access. While
the group acknowledged the availability of Web accessthrough
libraries and homes of friends and family, most were concerned
about using a public computer or acomputer in someone else’s
home to access PHR. One participant commented, “You
wouldn’t try to access your online bank account in public. Why
would you access your personal health record there?” When
asked about use of computers within clinics, participants
preferred use of asmall hand held device such asan iPad to that
of a desktop computer because they felt it would be easier to
preserve privacy by concealing personal information on the
screen and also easier to learn to use. When the issue of
computer literacy was raised, participants agreed that this

http://www.researchprotocols.org/2013/1/e8/

represented a barrier but did not view it as insurmountable.
Many felt that it would be feasible to train patients in 10-15
minutes to use a touch screen device such an iPad on-site at
clinics.

Discussion

PLWH in our sample reported notable interest in use of
Web-enabled PHRs. This finding is consistent with findings
from national surveysthat document significant interestin PHRs
[16,17]. It bodeswell for greater engagement of PLWH in their
self-management and is a means for potentially improving
medication adherence through greater self-monitoring of test
results, efficient medication refills, and greater access to
providers through electronic messaging. Yet, promoting
adoption of PHRswill require addressing key barriersincluding
knowledge, attitudes, access, cost, skills, and self-efficacy.
These barriers identified in our survey are broadly similar to
those from the national survey, which included lack of perceived
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need, costs, time required, and lack of interest in computers
[18]. In addition, patientsin the national surveys cited concerns
with privacy [18]. This concern also emerged from the focus
group in the context of using a public computer.

Ensuring that unequal adoption of Web-based PHRs does not
worsen existing disparities requires practical strategiesto address
incentives and various barriers [19]. The first barrier identified
by our participants was physical access, which isdrivenin part
by the cost of computers and monthly broadband access fees.
Thismight be mitigated if publiclibrariesand medical providers
offered on-site access to Web-enabled devices. However, it
means offering this access in ways that protect the privacy of
those accessing their PHR while they are viewing their health
information.

Second, the barriers of computer skills and self-efficacy need
to be resolved [20]. Most patients expressed interest in on-site
guidance and instruction. Given relatively low rates of use of
PHRs (when available) including by PLWH and emerging
disparities [5-8,21-23], pro-active engagement of patients with
limited computer literacy coupled to basic hands-oninstruction
may be needed to forestall these disparities [24]. Personal
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demonstration and role modeling use of the technology may
spark interest among those with limited knowledge about PHRs
and among those who see limited benefit. Our findings suggest
that patients will welcome on-site availability and instruction
provided that their privacy is ensured.

These findings are limited by our methods. Our sample was
based on recruitment from a waiting room. This precludes
assessment of response bias. Thus, it is possible that patients
with the lowest computer literacy might have been less likely
to respond, perhaps viewing the survey aslessrelevant to them.
Similarly, werecruited patientsfrom asingle practice. Although
the demographic characteristics of the responders are similar
to that of PLWH nationally we cannot be sure that the findings
generalize to other settings. Last, we conducted only one focus
group. It is possible that additional themes would emerge with
additional groups.

In conclusion these findings provide cause for some cautious
optimism. They suggest that PLWH are interested in features
offered by PHR, but that significant barriers remain. Some of
these barriers can potentially be overcomethrough on-site online
PHR access coupled to training.
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Abstract

Background: Due to limited reporting of intervention rationale, little is known about what distinguishes a good intervention
from a poor one. To support improved design, there is a need for comprehensive reports on novel and complex theory-based
interventions. Specifically, the emerging trend of just-in-time tailoring of content in response to change in target behavior or
emotional state is promising.

Objective: The objective of this study was to give a systematic and comprehensive description of the treatment rationale of an
online acohoal intervention called Balance.

Methods: We used the intervention mapping protocol to describe the treatment rationale of Balance. The intervention targets
at-risk drinking, and it is delivered by email, mobile phone text messaging, and tailored interactive webpages combining text,
pictures, and prerecorded audio.

Results: The rationale of the current treatment was derived from a self-regulation perspective, and the overarching idea was to
support continued self-regulation throughout the behavior change process. Maintaining the change efforts over time and coping
adaptively during critical moments (eg, immediately before and after a lapse) are key factors to successful behavior change.
Important elements of the treatment rational e to achieving these elements were: (1) emotion regulation as an inocul ation strategy
against self-regulation failure, (2) avoiding lapses by adaptive coping, and (3) avoiding relapse by resuming the change efforts
after alapse. Two distinct and complementary delivery strategies were used, including aday-to-day tunnel approach in combination
with just-in-time therapy. The tunnel strategy was in accordance with the need for continuous self-regulation and it functions as
aplatform from which just-in-time therapy was launched. Just-in-time therapy was used to support coping during critical moments,
and started when the client reports either low self-efficacy or that they were drinking above target levels.

Conclusions: The descriptions of the treatment rationale for Balance, the alcohol intervention reported herein, provides an
intervention blueprint that will aid in interpreting the results from future program evaluations. It will ease comparisons of program
rationales across interventions, and may assist intervention development. By putting just-in-time therapy within a complete
theoretical and practical context, including the tunnel delivery strategy and the self-regulation perspective, we have contributed
to an understanding of how multiple delivery strategies in eHealth interventions can be combined. Additionally, thisisacall for
action to improve the reporting practices within eHealth research. Possible ways to achieve such improvement include using a
systematic and structured approach, and for intervention reports to be published after peer-review and separately from evaluation
reports.
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Introduction

Improved reporting of intervention rationales within eHealth
will extend the evidence base and may improve the design of
future intervention programs [1-9]. Research and devel opment
teamsthat set out to create interventionsareinformedin 2 basic
ways—directly, based on empirical reports, and indirectly,
through systematic or meta-analytic reviews. However,
descriptions of the treatment rationaleswithin empirical reports,
including theoretical backdrop, treatment goals, causal
mechanisms, behavior change techniques, delivery, and content,
tend to be confined to afew paragraphs in the methods section
[1]. Researchers need to be able to compare the treatment
rationale across programs to adequately interpret the results
fromtheempirical findings of thefield. Therefore, the confined
descriptions disable researchers who need to form hypotheses
about how to improve intervention design during the process
of creating new interventions [10]. Systematic reports of
interventions should inspire creators of eHealth interventions
toward use of a broader array of methods, just as treatment
manuals do for clinicians who practice face-to-face
psychotherapy [11]. The lack of detail in empirical reportsalso
limits the insights possible within systematic reviews[2,3,12].
The findings from such reviews thus tend to be broad and lack
detail. For example, a high quality review reported that “more
extensive use of theory was associated with increases in effect
size interventions that incorporated more behavior change
techniques also tended to have larger effect...and the
effectiveness of Internet-based interventions was enhanced by
the use of additional methods of communicating” [12]. The
insufficiency of these insights within systematic reviewsis not
due to the reviewers, but due to the limited reporting. As such,
incomplete reports prevent reviewers from examining detailed
hypotheses concerning the rel ationship between theintervention
rationales and the outcomes [13].

Generally, we can say that eHealth interventions [14-19], such
as acohol interventions [20-22], show promise in terms of
feasibility and efficacy, but we know little about what
distinguishes the effective from the less effective interventions
[12,22-24]. To increase the opportunity to extract insight and
knowledge from eHealth studies, and to ultimately advance
intervention design, it is necessary to improve the reporting of
intervention rationales. Hence, the aim of the current articleis
to give a systematic and comprehensive description of the
treatment rationale of an alcohol intervention (Balance).

Methods

This paper usesintervention mapping (IM) to give asystematic
and comprehensive description of the treatment rationale. The
IM protocol [1] provides a structured approach to develop and
describe health programs. It isalogical, methodic, step-by-step
procedure that hel ps researchers organize their thoughts asthey

http://www.researchprotocols.org/2013/1/e6/

move from theory and evidenceto practice, and it providestools
to describe the development process. For each of the stepsin
the mapping process, theory and evidence is approached
differently [25], meaning that different theories play different
roles throughout the mapping process. The end product
constitutes a comprehensive blueprint of the intervention and
adetailed treatment rationale, that may facilitate reproducibility,
support the interpretation of subsequent eval uation studies, and
ease the comparison of treatment rational e across intervention
[25,26].

The objective of the paper is to describe treatment rationale,
hence, we focused on the 4 applicable steps of IM: (1) a brief
needs assessment, (2) defining the goal and the objectives of
theintervention, (3) identification of intervention methods and
applications, and (4) developing the actual program materials.
Step 2 isfurther broken down into 3 levels of detail, which are
the overall program goal, the performance objectives, and the
change objectives. The program goal is the result you want to
achievewith theintervention (eg, to make at-risk drinkersdrink
less), the performance objectives describe the actual behaviors
that each client must perform to reach the program goal, and
the change objectives outlineswhat needsto change with regard
to specific behavior determinants for the program participants
to do each of the performance objectives. In this way, the
performance objective is a specification of the program goal,
and the change objective is a specification of the performance
objectives. The end result of step 2 is a matrix in which the
performance objectives are crossed with the behavior
determinants to form a set of change objectives. This matrix
constitutes the core of the treatment rationale of which the
subsequent steps of the development process is based upon.

Results

Needs Assessment

Alcohol useisthethird leading contributor to the global burden
of disease [27]. Currently, there is a need for acohol
interventions[28-30]. Typically, only those with the most severe
alcohol problems are treated, while those with moderate
problems go undetected [31-33]. This is unfortunate because
the mgjority of alcohol-related harm and socioeconomic cost is
not attributable to drinkers with severe alcohol dependence, but
to the much larger group of at-risk drinkers, agroup that receives
little treatment attention today [34,35]. Therefore, we decided
to focus on the at-risk drinkers, which include both hazardous
and harmful drinking [28]. Hazardous drinking refersto apattern
of usethat isof public health significance despite of the absence
of any current disorder, while harmful drinking refers to a
pattern of usethat isalready causing health damage. There exists
no good estimate of at-risk drinking prevalence among the
general Norwegian population. However, in Sweden, a
comparable nation with regard to alcohol consumption, the
prevalence of at-risk drinking has been reported as 18% for men
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and 5% for women [36]. A study of the private sector
workplaces in Norway revealed that 11% of both male and
female workers met the criteria for hazardous drinking [37].

Whileface-to-face alcohol screening and brief interventionsare
effective in reducing alcohol consumption [38], diffusion into
routine health care has been slow [28,39] and limited by general
practitioners’ time, competency, and willingness to implement
them [40,41]. Internet-based programs have several advantages
to these procedures, including a potentially higher reach to lower
cost, accessibility, 24/7 availability, convenience, and anonymity
[42,43]. Due to the stigma of receiving acohol treatment and
the high number of at-risk drinkers, eHealth interventions seem
particularly well suited to this population [32]. The most
common design of online acohol interventions is the
single-session screening and feedback format [20-22]. Based
on theindirect comparisons of systematic reviews, the efficacy
of simplesingle on interventions tend to be outperformed
by the more complex multi-session interventions[12,22]. Hence,
there is a need for novel and complex approaches to such
treatment. Specifically, the tailoring of intervention content
with just-in-time therapy in response to self-reported changein
target behavior or emotional state isapromising and emerging
trend to eHealth design [2,44-54].

Defining the Goals and Objectives of the Treatment
Program

Defining the Overall Goals of the Program

With regard to the intended aims of an intervention, the first
level is the program goal, and the result one wants to achieve
with the program. The goal of the current program isto diminish
health risk and mitigate negative consegquences of alcohol by
encouraging lowered alcohol consumption among at-risk
drinkers (ie, hazardous and harmful drinkers). Stated differently,
theintervention isintended to make at-risk drinkers drink less.
The performance objectives, change objectives, and sub-aims
of the intervention will specify how this goa can be achieved.

Defining the Performance Objectives of the Program

A specific intervention may target one or several performance
objectives. Performance obj ectives make up the actual behaviors
that each client must perform for the program goal to be reached
and their behavior to be changed. A performance objectiveisa
specification of the program goal, and it defines more precisely
what it isto drink less, in terms of behavior. The goal of the
program wasto make at-risk drinkersdrink less. Self-regulatory
processes appear to play key rolesin both the causes and effects
of alcohol consumption [55], and the self-regulation perspective
can account for severa of the topicswe believed to beimportant
for thistype of behavior change, like maintenance of the efforts
to change over time, lapse and relapse prevention, as well as
mood regulation. Hence, self-regulation theory was used to
specify the program goa and identify the performance
objectives. In this way, the overarching idea of the current
treatment isto support continued self-regulation throughout the
behavior change process. Although the self-regulation
perspective was essential at this level of intervention
development, other theories play important rolesin subsequent
steps of the development.
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In a broad sense, self-regulation refers to any effort to alter
personal responses, including thoughts, actions, feelings, and
desires. Without regulation effort a person would respond to a
situation according to habit, previous learning history, innate
tendencies, or biological needs. Self-regulation is comprised of
3 sub-processes: (1) self-observation, (2) self-evaluation, and
(3) self-reaction. These processes are interdependent and take
place in an ongoing circular process [55]. As they are
interdependent, all 3 should be reflected in the performance
objectives and targeted by the intervention.

Self-observation, or self-monitoring, refersto conscious efforts
to explicitly identify one's own impulses. It is important to
observe the thoughts, feelings, or environmental factors that
precede craving or deciding to have adrink (eg, “the argument
with my spouse made mefeel poorly, and | had adrink to cheer
me up” or “meeting my friend at the pub made me feel like
drinking”). Self-evaluation involves using criteria or standards
to assess situations, problems, or behaviors according to personal
goals (eg, “my goal today was maximum 2 beers, but now I've
emptied the fourth bottle - this was not what | planned for”).
Self-reaction refers to any active effort to alter an unwanted
impulse and comes as a response to self-observation and
self-evaluation. Self-reaction includes self-stopping, rewarding
or punishing oneself, making implementation intentions, coping,
and action plans [56,57] “ The next time someone offers me a
drink I will reply, ‘no thanks', even if | realy want one”, isan
example of a self-reaction that involves making both an action
and a coping plan.

The decisionsand processesinvolved when initiating a behavior
change attempt may be different from those involved in
maintaining a new behavior [58,59]. Thus, in terms of
performance objectives it is useful to distinguish between
implementing the change attempt and maintaining the change
attempt. A meta-analysis suggests that relapse prevention is
particularly effective for alcohol treatment [60]. Moreover,
experiencing setbacks during attempts to change habits seems
to be the rule rather than the exception. If not coped with
adaptively, they may lead to impaired self-regulation [55,61,62].
Setbacks include lapse and relapse, and drinking more than a
predefined target is a characteristic of both. The small but
important difference between them isthe cognitive interpretation
of the situation. Specifically, when the person falls short of
meeting the predefined target but keeps his’/her resolve and
continues the change attempt, it isalapse, and when the person
gives up the effortsto change and returnsto the previous pattern,
itisarelapse [63,64]. While avoiding lapsesis a primary goal,
one must cope adaptively with them when they occur. It is
important that the person does not give up, but instead continues
their efforts to change habits. Within Balance, these theoretical
insights were translated into two separate performance
objectives: (1) avoid lapse by coping adaptively with the
antecedents of drinking, and (2) avoid relapse by resuming
efforts to change following alapse.

Self-regulatory processes place demands on people's mental
capabilities and when these mental resources are depleted,
people are vulnerable to self-regulatory failure. Such failures,
like alapse or arelapse, are more likely to occur when people
are tired or experience negative emotions [64-66]. Relatedly,
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enhancing positive affect can build resilience and help maintain
behavior change attempts over time [67-71]. What is more,
people drink to regulate emotions. Alcohal is often consumed
in hopes to alleviate negative or enhance positive feelings and
may thus be regarded a mood regulation strategy. This is an
inexpedient strategy for the at-risk drinkers and they need help
to discover more appropriate tools. Constructive regulation of
own emotions was thus included as a third performance
objective within Balance. In summary, to reach the overarching
goa of the intervention program, clients must complete the
performance objectives outlined in the first column of Table 1.
This set of performance objectivesiswhat we refer to when we
say that the overarching idea of the treatment is to support
continued self-regulation throughout the behavior change
process.

Defining the Change Objectives of the Program

To develop the change objectives of the program, 2
considerations were made. First, what the clients needed to do
to successfully change their behavior was defined (ie, the
performance objectives above). Second, what makes people

Table 1. The matrix of change objectives.

Brendryen et d

carry out these actions was identified (ie, the behavior
determinants). For this purpose, the change objectives related
to knowledge, attitudes, norms, planning, self-efficacy, skills,
and behavior were included [56,57,72-76]. The performance
objectives, determinants, and change objectives are displayed
in Table 1. Each change objective is operationalized such that
it ismeasureablewithin an evaluation, and phrased asaresponse
to the question, “What needsto change related to the determinant
for the program participants to do the performance objective?’
[1]. The change objectives can be considered the basic building
blocks of the behavior change process, whereasthe performance
objectives together with the determinants provides the overall
plan of the process. Each of these three core concepts represents
different levels of abstraction in the planning, and they are based
on different sets of theory and evidence. Together, the elements
of thematrix in Table 1 constitute alogic model for the change
process that the intervention is expected to bring about. The
matrix can be looked upon as a map of the active ingredients
of the intervention, and constitutes the core of the treatment
rational e that underpins the current intervention.

Performance objectives  Determinants

for at-risk drinkers

Knowledge and outcome expectancies

Attitudes and self-efficacy

Planning, skills, and actions

1. Continued self-observa
tion and self-evaluation

2. Implementation of the
behavior change attempt

3. Maintenance of the
behavior change attempt
over time

3a. Avoid lapse by cop-
ing adaptively with the
antecedents of drinking

3b. Avoid relapse by re-
suming the change effort
after alapse

3c. Constructive regula-
tion of emotions

Expressthat sustained effort in self-
observation/ evaluation is necessary

Know how own drinking relates to of-
ficial guidelines

Recognize relapse vulnerability and
need for long-term efforts

List the most personally relevant an-
tecedents of drinking

Know the psychological consequences
of having alapse and the distinction
between lapse and relapse

List aset of techniques to improve
mood

Active involvement in own change at-

tempt

Express positive attitudes towards be-

havior change (eg, it isinteresting, en-
tertaining, instructive)

Express confidencein ability to observe
and evaluate self

Express positive feelings for receiving
help to drink less

Express confidencein ability toimple-
ment change

Expressthat intervention provideshelp
that are personally relevant and accord-
ing to own goals

Express confidence in ability to main-
tain change.

Express confidence in ability to cope
with urges and temptations etc

Attribute failuresto transient situational
factors and achievements to self

Express importance of achievements
and downplay setbacks

State that starting to drink more after a
lapse is a deliberate choice

Express confidencein ability to recover
after alapse

Express confidence in ability to regu-
late mood

Keep arecord of drinks and compare
with personal standard

Adjust the maximum limits for con-
sumption according to recent experi-
ence

Be able to detect the antecedents of
drinking

Set exact maximum limits for the
number of drinks to be consumed

Make informed choice of whether to
drink less or not

Plan how and when to reward oneself
for achievements

Log on to the program regularly
Activate support from the environment

Makeimplementation intentions about
activating tools and strategiesto handle
craving or temptation, including tech-
niques to improve mood

Make implementation intention, after
alapse, about sticking to original plan
(drink less)

Apply the learned mood regulation
techniques
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Theory Informed M ethodsand Practical Applications

The previous step of the mapping processis largely concerned
with what needs to change (ie, conceptual theories), while the
current step is concerned with how changeis brought about (ie,
action theories). As demonstrated in the previous step,
self-regulation theory [55] was essential to the treatment
rationale, in that the self-regulation perspective was used to
devel op the performance obj ectives. The performance objectives
arein turn used to deduce the more specific change objectives
and to select methods and practical applications that address
these change objectives. In thisway the performance objectives,
and thereby the self-regulation perspective, guided how
additional theories and models were included in the treatment
rationale. Specifically, cognitive behavior therapy [74] and the
transtheoretical model [ 76] describe several methodsto stimulate
the 3 basic sub-processes of self-regulation, self-observation,
self-evaluation, and self-reaction, respectively. These methods
include raising awareness, psychoeducation, dramatic relief,
self-reevaluation, environmental reevaluation, modeling,
relaxation training, training in problem solving skills,
reinforcement, and feedback [ 74,76]. The Health Action Process
Approach [77] was used to distinguish between pre-action
self-efficacy, maintenance self-efficacy, and recovery
self-efficacy. Thismeansthat the self-efficacy should betargeted
in relation to important behavior change challenges like the
abilities to maintain the change attempt and recover from
sethacks. Stated differently, self-efficacy needs to be targeted
in relation to each performance objective. Social cognitive
theory was used to specify 3 sources of self-efficacy: overt
mastery experiences, vicarious experiences, and verbal
persuasion that each provides specific targets for intervention
[73].

Making heavy drinkers track their own alcohol consumption
on adaily basisusing automated technology may help to reduce
drinking [78]. Also, to set specific personal goasfor themselves
with regard to lowering consumption is arecommended method
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for drinking with moderation [79]. Setting specific goals in
combination with behavioral monitoring allowsfor comparison
of goals with actual behavior, which is a crucial ingredient of
the self-regulation process (self-evaluation). Moreover, goa
setting combined with behavioral monitoring may serve as a
trigger system for launching a just-in-time relapse prevention
therapy [53]. Planning and forming implementation intentions
are also promising methodsto reduce drinking [57,80] . Positive
psychology, in addition to cognitive behavior therapy [74], was
instrumental in informing the design team on methods for
emotion regulation [81-84], relevant to the last performance
objective. Giving the program human like features, or making
it person-like (ie, personification of the program) can increase
persuasiveness [85]. Last but not least, inspiration was drawn
from the principles of motivational interviewing, including
express empathy, develop discrepancy, avoid argumentation,
roll with resistance, support self-efficacy, and emphasize client
autonomy [73,86,87]. Taken together, the principles of
motivational interviewing and of persuasive technology, and
the elementsfrom positive psychology, areimportant in building
client confidence in the program, and fostering therapeutic
aliance [70,88].

In translating methods into practical strategies, one needs to
consider thefeasibility and the practical context. Thus, thistask
has to be done in iterative steps with the next task, developing
the actual materials, to fit the strategies with this context. For
example, the combination of goal setting and behavioral
monitoring to serve as a trigger system for launching the
just-in-time therapy would not befeasiblein the practical context
of group therapy with biweekly meetings. Table 2 gives an
overview of selected theoretical methods, practical strategies,
and considerations for use. These considerations are the
conditions under which the methods are believed to be effective.
They can be drawn from theory, empirical findings, or could
be practical concerns, and they are essential to keep in mind
when translating methods into practical strategies and program
components.
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Table 2. Theoretical methods, practical strategies, and considerations for use.
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Theoretical method

Practical strategy:
What should be done?

Considerations for use:
How should it be done?

Activelearning

Consciousnessraising

Self-reward

Reattribution

Provide social cues
Visible expectations

Self-reevaluation

Environmental reeval-
uation

Anticipated regret

Modeling

Resistanceto pressure
Positive self-talk

Reframing
Support
Implementation inten-

tions

Planning coping re-
sponses

Mastery experiences

Vicarious experience

Persuasion

Behavioral monitoring

Goal setting

Count thegood things
inlife

Socidizing

Giveinformation in texts (a psychoeducational approach).
Cogpnitive and behavioral assignments.
Quiz for repetition purposes.

Provide information, guidelines, assignments, examples and tipsto
increase self-awareness.

Encourage self-reward.

Teach to explain setbacks and successesin terms of adaptive attribu-
tions (ie, transient and external attributions for failure, and stable
and internal attributions for mastery).

Provide social cues (physical, psychological, language, socia dy-
namics, and social roles) that dlicit instinctive social responses.

Stimulate thinking about expectations from significant others.

Further cognitive and affective assessments of one's self-imagewith
and without at-risk drinking (eg, comparing self-image of being at-
risk versus no-risk).

Further affective and cognitive assessments of how the presence or
absence of risky drinking affects one's social environment (eg, de-
scribes how drinking affectsfamily and reflect on self asrole model).

Stimul ate anticipation the negative affective consequences of con-
tinued at-risk drinking.

Show potentia role models and how they coped with difficulties
etc.

Promote making of counter arguments.

Encourage making positive statements to inner ear about self, own
abilities etc.

Teach how to put negative factsinto another frame of reference that
makes the fact positive or neutral.

Stimul ate mapping the environment for potential supporters. Encour-
age contact, and provide suggestion for contact email.

Stimulate formation of implementation intentions, by texts, prompts
and assignments.

Promote identification of potential barriers and ways to overcome
these.

Teach to imagine and write down previous mastery experiences,
and encourage afocus on what is mastered until now (eg, you have
kept your targets for many days).

Provide stories of mastery/success from others, and encourage
identification of such storiesin own environment.

Communicate optimism about the outcomes, and point out that
change is not an instantaneous venture.

Prompt to perform daily logging of target behavior.
Encourage setting specific and time-targeted goals with regard to
drinking.

Promote noticing and appreciating the positive aspects of life—an-
ticipate future pleasures, mindful of present pleasures, and reminisce
about past pleasures.

Encourage mapping socia network for doing pleasant activities.
Encourage contact, and provide suggestion for contact text messages
or phone calls. Tips to make or improve social bonds.

Should berelevant, plain, rewarding to follow, and vary
informat and media. L earning moments should be short
and many, rather than few and lengthy.

Feedback and confrontation should be followed by in-
crease in problem solving ability and self-efficacy.

Should be aclear criterion for acquiring a pre specified
reward.

Optimistic attribution pattern should be primed early,
and reinforced after lapse (just-in-time).

Excessive use of these techniques may backfire into
annoyance.

Timing: prior to drinking situations, weekends.
Raising awareness must be quickly followed by increase

in problem solving ability and self-efficacy.

Raising awareness must be quickly followed by increase
in problem solving ability and self-efficacy.

Must stimulate imagination.

Model should be reinforced.

Requires building of refusal skills.
Not applicable.

Not applicable.

Not applicable.

Must include specification of when, where and how to
act.

Not applicable.

Beneficia with domain similarity. Can be used for just-
in-time therapy in critical situations.

Requires identification with model.
Enhanced by the prior development of confidencein
treatment provider.

Not applicable.
Not applicable.

Not applicable.

Persons should decide in advance not to drink, go to
placeswithout a cohoal, or with personsthat do not drink.
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Theoretical method Practical strategy:

What should be done?

Considerations for use:
How should it be done?

Cognitive defusion
memories.

Encourage combating the tendency to reify thoughts, emotions, and

Acceptance and defusion is not an end in itself, but a
mean to increase psychological flexibility and value

based action.
Mindfulness Provide exercises that fosters contact with the present moment and  Not applicable.
self as a context, not self as the content of thoughts.
Identify value-based ~ Promote defining core values, deciding specific value based goals, Goals should be specific, measurable, achievable, real-
goals and acting on the goals. istic and time-targeted.

Nonviolent communi-
cation

Doing kind acts

ahead of time.
Visualizing best possi-
blelife

Teach to distinguish an action from the assessment of or thefeelings
evoked by the action, identifying and expressing the feeling, the
need and what one want in a non-demanding way.

Encourage ideas for kind acts, keep track of them, and plan them

Encourage envisioning scenarios of afuturelifein which many goals
and dreams are actualized and personal potential had been met.

Client should practice the distinctions and the concept
and be given feedback.

Not applicable.

Recognize what is already achieved, challenge barrier
thoughts, and break major goals down into achievable
sub-goals and milestones.

Program Componentsand Materials

Screening

Screening may support an informed choice about whether to
change drinking habits or not, and starting alcohol interventions
with screening isstandard practice[21,28,38]. Screeningisalso
important in that it serves as a vehicle for recruiting persons
from the target group to a more comprehensive treatment
program. The current intervention is therefore initiated with a
screening procedure, based on the Fast Alcohol Screening Test
[89]. During the screening, the person receives brief
individualized feedback, comparing the reported alcohol habits
with health authority recommendations. After the screening and
feedback, the at-risk drinkers (those with a Fast-score of 3 or
higher) are recommended they sign up for the comprehensive
follow-up intervention.

Day-to-Day Tunnel Design and Program Structure

The program relies on 2 distinct and complementary strategies
for delivering intervention content—tunnel information
architecture and just-in-time therapy. The tunnel information
architectureisacore organizing feature of the program. Tunnel
designs use a screen-by-screen and a session-by-session
approach in which the user follows a predetermined sequence
of unitsof content. Asopposed toin ahierarchical design, where
the user must navigate menus to find the desired content, the
user is guided through the various program materialsin afixed
seguence in a tunnel design. To avoid distraction, a tunnel
program restricts access to any ancillary or related content, and
oftentimes it limits user navigation to the “next” and “prior”
buttons, thus offering low user workload [90].

A tunnel design is double-edged sword. Upon entering atunnel
the user accepts alowered degree of autonomy, and thereis a
danger that reduced autonomy may lead to frustration and
dropout. On the other hand, atunnel design may also increase
the chancesthat the user will engagein activities and see content
that would otherwise not be encountered [85]. A recent
randomized trial [91] compared atunnel design to a high user
control version of the same intervention content. Subjects in
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the tunnel design condition perceived the efficiency of the
intervention to be lower, compared to subjects in the freedom
of choice condition. In terms of outcome, however, the tunnel
design was found to increase the number of screensvisited and
knowledge gained from the eHealth intervention, compared to
the freedom of choice condition. In other words, there was
discordance between user preference and the actual outcome.
This trial demonstrates that athough users seem to prefer
freedom of choice, restricting this choice by using a tunnel
design, can in some cases more than compensate for the
disadvantages of atunnel design. Also, two trials of asmoking
cessation intervention that used a tunnel design similar to the
current one showed high program adherence and efficacy
[54,92,93], thus demonstrating the feasibility of the tunnel
design to behavior change and adding to the promise of atunnel
approach.

In the current program, the tunnel design was applied both at
micro and macro levels. On amicro level, it dictated that each
session was broken into smaller portions or pages; the user can
flip between pages but not sessions (Multimedia Appendix 1).
On a macro level, it meant there was a fixed day-to-day
sequence of sessionsthat require usersto go through the sessions
in the predetermined sequence. A session that is accessed on
one day cannot be accessed the day after. If the client does not
log onto the site for a period, however, he or she can catch up
by accessing the preceding, unread sessions. Thistunnel design
is in accordance with the need for continuous self-regulation,
and in line with the recommendation that self-help alcohol
interventions should provide support for aminimum of 6 weeks
[94]. The distributed and frequent contact points stimulate
awareness of one's own change attempts, serve as frequent
prompts for self-regulation, and represent atacit way of telling
the clients that behavior change is a process that call for
sustained effort.

Including proactive elements and supplementary modes of
communication can improve adherence to Web-based
interventions [12,95,96]. Hence, for each session the client is
sent areminder email that containsalink for the session of that
day. During the active behavior change phase, which isthefirst
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2 months of the program, the client is given accessto anew and
unique session each day. This is followed by a low-intensity
maintenance phase. Here, the numbers of sessions are reduced,
first to 1 per week for the first month, then to every second week
for the next month, and finally, to once every month for 8
months. In total, Balance comprises 73 sessions. An average
session typicaly consists of 1000 words, split between 10 to
15 screens. The language is categorized as the easiest out of 6
levels on the LIX readability measure (ie, “very easy to read,
equivalent to juvenile books’) [97]. Each session takes from 3
to 10 minutes to complete, depending on the clients' depth of
processing and speed of reading.

Although atunnel design restricts user self-determination, such
a design does not dictate passive users, as the tunnel design is
well suited to foster interactive dialogues with the user [90].
Hence, the sessions include interactive tasks and cognitive
behavioral assignments. For example, each week thereisaquiz,
consisting of 5 multiple choice questions, pertaining to the most
important learning points of that week. Along with a brief
summary statement of the learning point, the client gets
immediate feedback on whether the response is correct or not
for each question (M ultimedia Appendix 2). Moreover, cognitive
behavioral assignments that the clients are supposed to do
between sessions can be provided in one session and then the
assignment can be elaborated on during the next session. An
example of a cognitive task to support self-regulation, used in
the current intervention, isto make up and writeimplementation
intentions of what to do in atempting situation, and then later
theclient islater asked to adjust and improvethislist according
to recent experience.

Goal Setting, Behavior Logging, and Just-in-Time
Therapy

In the current intervention, goal setting, behavior logging, and
the just-in-time therapy are practically and theoretically
intertwined. Each session the client is asked to log the number
of drinks had on the previous day. Such behavior logging is
important because it stimulates self-awareness. During each
Monday session, the client determinestheir drinking targetsfor
the coming week. To support this goal setting, a graph
presenting the targets set and the logged consumption (week
totals from all previous weeks in the program), and a detailed
comparison of target and result for each day from the last week,
is displayed. Then the client is asked whether the goals from
previous week should be kept or adjusted. If they choose to
adjust the targets, they are provided with aform wherethey fill
in the maximum number of drinksto be consumed for each day
of the week. The client is encouraged to cut down slowly at
first, and then gradually cut further down as the initial targets
aremet. Theclient istold to set targets that he/she perceivesto
be achievable. By making the clients set their own targets, client
autonomy is maintained. However, if the week goal is higher
than baseling, thisis pointed out to the client and the client is
asked whether he/she is sure about the targets. The client may
either respond “Yes, this week is special and | want to allow
myself such goals’, or “No, | want to set myself lower goals”
As such, behavior logging and goal setting may contribute to
successful behavior change[78,79]. These elementsare essential
within Balance becausethey are used as part of atrigger system
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for providing 2 instances of just-in-time therapy—a relapse
prevention system and a lapse prevention system.

Relapse Prevention System

After logging of the drinks consumed on the previous day, the
datum is compared with the target that was previously set by
the client for that day (Multimedia Appendix 1). This happens
in every session. If theresult isbelow or on target, the client is
praised, for example, “Well done! You drank less than your
goa yesterday,” or “Great! You did well yesterday. You are
right on target!” However, if aclient drank above target, he/she
is asked: “What happened yesterday? Was it just a slip-up or
do you think you are about to fail?” The clients are taught the
distinction between lapse and rel apse earlier in the intervention,
and therefore can make the distinction between a slip-up and
failure. If theclient reportsthat it was*just aslip-up” or alapse,
the client can simply move on to the session. If not, then 1 of
3 relapse prevention therapies is launched. The system will
remember previous lapses, so that each client will not receive
the same therapy twice before the fourth reported lapse. In this
way, the goa setting and behavior logging procedures taking
place in a day-to-day tunnel design provide a platform from
which the just-in-time therapy is launched.

Thetherapy consists of aprerecorded dialogue between aclient
and a counselor (a 5 minute audio recording, Multimedia
Appendix 3), as well as 3 text screens (Multimedia Appendix
1). This therapy has severa purposes including increasing
self-efficacy by making the client realize what is achieved up
until now [73] to avoid attributing the lapse to internal and stable
factors, and instead attributing the lapse to situational factors
to prevent negative emotions and a full-blown relapse [61].
Finally and most importantly, the client should recognize that
if he/she relapses, it is part of a deliberate decision and not
something he/she is powerlessin preventing.

Lapse Prevention System

During each session, the lapse prevention system follows the
relapse prevention described above. Here, the client isreminded
of that day’s target and asked how confident he/she feels about
reaching it. The lapse prevention therapy isactivated if the client
replies, “I'm not sure” (as opposed to, “I'm fairly certain I'll
manage”). Before the therapy starts, the client is asked to
elaborate, by selecting 1 of 3 options: (1) “I feel worn out and
down”, (2) “I don't feel so sure of myself today,” and (3) “I
seem to have lost some motivation.” The options are intended
to cover depletion of resources, self-efficacy, and motivation,
respectively (Multimedia Appendix 1).

At thefinal screen of the lapse prevention therapy, the client is
asked to provide a time point for that day or evening for the
program to send an encouraging maobile phone message via
short message service (SMS). The client is encouraged to
provide a time point when they would need it the most. The
content of the SMSisrelated to the topic of the lapse prevention
therapy. For example, if the therapy included planning how to
copewith achallenging situation, the SM Swould be areminder
about the coping plan; if the topic is previous mastery
experiences, the SMS would be a reminder of those previous
experiences.
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Personification

People tend to react to and interact with objects in their
environment, including media applications, as if it were real
people [98]. It is assumed that mimicking features from
human-to-human interaction in human computer-based
communication can foster a sense of relationship or alliance
between the program and user. This may in turn increase
program impact [ 71,85,88,96,99]. Each session thus startswith
agreeting and ends with a“ goodbye”, asif Balanceisaperson
(Multimedia Appendix 1). The language is informal in tone,
and oftentimes, personal pronouns are used. Additionally,
pictures of 3 different guides or coaches that each represent
their special topic, embodies or personifies the intervention.
For example, each time the topic has to do with emotion, the
client sees a picture of the “mood coach” along with the text.
The 2 other guides are the motivation and willpower coaches.
The idea behind such personification of the program is that
humans are predisposed to respond to cues that they can easily
connect with. Pictures and language (praising, greetings,
turn-taking, interactivity) provide socia cues that may in turn
eicit the corresponding social responses from the client [85].
Speaking directly to patients about their patient status or the
working aliance, however, was avoided, as this can be
counterproductive and cause resistance [100].

Emotion Regulation Components

Emotion regulation makes up a significant proportion of the
intervention content, and consists of 7 distinct tracks, each
covering aunigue topic including gratitude, socializing, turning
negative thoughts, nonviolent communication, doing acts of
kindness, optimism, and pleasant activities. The contents and
assignments from these tracks are taken from the positive
psychology tradition and from cognitive behaviora therapy
[81,82,101-103]. Each user, however, follows only 4 of the 7
available tracks. Each week during the active behavior change
phase, emotion regulationistargetedin 4 of the 7 ons. This
meansthat all 4 topicsare visited once weekly during theinitial
2 months of the program.

Two of the tracks are provided to all users, the gratitude track
and the socializing track. The gratitude track involves
assignments like counting ones blessings, writing down 3 good
thingsthat happened during the day, writing aletter of gratitude,
and saying “thank you” more often than usual. The socializing
track is about encouraging social interaction with friends and
relatives (without alcohol). Assignments in this track includes
calling afriend and inviting him/her out, mapping one’s social
network, advice on how to get new friends, and strengthening
existing relationships (eg, find out about a friend’s plan and
follow up the next week by asking how it went, or give
complimentsto a partner or friend).

Then, based on a cuereactivity test [104], designed to
distinguish those mainly triggered by conflict situations from
those triggered mostly by negative emotionsand pain [61], users
get either the turning negative thoughts or nonviolent
communication tracks. In the test, clients are briefly shown a
drawing depicting a potential trigger situation for drinking, and
are subsequently asked to what extent they would feel able to
resist having a drink after such a situation. The drawings
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incorporate atitle word describing the potential trigger situation.
For conflict situations, the picture headings include
confrontation, aggression, fight, and criticism, while the negative
emotion drawings include guilt, sadness, sickness, and stress.
Those primarily triggered by conflict situations are
recommended to follow the nonviolent communication track,
while those triggered by negative emotional states are
recommended to follow the turning negative thoughtstrack. To
preserve client autonomy, however, the client is given the option
of overruling the recommendations and select tracks regardless
of test results.

The turning negative thoughts track is based on the acceptance
and commitment therapy [105] and uses a combination of
acceptance and mindfulness to help people distinguish
themselves from thoughts, feelings, sensations, and memories.
It also clarifies their personal values and take action based on
those. Thistrack includes a cognitive defusion technique called
theword repeating technique, and amindfulness exercise called
“take your mind for awalk”. In the mindful exercise, the client
envisions a mental journey through a forest, and each time a
thought that is irrelevant to the forest comes up, the client is
instructed to visualize putting the thought under a stone and
keep on walking. Additionally, clients are encouraged to define
their values, rank them in importance, and set concrete goals
for the most important ones. The goal of this track is to help
turn around negative thinking, and thereby reduce thelikelihood
of lapse or relapse. Nonviolent communication servesasabasis
for another track [106]. Here, empathy and honest
self-expression is emphasized. Firgt, the client is trained to
distinguish an action from the assessment of, or the feelings
evoked by, the action. Second, the client identifies and expresses
the feeling. Third, the client identifies and expresses the need.
Last, the client expresses the need in a non-demanding way.
The goal of this track is to help clients reduce the level of
conflict in their everyday interactions, and hence reduce the
likelihood of relapse.

Then based on a person-activity fit diagnostic [107], the client
is recommended to choose 1 of 3 tracks—acts of kindness,
optimism, and pleasant activities. Again, to preserve client
autonomy, he or she is given the option of overruling the
recommendations and select tracks regardless of test results. In
the acts of kindness track, clients are encouraged to do acts of
kindness to others, keeping track of such acts, and plan them
ahead of time. Examples of kind acts are provided, and clients
are encouraged to figure out such actsfor themselves. Thetrack
targeting optimism is based on “the best possible self” exercise
taken from positive psychology [82,108]. Here, the client is
encouraged to envision scenarios of afuturelifein which many
goalsand dreams had been actualized and where much personal
potential had been met. Assignments in the coming week will
ask him or her to elaborate on the scenarios, to recognize what
they have already achieved isin line with the best possible life
scenario, challenge and turn around obstructive thoughts, and
break major goals down into achievable sub-goals and
milestones. The pleasant activities track is based on cognitive
behavioral therapy [103], and starts by prompting the client to
compile alist of activities that make him/her feel good. In the
subsequent weeks, the client is asked to schedule one or more
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of these activities. He or she is also asked to determine a goal
for one of the activities, which is something to achieve by
repeating the activity over time.

Discussion

We have used IM to give a systematic and comprehensive
description of the treatment rational e of an acohol intervention,
named Balance. Its treatment rationale is essentially based on
aself-regulation perspective [55,61,64], in that the overarching
idea of the program is to support continued self-regulation
throughout the behavior change process. Maintaining the change
efforts over time and coping adaptively with challenging
Situations are key factors to successful behavior change
[55-71,109]. In achieving this, 3 elements of the treatment
rationale are of particular importance: (1) emotion regulation
as an inoculation strategy against self-regulation failure, (2)
avoiding lapses by adaptive coping, and (3) avoiding relapse
(if lapses occur) by resuming the change efforts after a lapse.
Interms of delivery, the current intervention relies on 2 distinct
but complementary delivery strategies, including a day-to-day
tunnel ed psycho-educational approach in combination with the
just-in-time therapy. The tunnel design is in accordance with
the need for continuous self-regulation and at the same time it
functions as a platform from which the just-in-time therapy can
belaunched. Two instances of just-in-timetherapy areincluded
as part of an emphasis on coping during critical moments of the
change process (before and after a lapse). First, a lapse
prevention system, which starts when the client reports low
self-efficacy, and second, a relapse prevention system that is
activated when the client reports drinking above target level.

Tailoring of intervention content in response to dynamic
processes in target behavior or emotional states, as described
above, is an emerging trend to eHealth design [2,44-54]. This
and similar forms of intervening just-in-time can potentially
play amore significant role in future interventions as advances
in mobile technology make it more feasible, and increasingly
avalable at a population level [2,44,50]. More research is
needed to determine how this potentia is to be released. For
example, we do not know which theoretical frameworksarethe
most appropriate to underpin such interventions. As opposed
to the more common approach to tailoring interventions that is
based on differences between participants at baseline,
just-in-time adaptations need to lean on model sthat are dynamic
representations of within-person processes [2]. As the
self-regulation theory focuses on within-person processes in
behavior change, it may be one of the feasible perspectives for
this purpose. In the current paper just-in-time components was
placed within a complete theoretical and practical context,
including the tunnel delivery strategy and the self-regulation
perspective. By describing this treatment context we have
contributed to an understanding of how multiple delivery
strategiesin eHealth interventions can be combined—for general
behavior change interventions, as well as alcohol specific
interventions.

Limitations

There are several limitations to the current research. The target
group of the program isvery broad. On one side of the spectrum,
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thetarget group includes personswith along history of harmful
drinking that might be very conscious about the negative impact
from alcohol on their life, that are already motivated to change.
On the other side of spectrum, the target group also includes
personsthat drink only marginally above thelimitsfor sensible
drinking. They have probably never experienced any serious
negative consequences of alcohol, their drinking pattern is
largely within the borders of what is culturally acceptable, and
many of them probably do not think that they need to change
at all. Targeting such a diverse population, with regard to
motivation for change, drinking pattern, and alcohol history,
with one singleintervention may turn out to be overly optimistic.
That is, the intervention will be more or less acceptable to use
for certain sub-groups within the broader target population.
Exactly what outcomes to expect in the various sub-groups,
however, is an empirical question, which we will try to shed
light on in later evaluation reports.

Thedropout rates from eHealth interventions, including al cohol
interventions, tend to be high [22,110]. For example, in asample
of problem drinkers, enrolled in a 12 session Web-based
intervention, adropout rate of 45% was reported, and the authors
concluded that “the challenge of Web-based alcohol treatment
programs no longer seemsto be their effectiveness but keeping
participants involved until the end of the treatment program”
[111]. In terms of number of sessions (73) the current
intervention is probably the most comprehensive of its class
[20-22]. For each session added to an intervention, a further
opportunity to drop out is a so added. Hence, thereisno reason
to believe that the current intervention will be an exception from
“the law of attrition” [110]. Rather than counting how many
people drop out before the end of treatment, wethink it ismore
important to focus on the number of sessions completed, and
by whom (in combination with reach and effectiveness).
Therefore, our conclusions differ slightly from the conclusion
of Postel [111]. The criterion for success in eHealth is not to
keep participants until the end of treatment, but to keep them
long enough to achieve a clinically significant effect on the
relevant health behavior. Furthermore, what is a sufficient dose
may vary from subject to subject. For one sub-group, the
screening and feedback session might be enough, while another
sub-group, may benefit only if they complete 10 or more
sessions. We stress that, the rate of uptake in the target group,
the program adherence among users of the intervention, aswell
as the efficacy across sub-groups, remains open empirical
guestions that we aim to elucidate in subsequent research.

Advantagesto the M Approach

EHealth is an applied science in which interventions are
designed to solve specific health problems, meaning that the
design process ought to be problem driven [1]. To meet a
treatment or prevention challenge and solve the health problem,
the main tools are theory and evidence. Theory can however be
approached and applied in many different ways. The design
process thus require several decisionsto be made, for example,
regarding which theories are needed, how many, when to use
conceptual theories, when to use action theories, and if one
should stick to theories that predict the health problem or focus
more on evidence that accounts for behavior change. In
answering these and other questions, IM offers a set of
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guidelines on how to approach theory and evidence, in what
order to use them, and for what purpose [25]. In this way, IM
allowstheresearcher to integrate theory and empirical evidence
from multiple sources to form a single causal model (eg, Table
1), which shows how the researchers intended the intervention
to work, and the hypothesized causal links of the treatment [1].
IM congtitutes a multi-theoretical approach as opposed to a
single-theoretical approach to intervention design that ensure
aproblem driven focus, necessary for the researcher to stay on
track with regard to solving the health issue. However, the
problem driven approach is not suitablefor researchersfocusing
primarily on theory building and testing, only for researchers
focusing on intervention building and testing [25].

The step-by-step manualized approach of IM prescribes a
process to designing an intervention that functions as a useful
planning tool. The manualized approach is also advantageous
inthat it provides aclear structure to the reporting that may aid
in writing it, reading it, and in comparing the rationale across
interventions. In completing the IM steps, theory and evidence
is systematically linked to eHealth practice through a logical
chain of decisions. Each step and decision shapes how an
intervention influences its users, and by making the choices
explicit, they are subjected to the test of evidence [10]. Thisis
valuable because it extends the evidence base for subsequent
intervention development. Therefore we recommend the use of
a structured approach, like the IM protocol, in describing
intervention rationale.

EHealth and Intervention Reporting

Scientists, reviewers, and editors alike areinevitably influenced
by the tria report conventions [112,113]. These conventions
together with word limits in journals result in intervention
descriptions where the main focus is to describe how the
intervention was evaluated rather than describing what it is
[10,13]. The focus on the evauation aso manifests in the
abstract, making the evaluation visible and accessible in
bibliographic databases without emphasis on the intervention
rationale. This situation makes it harder for a researcher and
development team to compare treatments and learn from
previous development efforts. When performing literature
reviews, the design rationales are often embedded within
multiple sections of multipletrial reports, and it can be difficult
to get afull understanding of what exactly is being evaluated.
Thisis not a problem for simple interventions, or when testing
asingle theory, but for complex interventions that are problem
driven and multi-theoretical in nature, it becomes an issue.
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Several solutions to this issue have been suggested, including
digital preservation of intervention content in a Web archive
[8], publishing addendums or appendixes along with the trial
reports [ 7], as well as reporting in online journals, which tend
to have less restriction on word limits [6]. These suggestions
offer more space for reporting interventions. However,
descriptions in an addendum or a Web archive will not be fully
targeted by the peer review, thus evading quality assurance.
Additionally, al these alternatives evade the full visibility
afforded by academic search engines. Stated differently, these
reporting practices make the important initial stages of
intervention research abackstage performance. Asan alternative,
we espouse the view that eHealth researchers should publish
the intervention protocols separately and peer-reviewed prior
to publishing their evaluation studies [6,9]. Reviews that
systematically assess the link between intervention rationale
and outcome [12,23,114] can play a vital role in improving
eHealth practice as they potentially synthesize the experiences
from the entire field. The quality of these reviews depends on
the quality of theintervention descriptionsthey build upon[13].
We believe that the above can improve the quality of available
descriptions and ease comparisons of treatment rational e across
interventions. Provided that reporting of interventions is
improved across research teams and that reports of intervention
development are combined with findings from clinical trials,
the possible scope of systematic reviews will be broadened. A
broadening of scope in future systematic reviews assessing the
link between intervention rational e and outcome, may ultimately
guide researchers in designing interventions with improved
efficacy, reach, and user acceptability.

Conclusion

The descriptions of the treatment rationale for the alcohol
intervention Balance, provides an intervention blueprint that
will aid in interpreting the results from future program
evaluation, it will ease comparisons of intervention rationale
acrossinterventions, and it may assist intervention devel opment.
By putting the just-in-time therapy within acompl ete theoretical
and practical context, including thetunnel delivery strategy and
the self-regulation perspective, we have contributed to an
understanding of how multiple delivery strategies in eHealth
interventions can be combined. Additionally, thisis acall for
action to improve the reporting practices within eHealth
research. Asoneway to achieve such improvement, we advocate
for using a systematic and structured approach, and for
intervention reports to be published peer-reviewed and
separately from eval uation reports.
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Abstract

Background: Internet interventions may provide opportunitiesfor low threshold counseling using feedback to guide and support
health behavior, including increased physical activity. Research shows that overweight and obese adolescents are less physically
active than their peers of normal weight. There are good reasons to believe that I nternet-based interventions may be particularly
suitable for motivating adolescents to increase physical activity, but we need to gain further knowledge of what features are
effective and how to design such interventions.

Objective: To describe the process of development and evaluation of usability of a Web-based program for increasing physical
activity in overweight adolescents.

Methods: Informed by the self-determination theory, motivational interviewing, and perspectives on self-regulation, this
intervention was developed in a stepwise process by an interdisciplinary team of researchers, designers, developers, and
representatives from the target group. An iterative qualitative usability testing approach (observation, survey, and interview) was
applied in 2 sequences, first in the lab and second in the field, to assess how adolescents (aged 12-16 years) used and experienced
the program and to make adjustments to the program based on evaluation of their response.

Results. Thefollowing componentswereincluded in the program: self-monitoring through planning and registration of physical
activity and graphical response on progress, autonomy supportive individual Web-based counseling, forum for socia support,
and relevant age-adjusted information about physical activity. The first usability test resulted in adjustments related mainly to
making the content and aim of the different features more visible and explicit. The second test evaluated the program with
adjustmentsfrom thefirst test, revealing that the program waswell accepted by the participants and only small aesthetic adjustments
had to be made to complete the final version of the Internet program, Young & Active.

Conclusions: Thorough preparation, with clear theory foundation and close monitoring in the developmental phase, as well as
contribution and iterative evaluation from the target group, is essential to create a user-friendly and engaging program. The
efficacy of the program will be evaluated in a controlled trial.

(JMIR Res Protoc 2013;2(1):€7) doi:10.2196/resprot.2410
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Introduction

Background

I nvestigations point to adecreasein physical activity (PA) from
childhood to adolescence [1]. Adolescents who are overweight
with obesity are even less active compared to peers of normal
weight [2]. Research also shows impairment in health-related
quality of life among overweight and obese children and
adolescents [3]. Aerobic fitness is positively associated with
physical and mental health independent of body mass index,
and a substantial weight reduction and maintenance over time
may be unachievable for many overweight individuals [4,5].
Thus, there are good arguments for interventions to emphasize
increased habitual physical activity more than individual weight
regulation. It is also essential to focus on interventions to
increase and maintain PA in adol escence because of therelations
between activity patternsin adolescence and adulthood [6,7].

Recent research suggeststhat Internet technology isapromising
way to change a person’s health behavior and therefore provide
opportunities for low threshold counseling using feedback to
guide and support health behavior [8]. It might seem paradoxical
to use an inactive deviceto promote activity among adol escents.
However there are good reasons to believe that Internet
interventionsfor promoting PA may be particularly suitable for
this age group. Digital mediais an area in which adolescents
are experts and technology is the means of their empowerment
[9]. Instead of thinking of digital media solely as the cause of
physical inactivity, becoming overweight, and obesity, we can
choose to use adolescents' competence as a valuable basis for
raising the efficiency of communication in health promotion
efforts. Despite promising results of Web-based interventions
to promote PA in children and adolescents, well designed
research is needed to further enhance our understanding of
intervention characteristics that best promote behavior change
[10-12].

An Internet program called Young & Active was developed
aimed at motivating overweight adolescents (aged 13-14) to
increase and maintain PA and thereby enhance their fitness and
health-related quality of life. The intervention study is built
upon the framework for researching complex interventions given
by the Medical Research Council [13]. This framework is
developed for the purpose of eval uating interventionsin natural
or everyday practice. The development and eval uation process
is divided in 4 phases: (1) development—identifying and
developing the evidence base, theory, modeling processes, and
outcomes, (2) feasibility and piloting—testing procedures,
estimating recruitment and retention, and determining sample
size, (3) evaluation—assessing effectiveness, understanding
change process, and assessing cost effectiveness, and (4)
implementati on—di ssemination, surveillance and monitoring,
and long term follow-up. This article describes the process and
result of the development and how theory informed Young &
Active with a particular focus on how the end users, the
adolescents, through development and usability testing,

http://www.researchprotocols.org/2013/1/e7/

contributed to the final version of the program (Phase 1). The
development and usability testing will befollowed by a12 week
controlled trial (Pilot-Phase 2), and finally by afull scale RCT
(Phase 3).

Theoretical Basis and Content of Young & Active

Extensive use of theory and inclusion of behavior change
techniques is important in Internet interventions to increase
effectiveness [8]. The present intervention aimed to stimulate
adolescents to engage in self-chosen activities that they find
fun, meaningful, and want to do. Research shows that
individuals who have more autonomous reasons for exercising
are more positive toward PA [14] and more likely to initiate
and maintain PA [15]. Fun, enjoyment, social support, and to
a lesser extent health benefits, are reported as predictors of
participation in PA. Especialy for girls, the activity must be on
their own terms [16]. Self-determination theory (SDT) has
proven useful in understanding motivational, cognitive, and
affective processes of physical activity [15-17]. Therefore, it
was chosen as the theoretical framework for this intervention,
supplemented by aspects of self-regulation theory [18,19].
Central to SDT is the question of how people internalize and
integrate extrinsic motivations and come to self-regulate their
behaviors in order to engage autonomously in their daily life
[20]. According to thistheory, devel oping a sense of autonomy
and competence as well as relatedness is essential to make a
person more self-regulated and able to sustain the behavior
[21,22]. Autonomy reflectsthe need to engagein activitieswith
a sense of choice, competence represents the feeling that one
can accomplish tasks and reach goals, and relatedness refersto
the sense of being understood and respected by significant others
[21,23]. SDT supplemented by perspectives on self-regulation
of behavior change gives suggestions on how an
autonomy-supportive counseling style can motivate people to
change health behavior, inthiscase, toincrease physical activity
[24]. Autonomy support, structure, and intrapersonal
involvement are the 3 dimensions of the social environment
that can support the need for autonomy, competence, and
relatedness. If these factors are presented in an autonomy
supportive manner [25], they can facilitate physical activity
adoption and maintenance [26]. By giving the adolescents
opportunity to form goalsfor PA, make aplan for how to reach
these goals and monitor them, the program might facilitate
autonomy. Individualized autonomy supportive feedback from
a counselor based on the adolescents’ registrations in the
program is believed to provide users with a sense of autonomy,
competence, and relatedness. It isalso shownthat SDT can offer
a theoretical rationadle for understanding the efficacy of
motivational interviewing (MI), a client centered counseling
method to promote behavior change[27]. Ml involves avoiding
controlling behaviors and direct persuasion. By expressing
empathy, making the participant more aware of discrepancies
between goals and actions, encouraging personal reasons for
change, and supporting self-efficacy, the M| approach seeksto
empower the participants own reasons for change [27]. Thus,
theoretical inputs from SDT and principles from MI are used
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inthe counseling of the adolescentsto promote behavior change  hopefully will make the adolescents experience support in a
in this intervention. Table 1 presents thisin a schematic form. way that enhances their self-regulation and autonomous
We amed to develop a need-supportive program which motivation to increase and maintain PA.

Table 1. Relations between motivational stylesfrom SDT and MI—how strategies can be applied to facilitate autonomous motivation to increase and

maintain physical activity.?

Principles from autonomy  Principles from MI:
supportive counselling:

Examples of practical use:

Support autonomy Avoid coercion and pressure

Explore the adolescent’s own rea-
sons for change
Encourage change talk
Explore options
Provide structure

Develop goals

Give clear information

Offer advice

Provide feedback

Do not pressure or argue the case for change (eg, “you have to be more active and
exercise more”).

L et the adolescent explore his/her own reasons for being active and exercising.

Affirm and reinforce expressions of problem recognition, exercise, desire, and in-
tention to change.

L et the adolescent choose his or her preferred courses of action (ie, how and when
to exercise).

Help to set goalsfor PA and exercise. Make sure the goals are appropriate, redistic,
and achievable.

Giveinformation about what to expect from exercising and what it takesto achieve
self-determined goals. Make sure theinformation is neutral, clear (understandable),
sufficient, and repeated.

Offer advice when appropriate, but avoid imperatives (eg, “you must exercise reg-
ularly”).

Follow up goals and plans with regular feedback. Ensure that the feedback isre-

ceived and understandable.

Support self-efficacy

Make sure to affirm effort, success, and progress.

Be involved Express empathy Display interest in the adolescent and his’her well-being.
Explore concerns Reassure the adolescent that their concerns are natural. Acknowledge and explore
worries.
Demonstrate understanding Try to see the adolescents' point of view.
Avoid judgement Do not blame or criticise the adolescent (eg, “you have failed in following your
plan this week”).
8 adapted from [27,28]

Considering the age of the target group, we wanted to develop
a program with self-explanatory and time-efficient functions
[29]. This included a system that could, based on online
registrations by the participants, calculate the accurate amount
of self-reported low-, moderate-, and high-intensity activities
related to time spent, and to make graphic presentations showing
progress. Activities relevant for Norwegian adolescents were
adapted from the Compendium of Energy Expenditurefor Youth
[30]. The compendium provides a classification system that
standardizes the metabolic equivalent of task (MET) intensities
of physical activities used in research. Based on categorization
as light (< 3 METS), moderate (3-6 METS) or vigorous (> 6
METS) intensity activities[31,32], we coded activities as green,
blue, or red, respectively. Thus, total amount of activity of
different intensities would be easily identified in a graphic
presentation of bar charts. Self-monitoring is central to the
process of self-regulation [18,19], and is shown to increase
effectivenessin interventions designed to promote healthy eating
and physical activity [33]. It was expected that monitoring of
progress and getting autonomy-supportive feedback emphasizing
progress will enhance the Young & Active participants
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perception of competence and make them more conscious about
how active they are and how increasing all kinds of PA
throughout the day can contribute to a total enhancement of
activity. Supplied with the narratives, such registrations will
provide the counselor with broad information on the
participants’ process.

The intervention includes daily registration and narratives on
PA by the adolescents along with weekly individual Web
counseling from trained health counselors. The initial
components of Young & Active and their main content are
outlined in Table 2. Except for one initial face-to-face meeting
with a counselor to map PA, to be introduced to the program
and be assisted in the making of the first PA goals and plan, all
contact between participant and counselor will be online. The
choices of components for the intervention were supported in
a systematic review of Internet-delivered health interventions
[34]. The review points to peer support, counselor support,
email/phone contact, and updates of the website asintervention
characteristics related to better exposure. Internet interventions
aimed at adolescents or young adults seem to be most effective
when they include combinations of several strategies[35].
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Table 2. Overview of planned content of Young & Active.

Riiser et a

Mapping of physical activity

Face-to-face interview between counselor and participant based on principles of M| and autonomy supportive counseling (ASC) from SDT, to
help the participant reflect on PA, map current level of PA, and outline the possibilities for change.

Goals and plan for physical activity

Instruction on how to fill in (preliminary) goals and aplan for PA during the day and week. Focus on the value of self-determined goals and activ-

ities.

Registration of daily physical activity

Registration of activities during the day (time of day, type of activity, time spent, and a one/together with someone else).

Narratives of PA experiences during the day

Free text comments on experiences, feelings, and thoughts on physical activity and exercise and on life in general.

Automatic feedback on progress

Graphic feedback displaying planned and registered activity for present week and past weeks participating in the program.

Tailored feedback from counselor

Weekly individual written response from the counselor based on the participant’s goals, plan, logs, and diary notes. Feedback based on principles

from ASC and MI.

Evaluation and adjustments of goalsand plan

Encouragement viatailored feedback to regularly evaluate and adjust goals and plan in accordance with progress.

Forum

User-driven forum for support and the sharing of physical activity related experiences and tips.

Information on physical activity

Relevant information on PA and sports activities. Regularly updated and edited.

Usability Testing

Young & Active focuses on how adol escents can find their own
source of motivation for increasing and maintaining PA. It is
proven that the intervention in itself is motivating to use in the
sense that the end users choose to visit, use, and revisit it [29].
We aimed for the intervention to be appealing, to include
intuitive functions, to be easy to navigate, and provide
understandable and meaningful information. Testing by theend
users—the adolescents—is necessary to ensure that these
components are met. Usability testing refers to evaluation
through the analysis of typical end users interacting with the
program, allowing for iterative modifications [36]. Qualitative
feedback through testing with representatives from the target
group can give valuable information on user experience and
help developers determine if a program will turn out to be
effective and achieve its purpose [37,38]. The vast amount of
usability problemsand issues can beidentified with only asmall
number of test subjects, as few as 8 to 10 participants [36]. A
cycle of design-evaluation-redesign has the potential of major
reduction in usability problems [39], which makes usability
testing a powerful method for evaluation before inclusion in a
trial.

Method

Development of the Program

The process of development of Young & Active covered the
following steps, including preparation, specification,
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devel opment, usability testing in 2 different settings, evaluation,
and adjustments (Figure 1).

The preparation step included choice of theoretical framework
and mapping of user needs related to physical activity and use
of Internet. Risk analyses were made with assistance from the
Department of Information Technology at Oslo and Akershus
University College of Applied Sciencesto assure that potential
threats to the anonymity of the adol escents were accounted for.
A detailed specification of requirements for the program was
developed. An interdisciplinary team of health and education
researchers, graphical designers, and application developers
formed the project group.

Based on risk analyses and specification of requirements, the
outlined content was transformed into wireframes (a visual
guide that represents the skeletal framework of a website) to
visualize and illustrate the link between text and graphics and
interactive features. Development started with ideas being
picked from well-established websites for adolescents with
functions such as forums, ask-the-expert, and information on
sexuality, health, and adolescence in general for instance.
Design, language, use of symbols, and site architecture were
studied. Representatives from the target group of adolescents
(n=4), strategically sampled from an ongoing project for obese
youth, participated in a workshop to help decide on design,
content, and functionalities. The workshop was an informal
setting with open discussions on the presented wireframes.
Comments and suggestions from the adolescents were noted
and included in the ongoing devel opmental processwhen found
relevant.
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Figure 1. Development process of Young & Active.
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Testing Usability in Lab and in Field

An iterative qualitative usability testing approach with
observation, a questionnaire, and focus group interview was
used to assess how the participants use and experience the
intervention. Usability tests were carried out in 2 sequences,
first in alab setting and second in the field, over a period of 2
weeks. The Honeycomb model [40] served as a guideline for
the tests. According to this model, the quality of experience of
aprogram is dependent on whether the users find the program
valuable, useful, usable, desirable, accessible, findable, and
credible. The tasks and questions for the questionnaire and
interviews were grounded in these facets to ensure that they
were al focused in the different components of the program.
The questionnaire included questions that were answered
Yes/No/l don’t know, and al so the participants were encouraged
to write suggestions for changing and improving the program.
The focus group interviews allowed the adolescents to speak
more freely about their impression of Young & Active.

As mentioned, the aim of the tests in lab and in field was to
assess how adolescentsin the target group used and experienced
the prepared intervention. For this reason, strategic sampling
was conducted among adol escents who were expected to give
valuable information. The number of participants was decided
upon according to an appraisal of achieved saturation of
qualitative information about usability [41]. In order to
strengthen the trustworthiness of theinformation, different types
of qualitative material were gathered in the field through
triangulation by using several research methods [42].

The first test (lab) was carried out in 2 groups of a total of 7
adolescents (aged 12-13 years), recruited from a school and a
project for obese adolescents respectively, and took about 90
minutes per group. At this point, the program contained all the
main functions except to the forum and feedback page. The
participantsinitially received brief information about Young &
Active. Listed tasks then guided them through the different parts
of the program. Each participant was observed by one of the
members of the project group. Following the practical tasks,
the adolescentsfilled in the questionnaires. Finally, focus group
interviews were conducted in both groups.

To perform technical evaluation, to assess how the usersrespond
to using the program over time, and to get a more thorough
evaluation after adjustments based on the first usability test, the
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Young & Active program was tested over a period of 2 weeks.
From an exercise group for overweight and obese youths, 8
adolescents (aged 14-16 years) wererecruited. Informed consent
to participate was given by the adolescents and their parents.
The participants first met with the researchers for an informal
conversation focusing on feelings, thoughts, and experiences
with different forms of PA. The conversation was informed by
the MI approach [27] and was aimed at making the adolescents
reflect on goals to increase and maintain PA. The participants
received a persona user identifier and a password, and were
given a brief introduction to the different functions of the
program. If desired, they received help to form goals for PA
and to set up an activity plan to reach these goas. The
adolescents started registrations the following week after getting
areminder via SMS. The counselors gave individual feedback
twice during the test period. Bugs and minor errors were
reported by a message in the program or via the forum, and
consecutively handled by the programmer. The researchers
moderated the forum and message system. An extended version
of the user experience from the first test and focus group
interview followed theweek 2 test. Registration of use (frequent
registrations, diary notes, and postsin forum), were summarized.

Data Analysis

The combination of questionnaires, observations, and focus
group interviews was used to triangulate data to control and
support the different findings, as the discussions in the focus
groups were used to broaden and support the outcomes of
observation and questionnaires. After each of the 2 tests, data
from the questionnaires were summarized. Answers from the
open-ended questions from the questionnaire and notes from
observations and interviewswere analyzed astext, using smple
content analysis[43]. These datawere sorted to correspond with
each of the different pages of the program (My page, activity
plan, diary, feedback, forum, and info page). General categories
like user performance, visual design, content, functionality, and
motivation for use were identified.

Results

Results From the Process of Development

Thefirst part of the devel opment processresulted in adraft with
suggestions on name of the program, logo, color scheme, and
page layout, including the content and placement of different
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functions distributed. A flow diagram of the Young & Active
program as it was initially planned, showing the main content,
interactive features and the links between the different pages,
isprovided in Figure 2.

No changes were made to this structure during development,
and the pages described in Figure 2 are all represented in the
final version of Young & Active. In addition, we designed a
simple password-protected page for counselors. On this page,

Figure 2. Main content and interactive features of Young & Active.
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counselors can view a summary of each participant’s
registrations and diary notes, write and send weekly feedback,
and monitor the forum. Young & Active was developed in
eZpublish (version 4.4.0), based on Open Source technology
and designed to support PCs, Macs, and newer versions of all
browsers. Usability was not tested for mobile devices, but the
program shows acceptable readability for smartphones and
tablets.

Activity plan
__| Personal PA-goals, activity plan and graphical presentation of
planned PA

Activity diary
Registration of daily PA, narratives, graphical presentation of
planned and registered PA for present week

Home page My page
Log in (user Profile, graphical
identifier and presentation of

planned and
registered PA for

password), and
contact info

Feedback
Weekly feedback from counselor, graphical presentation of
progress showing planned and registered PA for every week

present week

Forum
F Standard forum with predefined PA relevant subjects

Info page
Information related to PA for adolescents

Response From Workshop

The workshop participants liked the suggested name of the
program. Colors and graphics, especially the smiley logo, met
with approval. The participants focused on the advantages of
using smileysin the communication asaway of makingit easier
to express feelings and the communication more effective. The
benefits of written self-determined goals and detailed plansfor
activity were emphasized, but the adolescents did not
immediately understand what kind of information the
PA-registration page required. It was obvious that thorough
explanation and specific exampleswere necessary to get aquick
understanding of the different functions. The participants saw
the advantages of bonding with other adolescentsin the program
to exchange experiences and opinions and to ask questions. On
the info page, the adolescents indicated they would prefer to
read about activity alternatives and how to make healthy food.
Feedback on the wireframes was mainly positive. Suggestions
on changes and supplements to graphics, features, content, and
functionality from the workshop were incorporated in further
development of the program.

Results From Usability Testsin Lab and in Field

The participants of both lab and field tests had a computer at
home and regarded themselves as competent computer users.
All of the participantsin the field test used Young & Active at
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home in one way or another during the test period, meaning
that they made at least 1 registration in the diary, posted in the
forum, or sent a message to the counselors via the message
system. Most of the participants (5/8, 63%) made regular,
frequent registrations and used the diary, while 1 participant
gotill, 1 had an ankle injury and 1 responded “this program is
not for me, but | am sure others will find it useful”. This last
participant joined in on the survey and interview, whilethe other
2 infrequent users did not.

User Performance

The participants in the lab test had no problems logging in or
navigating among pages. They tended to ask for help rather than
using help buttons with explanatory text. All participants found
relevant leisure sports activities, but did not intuitively choose
activities for the entire day and week (to and from school, at
school and so on). This occurred both when planning and
making registrations in the diary. In the plan, the adolescents
found it inconvenient to have to select days one by one for
activities performed every weekday, such aswalking to school.
Searching through lists of activities in the plan and the diary
were shown to be time consuming.

The most important adjustments after the first usability test
concerned making the content and the aim of the different
features more visible to the users. Thisincluded choosing bold
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headings, making short introduction texts for every task and
creating more visible hel p-buttons with pop-up textsfor specific
explanations and tips.

Observation during introduction of the program and the 2-week
test period reveal ed that the participantsin the second usability
test very quickly grasped the different functions of the program.
Due to the short test period, none of the adolescents made
changes in their activity plan, but 2 participants supplemented
their goals for activity. The 5 active users made registrations
according to their activity plan and added other less regular
activities if relevant. They estimated registration to take less
than 5 minutes. All active userswrotein the diary, some almost
every day and otherslessfregquently. Except for minor bugs, no
technical problems occurred that compromised use of the
program in the field.

Visual Design

Visual design refersto the informants’ impressions of how the
program looks and how they find the colors, fonts, illustrations,
and layout. Both groups in the lab test approved of the color
scheme, the program smiley logo that has not been seen by some
participants before, the design in general, and found it
appropriate for both boys and girls. Participants in the second
usability test also approved of the design and graphics and the
smileys in particular. However, they had complaints on both
visual and functional design of the forum. It did not appeal to
them aesthetically, as the text fields were too spacious and the
profile smileystoo large.

Content

All in al, the participants in the |ab test commented positively
on the content of the program. They appreciated the opportunity
to plan and log activity, but were mainly concerned with goals,
plans and registration of sports activities and exercise, not PA
in general. Some suggested pop-up text with tips on what to
write about in the diary. The adolescents easily made goals for
PA, athough some were unsure about how specific the goals
had to be and thus asked for help. The participants reported
liking the info page, noting that it was understandable and the
issues were relevant, but several of the informants asked for
more facts about effects of exercise and more pictures and
videos to illustrate the information.

No significant changes had to be made to the content after the
lab test, other than adding pop-up boxeswith tips, more pictures,
and more fact-oriented information on the info page. Some
requests wererejected dueto security demands (personal profile)
and time and budgetary constraints (exercise videos).

The adolescents participating in the usability test in field had
no problems making goals, plans, and registering in the diary,
but asked for more optionsfor activities during school time (eg,
field trips). They appreciated the opportunity to reflect on their
daily activities and the day in general, but requested a less
structured diary with fewer leading questions and 1 single text
field with an open question (“How was your day?’) instead of
3 fields with more specific questions. The info pages, both text
and illustrations, were reported to be fine. Feedback from
counselorswas valued (It motivated me!™), but could be given
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more often. All in all, the informants found the content of the
program interesting and uncomplicated.

Functionality

Functionality refers to the interactive and adaptive features of
the program. The participants appreciated the possibility of
making a profile. Graphs and the fact that they interactively
responded to changesin registrations got positive remarks. After
the lab test, the project group decided on an additional feature
to give the participant and counsel or an opportunity to exchange
short messagesindependently of the diary/feedback if necessary,
and included a mailing system with a message box present on
every page. Thiswasmainly for security and practical reasons.

The adol escentsin the second test found it easy and fun to keep
track of amount and type of activities by observing the bar charts
over time. However, 2 informants reported that the bars showed
variable stability depending on the browser. The forum got the
most negative feedback as the adolescents experienced it as
“not user friendly” and indicated that it was “hard to get an
overview” . Response to this was given both as messagesin the
forum during the test period and in the interviews that followed.
The interviews revealed that not al of the adolescents had
noticed that they had received feedback from the counsel or and
that this had to be more explicitly announced on My page.

Motivation for Use

All of the participantsin the lab test focused on the importance
of making goals and a plan to increase PA, commenting that,
“it is easier to hold on to goals that | have written”. However,
they were not convinced that they would make an effort to
register and writein the diary every day, and they requested the
possibility to backdate. Most participants (6/7, 86%) reported
that Young & Active might contribute to making them more
active. Based on this response we made the operations for
registering activities moreintuitive and time efficient, and made
it possible to backdate within the same week so registrations
did not have to be made every day.

In the field test, the youngest adolescents (age 14) were most
positive regarding how useful and interesting the program was,
giving comments like, “it made me more conscious about PA”,
“the program proves that | am more active than | think | am”,
“1 liked the program, registrations are fun, | would like to
continue to use it”. The older adolescents (age 16) were more
uncertain, commenting that, “it takes some time and it is hard
to remember to register, so | am not sureif | would have liked
to use the program over time”.

Results of Usability Test in the Field, the Finalized
Young & Active Program

Only minor adjustments were made after the usability test in
the field. These included better marking of feedback from the
counselor, less spacious commentary fields in the forum, and
1instead of 3 text fields and questions in the diary. Procedures
for feedback once aweek remained, but an initial personalized
message by the message system wasincluded intheintervention
procedures. We also picked up responses from the preliminary
workshop and positive feedback in the tests regarding the
smileys, and added a function for choosing a smiley to
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supplement the narrativesin the diary for expressingthe“mood  The end result of the development and usability testing was a
of the day”. Technical adjustments and subsequent tests were  program that included the components as described, but with

made to reassure stability independent of browser.

cleaner design, clearer instructions, and more intuitive and
time-efficient functions. See Figure 3 for an example of one of
the program pages.

Figure 3. A screenshot of the page for daily registration and diary notes on physical activity. The right panel has links to the last feedback from
counselor, short messages to and from counsellor, the last comment on the forum, and a graphic presentation of the planned and registered activity for
the present week.
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Discussion

This article describes the development and results of usability
testing of Young & Active, an Internet intervention specifically
designed to increase PA in overweight adolescents. A sample
of representatives from the target group participated in the
development and usability testing, and gave val uable suggestions
regarding design, content, and functionality. Accessing the
intervention website and actually using it is essential for an
Internet intervention to succeed, that is, to induce behavior
change [35]. To choose to stay online, engage in the
intervention, and to revisit it to follow up and complete the
different tasks is definitive to whether the intervention works
or not. Only the adolescents themselves can express their
preferences for a program like this, thus, they are valuable
creative partnersin the developmental process. Inclusion of end
users in the making and formative evaluation of the program is
also in accordance with the chosen theoretical framework in
that the adolescents perspective and competence is
acknowledged [22].

Adolescents are considered familiar with many online programs
and arewel| aware of their preferencesregarding layout, graphic
appearance, colors, illustrations, fonts, and so on. Feedback
from the workshop and usability tests reassured us that the
adolescentsliked the design, and particularly the use of specially
designed smileys, which originated from well-known emoticons
(emotion icons), in the logo and profile. Such ematicons can
be regarded as non-verbal cues and are considered a creative
and salient way to add expression to strict text [44,45]. Although
they were not included in the program by the time of the
usability tests, we assumed that supplementing the diary with
optional smileys might help the adol escents communi cate about
feelings toward PA, exercise and their day in general.

The workshop indicated that explicit descriptions, clear
intentions, and logic procedures of the different functions of
the program are most important. In spite of this being focused
in the following development, the first usability test still
uncovered challenges with the understanding of the function of
the different tasks (ie, making plan and registrations). Literature
on how to write for Web emphasizes the importance of making
short, concise texts with meaningful sub-headingsand oneidea
per paragraph [46]. Use of pop-up boxeswith supplemental text
made it possible to reduce static text on the page. Face-to-face
introductory instructions and a short session of training prior
to getting started assured that the participants in the field test
understood the program, its tasks, and its functions.

In addition to appreciation and understanding of the practical
use of the program, it is essential that the adolescents find the
program useful and that they acknowledge and value the aim
of the intervention [40], which is to increase and maintain
self-chosen PA that they find meaningful and want to do. The
workshop and thefirst usability test reveal ed that the adol escents
tended to equate PA with exercise and sports. Thisisunfortunate
for at least 2 reasons. First, there is some evidence that,
compared with those of hormal weight, overweight adol escents
participate lessin sports and have less positive feelings towards
PA [47]. The Young & Active program introduces the
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adolescents to a broader meaning of PA, comprising, for
example, playing with the dog, biking to school, walking about
with friends, and playing soccer in the yard. This might make
it easier to find and take part in feasible activities without prior
negative associations. Second, meeting the recommendations
of atotal of 60 minutes of daily activity of at least moderate
intensity (3 MET or more) [48] is unredlistic for most
adol escentswhen solely including exercise or organized sports.
Our intervention thus focuses strongly on the profits of
engagement in all kinds of PA (in-school and leisure-time), not
just planned and structured exercise, but also shorter bouts of
PA. In the final version of Young & Active this message is
included in the preliminary mapping interview (verbally), in
the written instructional texts, and in the weekly feedback. In
addition, the system for registration supports this by
summarizing and visualizing the amount of all kinds of PA
produced. Participantsin thefield test reported being motivated
by the potential of increasing daily activity. The fact that they
found changes in the bar charts rewarding gives hope to our
goal of making adol escents more conscious and positive about
daily PA when making specific goals, plans, registering, and
monitoring the activity [19].

Computer-based interventions have several advantages. These
include the benefits of standardization, tail oring, data collection,
testing of theory, and practical use [23]. Standardization of the
intervention ensures that the content is delivered equally to all
participants. Young & Active also provides the flexibility of
tailored automated feedback and need-supportive counseling
based on registrations by the participants. As discussed,
opportunity for daily PA recordings has potential benefits for
the adolescents. Additionally, such recordings provide rich
guantitative and qualitative data for the investigators. Another
important benefit isthe potential for reaching out to adolescents
who might find it difficult to disclose sensitive information
regarding their own health practices face-to-face with an adult.
Computerized interventions a so have the potential for increased
cost-effectiveness compared to more time-consuming direct
interventions.

More extensive use of theory has been associated with larger
effect sizes[8], however, so far there is alack of theory-driven
interventions with the potential of explaining mechanisms of
physical activity behavior change [23]. Young & Active
represents an attempt to devel op asuch atheory-based program
for the promotion and maintenance of PA in overweight
adolescents. The ongoing study will assess the extent to which
use of SDT as framework and the chosen modes of delivery
might impact the efficacy of the intervention in the way that
the participants increase their fitness and health-related quality
of life.

The potentially biggest disadvantagefor an Internet intervention
such as Young & Active is its limited lifetime. The speed of
development of Internet-based programs is vast and there is
reason to believe that adolescent users are not particularly
faithful in that their preferences shift rapidly. Considering the
time-consuming process of development and testing in a
research setting, it is a challenge to create a program that has
not outlived itself before meeting its audience. Through
devel opment and usability testing of the program, we have taken
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into account the preferences of the target group and hope that
this ensured a program that is relevant for the time being.
Technology is constantly developing, and new innovative
applications appear, which in time will threaten to outdate the
design and functions of Young & Active. Nevertheless, the
ongoing study will add to the testing of our theoretically
informed, individualized, computerized intervention and if the
chosen characteristics are suited to promote behavior change.

Riiser et a

iterative usability testing throughout program development.
Most important is the engagement from a sample population
for ensuring that the users like, understand, and value the
program. Integrating such feedback from the target group is
highly valuable in the devel opmental process and increasesthe
chances of making a potentially effective program. The final
usability test showed that the program was well accepted by the
participants and can be considered ready for further evaluation

This study highlights the importance of thorough preparation in acontrolled tridl.

with explicit theory foundation in the devel opmental phase and
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Abstract

Background: The United Statesis currently in an age of obesity and inactivity despite increasing public awareness and scientific
knowledge of detrimental long-term health effects of thislifestyle. Behavior-tracking diaries offer an effective strategy for physical
activity adherence and weight management. Furthermore, Web-based physical activity diaries can engage meaningful partners
in people’s social networksthrough fun online gaming interactions and generate motivational mechanismsfor effective behaviora
change and positive health outcomes.

Objective: Wellness Partners (WP) is a Web-based intervention in the form of a physical activity diary with social networking
and game features. Two versions were designed and devel oped for the purpose of this study—"Diary” only and “Diary+Game’.
The objectives of this study included pilot testing the research process of this intervention design, implementation, evaluation,
and exploring the effectiveness of social gaming features on adult participants' physical activity and anthropometric measures.

M ethods: We conducted afield experiment with randomized crossover design. Assessments occurred at baseline, first follow-up
(FU, 5-8 weeks after using one version of WP), and second FU (5-8 weeks of using the other version of WP). In the control
condition, participants started with the “Diary” version of WP while in the experimental condition, participants started with the
“Diary+Game” version of WP, A total of 54 adults (egos) ages 44-88, and their family and friends (alters) ages 17-69 participated
in the study in ego-network groups. Both egos and their alters completed online surveys about their exercise habits. In addition,
egos completed anthropometric measurements of BMI, fat percentage, and fat mass by bioimpedance.

Results. From October 2009 to May 2010, flyers, emails, and Web advertisements yielded 335 volunteers who were screened.
Rolling recruitment resulted in enrolIment of 142 qualified participantsin 54 ego-network groups, which were randomly assigned
to astudy condition. Thefinal analytic sample included 87 individuals from 41 groups. Datawere collected from December 2009
to August 2010, and data analysiswas completed in 2011. Overall, the participants were given accessto theintervention for 10-13
weeks. Statistical analysis suggested an increase in self-reported exercise frequency (mean days per week) from basdline (2.57,
SD 1.92) to first FU (3.21, SD 1.74) in both conditions. Stronger effects were seen in the condition where Diary+Game was
played first, especially in network groups with larger age variation between the alters and egos. Overall, the decrease in egos
BMI was statistically significant from baseline to first FU, with greater decrease for those in the Diary+Game first condition
(-0.26 vs-0.16 in the Diary first condition).
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Conclusions:

Gotsis et al

The Wellness Partners program increased physical activity among participants and resulted in health benefits

among the egos. Web-based diary interventions designed with social gaming features hold potential to promote active lifestyles

for middle-age adults and people in their social networks.

(JMIR Res Protoc 2013;2(1):e10) doi:10.2196/resprot.2132

KEYWORDS

physical activity; socia networking; diary; game; Web-based intervention; behavior change intervention

Introduction

The United Statesis currently in an age of obesity and inactivity
despite increasing public awareness and scientific knowledge
of detrimental long-term health effects of this lifestyle [1].
Although increases in obesity prevalence are not continuing at
the same rate as in the past 10 years, the prevalence of obesity
in 2009-2010 was 35.7% among adult men and 35.8% among
adult women [2], meaning one third of the American adult
population is obese. Recent physical activity (PA) guidelines
for Americans published by the US Department of Health and
Human Services recommends that adults accrue 150 minutes
of moderate-intensity aerobic PA per week, or 75 minutes of
vigorous-intensity aerobic PA per week to maintain healthy
body weight [3].

Self-monitoring is a long-standing and effective strategy for
weight maintenance and weight loss [4-7]. Empirical evidence
has supported Web-based self-monitoring diaries for weight
loss[8]. In addition, specific Web features (such as past journal
entries, indicators of progress, and platforms for social
interactions and support) are found to be significant predictors
of effective Web-based interventions for weight loss and
maintenance [9]. Asusersof social networking sitesand digital
games continue to grow exponentially [10,11], studies have
shown high acceptability of health behavior modification
programs through interactive entertainment and social media
[12-14]. Sociad network research has shown that behaviors
spread through person-to-person contact [15,16]. Interventions
designed to help friends and family initiate and sustain positive
behaviors can be beneficial. Bahr and others suggest that social
forces can be more effective when incentives are designed to
engage social networks across their ecosystem [16]. Digital
games can provide compelling incentives through
computer-mediated social interactionsaswell asvirtual reward
mechanisms, such as points, badges, and gifts that symbolize
achievement. The Entertainment Software Association reports
the average age of game players in the United States to be 37
years old [10]. However, games targeting health-related
outcomes have mostly been used with younger populations for
nutrition [17], cancer [18], diabetes [20], the elderly affected
by stroke[21], and other acute or chronicillnesses. Studieshave
shown evidence of mild to moderate energy expenditure when
playing active video games or exergames [22-24]. The
combination of social networking influencesand anintrinsically
motivating game environment hold great potential to help
individuals changetheir exercise habits and sedentary lifestyles.

Early and middle adulthood are particul arly challenging periods
inlife, withmajor lifetransitionsin education, career, and family
responsibilitiesthat lead to changesin PA [25]. Elevated levels

http://www.researchprotocols.org/2013/1/e10/

of stress tend to increase obesity, regardless of dietary intake
[26]. Exercise is an effective strategy for managing stress [27]
aswell asfor combating obesity [28]. Young and middle-aged
adults are also frequent game players [10]. Although popular
game consoles such as Konami’s Dance Dance Revolution,
Nintendo Wii, Sony PlayStation Move, and Microsoft Kinect
can create opportunities for PA, they can also be expensive,
time-consuming, and inconvenient to use. Therefore, developing
interventions that promote and sustain PA with minimal
technological requirements for middie-aged adults is a high
public heslth priority.

This study had 3 objectives. First, we aimed to develop an
intervention that combines social networking and digital game
featuresin the form of aWeb-based PA diary. Second, we aimed
to pilot test the research process of thisintervention design, its
implementation, and its evaluation. We conducted a pre-study
estimate of sample size and employed a rigorous procedure of
recruitment, randomization, treatment, and follow-up (FU)
assessments. Third, we aimed to explore the potential
effectiveness of theintervention with social gaming featureson
participants’ PA, body mass index (BMI), fat percentage, and
fat mass. We hypothesized that participants would report an
increase in PA using either version of the socially networked
PA diary (one with and one without game features), with a
greater increase expected for those who used the version with
game featuresin addition to social networking. Given the brief
duration of the study, changes in BMI, fat percentage, and fat
mass were not expected but examined.

Methods

I ntervention Design

Wellness Partners (WP) isaWeb-based intervention in the form
of aPA diary with social gaming features. It was designed by
the first author in consultation with the other members of the
research team and with contributions from an interdisciplinary
group of students and alumni. We used iterative playtesting [29]
to identify critical features for behavior tracking and social
game, incorporated them into the intervention design, and tested
them through paper and digital prototypes. A 10-day betatesting
phase was conducted with 3 pairs (N=6) of participants ages
25-44. The intervention was named Wellness Partners because
the primary participants (egos) were required to partner with
their family and friends (alters) and interact on the website as
ego-network groups. Two versions were developed for the
purpose of thisstudy: Oneversion with Diary only and the other
Diary+Game. The following diary and social networking
features were included in both versions: (1) posting updates of
physical activities or setbacks, (2) sending private messages,
(3) reviewing complete history of updates posted by egos and
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their alters, and (4) viewing display of atag cloud of posted
physical activities by al members in the egocentric network.
Additional game features were included in the Diary+Game
version, including: (1) displaying points as reward for updates,
(2) naming of avirtual character, (3) choosing virtual locations
for the virtual character's wellness activities, (4) collecting
virtual itemsasreward, (5) acquiring virtual character wellness
animations by spending earned points, (6) including virtual
character wellness activities as part of the complete history of
all public updates by network members as well as their virtual
characters, and (7) exchanging virtua gifts earned through some
virtual character wellness activity animations (Multimedia
Appendices 1 and 2). In this interventional pilot study,
participants could not see each other’svirtual charactersor game
environment, but were able to read postings about their study
partnersand their virtual characters. Inthe Diary+Game version,
the point system was balanced to enable enough points for
redemption of some activities even for people who just logged
on to report setbacks, which were worth less than actual PA.
The point system was also balanced to allow very active users
who logged on regularly and exercised regularly to be rewarded
with more points. Given the expected study duration, players
could visit atotal of 11 locations with their virtual character,
redeem up to 66 activities and earn up to 45 collectibles that
could be gifted.

To facilitate the user experience, a question mark was placed
next to each key feature on the WP website with descriptions
in a pop-up window. Contact points for technical support were
provided on the WP study website frequently asked questions
page with an email and a phone number, a hyperlink to the bug
report was included in the daily email reminders, and an
open-ended question was offered for comments and suggestions
at the end of each online survey. The qualitative feedback was
obtained through participant interviews.

Resear ch Design

This study used arandomized crossover design with two arms.
Assessments occurred at baseline, at first FU (5-8 weeks) and
at second FU (10-13 weeks) (Figure 1). From October 2009 to
May 2010, rolling recruitment was used to screen and enroll
qualified volunteers in ego-network groups. The study was
advertised viaflyers, emailsand on awebsite. Each ego-network
group was randomly assigned to start with one of the two
versions of theintervention (Diary or Diary+Game). Datawere
collected from December 2009 to August 2010. Data analysis
was completed in 2011.

Participants and Procedure

In coordination with the Center for Work and Family Life at
USC, a mass emal announcement and 12,000 paper
advertisements were sent to all university staff directing
volunteers to an email, voicemail, and website. Before they
were contacted for screening, volunteershad tofill out an online
consent for contact form. Volunteers were screened over the
phone for the following inclusion/exclusion criteria: (1) age
between 25 and 44, (2) English fluency (rating of at least 7 on
a 10-point scale), (3) employment status (required to be
university staff, employed full-time, or part-time), (4) daily
Internet access, (5) cell phone ownership, (6) no current
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participation in any other formal studies of weight loss or
healthy lifestyle, (7) no prior participationin WP, and (8) report
of having asocial support network containing at least 4 people.

Qualified volunteers became egos in the study and were
instructed to fill out the online referral form, nominating
members of their social network to join their ego-network group
and enroll in the study as their alters. Volunteers who were
referred by egos were asked to fill out the online consent for
contact Form. Potential alterswere screened over the phone for
the following inclusion/exclusion criteria: (1) age between 12
and 85, (2) English fluency (rating of at least 7 on a 10-point
scale), (3) daily Internet access, and (4) no prior participation
in WP,

Employment by USC was not acriterion used for alters because
we wanted to encourage participants to enroll any member of
their friends or family, regardless of employment and where
they lived. Egos had to be willing to come to campus for
anthropometric measurement, but since alters did not have to
be seen in person by our staff they could be located anywhere.

When an ego and at least one ater mutually confirmed their
participation in the study, they were each asked to review the
online informed consent form and complete a baseline survey.
Parental consent was obtained for minors. Then, the ego was
scheduled for an in-person baseline anthropometric assessment
before the entire ego-network group was assigned a group ID
and randomized (asagroup) in blocks of 10 to begin one of the
two study conditions. A random number generator was set up
with aminimum value of 1 and a maximum value of 10 where
odd numbers were assigned to Diary+Game and even numbers
were assigned to Diary until one of the two conditions reached
5 ego-network groups and the rest were assigned to the other
condition. These steps were repeated as the group sample
exceeded 10, 20, 30, etc.

Upon completion of baseline assessment milestones, participants
were emailed a user name and password with user instructions
and encouraged to log on to the WP website everyday
(Multimedia Appendix 3). Additional alters could be added to
the ego-network group upon successful completion of phone
screening, online informed consent, and baseline survey. After
each ego completed first FU anthropometry and online survey,
the entire ego-network group was switched to the other condition
with email notification. First FU occurred between weeks5 and
8 of the study and second FU occurred approximately between
weeks 10 and 13.

Incentives were provided after completion of each data
collection milestone—$10 for assessment at baseline, $10 for
first FU, and $25 for second FU. All egos and up to their first
5 dters were mailed checks and minors were mailed gift
certificates. This study procedure (Figure 2) was approved by
the Institutional Review Board at USC.

Main Outcome M easures

The main outcome variablesfor this study included self-reported
exercise frequency of all participants and anthropometric
measures of all egos. PA was measured using one item that
asked, “on average, how often do you exercise (minutes per
day, days per week)” as used in previous studies [30]. Egos
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anthropometric dataincluded BMI, fat percentage, and fat mass,
collected by trained staff at the Center for Work and Family
Life or at the participants' office, using a body composition
analyzer (Tanita TBF-215GS, TBF-300A, Japan) and a
standardized protocol.

Statistical Analysis

Meanswere reported first by survey wave and condition (Diary
vs Diary+Game) to establish data trends. T tests comparing
baseline and FU scores were conducted to determine if the
interventions changed PA and body composition. Random
effects lagged regression models were used to determine if
changes were influenced by individual participants or study
characteristics. A variableindicating the order of study condition
(Diary or Diary+Game first) was included in the analyses to

Gotsis et al

determine if the effects were sensitive to the specific starting
condition of the ego-network groups. All anayses were
completed using STATA version 11.1 (StataCorp LP, Texas,
USA) with alpha set at P<.05 for significance tests on PA and
P<.10 for significance tests on egos’ BMI, fat percentage, and
fat mass.

Power Analysis

Using ageneral power equation with standard assumptions and
reaching a medium effect size [31,32], we calculated that we
would need 30 groups per condition to detect significant changes
in PA with the P value set at .05. As shown in Figure 1, our
sample size and attrition rate did not meet the expected
estimates. Therefore, these results should be interpreted with
caution.

Figure 1. CONSORT 2010 flow diagram. Of these 54 ego-networks, 12 groups (28 people) failed to complete al survey measurements and were
dropped from the analyses (n=142, 22.3% attrition). In addition, 27 participants dropped out from the study, leaving a final analytic sample of 87

individuals from 41 groups (n=142, 38.7% attrition).
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Figure 2. Pre-enrollment and post-enrollment study procedures.
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Results

Participant Demographics

Theinitial sample included 54 egos and 88 alters that added up
to atotal of 142 individual participantsin 54 ego-network groups
at baseline (Figure 1). Egos recruited an average of 1.63 alters
to betheir “wellness partners’. The minimum and modal group
size was 2 (63%) with 13 groups including 3 people (24.1%)
and maximum group size was 8. Over the course of the study,
49 people dropped out, and 6 people were excluded due to
technical errors, leaving an analytical sample of 87 individual
participants in 41 ego-network groups.

Table 1 reports the sociodemographic characteristics and
descriptive statistics for the entire sample, participants lost to
FU, participantslost to technical error, the analytic sample, and
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online questionnaire (all participants)
body composition (egos only)

its breakdown by condition. In the entire sample, there were
more femae participants (95/142, 67.6%), more college
graduates (103/142, 72.5%), and ethnic diversity (approximately
25/142, 18% were Asian or Asian American, 40/142, 28% were
Hispanic/Latino) with an average age of 35.6 years. Participants
who dropped out at FU were significantly more likely to be
alters and have higher estimated BMI at baseline than those
who completed the entire study. Comparisons on the analytic
sample between conditions (Diary vs Diary+Game first)
suggested that participants in both conditions were similar
except that those in the Diary+Game first condition were
younger (32.0 vs 38.7 years) and had a younger group average
age (32.4 vs 38.9 years) than those in the Diary first condition.
Therewere no statistically significant differences between egos
and alters on these characteristics though alters were dightly
more likely to be male, White, older, and less educated (results
not shown).
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Table 1. Sociodemographic characteristics of study participants by condition.

Total Lost to Analytic Diary Diary+Game
FU sample first first

Number of participants 142 55 87 49 38
Male, n (%) 46 (32.4) 17 (30.9) 29(33.3) 14 (28.6) 15 (39.5)
College graduate, n (%) 103 (72.5) 35(63.2) 73(83.9) 39 (79.6) 34(89.5)
Asian ethnicity, n (%) 25 (17.6) 5(9.1) 20(23.0) 9(18.4) 11 (29.0)
Hispanic ethnicity, n (%) 40 (28.2) 20.2 (36.4) 20 (23.0) 10 (20.4) 10 (26.3)
Mean age (SD) years 35.56 (9.51) 35.24 (10.05) 35.80(9.21) 38.69 (9.21) 32.00(7.82)
Alters, n (%) 89 (62.7) 42 (76.4) 47 (54.0) 25 (51.0) 22(57.9)
Ego-network characteristics

Group size 311 3.07 314 314 3.13

Mean group age in years (SD) 35.56 (5.72) 34.8 (6.04) 36.1(5.5) 38.9(6.6) 324 (4.2)
QOutcomes

Mean days of PA per week (SD) 5 49 (1.87) 2.35(1.86) 2.57 (1.89) 259 (1.83) 2.55(1.98)

Estimated baseline BMI 26.97 (6.00) 29.06 (7.82) 26.30 (5.17) 26.52 (4.97) 26.02 (5.47)

User Logins

The WP server kept track of user activities. Overall, participants
were given access to the intervention for 10-13 weeks. Our
server data suggested that among participants in the analytical
sample, in general, they accessed the WP website every other
day, with the number of total logins ranging from 1-102 (mean
38.00, SD 22.31), the number of days they logged in ranged
from 1-81 days (mean 32.75, SD 18.32), and the most popular
times of the day they logged in were 9 am to 12 noon (mean
8.68 times), 6 pm to 9 pm (mean 7.32 times), and 9 pm to 12
midnight (mean 7.11 times).

I ntervention Outcomes

Over time, mean number of self-reported days of exercise per
week at baseline, first FU, and second FU were: 2.57, 3.21, and
3.23, respectively.

These overall trends, however, mask differences by condition
(Diary vs Diary+Game first), and by participant status (ego vs
ater). Figure 3 and Table 2 show self-reported exercise
frequency at baseline, first, and second FU by study condition.
In both conditions, there was an increase from baseline to first
FU, yet theincrease waslower inthe Diary first condition (0.44
days vs 0.88 days per week). The Diary+Game first condition
reported lower baseline exercise frequency (2.55 days per week)
and higher exercise frequency at FU (3.43 days per week).
Participant status may haveinfluenced increasein PA, as shown
in Table 2 and Figure 4. Increases were similar for egos and
aters in the Diary first condition, and there was a trend for
greater increasein the altersin the Diary+Gamefirst condition.
These differences did not attain statistical significance in the
analysis of variance (F,=2.56, P=.08).

Table 2. Self-reported days per week exercised by study condition and participant status.

Basdline 1M FU 2" Fy
Mean (SD) Mean (SD) Mean (SD)
Total 2,57 (1.92) 3.21(1.74) 3.23 (1.68)
Diary - Diary+Game
Total 2.59(1.83) 3.03(1.64) 3.07 (1.55)
Egos 2.64 (1.96) 3.04 (1.52) 3.04 (1.57)
Alters 2.54(1.73) 3.02(1.78) 3.10 (1.55)
Diary+Game - Diary
Total 2.55(1.98) 3.43(1.87) 3.43(1.89)
Egos 2.81(2.14) 2.75 (1.84) 3.06 (2.17)
Alters 2.36(1.89) 3.93(1.76) 3.70 (1.65)

A random effects regression model was calculated using the
ego-network group (the ego and their alters) as the random
effects and sociodemographic variables (sex, education,
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ethnicity, age, estimated BMI, mean group age, and SD group
age) were entered as controls, which may al so mask intervention
effects. Theresultsin Table 3 represent unstandardized random
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effects coefficients indicating the amount of change in
self-reported PA for each unit change in the corresponding
independent variable. For example, a one unit change in
self-reported PA at baseline is associated with a 0.61 increase
in self-reported PA at first FU. The first set of coefficients
include only main effects, the second column (for each follow
up period) report the main effects and include the interaction

Gotsis et al

term of being an alter and being in the Diary+Game condition
first.

As expected, baseline exercise frequency was strongly and
significantly associated with exercise frequency at both first
and second FU. The only significant predictor of increased
self-reported PA at first FU was group age variation, indicating
that groups composed of people of varying ages were more
likely to increase their PA than those with less variation.

Table 3. Random effects regression coefficients on number of days per week exercised at FU.

Number of days exercised
1% FU

Regression coefficient (P value)

Number of days exercised
2" Fy
Regression coefficient (P value)

Main effects only Interaction included Main effects only Interaction included

1% FU NA NA 0.52 (<.001) 0.49 (<.001)
Basdine 0.61 (<.001) 0.64 (<.001) 0.35 (<.001) 0.38 (<.001)
Diary+Game first 0.55 (.08) -0.30 (.40) 0.23 (<.35) 0.01(.89)
Male 0.45 (.11) 0.37 (.14) -0.19 (.45) -0.19 (.16)
Education 0.59 (.09) 0.52 (.07) 0.24 (.25) 0.24 (.61)
Asian ethnicity -0.40 (.12) -0.35 (.15) 0.20 (.27) 0.20 (.36)
Hispanic ethnicity 0.42(.31) 0.37(.37) 0.79 (.004) 0.78 (.004)
Age 0.03 (.34) 0.05 (.09) 0.04 (.017) 0.04 (.011)
Alter (vs ego) 0.68 (.035) -0.15 (.65) 0.18(.47) -0.03 (.93)
Ego-network characteristics

Group size -0.03 (.76) -0.03 (.72) -0.04 (.25) -0.05 (.25)

Mean group age -0.01 (.70) -0.02 (.57) -0.02 (.33) -0.03(.30)

Group age SD 0.07 (.012) 0.06 (.023) 0.01 (.53) 0.01 (.54)
Outcome

Estimated baseline BMI -0.04 (.26) -0.04 (.18) 0.01(.79) 0.0 (.88)
Condition by status

Diary+Game alter interaction not applicable 1.74 (.009) not applicable 0.48 (.26)

Adjusted R? S7%

63% 79% 79%

To test the combined effects of study condition and participant
status, an interaction term of condition (Diary+Game first) and
being an ater (rather than an ego) was constructed. Model
estimates showed that the covariates remained mostly unchanged
and the interaction term was statistically significant indicating
that alters in the networks that started with the Diary+Game
condition increased their self-reported PA significantly
compared to egos and those in the Diary first condition.

Whether the changes in self-reported behavior translated into
changes in anthropometric measures (ie, BMI, fat percentage,
fat mass) for the egos was aso examined. Anthropometric
measures were only available for egos, and of the 40 egos, 34
had measurements at all 3 waves paired t tests on 3 measures
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of adiposity were conducted jointly and separately by condition,
and given the smaller sample size, P values less than .10 were
considered significant. Table 4 shows that, overall, there was a
significant decrease in BMI from baseline to first FU, which
wasdriven primarily by adecreasein BMI for the Diary+Game
first condition. Overal, neither fat percentage nor fat mass
decreased dstatistically, although there was a trend towards
significant decreases in both fat percentage and fat massin the
Diary+Game first condition. These anthropometric measures
showed a decrease in BMI and body fat for egos from baseline
to first FU for those who received the Diary+Game first.
Anthropometric measures at the second FU did not change for
the egos.
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Table 4. Anthropometric measures by study condition.?
Difference  pyg-
Baseline 1¥FU Difference P value Baseline 2 Fy from1%FU  ue
N 38 38 33 33
BMI
Total 28.02 2783 -0.19 .02 28.09 27.99 -0.10 .23
Diary - Diary+Game 28.02 2786 -0.16 .10 28.05 27.94 -0.10 .28
Diary+Game - Diary 28.03 27177 -0.26 .07 28.16 28.05 -0.10 .32
Fat percentage (pounds)
Total 30.95 3084 -0.12 40 30.63 30.51 -0.12 .39
Diary — Diary+Game 30.70 3094 025 64 30.27 30.54 0.27 .66
Diary+Game - Diary 31.34 30.67 -0.67 A1 31.13 30.49 -0.64 12
Fat Mass (pounds)
Total 54.00 5351 -0.49 .27 53.58 52.97 -0.61 .25
Diary — Diary+Game 54.17 5421 0.05 52 5353 53.48 -0.05 48
Diary+Game - Diary 53.74 5243 -131 .09 53.66 52.29 -1.37 .16

8N=38, Diary - Diary+Game, n=23; Diary+Game - Diary, n=15; N=33, Diary — Diary+Game, n=19; Diary+Game — Diary, n=14.

We also compared egos and alters' self-reported health status ~ Alters tended to report significantly better health status than

by examining responsesto one question at baseline, “in general,
would you say your healthis...” (1 = excellent and 5 = poor).

egos (2.48 vs 2.81; F; 1,5=3.84; P=.052).

Figure 3. Exercise days per week at baseline, first, and second FU overall (total) and by Diary first versus Diary+Game first. The exercise frequency

increase was greater in the Diary+Game first condition.
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Figure4. Exercisedays per week at basdline, first, and second FU overall (total), by study condition (Diary first vs Diary+Gamefirst), and by participant

status (ego vs alter). The exercise frequency increase was greatest for atersi

n the Diary+Game first condition (1.57 days per week).
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Major Findings

To our knowledge, thisisthe first study to design, develop, and
evaluate a Web-based PA diary intervention for adults that
focused on the effects of social gaming. The concept of using
game mechanics for motivating real world behaviors is now
known as “gamification” [33]. We used a rigorous procedure
for rolling recruitment and enrollment and collected data from
different sources. Our findings demonstrated the potential of
combining influence from close socia ties and social gaming
practices to promote an active and healthy lifestyle. During the
course of ayear, 87 middle-aged adults along with their family
and friends formed 41 ego-network groups and participated in
the WP program. The results showed modest, but statistically
significant increases in self-reported PA, especially among
aters, ego-network groups of larger age variation, and
participantsin Diary+Gamefirst condition. Overall, the decrease
in egos’ BMI was statistically significant from baseline to first
FU, with larger effects for those in the Diary+Game first
condition. Interestingly, this effect did not weaken or improve
at second FU, suggesting that the second condition served to
maintain weight loss regardless of condition. The decreasesin
egos fat percentage and fat mass were not statisticaly
significant overall from baselineto first FU, although there was
a trend for significance for those in the Diary+Game first
condition. Overall, the intervention effects were stronger in the
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phase.

The greater effectiveness of the social gaming features among
alters is an intriguing finding. Alters were not different from
each other on demographic characteristics. Their increased PA
may have been prompted by a desire to have their egos ook
good in the study. Alternatively, they may have genuinely been
more motivated to increase their PA because their family or
friends recruited them. A third possibility is that the egos
selected the alters purposely as someone who either would, or
needed to, change their own behavior. However, the finding
that alters reported significantly better perceived overall health
than egos suggests that athough individuals recruited others
who were similar on sociodemographic characteristics, they
may have reached out to “healthier” friends and family who
could “help” them rather than try to positively influence others
themselves. This pattern may have implicationsfor recruitment
of PA studiesthat have a social networking component.

The effectiveness did not vary by sociodemographic
characteristics, indicating that the intervention was just as
effective among younger and older participants, those of
different ethnicities, with different educational levels, and
different genders. Thisindicatesthat the social gaming features
had broad appeal among this selected but varied population.
Thisis encouraging considering the rudimentary nature of the
game mechanics and interface. Interactive entertainment
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applications can be costly to develop and this study
demonstrated that even basic features could provide behavior
modification potential for increasing PA.

Limitations

Technical Problems

Any new technology-based innovative interventions will have
to face technical challenges. Engagement and retention of
participantsin this study may have been influenced by software
problems and limitations they encountered. A number of
projected featuresincluding a Twitter-enabl ed reporting function
were not deemed stable enough for the main study after beta
testing. Some software problemswere known from betatesting,
such as slow loading. Some participant activities did not get
logged on the WP website due to a persistent random software
bug that could not be corrected while the study wasin progress.
During one particular week, no email reminders were sent out
to the participants. Upon quality assurance review of data, we

Table 5. Wellness Partners Game+Diary point reward system.

Gotsis et al

discovered that the conditions of a few ego-network groups
were not switched after first FU, and were excluded from the
analytical sample (Figure 1).

Game Design

An additional limitation of the study related to accumulation of
points earned from exercise in the Game+Diary version of the
software. Participants could report an infinite number of PA or
sethacks per day, but they were awarded pointsonly for thefirst
report within a 24-hour period. Several participants voiced
frustration about this as a usability problem within thefirst few
weeks of the study. We had not anticipated that participants
would login more than once per day to report. We revised the
reward schedule to 12 hours while the study was ongoing. This
meansthat some of the participants earlier in the study received
fewer pointsand may have not enjoyed the experienced as much
as later participants. No other revisions were made to the point
system as seen in (Table 5), which was not disclosed to
participants.

Number of participants

>15mins <15mins <30mins <45mins <60 mins <75mins <90

mins
Points awarded for individual (solo) activities
Light 1 1 3 5 7 8 9 9
Medium 1 1 8 10 12 15 17 17
Heavy 1 1 12 15 18 21 24 24
Points awarded for group activities (given to all reported activity participants)
Light 2 1 1 3 2 2 2 2
3 2 2 4 3 3 3 3
>4 3 3 5 4 4 4 4
Medium 2 1 1 2 2 2 1 1
3 2 2 3 3 3 1 1
>4 3 3 4 4 4 1 1
Heavy 2 1 1 3 3 2 1 1
3 2 2 4 4 3 2 2
>4 3 3 5 5 4 3 3
Points awarded for player activity posting
First activity ever 5
Second activity of the day 2
First setback of the day 1 (0 points thereafter)
We did collect feasibility datain this study, which includesFU  Qutcome Measurement

survey guestions on usability and evaluation of variousfeatures
in each version of the intervention, user technology literacy (eg,
prior gaming experience and participation on social networking
websites), daily software bug reports, and 20 semi-structured,
in-depth interviews [34]. However, here we focus on reporting
the intervention and research design as well as major findings
intheevaluationinthisarticle and provide detailed information
and analysis of feasibility datain a separate paper with insights
for future development of such applications.

http://www.researchprotocols.org/2013/1/e10/

Another limitation of this study isthe use of asingle self-report
item measure of PA, which did not include accelerometry. Given
limited resources at the time of study design, we determined
that self-reported PA combined with objective measures of
outcome, such as BMI, fat percentage, and fat mass would be
adequate for thisinterventional pilot study.

Directions for Future Research

A future version of this study would include a number of
revisions in both versions of the intervention and study
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procedures. Thefirst proposed revision rel ates to mobile access.
Due to the exploratory nature of the intervention and the wide
variety of socioeconomic characteristics of the intended
audience, it was determined that the lowest common
denominator technology would be a computer with a Web
browser that participants could access at least once per day at
home or at work. The Diary version of the intervention was
compatible with mobile phones that had full Web browser
support and the Diary+Game version was only compatible with
Flash-enabled mobile phones. Given current smartphone
ownership and social networking website diffusion, arevision
of the software would be developed as a mobile app as well as
awebsite to provide participants easy access.

The second revision would be the study design. This study used
a crossover design without a washout period. Ego-network
groups switched conditionswithin 24 hours of egos completing
their first anthropometry FU. Although a washout period is
common for pharmaceutical studies, this study did not have a
washout period for several reasons. One secondary objective
for this study was to determine whether a simple game could
help jumpstart PA self-reporting and/or make it less tedious.
Observing the immediate effects of ending the game was
therefore important. In future analyses, researchers might also
compare participants satisfaction with thewebsite versionsand
see whether greater affinity for either version (with or without
game features) resulted in changes in usage behavior and/or
changes in PA or other measures. For example, participants
may report dislike of a version, yet they may benefit from
adherence to it and not realize it is working for them until the
program is swapped for something else. In addition, this study
focused on the evaluation of the effectiveness of social gaming
features as opposed to social networking only. Future studies
may consider adding a control group with no intervention, or a
wait list control group.

The third revision relates to the research procedure. A fully
powered study based on the criteria described under the section
Power Analysiswould have to address both adequate enrol Iment
and strategies for minimizing attrition. Given budgetary
congtraints, a manual rolling recruitment and data collection
process was designed and adopted in this study. It was
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complicated to manage and required too many steps, which was
a burden for study coordinators and potential participants. For
example, egos whose alters delayed contacting us may have
experienced higher frustration, which contributed to dropout
rates. Future attempts of asimilar approach could benefit from
an automated content management system for participant
recruitment, screening, and frequent reminders to egos about
inviting unlimited alters.

The fourth proposed revision is on the objective measurement.
Scheduling in-person anthropometric measurements was another
challenge to participant retention. Since switching of the
condition followed the egos' schedule of data collection, if an
ego delayed completion of anthropometry or the online survey,
the group would stay longer in their initially assigned condition.
Future studies should take advantage of the more widely
avallable free accelerometer mobile apps and obtain
anthropometric measures from both egos and alters rather than
relying on self-reports.

Finally, the fifth revision is regarding sampling. Implementing
the study in a community setting, rather than a workplace
setting, could be more convenient for some participants.
Conducting the study with a population sample, rather than an
organizational one, would provide even greater generalizability.

Conclusion

WP was designed as a Web-based PA promotion diary with
social gaming features for adults. The intervention design
requires an iterative process to ensure the quality of basic
features. Rigorous research design and study procedure are
needed to implement and evaluation theintervention. Thegame
features included in the Diary+Game version of WP did not
have a great variety or superb sophistication, greater depth and
length of play would be required to produce stronger effects
and sustain long-term changes. However, our empirical findings
suggest that the Diary+Game version had stronger effects on
BMI and body fat, with atrend for increased PA. Results were
modest, yet surprising, given the short study duration and the
absence of a nutritional intervention. This suggests that
interventions with social gaming features hold promise in the
battle against obesity.
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Multimedia Appendix 1
Video documentation of Wellness Partners website (Game Version).
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[MP4 File (MP4 Video), 97MB - resprot_v2i1el0 appl.mp4 ]

Multimedia Appendix 2
Art asset documentation of Wellness Partners (Game Version).

[PDFE File (Adobe PDF File), 942K B - resprot_v2i1e10_app?2.pdf |

Multimedia Appendix 3

Documentation of instructions emailed to Wellness Partners study participants with their username and password. Version of
instructions and version of website participants received access to was determined by random assignment of ego-network groups.

[PDE File (Adobe PDF File), 138KB - resprot_v2ilelQ_app3.pdf ]
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Abstract

Background: Most dietary and exerciseinterventions devel oped to date for cancer survivors have employed intensive clinic-based
face-to-face counseling sessions. However, when the clinic-based face-to-face intervention ends, the participants cannot receive
feedback from the experts, and the motivation for regular exercise and diet practices decreases. One way to overcome the
shortcomings of clinic-based face-to-face intervention is to employ the Internet to this end. To maximize effectiveness when
providing Web-based interventions, action planning should be able to start at the right time, education should be tailored to
motivational readiness, and self-efficacy should be enhanced at appropriate intervals.

Objective: The aim of this study was to develop a Web-based self-management diet and exercise intervention program with
the aid of the transtheoretical model (TTM) and to conduct formative eval uations.

Methods: The Web-based self-management exercise and diet intervention program was devel oped employing a 5-phase system
development life-cycle (SDLC) method. The 5 phases were 1) identification of user requirements, 2) system design, 3) system
development, 4) system evaluation, and 5) system application. An expert group composed of 3 content experts, a \Web devel oper,
and 2 Web designers, evaluated the usability and accuracy of the content. The program was eval uated by 30 breast cancer survivors
for perceived ease of use.

Results:. The Web-based self-managed exercise and diet intervention program contained 5 components differing in screen
layout. These components are introduction, assessment, education (tailored information provision), action planning (goal setting,
scheduling, keeping adiary), and automatic feedback. Education, action planning, and automatic feedback were tailored to each
participant through the assessment. The processes of change, self-efficacy, and decisional balance, which arethe principal strategies
encouraging behavioral change according to the TTM theory, were reflected in the education, and self-efficacy was al so reflected
in the automatic feedback. After iterative testing by experts on problems that arose in terms of usability and content accuracy
during system operation, the perceived ease of use of the program was evaluated by 29 breast cancer survivors. The end users
rated the program as being easy to understand and use (atotal usability score of 81.3 points). In addition, program feasibility was
evaluated using the percentage of patients (27/30, 90%) who consistently used the program.

Conclusions: The use of Internet technology allowed immediate and easy access to interventions, real-time monitoring of
progress, online education, tailored action planning, and tailored short message services using mobile phones.
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Introduction

Survival rates of cancer have improved steadily over the past
30years[1]. Thistrend toward improved survival appearslikely
to continue. Such increases in the number of cancer survivors
indicate that quality of life (QOL) issues among survivors must
be addressed.

One common health problem in cancer survivors at diagnosis,
during treatment, and after treatment is being underweight or
overweight. Substantial weight loss has been documented in
more than 50% of patientsat diagnosis[2]. Symptomsincluding
anorexia, early satiety, changes in taste and smell, and
disturbances of the gastrointestinal tract are common side effects
of cancer treatment, and such symptoms lead to substantial
weight loss [3]. Also, many cancer survivors are overweight or
obese at diagnosis. Weight gain (ie, sarcopenic obesity) can be
a complication of cancer treatment [4] and is commonly
observed during or after treatment of various cancers [3]. In
particular, weight gain after cancer diagnosis increases the
incidence of subsequent chronic disease, such as cardiovascular
disease, diabetes, hypertension, secondary cancers, and cancer
recurrence [5]. Both being underweight and overweight
negatively affect health related QOL (HRQOL)[6] and survival
[7]. For these reasons, maintaining a healthy weight is one of
thetop prioritieswhen addressing the heal thcare needs of cancer
survivors [3].

Regular exercise and a balanced diet are essential for healthy
weight management. Most dietary and exercise interventions
developed to date have employed intensive clinic-based
face-to-face counseling sessions [3]. Although the efficacy of
such interventions is apparent immediately after delivery, once
sufficient time has elapsed, the effects of theintervention cannot
be found [8-11] or sustained [12]. The reason is that when the
clinic-based face-to-face intervention ends, the participants
cannot receive feedback from the experts, and the motivation
for regular exercise and diet practices decreases[12]. In addition,
the location of the clinic, travel time, and transportation issues
are substantial barriers to the successful implementation of
clinic-based face-to-face programs [13].

One way to overcome the shortcomings of clinic-based
face-to-face intervention is to employ the Internet to this end.
To maximize effectiveness when providing Web-based
interventions, timely feedback on progress toward desired
outcomes should be provided [14], action planning should be
ableto start at the right time [15], education should be tailored
to motivational readiness [16], and self-efficacy should be
enhanced at appropriate intervals [17]. The transtheoretical
model (TTM) [18] integrates the concepts of self-efficacy and
motivation with strategiesincluding tail ored feedback and action
planning, and arranges these concepts and strategies to guide
timely intervention. Therefore, it seemed appropriate to develop
a Web-based self-management program using the TTM. The
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program sought to promote regular exercise and the adoption
of abalanced diet to facilitate weight management.

Within the background, the overall aim of this study was to
develop a Web-based self-management exercise and diet
program featuring the delivery of education, the development
of the capacity to plan, automatic feedback employing
TTM-based strategies, and to evaluate whether the program was
feasible.

Methods

Overview

The Web-based self-management exercise and diet intervention
program was devel oped between February 1 and September 30,
2011, employing a 5-phase system development life-cycle
method, which included identification of user requirements,
system design, system development, system evaluation, and
system application.

Phase | Identification of User Requirements

System requirements included content and functionality. The
content requirements of the Web-based self-management
exercise and diet intervention program, called Health Planner,
was determined via a review of the literature on the diet and
exerciserequirements of cancer patients after primary treatment.
In addition, the development of Health Planner had been
referenced to the prior Web-based application, Health
Navigation [19], and the this study was part of a larger
study—the TTM-based health management program for cancer
survivors, called Leadership and Coaching for Health (LEACH).
These studies might be applied to empower patients’ ability to
take care of themselves in the chronic care model [20]. For
LEACH, interviews were conducted from September 2010 to
March 2011 using semi-structured questions to seek case
information on the healthy habits (ie, positive mindset, regular
exercise, healthy diet, regular checkups, no smoking, not
overworking), leadership, and commitment possessed by 46
cancer survivors (those who survived more than 5 years after
diagnosis). Of the brief notes derived from the interviews,
content on exercise and diet habits was extracted and reflected
in Health Planner. Before each interview, each participant was
informed as to the aim of the project. With semi-structured
interviews[21], participants were encouraged to suggest, based
on personal experience, information that should be provided to
cancer patients. We prioritized information derived from cancer
survivors, and selected content items after a consideration of
the relevance of such items to our aim of providing effective
weight management techniques to cancer survivors.

Thefunctional requirements of the Web-based self-management
exercise and diet intervention program were assessed by a
review of existing Web-based health management programsfor
cancer survivors, and were also informed by TTM-based
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strategies (ie, functions such as stage-matched education,
feedback, and action planning).

Phase|l: System Design

During system design, the content and function of the program
were clearly defined with reference to the scope and the
objectives. Thiswas achieved by the selection of requirements
identified in the first phase. Such clearly defined content and
functional requirementswereincorporated into the system with
the aid of TTM theory. Screen layouts were designed to
encompass these; al on-screen were designed with these
principlesinmind. To render visual communication effectively,
and to provide users with a clear and consistent conceptual
structure, the user interfaces were designed to be consistent and
to be easily navigable.

Phaselll: System Development

The system was devel oped on Microsoft Windows (Microsoft,
Washington, DC, USA) the Web server application Apache
Tomcat 6.0 (Apache Software Foundation, Forest Hill, MD,
USA), and the database management system Oracle 10g (Oracle,
Redwood Shores, CA, USA) environment. The program was
written using Java (Oracle, Redwood Shores, CA, USA) and
the JSP Standard Template Library (Sun Microsystems Inc,
Santa Clara, CA, USA). Photoshop 8.0 (Adobe Systems, San
Jose, CA, USA) and Flash 8 (Adobe Systems, San Jose, CA,
USA) were used for Web page design. A short message service
(SMS) module was integrated into the program.

Phase | V: System Evaluation

In this phase, the usability and accuracy of the content were
evaluated by an expert group, composed of 3 content experts
(anutritionist, an exercise physiologist, and aclinical nurse, all
of whom had PhDs), a Web developer, and 2 Web designers.
Each component of the program, each element of the content,
and all design features were repeatedly tested several timesto
determine whether any usability problem persisted, whether the
content was accurate, if the program had been appropriately
modified, and whether the group feedback had been
incorporated.

The perceived ease of use of the program was evaluated by 29
breast cancer survivors. Breast cancer patientswho had received
curative breast cancer surgery with histologically confirmed
stage 0-3 cancer were recruited consecutively from participating
cancer registries of the 4 study hospitals. These 29 end users
completed questionnaires exploring perceptions of the program
[22,23]. The scores of items couched in negative terms were
reversed; higher scores thus reflect a greater perceived ease of
use. Cronbach a pha coefficient was 0.87. In addition, program
feasibility was evaluated using the percentage of the patients
who consistently used the program for 12 weeks.

Phase V: System Application

The system developed has been applied to the experimental
group of the other interventional study to test program efficacy.
The protocol of the intervention study is shown in Multimedia
Appendix 1.
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Results

Identifying User Requirements

The content requirements of the Web-based self-managed
exercise and diet intervention program were identified by
interviewing one key group of cancer patients (who survived
more than 5 years after diagnosis) and by reviewing the
literature.

Cancer survivors who were questioned about their habits
regarding healthy diets reported that they wish to know what
to eat and what not to eat. The cancer survivors described the
difficultiesthey faced in maintaining a healthy diet that included
at least 5servings of fruits and vegetables (F& V) per day due
to lack of preparation time, taste concerns, and fear of pesticide
exposure. Several survivors were skeptical about dietary
recommendations because information from mass media and
research studies often conflicted. However, because most
believed that consumption of more F& V afforded overall health
benefits, suchinformational conflictsdid not deter the adoption
of balanced diets. Some cancer survivors emphasized that it
was very difficult to become motivated to change their diet to
include more healthy foods. Participants gradually changed
their diet over time. Some reported that tight schedules prompted
them to eat out more often than they would prefer. They also
reported difficulties finding healthy foodsin restaurants. A few
survivors commented on the high cost of organic vegetables
and that F&V spoiled quickly. Even though cost and spoilage
were thus identified as barriers, F&V were still consumed.

Themain concernsfor cancer survivorsrelated to exercisewere
whether being overweight increases the risk of cancer
recurrence, how to exercise during treatment and recovery, and
what kinds of special precautions should be taken when
exercising. Many women reported that it was difficult to
schedule exercisetime. A few mentioned that they had followed
aroutine at onetime, but had stopped because cancer treatment
had interrupted it or because they lacked an exercise partner.
Several barriers rendering inadequate exercise were identified.
These included side effects (especially fatigue) of cancer
treatment, not having a local gym, and not living near a park.
Bad weather sometimes prevented exercise. Some women
commented that it was difficult to feel motivated to exercise.
Encouragement from friends, or afew wordsfrom their doctors,
made lasting impressions on them. Participantswho discovered
a sense of increased energy and a feeling of well-being when
exercising were more motivated to maintain physical activity
programs. Some female survivors claimed that it was difficult
to exercise, particularly when it was dark outside.

Program content requirements obtained by reviewing literature
included the need to improve exercise and dietary behavior in
cancer survivors [24], the importance of healthy weight
management [25,26], barriersto regular exercise and abaanced
diet [27], considerations when planning exercise and diet [3],
outcomes (such as recurrence, QOL, and survival) associated
with the performance of regular exercise and a balanced diet
[27,28], exercise and dietary guidelines for cancer survivors
[29], and maintenance of regular exercise and balanced diet
programs [24].
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Thefunctional requirements of the Web-based self-management
exercise and dietary intervention program identified by areview
of existing Web-based health management programsfor cancer
survivors were provisions of information, feedback, and
evaluation. The functional requirements obtained from a
consideration of TTM-based strategies weretailored education,
action planning [15,30,31], automatic feedback [14], and
comparison between the current status and recommended goal
levels of exercise and diet [32].

System Design and Development

Overall

After clearly defining the content and functional requirements
within the scope and objectives of the program, they were
arranged and refined with the aid of the TTM theory. The
Web-based self-managed exercise and diet intervention program
contained 5 components differing in screen layout, which
includes the introduction, assessment, education (tailored
information provision), action planning (goal setting, scheduling,
keeping adiary), and automatic feedback. That is, the program
was designed to deliver education, action planning, and
automatic feedback relevant to each of the stages of change.
Education, action planning, and automatic feedback were
tailored to each participant through the assessment. The
processes of change, self-efficacy, and decisional balance are
theprincipal strategies encouraging behavioral change according
tothe TTM theory and were reflected in the education [33-35].
Self-efficacy was a so reflected in the automatic feedback. The
details of each component of the program are as follows.

I ntroduction

Theintroduction informed participants of the overall background
for developing Health Planner, the usage of the program, and
the importance of exercising regularly and eating properly in
maintaining good health for cancer survivors.

Assessment

The assessment section alowed participants to input their
physical activity level, body weight, and stage of motivational
readiness. All participants were screened for any
contraindicationsto exercise using the physical activity readiness
guestionnaire [36] during assessment. Using algorithms based
on input data, each patient could access tailored information
appropriate to each stage of change, and was prescribed the
appropriate number of portions of 6 food groups given their
physical activity level and body mass index (BMI, measured
on adaily basis).

Education

Each participant was scheduled to be online for 5-10 minutes
each week. The educational content wasdivided into 5 modules
based on the current stage of motivational readiness of each
patient through assessment [18]. For patients in the
precontemplation stage, education focused on raising
consciousness, dramatic relief, environmental reeval uation, and
increasing the number of pros. For patientsin the contemplation
stage, education focused on self-reevaluation, increasing the
number of pros, decreasing the number of cons, and building
self-efficacy. For patients in the preparation stage, education
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focused on self-liberation, and remembering and increasing the
number of pros. For patients in the action and maintenance
stages, education focused on reinforcement, assisting with
relationships, counter-conditioning, stimulus control, and
management of temptation.

Action Planning

Components

The action planning included setting a recommended goal,
planning, keeping adiary, and comparing between current and
recommended levels of exercise and diet. Each participant was
encouraged to actively plan their exercise behavior in line with
the American Cancer Society (ACS) guidelines for cancer
survivors [24], and to achieve an excellent dietary score
(measured using the Korean version of the Diet Quality Index).
The details of exercise and diet planning delivered via Health
Planner are as follows.

Exercise Planning

Thegoal of exercising wasto perform at |east moderate-intensity
aerobic exercise for at least 30 minutes on at least 5 days each
week (toyield 12.5 metabolic equival ents of energy expenditure,
in line with ACS guidelines for cancer survivors) [24]. Health
Planner generated atailored plan for each participant through
assessment. If apatient had no history of exercise prior to cancer
treatment, exercise was gradually introduced [3]. Planning
regular exercise was set to start at the preparation stage. The
exercise was to be aerobic in nature, and the specific type of
exercise was based on individual patient preference. The type,
intensity, duration, and frequency of exercise could be
self-adjusted as necessary depending on patient age, history of
exercise, and subjective experience of tiredness. Exercise plan
was implemented as an event on a calendar.

Dietary Planning

Thegoal of dietary planning wasto achieve an excellent dietary
quality score (measured using the Diet Quality Index [37]). The
aims included an energy level derived from fat of <20%, an
energy level derived from saturated fat of <6%, cholesterol <300
mg/day, an energy level derived from carbohydrates of <65%,
an intake of vegetables and fruit of =7 servings/day, a protein
recommended dietary allowance of 75-125%; a calcium
recommended dietary allowance of 75-125%; and a sodium
intake of <3500 mg/day. Dietary planning was based on
individual BMI values, ideal body weights, and daily calorific
requirements. Each patient was educated in terms of the
recommended daily number of portions from the 6 food groups
(grain, meat/fish/eggs/beans, vegetables, fruit, milk and dairy
products, and fatsand oils) as suggested by the Korean Nutrition
Society (2010). All participants were encouraged to achieve a
balanced diet.

Participants recorded the daily number of portions of 6 food
groups consumed in adietary diary and daily exercise behavior
(type, intensity, and duration) in an exercise diary. These data
were used to give automatic feedback on progress toward goal
attainment (the SM'S module was employed toward this end).
The datawere also presented visually where agraph compared
the actual amount of exercise done, dietary intake, and the
behaviors to what were recommended.
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Automatic Feedback

Participants were asked to input, on a daily basis, the number
of portions from the 6food groups consumed and the details of
their exercise behavior (type, intensity, and duration of exercise)
as shown in the exercise and dietary diaries. This information
was used to provide feedback on progress toward goal
attainment inthe SM'S module. Comparisons of the daily number
of portions from the 6 food groups consumed with the
recommended number, and of the weekly energy expenditure
on aerobic exercise with the exercise goa identified patients
who attained goal behaviors. These patients were given
immediate reinforcement via positive automated messaging.
Patients who did not attain goal behavior were encouraged to
restart active exercise or to increase their dietary efforts. Such
patients were encouraged to increase their level of physical
activity or to attain a balanced diet by increasing F&V intake
or moving to alow-carbohydrate or low-fat diet.

The protocol on the interventional goal, principal strategies,
content theme in the educational component, and functionsused
for delivering interventions at each stage of change are briefly
summarized in Table 1.

System Evaluation

In this phase, expertswho had participated in the system design
and development were contacted again and asked to advise on
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problems that arose in terms of usability and content accuracy
during system operation. For example, the confusing array of
content was rearranged to ensure consistency and relevance.
Input speed was improved. The functions (ie, keeping a diary,
setting a weekly exercise goal, measuring weekly body weight
for arevised diet prescription, measuring the stage of change,
SM S-based feedback) that depend on the stage of change and
timing were modified to activate at an appropriate stage or
timing. Images of various food servings were added and an
example of thewritten 3-day dietary recall report wasincluded.
The number of pop-ups (negatively affecting concentration)
was reduced. Tasks that were shown as incomplete on the
calendar were identified. An SMS alarm was added to inform
patients of the weekday on which education would be given. In
addition, various bugs and errorswere corrected. After iterative
testing, the program was modified and installed on a server.
Patients could access Health Planner from a home computer
using an Internet browser.

The characteristics of end users participating in the usability
evaluation are shown in Table 2. The end users rated the
program as being easy to understand and use (atotal usability
score of 81.3 points, Table 3). In addition, program feasibility
was evaluated using the percentage of patients (27/30, 90%)
who consistently used the program for 12 weeks.
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Table 1. Protocol of the Web-based self-management exercise and diet intervention program.
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Stage of Interventional goal Principal strategies Content themein the educational component  Functionsused for deliv-
change (process of change, self- ering interventions
efficacy, decisional bal-
ance)
Precontem-  Increase awareness of theneedto  Consciousness-raising Effect of exercise and a balanced diet on Weekly Web-based tai-
plation change exercise and dietary behav-  pramaic rdief health lored education (5-10
1or Environmental reevalua.  SPEcific reasonsfor not considering exercise  Minutes daily).
tion or use of abalanced diet
Increase the pros Risks associated with a sedentary lifestyle
and an unbalanced diet
Contempla Motivate and increase confidence  Self reevaluation Specific benefits of exercise and use of a Weekly Web-based tai-
tion in the ability to change; build moti- | norease the prog/decrease  PAlanced diet; barriers toward such achieve-  lored education (5-10
vation for change the cons ments minutes daily)
Build self-efficacy Solutions to overcome the specific barriers
to exercise and use of a balanced diet
Contemplation of improved health following
exercise and use of a balanced diet
Preparation Develop and negotiate a plan for Self-liberation Recalling the effects of exerciseand abal- ~ Weekly Web-based tai-
exercise and use of abalanced diet  Remember the pros anced diet on health lored education (5-10
Increase seif-efficacy Individualized exercise and dietary prescrip-  Minutes daily)
tion and creation of specificamsof exercise Use of an exercise and
Keeping and monitoring of adaily exercise ~ diet diary
and dietary diary Weekly planning exer-
Planning gradual progressin terms of exer- ~ cise and diet
cise
Exercise planning in line with ACS
Action Reaffirm the commitment to exer-  Reinforcement manage- Evaluation of current exercise and dietary Weekly Web-based tai-
ciseand to use of abalanced diet  ment pattern lored education (5-10
Mainte- Develop strategiesto prevent e Assisting with relation-  Self-reward for regular exercise and use of a minutes daily) _
nance lapse ships balanced diet Use of an exercise and

Counter-conditioning
Stimulus control
Managing of temptation

Recall of the specific aims or reasons for
performing regular exercise and using a bal-
anced diet

Substitution of exercise for sedentary behav-
ior and abalanced diet for one that was unbal -
anced

Socia and/or family support to help maintain
exercise and dietary programs

Avoidance of stimuli and other triggers pro-
voking inactivity or use of an unbalanced diet

Individualized exercise and dietary prescrip-
tion detailing the specific aims of exercise
Keeping and monitoring of a daily exercise
and dietary log

Planning gradual progresstoward more exer-
cise

Exercise planning in line with ACS

diet diary

Weekly planning of ex-
ercise and diet

Daily or weekly feed-
back on progress to-
ward goal attainment

Comparison of the cur-
rent status and the goal
levels of exercise and
diet
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Table 2. Characteristics of end users participating in the usability evaluation.

Characteristic Participants
N=30
n (%)
Agein year
Mean (SD) 415 (6.3)

Educational level

High school 7(23)

College or beyond 23 (77)
Marital status

Married 27 (90)

Not married 3(10)

Time elapsed since treatment, days

Mean (SD) 161.6 (107.8)

Range 26-349
Surgery type

Breast-conserving 20 (67)

Mastectomy 10(33)

Receiving chemother apy

No 4(13)

Yes 26 (87)
Receiving radiotherapy

No 3(10)

Yes 27 (90)
Clinical stage

Stage 0 2(7)

Stage | 12 (40)

Stagell 13 (43)

Stage Il 3(10)
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Table 3. Usahility evaluation of health planner by end user responses.
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N=30
Mean (SD)?
Items
1. | thought this program was easy to understand. 5.9(1.4)
2. | could complete the tasks that were asked of me in this program. 5.7(1.4)
3. | found this program confusing. 15(1.1)
4. | thought that this program was easy to use. 5.9(2.0)
5. I would choose to use this type of program in the future to complete an intervention that aims to improve my 6.5 (1.5)
health.
6. The program was too complex. 2.2(1.3)
7. 1 would need help from atechnical support person to be able to use this program. 1.3(1.8)
8. The program ran smoothly. 6.0 (1.7)
9. The program was inconsistent (there were parts of the program that seemed out of place). 2.0(1.3)
10. | think that most people would learn to use this program quickly. 5.7 (1.3)
11. Using this program felt awkward to me. 19(1.4)
12. | felt very confident using this program. 6.0 (1.8)
13. | needed to learn alot of things before | could get going with this program. 2.4(1.6)
Total Usability Score® 81.3(20.2)

8Responses were on a 7-point scale, ranging from 1 (strongly disagree) to 7 (strongly agree).
bThisis acomposite of the responses to all usability questions (a 100-point score); higher scores indicate greater perceived usability.

Discussion

Thereisawidely recognized need for interventions to increase
healthy behaviors for cancer survivors. However, the
effectiveness of traditional interventions remains unclear due
to low accessibility and non-persistent feedback. We devel oped
the Web-based self-management exercise and dietary
intervention program aiming to increase exercise and improve
dietary behavior among cancer survivors. The program has
severa notablefeatures. Critically, we embraced action planning
when considering exercise and dietary behavior. The Web-based
self-management exercise and diet intervention program
managed day-to-day health behavior via action planning.
Practical and specific action planning and scheduling promotes
theinitiation and maintenance of healthy behavior by identifying
and filling intention-behavior gaps [15].

The program provided timely reinforcement via daily delivery
of positive automated messages. The tailored feedback-based
intervention may provide relief to survivorsin that someone (or
something) close to the patients is managing their health [38],
motivating the patients to achieve and maintain goal behaviors
at the recommended levels. Earlier work suggested that
maintenance of healthy behavior is greatly assisted by the
provision of appropriate feedback on progress toward desired
outcomes [14]. The tailored reaction might stimulate
self-regulatory behavior through making self-judgments on
progress toward desired exercise and diet behavior [39].

The patients needs were reflected in the program through
interviewswith the patients, and the identified user requirements
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were combined with technologies to implement TTM
theory-based functions. Our Web-based self-management
program, featuring the use of TTM theory may not only trigger
the required behaviors, but may assist in sustaining such
long-term behaviors[12,16]. Self-regulation strategies, including
diary keeping, an emphasis on goal-setting, and feedback on
progress may increase motivation and perceived self-efficacy
[33].

A review of previous studies identified the possibility that the
TTM could be applied to a Web-based program seeking to
encourage healthy behavioral changes. The potential of TTM
theory has been recognized in previous studies for application
in Web-based physical activity intervention [40], but not for
Web-based diet programs. Individual exercise regimens were
prescribed using TTM theory, with referenceto stages of change,
in an interventional Web-based program developed for patients
with type 2 diabetes [40]. Program clarity, simplicity,
recommendations, accuracy, consistency, and efficiency were
rated as acceptable. In another study, a Web-based TTM-based
program was developed to promote physical activity in the
genera female population [41]. The program was afull success,
having promoted self-efficacy, physical activity, and exercise.
To date, however, no Web-based program aimed at such lifestyle
modifications in cancer survivorsis yet available.

Previous findings of Web-based lifestyle intervention trials
remain controversial. Delivery of theory-based messages via
the Web enhanced lifestyle modifications[19,40,42]. However,
a Web-based program that apparently failed to trigger lifestyle
changes lacked a theoretical basis, had low utilization, and did
not suit participants’ needs [43]. This program rated high
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utilization. It might be due to the strategies of daily feedback
and action planning. The diagnosis of cancer also provides a
teachable moment when the patients motivation for lifestyle
change is especially high [44].

Leeetd

technology allowed immediate and easy accessto interventions,
real-time monitoring of progress, online education, tailored
action planning, and tailored SM'S using mobile phones [45].
Most healthcare providers in busy clinical settings rarely find

time to counsel patients on health management. Given that the
number of cancer survivors is increasing, targeting of such
high-risk groups can potentially achieve positive and widespread
public health outcomes.

In conclusion, a Web-based program targeting change in
exercise and dietary behaviors was feasible when TTM theory
was used to inform program strategy. The use of Internet
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Abstract

Background: Most older cancer survivors (OCS) do not engage in regular physical activity (PA) despite well-known health
benefits. With the increased use of mobile technol ogies among older adults, mobile tools may be an effective method to deliver
PA promotion programs for OCS.

Objective: To document the process of designing an OCS-friendly mobile-enabled Web application of PA promotion program.

Methods: Mixed methods encompassing group discussions, individual interviews, and brief surveys with community leaders,
OCS, cancer care providers, and software professionals were used in this formative research.

Results. The varied stakeholders welcomed the idea of developing an onlinetool to promote PA in OCS. Our formative research
revealed several major barriers to regular PA including limited access to senior-friendly PA resources, lack of motivation and
socia support, and i nsufficient knowledge and skills on building safe and appropriate workout plans. Thisfeedback wasincorporated
into the development of iCanFit, a mobile-enabled Web application, designed specifically for OCS. The iCanFit online tools
allow users to locate PA resources, set and track goals for PA, network with peer OCS in a secure online space, and receive
practical and evidence-informed healthy tips.

Conclusions; Our mixed-method formative research led to the design of iCanFit protocol to promote PA and well-being of
OCS. Theinvolvement of stakeholdersiscritical inthe planning and design of the mobile application in order to enhance program
relevance, appeal, and match with the needs of target users.

(JMIR Res Protoc 2013;2(1):€12) doi:10.2196/resprot.2440

KEYWORDS

older cancer survivors; physical activity, survivorship, mHealth, website design; user-computer interface; protocol development;
formative research

Introduction It has been estimated that these numberswill increase by nearly

athird to 18 million by 2022 [1]. Most cancer survivors are 60

Early detection and improved treatment for cancer hasresulted Y&&'S Of age or older, and the population of older cancer
in approximately 13 million survivorsin the Unites Statestoday,  SUrvivors (OCS) is increasing, resulting in many challenges

http://www.researchprotocols.org/2013/1/e12/ JMIR Res Protoc 2013 | vol. 2 | iss. 1 [e12 | p.161
(page number not for citation purposes)

RenderX


mailto:yhong@srph.tamhsc.edu
http://dx.doi.org/10.2196/resprot.2440
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS

associated with the continuity of care and resultant quality of
life[2,3]. Countering these challenges, numerous studies point
to the physiological and psychosocia benefits of physical
activity (PA) for cancer survivors [4,5]. These benefits include
improved physical endurance, capacity and strength, higher
immune function and hemoglobin concentration, decreased risk
of cancer recurrence, and improved quality of life as indicated
by decreased fatigue and depression [6-10]. Several guidelines
on PA for cancer survivors have been recently issued,
recommending cancer survivors to engage in low to moderate
impact PA regularly, specifically, at least 30 minutes of exercise
aday for 5 daysaweek [11,12].

Despite the recognized importance of PA for cancer survivors,
evidence suggests that the level of adherence to PA guidelines
among cancer survivorsisvery low. Smith and Chagpar reported
that only 4.6% of breast cancer survivors followed PA
guidelines, compared to 12% of women without breast cancer
[13]. The majority of cancer survivors are not participating in
the recommended levels of PA, resulting in a greater disease
risk and health care costs[14]. In areview of existing programs
to promote PA among cancer survivors, Schmitz and colleagues
observed that most existing programs are limited to walking
only, and that there is a lack of diversity in types of PA for
cancer survivors [15]. In addition, most existing studies of
interventionsto increase PA have relied on individual or small
group counseling approaches, typically offered by nurses or
health educators. Such face-to-face approaches, athough
promising, have encountered problems of high personnel cost
and limited reach. Thus, a critical need exists for more
cost-effective strategies to reach a large number of OCS with
effective strategies for promoting PA [12,16].

In the exploration of interventions to promote PA among OCS,
mobile technologies are gaining increased attention across all
age groups. As of 2012, about 88% of US adults and nearly
70% of people older than 50 accessed the Internet. 85% of US
adults owned cell phones, of those, 53% owned smartphones
[17]. Approximately 70% of adults over 50 owned acell phone,
and more than 42% owned a laptop or tablet computer [18].

Table 1. Datasources of formative research in the iCanFit program.

Hong et a

The percentage of older smartphones or mobile computer owners
is expected to accelerate in the coming years. Further, recent
surveys by National Cancer Ingtitute indicated that more than
60% of cancer survivors access the Internet; and once online,
they are more likely to use it for health-related purposes than
general users [19, 20]. Among cancer survivors, the Internet
has become the second most used resource for finding
health-rel ated information (the primary resource was physicians)
[21,22]. The ubiquity of Internet accessin the US and the rapid
penetration of smartphones and tablets suggests the feasibility
of using mobile technologies to promote PA among OCS. In a
recent review of existing Web and mabile applications for PA
promotion, we found that most websites or applications were
designed for general and younger populations. Few online PA
programs were designed for cancer survivors, not to mention
OCS. The purpose of this article was to describe a formative
study we conducted to inform the design of a mobile or Web
application for the purpose of promoting PA among OCS.

Methods

Overview

A multidisciplinary research team from Communities of Texas:
Cancer + Activity *« Research ¢ Education « Support
(CTXCARES) program representing public health, medicine,
health education, and technology development worked
collaboratively to design the formative research protocol. A
mixed-method approach was used to collect data to inform the
structure and content of the mobile or Web application. Our
team met regularly to discuss the data collected from field,
enabling prompt feedback for project development and
refinement. Data collection in formative research spanned from
November 2011 to September 2012. We held group discussions
with community leaders, individua interviewswith cancer care
providers, and conducted a brief survey and interviews with
OCS. Table 1 lists al the data collection methods utilized. The
study protocol was approved by the Institutional Review Boards
at the Texas A&M University and Scott & White Healthcare.

Data collection method Participants

Recruitment venues Data collection mode

Group discussion Community leaders (n=20)

Individual interview Cancer care providers (n=14)

Individual interview Older cancer survivors (n=20)

Questionnaire Older cancer survivors (n=92)

Community centers Face-to-face

Conferences, clinics Face-to-face, phone

Communities, clinics, cancer-
related events

Face-to-face, phone

Communities, cancer-related  Paper-pencil
events

Group Discussonswith Community L eaders

The CTxCARES program has collaborated with local cancer
communities and senior communitiesfor several years, leading
to established relationships. At the planning stage of the project,
we communicated about our intention to develop a mobile or
Web application for OCSto local senior and cancer community
leaders and obtained their support. In our formative research,

http://www.researchprotocols.org/2013/1/e12/

we had 2 group discussions with local community |eaders to
get their input on the feasibility of a website to engage OCS
and promote their PA. The discussions took place in informal
expanded meetings of community organizations in which
community leaders and members were present. These
discussionswere not taped, but detailed noteswere taken during
and after the meeting.
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Interviewswith Cancer Care Providers

We also interviewed practicing cancer care providerswho have
patients either in active cancer treatment or are cancer survivors.
The provider's interview guide was developed based on the
literature review and informal discussions with community
leaders. The guide focused on: (1) perceptionson OCS' barriers
to regular PA, (2) current counseling of PA with OCS, (3)
suggested contents of a mobile or online program, and (4)
strategies to disseminate the program after piloting. The
interview guide was piloted with 2 physicians before field use.
A total of 14 cancer care providerswererecruited during alarge
state cancer conference, representing surgeons, oncologists,
family physicians, internists, health educators, and counselors.
One-on-one interviews ranging from 20-45 minutes were
conducted in aprivate space. All conversationswere audio-taped
and transcribed verbatim.

Survey with OCS

We conducted a brief survey with OCS who were at least 60
years old, had a cancer diagnoses, and had completed initial
treatment. Surveys were distributed at local hedlth fairs and
cancer survivors' events. Participants reported on their Internet
and cell phone use, current PA behaviors, access to health
information, and attitudes toward mobile-based PA promotion
program. It took the OCS approximately 10 minutesto complete
the brief paper-pencil survey. A total of 92 OCS (mean age 62)
provided ora consent and completed the survey. All survey
datawere entered into SPSS 16.0 (SPSS Inc, Chicago, IL, USA).

Interviewswith OCS

Our third strategy wasto conduct in-depth individual interviews
with OCS. We developed an interview guide for OCS based on
the brief survey with OCS and the in-depth interviews with
cancer care providers. The interview guide consisted of the
following domains: (1) current PA including type, intensity,
duration, and frequency, (2) barriersto regular PA, (3) preferred
PA and facilitatorsto regular PA, (4) attitudes toward an online
or mobile PA promotion program, (5) suggestions on content
and features of the mobile program, and (6) suggestions on
program implementation and evaluation. A total of 11 OCSin
Central Texas were recruited through community outreach
strategies. The interviews were conducted face-to-face or over
the phone, lasted 25-45 minutes, and were audio-taped. Each
participant provided consent and received a $15 gift card.

Data Analysisand I nterpretation

The data collected in the formative research included: (1) notes
from the research team’s regular meeting discussions, (2)
detailed notes from discussions with community leaders, (3)
transcripts from interviews with cancer care providers, (4)
survey datafrom OCS, and (5) transcripts from interviewswith
OCS. Quantitative data were saved in SPSS and descriptive
statistical methods were used to analyze frequency of key
variables. Qualitative data were saved in Microsoft Word;
thematic content analysiswas used to identify the major themes
and key exemplary quotes [23]. Findings from each data set
were used to inform analysis and interpretation of other data
sets. The data analysis was iterative and continued throughout
the formative research; the findings were used to inform the
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design, content, and structure of the iCanFit mobile-enabled
Web application.

Results

Feasibility of Mobile PA Promotion Program for OCS

The survey and interviews with OCS and discussions with
community leaders revealed the current online behaviors of
OCS. Most of OCS accessed the Internet, and the Internet was
amajor source of health information for the participants. For
example, more than 80% of OCS in our interviews indicated
that they would participate in an online PA promotion program
or OCS support program. OCS also suggested that compared
to younger people, they had shorter online duration and that
they were more likely to visit the same authoritative sites. Less
than 10% of OCS accessed the Internet through their cell phones
frequently, but many had tablets such as iPads and many
accessed the Internet through their mobile devices.

| use Internet many times a day, and | search for

health information for myself and my family. | search

the Internet using both my desktop and my

iPhone...People have misconceptions about seniors

using mobile technologies, many of us are computer

sawy. [61 year old OCS]
Some OCS, especialy those over 75 years old, reported less
use of Internet themselves, but they relied on their families to
access the Internet and obtain health information. More than
80% of the OCS we talked to have easy access to health
information and could easily obtain this information from the
Internet.

Barriersto PA Among OCS

The interviews with cancer care providers indicated that most
of them were aware of regular PA as part of healthy living for
cancer survivors, but very few discussed PA with their survivor
patients. Care providers identified the lack of motivation to
carry out PA from survivors as the major barrier to regular PA.
For example, a physician related, “If they want to do it, they’ll
do it. If they don't, they won't.” Most cancer care providers
listed time constraint as a major barrier to discussing PA with
their cancer survivor patients. Asone physicianindicated, “The
conversation doesn't get that in-depth because we have so many
other issuesto discuss.”

Theinterviewswith OCS confirmed that most did not participate
inregular PA. Four personal and structural level barriersto PA
were identified. First, some survivors were not aware of the
benefits of PA.

For myself, since | got colon cancer, | became more
cautious with what | eat. | see nutrition is more
important for me...Physical activity? | do someyard
work, and when | shop in Wal-Mart, | walk fast with
my shopping cart [60 year old OCS]
Second, some understood the importance of regular PA, but
lacked motivation to be more physically active.

After all the treatments, | just want to go back to my
normal life. | know exercise is good for health, but it
isprobably the last thing in the mind now. | just want

JMIR Res Protoc 2013 | vol. 2 | iss. 1 |e12 | p.163
(page number not for citation purposes)


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

JMIR RESEARCH PROTOCOLS

to get back to normal, rather than an enhancement
or set up new goals. [67 year old OCS]

Third, many OCS had limited access to information on local,
senior-friendly PA programs and resources. They expressed
frustration in finding senior-friendly PA resources.

There is a senior center here in [omitted], but I've
been there and looked into their exercise room and
it's about twice the size of my hall bathroom; and it
is so confined that | am not inspired to get in there
and do anything. [70 year old OCS]

Another OCS who had tried some programs said, “It did help
a little but 1 quit going because they did not treat me as an
individual but they just do everybody in mass.” In addition,
since PA was rarely discussed in their visit with health care
providers, OCSdid not know how to set up individualized plans
that fit their health and needs. Fourth, some OCS did not have
enough socia support, especially peer support, to engage in
regular PA. For instance, some OCS commented, “I am basically
lazy...and | need somebody to crack the whip...If | had an
exercise partner, | may go more often.” Our brief survey with
OCS suggested that only a small number of OCS were part of
the online cancer support groups but most were willing to join
one.

Key Functionsand Structure of the Online PA
Promotion Program

In addition toidentifying barriersto regular PA, our participants
of community leaders, cancer care providers, and OCS aso
provided suggestions on how to design the online program to
address these barriers. Their input was incorporated into the
design of amobile-enabled Web application called iCanFit. The
reason for a Web application instead of a mobile applicationis
to fulfill the goa of making iCanFit accessible through all
mobile devices with Internet connections. Most mobile
applications are limited to certain devices or platforms. For
example, iPhone apps will not work on Android phones. Our
mobile-enabled interactive website allows seniorsto accessthe
program through their various mobile devices with minimal
restrictions.

Table 2 lists input from stakeholders on the barriers and
corresponding functions on the Web application to address
stakehol der feedback. TheinteractiveiCanFit hasthefollowing
6 major functions addressing the needs and barriers to regular
PA in OCS:
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1. “Locator”, a function that allows easy search for local
resources of PA, including parks, facilities, and programs. Users
can set their preferences for searching, for example, indoors,
free, group activity, etc.

2. “Goals’, a function that alows users to set long- and
short-term goals of PA. They can track their PA by entering
their weekly PA. The iCanFit system will provide tailored
feedback on their progress and suggestions on changing on
short-term goals. iCanFit sends weekly reports to the users
tracking their goalsand providing tailored tips and kudos. Those
who met their goals were congratul ated by a virtual coach and
those who did not meet their goals received motivational
messages from the virtual coach.

3. “Community”, a function that offers social support through
virtual networking. Users are able to create a profile, post
images, and start and follow discussions and to connect with
peersusers. Users are also ableto create a profile, post images,
and start and follow discussions and to connect with peersusers.
Those who exceed the short-term PA goals will also be
recognized and congratulated in the online community.

4. "Hedlthy Tips’, a function that sends regular health tips to
users. These consist of tips for seniors to make small changes
in daily life and make incremental progress toward an active
and healthy living.

5. “Library”, is a function that provides convenient access to
authoritative health information. In addition to links to major
senior health and cancer survivor organizations, this function
also allows keyword search for specific health information.

6. “Support”, is a function where users can seek help and
technical support when using iCanFit programs.

We included some screen shots to help visualize how iCan Fit
works. Figure 1 depictsiCanFit homepage on adesktop, Figure
2 displaysthe key functions of iCanFit on alaptop, and Figure
3 shows iCanFit functions on an iPhone interface. In line with
stakeholders' suggestionsand the National Library of Medicine
guidelines of “making your website senior friendly” [24], the
iCanFit interfaceis simplewith bigger icons, bigger fonts, more
space between lines, and clear background in contrast with the
main texts. The iCanFit protocol is currently being devel oped
into active Web application.
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Table 2. Proposed key iCanFit functions based on inputs from stakeholders.

Hong et a

Input Proposed i CanFit Purpose
function
OCS: Limited safe and senior-friendly physical activity re- Locator « Allowseasy search for local resourcesof PA, includ-
SOUrces. ing parks, facilities, and programs
CL: Lack of accessto information on community resourcesand +  Userscan set their preferences for searching, for
avents. example, indoors, free, group activity etc
«  Suggests avariety of types of PA
CCP: Insufficient time to discuss PA or make specific plans ~ Goals «  Allowsusersto set long- and short-term goals of
with patients. PA.
OCS: Need assistance in setting individualized plans. +  Userscen track their PA and iCanFit provides tai-
lored feedback
OCS: OCS need socia support, especially peer support to start  Community (Chatter) «  Offerssocial support with other OCS through virtual
and maintain regular physical activity. networking
OCP: Social support is an important factor for OCS to stay +  Userscan create personal profiles, post images, start
physically active. and follow discussions
CL: Online community can expand OCS socia networks, espe-
cialy for rural residents.
CCP: OCS lack motivation to stay physicaly active. Healthy Tips «  Sendsregular practical, senior-friendly, evidence-
OCS: Need constant reminders to continue the momentum. based healthy tips specific to OCS
CL: Simple tips can make small changes, and small changes
can add up.
OCS: Many OCS are unaware of necessity and benefitsof reg- Library «  Provides convenient access to authoritative health

ular PA.
CCP: Do not have enough time to carry out patient education.

information
o  Provideslinksto major senior health and cancer
survivor organizations
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Figure 1. iCanFit webpage interface on a desktop computer.

HOME ABOUT GET INVOLVED TOOLS CONTACT

Senior cancer survivors CAN get active and be healthy!
iCanFit is a website connecting senior cancer survivors to health and fitness resources.

o
.( iCanFit and You .( iCanFit Can Help .( iCanFit Plus More
‘ If you are a senior cancer survivor, we ‘ iCanFit can help you find places to exercise ‘ Your success is our goal. Create an iCanFit
invite you to our iCanFit study. Learn more that are near you, keep you motivated and account to access additional tools such as
to see if you qualify and how you can help. informed, and help you maintain a healthy goal setting and tracking and community.

lifestyle.

Contact Facebook Get Involved

9 Addres

. Phone: 97

Email:
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Figure2. Major functions of iCanFit on desktop interface.

HOME ABOUT GET INVOLVED TOOLS CONTACT

Tools

Z Locator

The locator tool helps users to easily search for local resources for physical activity.
I-:'} Tips

The tips tool sends regular health tips to users. (You will need a free iCanFit account.)

i Resources

The resources tool gives users access to reliable health information.

@) Community

The community tool offers users a safe and secure place to connect with other survivors, friends and families. (You will need a free iCanFit account.)

@ Goals

The goals tool gives users the option to set goals and track their progress. (You will need a free iCanFit account.)

Contact Facebook Get Involved
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Figure 3. Major functions of iCanFlt on an iPhone interface.
iPad = 8:24 AM @ 100% B

(T

4 O M == F m.icanfit.org

LOCATOR GOALS

fe &

COMMUNITY TIPS

LIBRARY SUPPORT

: : increasingly common among older adults, and mobile use is
DISCUSSIOI’]— also accelerating, thus offering a potential mode of widespread
intervention delivery. A combination of Web and mobile
technology that incorporates the best principles of chronic care
management—including identifying patient preferences,

With the population of OCS expanding and few OCS having
regular PA, a strong need exists for a cost-effective health
promotion program targeting this population. Online access is
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addressing barriers to lifestyle changes, enhancing
self-management skills, providing coaching and feedback, and
facilitating peer support—offers an excellent opportunity to
meet this need [25,26].

Although the number of online health promotion programsis
skyrocketing with demonstrated efficacy [27,28], very few
programs are available for OCS. This study documents the
process necessary to develop aPA promotion program for OCS.
It has|ong been recognized that empl oying user-centered design
and devel opment processis essential for ensuring aquality user
experience [29-31]. Our formative research has involved the
key stakeholdersfrom very beginning and throughout the phase
of protocol development. The resulting iCanFit protocol
addresses OCS barriersto regular PA. It provides an engaging
venue for achieving behavioral change through easy access to
community resources, goal setting and reinforcement, and peer
support. It isimportant that these functions are relevant to OCS
and presented in aformat that appeal to the intended audience.

Several limitations should be noted for this study. First, we had
ardatively small sample sizein both quantitative and qualitative
data collection, which might introduce potential reporting bias.
However, our participants were drawn from a diverse
background and the data suggested saturation. Second, as our

Hong et a

participants were recruited from communities in Texas, the
findings may not be generalizable to OCS from other locations.
We employed community outreach versus online recruitment
because we needed to conduct an in-depth and sometimes
repeated interviews with OCS to obtain their feedback. Third,
our program only addressed 3 key barriers to regular PA
identified by OCS and their care providers. Whether the program
met their expectations and could promote regular PA and health
outcomes requires a long-term study. We are now developing
the iCanFit protocol to the active Web application. Once
beta-testing is completed, we will conduct an efficacy tria to
assess whether it can promote PA and other health outcomes
of OCS.

The design of online health promotion programs, especialy
behavioral change programs, should reflect collaborative efforts
between researchers, computer software designers, and key
stakeholders. Through this formative research, we learned the
importance of setting a realistic timeline and recruiting
participants from diverse backgrounds. We also appreciate the
value of a mixed-method study that involves key stakeholders
to understand target users’ needs and preferences in order to
identify best strategiesfor program devel opment and eval uation
of this new mobile-enabled Web application.
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Abstract

Background: Severa modifiable health and lifestyle factors are consistently associated with dementiarisk and it is estimated
that significantly fewer people would develop dementiaif theincidence of risk factors could bereduced. Despitethis, Australians
awareness of the health and lifestyle factors associated with dementiarisk islow. Within anational community education campaign,
Alzheimer's Australia developed a dementia risk reduction website providing information about modifiable risk or protective
factors for dementia.

Objective: This study aimed to assess the usefulness of the website content in improving knowledge and enabling adoption of
recommended strategies, and to examine what additional resources consumers need.

Methods: Visitors to the website over a 3 month period were invited to complete an online survey, which asked them to rate
their knowledge of dementiarisk reduction before and after visiting the site, how important monitoring their health related behavior
wasto them before and after visiting the site, their current behavior related to health and lifestyle factors associated with dementia
risk, their intentions to change behavior, and the usefulness of potential additional resourcesto help them do so.

Results. For this study, 123 Australian adults responded to the survey. 44.7% (55/122) were aged over 60 and 82.1% (98/119)
were female. Respondents' ratings and comments indicated they generally found the content interesting, informative, and hel pful
to them. Respondents' ratings of their knowledge about the links between health and lifestyle factors and dementiarisk significantly
increased after visiting the website (P<.001). Their ratings of how important monitoring what they do in relation to their health
and lifestyle factorswere also significantly increased after visiting the website (P<.001). Averageratings for how well respondents
felt they were doing at the time in relation to specific risk or protective factors were generally high, suggesting many website
visitors already had high levels of health motivation and healthy lifestyle behaviors. 55.6% (45/81) said that after visiting the
websitetheir intention to make lifestyle changeswas strong. Only 27.1% (22/81) said their intention to visit their doctor to discuss
dementia risk reduction was strong. Potential additional resources that would help people assess and address their personal
dementiarisk factors were rated as more helpful than general information resources.

Conclusions: A dementiarisk reduction website providing information about the current evidence and practical strategies was
of interest and was useful to the Australian community. Benefitsfor visitorsincluded increased knowledge and increased motivation
to address relevant behaviors. Many visitors to the site were already health conscious, indicating that more needs to be done to
get dementiarisk reduction messagesto the wider community. More interactive and personalized resourcesin futureinterventions
may offer additional benefits to individuals.

(JMIR Res Protoc 2013;2(1):€15) doi:10.2196/resprot.2372
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Introduction

Background

The prevalence of dementia worldwide is increasing with the
ageing population. In Australia, it is projected to increase
four-fold to around 1 million people by 2050 [1], with significant
impacts on the health system and economy. While dementia
remains incurable, preventative health approaches to address
dementia risk factors offer some hope of reducing this impact.
Efforts to provide a preventative health strategy for dementia
are increasingly seen as worthwhile, and vital to curbing the
growing number of people who are affected [2-6].

Several modifiable health and lifestyle factors are consistently
associated with therisk of developing dementiafrom all causes,
including Alzheimer'sdisease[7-9]. Midlife hypertension [10],
midlife hightotal cholesterol [11], diabetes[12], midlife obesity
[13], high saturated fat consumption [14], head injury [15], and
smoking [16] are associated with greater risk of developing
dementia. Oddsratios vary between studies and meta-analyses,
but generally these factors are associated with 1.5-3 times
increased risk of dementia. Regular physical exercise [17],
mental and socid activity [18,19], and higher fruit and vegetable
and unsaturated fat consumption [14] are associated with
reduced risk of devel oping dementia. Thesefactorsaretypicaly
associated with 30-70% reduced risk of dementia.

Preventative health approaches that facilitate lifelong mental,
physical, and social activity, healthy eating and lifestyles, and
prevention or control of vascular risk factors have the potential
to reduce the number of people developing dementia[9]. Barnes
and Yafferecently estimated that 3 million cases of Alzheimer’'s
disease could be prevented worldwide by reducing by 25% the
incidence of 7 risk factors (diabetes, midlife hypertension,
midlife obesity, depression, physical inactivity, smoking, and
cognitive inactivity, [2]). Computer modelling based on
population growth estimates and dementia prevalence data
showed that significant impacts could be achieved by modifying
therisk factor profilein the Australian population. For example,
a decline in the physical inactivity rate by 5% every 5 years
would reduce dementia prevalence by 11% in 2051 [20].

Despitethis potential, most people have little knowledge about
dementiarisk factors [21]. A 2008 review of surveys revealed
that, on average, 51% of Australians believed risk reduction is
possible, while 20% believed nothing can be done to reduce
dementiarisk, and the remainder were unsure [ 21]. When asked
how risk could be reduced, or when presented with possible
reduction factors and asked which would reduce risk, mental
activity was nominated by more Australians than any other
strategy, followed by a healthy diet and physical exercise. The
majority of people did not agree that reducing vascular risk
factors (smoking, high blood pressure, and high cholesterol)
could reduce dementia risk, highlighting a pressing need to
educate the public that preventing or managing vascular risk
factors can reduce risk of developing dementia in addition to
heart disease and stroke [21].

http://www.researchprotocols.org/2013/1/e15/
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Mind Your Mind

Toimprove public avareness, Alzheimer’'s Audtralia(Austraia's
national dementia association) developed a community
education program about dementia risk reduction called Mind
your Mind (MY M). The program provides information about
health and lifestyle behaviors associated with lower risk of
developing dementia. The 7 MYM “signposts” (body, brain,
diet, habits, head, health checks, social life) deal with aspects
of behavior related to modifiablerisk factorsfor dementia. The
program initialy relied on community education forums and
printed resources, but these have limited reach. To improve
accessibility to MYM, the program now includes online
resources as described in the Methods section bel ow.

In developed countries including Australia, the vast majority
of people are Internet users (in 2011 an estimated 89.8% of
Australians were Internet users [22]). The use of the Internet
for health information isincreasing, in part because people like
the convenience and anonymity it provides[23-25]. Web-based
health information therefore has the potential to reach large
audiencesat low cost [26,27]. Web-based interventionsare also
found to be effective at increasing awareness and enabling
healthy behavior changes. Many studiesreport positive changes
in knowledge, attitude, awareness, and healthy behavior for
participants using Web-based health interventions, suggesting
that Web-based health resources are capable of promoting
healthy lifestyles [28,29].

In 2010, aMY M website was launched [30]. By assessing user
perceptions of this website, this study aimed to determine
whether evidence-based advice provided online is effective in
promoting the uptake of dementiarisk reduction approaches by
individuals. Specifically, the study aimed to evaluate the
effectiveness of the information provided in improving
knowledge about dementia risk factors and the lifestyle and
health strategies that may reduce risk, the effectiveness of the
information provided in motivating and enabling individualsto
adopt healthy behaviors, and what additional resources might
assist individualsin adopting dementiarisk reduction behaviors.

Methods

TheMYM Website

The MYM website was developed to provide the Australian
community with accessible and engaging information about the
current evidence for lifestyle and medical factors associated
with dementia risk. Figure 1 shows a screenshot of the MYM
website home page. Table 1 describes the website sections and
their contents at the time of this study. The main section of the
website described the modifiable risk or protective factors
associated with dementia, grouped under the 7 MY M signposts.
For each factor, the current state of evidence was described in
lay language and the strength of the evidence was rated using
a 5-star system, and practical advice and links to relevant
resources were provided. In developing the site content,
Alzheimer's Australia reviewed relevant literature, and used
external experts advice on the recommendations being made
regarding dementia risk reduction. The content was designed
to be understood by Australian adults with average literacy and
was not personalized for particular groupswith differing levels
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of prior knowledge. Feedback from Alzheimer’s Australia staff
and consumer advisors about the appropriateness of the content
for the general public was incorporated into the final content
design.

The Survey

An online survey was developed using SurveyMonkey [31].
Feedback from Alzheimer's Australia staff and consumer
advisors was incorporated into the final survey design. At the
commencement of the study, a brief notice and link were
provided onthe MY M website homepage to adedicated internal
page that provided detailed participant information and a link
to the survey. Participants were instructed to read through the
website before completing the survey, both on the information
page on the website and on the survey itself, to minimize the
chance of completing the survey without having viewed the
website. The survey consisted of 48 items including
demographics and questions about knowledge of dementiarisk
reduction before and after visiting the website, motivation to
do something to reduce dementiarisk before and after visiting
the website, current behavior, intentions to change lifestyle
behaviorsto adopt risk reduction strategies, and what additional
resources people feel they need to be able to improve their risk
reduction behaviors.

Most items asked respondents to rate a specific attribute of the
information provided on the website using a5-point rating scale.
Respondentswere al so ableto enter additional comments. Where
items asked respondentsto rate attributes of the various sections

Table 1. Description of the contents of each section of the MY M website.

Farrow

of the website or of theinformation provided about specific risk
or protective factors, respondents were instructed to select “ not
applicable” for any sections or factors they had not looked at.
The survey aso included open questions about what lifestyle
changes respondents intended to make and what additional
resources might help them.

Participants

Users of the website from April to June, 2011, were invited to
participate in the study via an information page on the MY M
website with alink to the survey. Eligible participantsincluded
adults 18 years of age and over residing in Australia. Participants
were anonymous but the survey asked for demographic
information including age, gender, place of residence, medical
status, education, and occupation. 123 people responded to the
survey, however not everyone completed all questions.

Data Analysis

For itemsrating attributes of the website using a 5-point scale,
the mean rating across participants who provided arating was
calculated. Non-responders to individual questions were
excluded from the analysis of those questions. t tests were
conducted to examine differencesin ratings between before and
after visiting the website, for knowledge about the links between
specific risk or protective factors and dementia, and for the
importance of monitoring actionsin relation to specific risk or
protective factors. To correct for multiple comparisons, a
significance level of P<.001 was applied.

Section Contents

About dementia

what is dementia, symptoms, forms of dementia, risk factors

summary of evidence, practical advice, and linksto resourcesfor risk or protective factors: mental activity, diet, physical activ-

downloadable guidelines and summary of evidence, resources for clinicians and patients for risk or protective factors. mental

activity, diet, physical activity, social activity, blood pressure, cholesteral, diabetes, body weight, smoking, alcohol, head injury,

M ity, social activity, blood pressure, cholesterol, diabetes, body weight, smoking, alcohol, head injury
Resources downloadable information sheets, brochures and papers, frequently asked questions, quiz answers
Health professionals

depression
Research dementia prevention research generally, current Australian research
Quizzes three 10-question multiple choice quizzes on MY M, the brain, and music
Blog brief articles on new research, publications, or resources
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Figure 1. Screenshot of the Mind your Mind website home page.
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Results

Participant Demographics

The magjority of respondentswere 50-69 years of age (see Table
2). There were 98/119 (82.4%) femal e respondents and 86/120
(71.7%) lived in urban areas. There were 32/117 (27.0%)
respondents born outside Australiaand 28/121 (23.1%) reported
speaking alanguage other than English at home. Some form of
post-secondary education was completed by 76/121 (62.9%)
respondents, and 39/121 (32.2 %) respondents were retired.
Reported current or previous occupations were grouped
according to the Australian and New Zealand Standard
Classification of Occupations [32] and 57/118 (48.3%)
respondents worked in management or professional roles.
Chronic medical conditions affecting day-to-day function were
reported by 10/120 (8.3%) respondents, but none had dementia.

http://www.researchprotocols.org/2013/1/e15/
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There were no significant differences between responders and
non-responders to each section of the survey regarding age
group (P>.009), gender (P>.3), highest education level (P>.7),
occupation classification (P>.3), or language spoken at home
(English or non-English; P>.4). Older respondents were more
likely to drop out of the survey earlier and not complete all
guestions, but not significantly so. The P values shown are
representative of the lowest significance obtained from 31t tests
for each variable. The variables were compared between
responders and non-responders to the 3 sections of the survey
that followed the first section on demographics. For questions
relating to the sections of the website, P=.03 for age, P=.66 for
gender, P=.99 for education, P=.37 for occupation, and P=.43
for language. For questions relating to the specific risk or
protective factors, P=.009 for age, P=.52 for gender, P=.75 for
education, P=.45 for occupation, and P=.91 for language. For
guestions relating to potential additional resources, P=.01 for
age, P=.37 for gender, P=.74 for education, P=.36 for
occupation, and P=.99 for language.
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Table 2. Characteristics of respondents.?
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Characteristic n (%)
Age of respondents (N=122)
18-30 10 (8.2)
31-40 14 (11.5)
41-50 12(9.8)
51-60 31 (25.4)
61-70 40 (32.8)
71-80 13(10.7)
>80 2(1.6)
Highest level of education completed by respondents (N=121)
Year 6 2(L7)
Year 8 3(2.5)
Year 10 23(19.0)
Year 12 17 (14.0)
Diploma 25(20.7)
Bachelor degree 26 (21.5)
Postgraduate degree 25(20.7)
Occupation classifications of respondents (N=118)
Managers and self-employed 8(6.8)
Professionals 49 (41.5)
Technicians and trade workers 5(4.2)
Community and personal service workers 12 (10.2)
Clerical and administrative workers 31(26.3)
Sales workers 4(3.4)
Machinery operators and drivers 2.7
Labourers 1(0.8)
Students and housewives 6(5.1)

N varied based on the number of respondents from 123 total participants who answered each question.

Reasons for Interest in the Website

Respondents were asked what made them interested in dementia
risk reduction and visiting the website. Table 3 shows the
numbers of respondents who selected given reasons. Being
worried about their memory or thinking was the most selected
reason. Respondents were also asked what they hoped to learn
from the website. Table 4 shows the numbers of respondents
who selected given topics. What to do to reduce dementia risk
was the most selected topic.

Impressions of the Website and Content

Respondents overall impressions of the website were generally
positive. Comments indicated that people found the content
interesting, useful, and enlightening. For example, a female
respondent past 70 years of age wrote,

Thank you for providing such a wealth of information
on the subject. To have so much info on one site is
fantastic.

http://www.researchprotocols.org/2013/1/e15/

However, a few respondents commented that the layout of the
site could be made more interesting or that there was too much
text. As shown in Table 5, the average rating of interest and
appeal for most sections was between 4 (quite interesting) and
5 (very interesting), with a mean rating across sections of 4.07
(SD 0.33). The“MYM” section was rated the highest and the
“blog” the lowest.

Respondents found the website easy to navigate. As shown in
Table 5, average ratings for ease of navigation for each section
were between 4 (somewhat easy) and 5 (very easy), with an
average of 4.28 (SD 0.05) across sections. Comments about the
navigation suggested that some people, while not finding it
difficult, found using the drop down menus to navigate to
another page annoying.

Respondents generally reported that the information provided
was helpful to them, with ratings for most sections between 4
(quite helpful) and 5 (very helpful), as shownin Table 5, and a
mean rating of 4.05 (SD 0.25) across sections. The “about
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dementia’ section was rated the highest and the “blog” the
lowest. Two people who felt they already knew a lot about
dementiathrough having affected family members said that the
website was not so helpful to them.

Respondents generally found the information provided easy to
read and understand. Asshown in Table 5, ease of understanding
of website sections was rated between 3 (just right) and 4
(somewhat simplistic), with a mean rating across sections of
3.34 (SD 0.07). Asshown in Table 6, ease of understanding of
the information provided on specific risk or protective factors
was also rated between 3 and 4, with an average rating across
factorsof 3.39 (SD 0.02). Theinformation on al cohol wasrated
the closest to “just right” at 3.35. Comments indicated a high
degree of satisfaction with understanding the content provided.
For example, afemalerespondent in her 70swrote, “ The website
is very good to read and understand specially for the people
with English as a second language [sic]”. However, a male
respondent in his80sfelt “the pertinent information is scattered
around and not easily readable”.

Impact on Dementia Risk Reduction Knowledge

Asshownin Figure 2, average ratings of how much respondents
knew about the links between specific risk or protective factors
and dementia risk before reading the website were between 3

Farrow

(alittle) and 4 (quite a bit) for most factors. The average rating
acrossfactorswas 3.20 (SD 0.25). Respondents rated their prior
knowledge as lowest for diabetes (mean 2.81, SD 1.11) and
highest for mental activity (mean 3.66, SD 0.90). Also shown
in Figure 2, average ratings of how much respondents knew
about the links between specific factors and dementiarisk after
reading the website were between 4 (quite a bit) and 5 (alot),
with an average rating across factors of 4.32 (SD 0.08). The
largest improvement in knowledge was for diabetes (increase
in mean rating of 1.41) and the smallest wasfor mental activity
(increase in mean rating of 0.80). All factors showed
significantly improved knowledge (P<.001) and the average
increase in rating across factorswas 1.12 (SD 0.02).

On average, respondents rated how much they learned from the
website sections between 3 (something) and 4 (a fair bit), as
shownin Table 5, with an average rating across sections of 3.75
(SD 0.17). Learning wasrated highest for the“ Research” section
and lowest for the “Blog”. Some respondents commented that
they had previous knowledge of the topics and so personally
did not learn alot. One femal e respondent in her 70s commented
that shefelt “ someone with not much knowledge about dementia
would learn a fair amount about it”, while a male respondent
in his 60s felt that “most people will understand that they are
actionswhich should betaken in any casefor overall wellbeing”.

Table 3. Proportion of respondents who selected the given reasons for their interest in the website (N=116).

Reason n (%)

| care for someone who has dementia 15 (12.9)
| have afamily history of dementia 31 (26.7)
| feel | am getting to the age when dementia could affect me 34 (29.3)
| am worried about my memory or thinking 36 (31.0)
| am worried about someone close to me 22 (19.0)
The website was recommended to me by someone else 33(28.4)
The information is relevant for my work 12 (10.3)

Table 4. Proportion of respondents who selected the given options for what they hoped to learn from the website (N=116).

Topic n (%)

How to slow the progress of dementia 61 (52.6)
Whether dementia can be prevented 46 (39.7)
Whether | am at risk of getting dementia 51 (44.0)
Whether someone close to meis at risk of getting dementia 21(18.1)
How to improve my memory or thinking 72 (62.1)
What to do to reduce the risk of getting dementia 90 (77.6)
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Table5. Mean (SD) ratings for questions asked in relation to website sections.

Section Overall impression®  Easy tounderstand®  Easy to navigate®  Helpful information  How much did you learn?®
n=88 n=86 n=85 n=83 n=84
mean (SD) mean (SD) mean (SD) mean (SD) mean (SD)

Whole website N/A N/A 4.23(0.91) 4.13(0.82) 3.72 (0.96)

Home page 402 (0.78) 3.35(0.74) N/A N/A N/A

About dementia 4.38(0.81) 3.36 (0.74) 4.26 (0.86) 4.34(0.75) 3.81 (0.94)

MYM 4551 (0.70) 3.33(0.77) 4.28(0.85) 4.26 (0.82) 3.84(0.99)

Resources 411 (0.90) 3.26 (0.71) 433 (0.81) 4.10 (0.86) 3.83(0.95)

Health professionals ~ 3.85 (0.92) 3.31(0.76) 426 (0.83) 3.89(0.98) 3.71(0.92)

Research 421 (0.99) 3.29 (0.80) 434 (0.75) 4.05 (0.94) 3.93(0.91)

Quizzes 4.09 (1.02) N/A N/A N/A N/A

Blog 3.43(1.38) 3.47 (0.73) N/A 3.59 (1.10) 3.41 (1.08)

A\ hat is your overall impression of the various sections of the website; how interesting and appealing are they? 1=not at all; 2=not very; 3=somewhat;
4=quite; 5=very (interesting)

Bistheinformation provided in the various sections of the website easy to read and to understand? 1=very complex; 2=somewhat complex; 3=just right;
4=somewhat simplistic; 5=very simplistic

Do you find the website and its sections easy to navigate? 1=very difficult; 2=somewhat difficult; 3=neither easy nor difficult; 4=somewhat easy;
5=very easy

YHow hel pful isthe information provided on the MY M website to you? 1=not at all; 2=not very; 3=somewhat; 4=quite; 5=very (helpful)

€How much do you feel you learned from the MY M website? 1=nothing at all; 2=not very much; 3=something; 4=afair bit; 5=a great deal

Table 6. Mean (SD) ratings for questions asked in relation to specific risk or protective factors.

Risk /protective factor  crrent behavior® Intention to changeb Was informationeasy  How well did informa-  Are practical tipsrele-
to understand?® tion equip you? vant and useful ©
n=67 n=67 n=66 n=65 n=65
mean (SD) mean (SD) mean (SD) mean (SD) mean (SD)
Alcohol 4.16 (0.86) 3.75 (1.05) 3.35(0.73) 4.06 (0.76) 4.03 (1.0)
Blood pressure 4.21(0.73) 4.08 (1.04) 3.37(0.78) 3.92(0.91) 4.20 (0.86)
Body weight 3.77(0.97) 4.23(0.86) 3.39(0.77) 4.00 (0.90) 4.19 (0.77)
Cholesterol 3.85(0.78) 4.14 (0.98) 3.40(0.77) 4.11 (0.86) 4.21 (0.86)
Diabetes/blood sugar ~ 4.17 (0.80) 4.03(1.07) 3.41(0.79) 4.17 (0.81) 4.15 (0.86)
Diet 3.83(0.84) 4.18 (0.99) 3.38(0.76) 4.08(0.9) 4.20 (0.75)
Head injury 4.38 (0.68) 4.29 (0.76) 3.38(0.76) 4.10 (0.84) 3.96 (1.02)
Mental activity 4.20(0.78) 4.26 (0.96) 3.39(0.78) 4.05 (0.90) 4.31(0.81)
Physical activity 3.64 (0.95) 4.36 (0.82) 3.41(0.78) 4.11(0.87) 4.18 (0.79)
Smoking 4.74(0.59) 4.47(0.72) 3.40 (0.77) 3.90 (1.04) 3.63(1.33)
Social activity 4.02 (0.83) 4.23(0.83) 3.39(0.78) 4.05(0.82) 4.20 (0.86)

3How well do you think you are currently doing in relation to the factors listed? 1=very badly; 2=somewhat badly; 3=could do better; 4=pretty well;
5=very well

BHow strong isyour intention to make changesto improve what you do in relation to the factorslisted? 1=very weak; 2=somewhat weak; 3=considering
it; 4=somewhat strong; 5=very strong

®How easy to understand was the information provided for each of the factors listed? 1=very complex; 2=somewhat complex; 3=just right; 4=somewhat
simplistic; 5=very simplistic

9How well did the information provided equip you to improve what you do in relation to the factorslisted? 1=not at al; 2=not much; 3=alittle; 4=quite
well; 5=very well

€Are the practical tips, activities, strategies and resources provided for the factors listed generally relevant and useful to you? 1=completely useless;
2=somewhat useless; 3=alittle useful; 4=somewhat useful; 5=very useful
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Figure 2. Mean ratings of knowledge about the link between risk or protective factors and dementiarisk before and after visiting the Mind your Mind
website (n=68). Ratings: 1=nothing at all; 2=not much; 3=alittle; 4=quite a bit; 5=alot.
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Impact on Dementia Risk Reduction Importance

As shown in Figure 3, average ratings of how important
monitoring what they do in relation to specific risk or protective
factors was to respondents before reading the website were
between 3 (somewhat important) and 4 (quite important). The
average rating across factors was 3.35 (SD 0.21). Respondents
rated the importance of monitoring what they do as lowest for
head injury (mean 3.03, SD 1.34) and highest for physical
activity (mean 3.63, SD 1.22). Also shownin Figure 3, average
ratings of how important monitoring what they do in relation
to specific risk or protective factors was to respondents after
reading the website were between 4 (quite important) and 5
(very important), with an average rating across factors of 4.28
(SD 0.15). Thelargest increase in rating of importance was for
diabetes (increase in mean rating of 1.11) and the smallest was
for smoking (increasein mean rating of 0.61). All factors except
smoking (P=.02) showed significantly increased rating of
importance (P<.001) and the average increase in rating across
factors was 0.93 (SD 0.13). The information provided overall
motivated 54/82 respondents (65.9%) to want to do something
about reducing their dementiarisk “quite abit” or “alot”. The
mean rating for motivation was between “alittle” and “ quite a
bit” (mean 3.66, SD 0.88).

Practicality of the Information Provided

The average rating of how well respondents (n=81) felt the
information provided equipped them to do something about
reducing their risk of dementiawas 3.78 (SD 0.89), between “a
little” and “quite well”. 56 (69.1%) said the information
provided equipped them “quite well” or “very well”. Average
ratings of how well the information provided for specific risk
or protective factors equipped respondents to improve what
they do in relation to the factors are shown in Table 6. Mean
ratings were between 4 (quite well) and 5 (very well) for most
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factors, with an average rating across factors of 4.05 (SD 0.08).
The lowest average rating was for smoking and the highest was
for diabetes.

As shown in Table 6, respondents rated whether the practical
tips, activities, strategies, and resources provided for specific
risk or protective factors were generally relevant and useful to
them between 4 (somewhat useful) and 5 (very useful) for most
factors. The average rating across factors was 4.12 (SD 0.19).
The usefulness of the tips for mental activity was rated highest
and that for smoking was rated lowest.

Current Behavior

Average ratings for how well respondents felt they were
currently doing in relation to specific risk or protective factors
were between 3 (could do better) and 4 (pretty well) or 4 and 5
(very well), as shown in Table 6, with an average rating across
factors of 4.09 (SD 0.31). Current behavior was rated highest
for smoking and lowest for physical activity.

I ntention to Change Behavior

Of the 81 respondents, 45 (55.6%) rated their intention to make
lifestyle changesto reducetheir risk of dementiaas4 (somewhat
strong) or 5 (very strong), and 28 (34.6%) rated their intention
as 3 (considering it). The mean rating was 3.68 (SD 1.01). Only
22 (27.1%) said their intention to visit their doctor to discuss
dementia risk reduction was “somewhat strong” or “very
strong”, and a 21 (25.9%) were “considering it”. The mean
rating was 2.63 (SD 1.29). Of those who felt they needed to
change, respondents on average rated their intention to make
changes to improve what they do in relation to specific risk or
protective factors between 4 (somewhat strong) and 5 (very
strong) for most factors, as shown in Table 6, with amean rating
across factors of 4.18 (SD 0.19). Intention to change was rated
lowest for alcohol and highest for smoking.
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When asked to specify what changes they intend to make, 35
people provided a response. As shown in Figure 4, the most
common intended change was to increase physical activity (23
respondents), followed by improving diet (15 respondents).
Only one person said they intended to try to quit smoking, but
among those for whom smoking was an issue, intention to
change was rated very highly as stated above.

Additional Resources Needed

Respondents rated how helpful they felt 12 suggested resources
would be to them, if provided in addition to the information on
thewebsite. Asshownin Table 7, average ratings were between
3 (somewhat helpful) and 4 (quite helpful) or 4 and 5 (very
helpful). An online assessment to identify personal risk factors
was rated highest and regular reminders to see a genera
practitioner was rated lowest. Several respondents commented
that an online assessment to determine your individua
percentage risk could be confronting, and that assessing and

Farrow

providing information about risk factors was a better approach.
Some commented that a personalized dementia risk reduction
program would need to involvetheir doctor. Others commented
that regular reminders might be seen as“information overload” .

Respondents were asked an open question about what other
information, advice, or resources they would like to see on the
website and 18 people provided a response. Suggestions
included opportunities to volunteer for research, information
on local groups and clubs, diet and supplement information,
personal stories, and information on other risk factors such as
age and drugs. Respondents were also asked what else they
needed to help them make changes in relation to specific risk
or protective factors. The responses from 18 respondents are
summarized in Table 8. Suggestions included fact sheets
summarizing the important information and providing more
tips to make it easier for people to take up the recommended
strategies.

Figure 3. Mean ratings of importantance of monitoring behavior in relation to risk or protective factors before and after visiting the Mind your Mind
website (n=67). Ratings: 1=not at all; 2=only mildly; 3=somewhat; 4=quite; 5=very (important).
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Figure 4. Number of respondents who stated intentions to make improvements in specific areas of behavior.
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Table 7. Mean (SD) ratings of how useful respondents felt suggested additional resources would be to them (n=65). Ratings. 1=not at all; 2=not very;
3=somewhat; 4=quite; 5=very (helpful).

Potential resource

Mean rating (SD)

An assessment, that you could complete online, to determine your individual risk of developing dementia (eg, a 10% risk). 4.20(1.01)

An assessment, that you could complete online, to identify your personal risk factors for developing dementia (that is, the things  4.29 (0.80)
inyour life that you could improve).

One off advice about what you can do to reduce your risk of dementia, based on your assessment, that istailored to your individ-  4.19 (0.86)
ual circumstances.

Personalized dementiarisk reduction programs for you to follow over time, based on your assessment and tailored to your indi-  4.10 (1.07)
vidual circumstances.

Regular reminders and new challenges to help you follow your personalized dementiarisk reduction programs. 4.03 (1.08)
The results of your assessment for you to take to your GP to help you discuss dementiarisk reduction with them. 4.18(0.98)
Regular reminders to see your GP to monitor any medical aspects of dementiarisk reduction that apply to you. 3.76 (1.28)

General educational sessions about dementia risk reduction that you could attend to learn more, discuss issues and ask questions.  3.80 (1.16)

Activities or workshops to learn practical dementia risk reduction strategies (eg, healthy cooking, memory strategies, exercises). 3.81(1.22)

Regular general updates, not personalized, such as a newsletter. 3.77 (1.05)
Regular updates on the latest dementiarisk reduction research. 4.06 (0.97)
Information about servicesin your local areathat you could utilize to help you do more dementia risk reduction activities. 4.06 (1.03)
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Table 8. Selected responses to the open question “What else do you think you need to help you to make changes to improve what you do in relation
to the factors listed? Are there any particular resources, facilities, information, services, etc, that you think would help you?’

Risk or protective factor Suggested resources

Alcohol
Minimum consumption

Blood pressure

Safe level of consumption

Fact sheet on lowering BP

What range of BP is healthy

Cholesterol List of foods with cholesterol ratings
Checks by nurse at health center
Diet List of foods with salt, sugar, etc ratings
Recipes
Diet plan
Mental activity Brain exercises
Information on different types of mental activity
Physica activity Tipsto make it easy to exercise
Socid activity Tipsto make it easy to socialize
Discussion knowledge about the links between given risk or protective

Major Findings

This study aimed to evaluate users perceptions of a website
providing information and resources related to health and
lifestyle factors associated with the risk of developing dementia.
An online survey revealed that the MY M website was viewed
as being helpful and the majority of respondents perceived the
website content to be interesting, informative, easy to
understand, and useful.

The*MYM” and “About Dementia” sections were rated as the
most interesting and helpful, suggesting visitors to the website
were most interested in information about reducing dementia
risk. This was supported by the finding that the most selected
reasons given for visiting the website were concerns about
memory or thinking and wanting to know what to do to reduce
dementia risk. A recent Australian community survey found
that thefear of devel oping dementiawas second only to thefear
of having cancer [33]. The fear increased with age, with 75%
of people over 60 agreeing that they are afraid of developing
dementia [33]. These findings suggest that there is much
community interest in understanding what individuals can do
to reduce their risk of dementia.

A study investigating the preferences of potential users of
websites providing physical activity interventions found that
ease of use was considered essential to the design of an
appealing website [34]. Respondents found the MY M website
easy to navigate and the content easy to understand. Ratingsfor
how easy to understand the content was averaged between “just
right” and “somewhat simplistic”, suggesting the site achieved
the aim of providing complex information in ssimple, easy to
understand user-friendly terms. Respondents also had no
difficulty with navigation, suggesting the layout of information
was appropriate to most users' needs.

One of the principal aims of the MY M website was to improve
knowledge about dementia risk factors and what individuals
can do to reduce their risk. Respondents ratings of their

http://www.researchprotocols.org/2013/1/e15/

factors and dementia risk significantly increased after visiting
the website for all factors. Prior knowledge was rated highest
for mental activity and physical activity, and lowest for diabetes
and cholesterol. This was consistent with previous community
survey findings that there was some awareness of the links
between mental stimulation and dementia risk reduction, and
physical health and dementiarisk reduction, but there was very
little awareness of the association with cardiovascular risk
factors [21]. Encouragingly, knowledge about diabetes and
cholesterol improved the most after visiting the website.
Respondents’ subjective impression of how much they learned
from the website was also encouraging, with an average rating
approaching learned “afair bit”.

Another principal aim of the MYM website was to promote
behavior change by providing users with information and
resources to assist them to adopt lifestyle and health strategies
that may reducetheir dementiarisk. Inthiscross-sectional study,
we did not measure actual behavior change, but assessed
perceived importance of monitoring behavior and intentionsto
change behavior. Respondents' ratings of how important to
them monitoring what they do in relation to given risk or
protective factors significantly increased after visiting the
website for all factors except smoking. The smaller increasein
importance for smoking waslikely dueto very few respondents
being smokers (the highest average rating for how well
respondentswere currently doing inrelation torisk or protective
factors was for smoking).

The majority of respondents rated how much the information
provided overall motivated them to do something about reducing
their dementia risk as “quite a hit” or “alot”, suggesting the
website content was abl e to encourage usersto consider behavior
change. This was also supported by the finding that 73/81
(90.2%) respondents rated their intention to make lifestyle
changes as “very strong”, “somewhat strong”, or “considering
it'. Of course, intentions do not aways trandate into actions
and it iswell recognized that raising awareness and motivation

are only part of the process of behavior change. Only 43/81
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(53.1%) respondents rated their intention to visit their doctor
as “very strong”, “somewhat strong”, or “considering it’. This
may suggest that people do not see medical support inthisarea
as important. The older age group making up the majority of
respondents may already be having the recommended regular
checks of cardiovascular risk factors, and therefore do not see

the necessity to visit to the doctor another time.

Among those who felt they needed to change, the highest rating
for intention to change was for smoking, followed by physical
activity. There are many public messages about the dangers of
smoking. Perhaps the association with increased dementia risk
could help motivate smokers to try to quit. Physical activity is
an issue many peoplethink about given its prominencein public
health messages and the media. More people specified increasing
physical activity as a change they intended to make than any
other factor.

The personal relevance and applicability of Web-based health
information has previously been shown to beimportant to users
[35,36]. On average, respondents rated whether the practical
advice and resources provided for specific risk or protective
factors were relevant and useful to them between “somewhat
useful” and “very useful” for most factors, suggesting they did
seetheinformation as applicableto them asindividuals. Mental
activity was rated highest, suggesting users saw the tips for
being more mentally active as particularly relevant to them.
Smoking was rated lowest, likely due to few respondents being
smokers. Respondents also on average rated the information
provided in sections of the website to be helpful to them.

Potential additional resources that might help people to adopt
the healthy behaviorsrecommended onthe MY M website were
suggested, and respondents were asked to rate how helpful these
would be to them. The high ratings given suggested that
respondents’ motivation to address their health related to
dementiarisk washigh, and that in general peoplewerelooking
for practical resourcesto assist them. Personalized assessments
of their risk factors, tailored advice to address risk factors, and
assessment results to take to their doctor were rated highest.
Previous studies have similarly found that health website users
would like to see moreinteractivity and more specific practical
information that tellsthem exactly what they need to do, making
it easy for them to adopt healthier behaviors [26].

Survey respondents were predominantly female and
well-educated, consistent with findings that these demographic
characteristics were associated with more frequent health-related
Internet use[25,27,37,38]. Respondents were a so predominantly
older, with 86/122 (70.5%) aged over 50 and 55/122 (45.1%)
aged over 60. This was likely related to community survey
findings which suggested that more people over age 50 worry
about devel oping dementia[33], and to the most sel ected reasons
for interest inthe MY M website being rel ated to concerns about
dementia. Nevertheless, this self-selected sample limits the
generalizability of the findings to other sectors of the
community, younger people and males in particular. Perhaps
future research and devel opment of Web-based health resources
could address promotion strategies aimed specifically at men
[27,39].

http://www.researchprotocols.org/2013/1/e15/
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Respondents rated their current healthy behavior related to the
risk or protective factors on average as doing “pretty well”,
suggesting the people most likely to access the MY M website
and respond to the survey felt that they were already leading a
healthy life. This was consistent with previous findings and
suggests that another important target group for future
Web-based hedlth interventions is those with weak health
motivation [27,39]. While people who are more committed to
a healthy lifestyle are more likely to seek and use Web-based
health information, it is important to reach those who could
benefit the most from these I nternet interventions, that is, those
who engage in unhealthy risk behaviors. However, as people
will pursueinformation sourcesin relation to their own interests
and needs, thisis not straightforward.

Limitations and Future Studies

Generalizability of the findings from the current study to the
general community was limited by the use of a self-selected
sample, and a lack of data on visitors to the website who did
not complete the survey. Because an opt-in survey was used, it
was not possible to calculate a response rate for the survey or
to determine any demographic differences between survey
respondents and visitors who did not participate in the survey.
While the resulting sample size was modest, the study was able
to detect significant positive effects of visiting the MYM
website.

A further limitation of the current study was that knowledge
about risk or protective factorsfor dementiaand theimportance
ascribed to them were not assessed before participants viewed
the website. Their subjective report of prior knowledge and
importance were assessed with the survey after they had read
the website. The study was also unable to measure whether
participants actually made lifestyle changes. Nevertheless,
respondents’ felt their knowledge had increased, as had the
importance they ascribed to monitoring their health-related
behavior.

Further longitudinal studies are required to better assess
knowledge prior to exposureto the MY M information, and any
lifestyle modifications after exposure. Future research should
aso examine whether the beneficial effects of providing
dementia risk reduction information can be enhanced by also
providing interactive and personalized Web-based features.
Enhancements to the MY M website are in development which
will include the ability for users to assess their dementia risk
and be provided with tailored advice and resources. Research
is aso underway to evaluate whether such an interactive
program results in better health outcomes for users than an
information website alone. Thisongoing research program aims
toinform future devel opments of dementiapreventioninitiatives
for Australia[9].

Conclusions

This study has demonstrated that a dementia risk reduction
website successfully increased users knowledge and the
importance they attributed to monitoring their health behavior.
Positive ratings of the website content suggest it was relevant
to usersand presented in amanner they easily understood. Users
felt well-equipped to improve their behavior and found the
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practical tips provided useful. They also felt that suggested to enable behavior change. These findings will inform future
additional resources would be helpful, such as interactive and  devel opments of the MY M program and website.
personalized resources on the website to further engage people
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Abstract

Background: While physical activity in individuals tends to decline steadily with age, there are certain periods where this
decline occurs more rapidly, such as during early adulthood. Interventions aimed at attenuating the declines in physical activity
during this transition period appear warranted.

Objective: The purpose of the study wasto test the feasibility and efficacy of atheoretically informed, website-delivered physical
activity intervention aimed at students entering university.

Methods: Using a quasi-experimental design, 65 participants (44 females; mean age 18.51, SD 0.91) were assigned to either
an intervention (receiving website access plus weekly prompts) or comparison condition (receiving unprompted website access
only), completing questionnaires at baseline and follow-up 8 weeks later. The intervention website, “Active Transition”, was
specifically designed to target students’ physical activity cognitions and self-regulatory skills.

Results: Intervention usage was low, with only 47% (18/38) of participants assigned to the intervention condition logging into
the website 2 or more times. Among the broader student sample, there were significant declines in students’ physical activity
behaviors (F; 63=18.10, P<.001), attitudes (F,,=55.19, P<.001), and perceived behavioral control (F; 4, =17.56, P<.001). In
comparisons between intervention users (29/65, individualslogging in 2 or moretimes) and non-users (36/65, individualslogging
in once or not at all), there was a significant interaction effect for intervention usage and time on perceived behavioral control
(Fl,62=5'13’ P= 03)

Conclusions. Poor intervention usage suggeststhat future efforts need to incorporate innovative strategiesto increase intervention
uptake and better engage the student population. The findings, however, suggest that a website-delivered intervention aimed at
this critical life stage may have positive impact on students' physical activity cognitions. Future studies with more rigorous
sampling designs are required.

(JMIR Res Protoc 2013;2(1):€16) doi:10.2196/resprot.2099
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Introduction

Despite many known health benefits of physical activity, the
majority of the Western world does not accrue recommended
amounts of moderate-to-vigorous physical activity (MVPA)
[1,2]. Given that physical inactivity is a pervasive problem
across the general population, concerted efforts are required to
develop interventions aimed at specific life stages[3,4]. While
most research has focused on increasing participation, little
work has been aimed at preventing physical activity declines.
Trends across the lifespan show children and youth being the
most active segment in the population; however, accelerated
erosionsin physical activity are evident asthisyouth population
moves toward early adulthood [5,6]. More recently, a number
of studies have found the transition from high school to
college/university being a period in which young adults are
particularly susceptible to significant declines in physical
activity [7-9]. Approximately one-third of the young adultsthat
were sufficiently active during high school, become
insufficiently active during their first year at university [8].
These declinesin physical activity might belargely unexpected
as most students enter university with positive attitudes toward
physical activity and strong intentionsto be active[9,10]. Given
that there is potential for exposing university students to
sustained health messaging through already established
knowledge exchange methods and messengers, and subsidized
physical activity facilities, programs, and staffing, the
post-secondary environment should be an ideal setting of
intervention to attenuate declinesin physical activity in contrast
to interventions seeking to increase physical activity.

Few attempts, however, have been made to address
population-specific perturbations in social (eg, peer influence)
and environmental (eg, moving away from home) conditions.
To the best of our knowledge, only one intervention study has
explicitly targeted students transition into college and
university. Bray and colleagues [11] developed a tailored
physical activity guide targeting students entering first year
college and university, and the results of the intervention were
positive. Compared to students who were given a standard
physical activity guide or no guide, those receiving a tailored
activity guide were engaging in significantly more MV PA per
week during the 6-week intervention period. The cavest,
however, was that students who received the tailored activity
guide still exhibited significant declines in physical activity
upon entry into university. This suggested that further effort is
required to develop effective interventions for this population.
In particular, although print-based material is low in cost and
easy to mass distribute, the Internet is becoming increasingly
popular for health behavior change interventions [12-14], and
although its effectiveness has varied [15], it is advantageous as
information can be delivered in real time and accessed by users
at their convenience. Intuitively, the Internet would be an
appropriate platform within the context of the university setting.
Recent research also provided empirical support, asthe Internet
is the most frequently used source from which university
students gain health-related information [16], and the Internet
has been identified as the preferred delivery vehicle for any
potential physical activity intervention [10]. The purpose of this
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investigation was to pilot the feasibility and efficacy of a
theoretically informed, website-delivered physical activity
intervention called “Active Transition”. Specifically, the
intervention aimed at attenuating the declinesin physical activity
behaviors among students as they transition into university.

Methods

Selection and Recruitment of Participants

The current study was aquasi-experimental trial using stratified
cluster randomization to recruit participants. A total of 4 floors
in residence were asked to take part in this pilot study. There
were 2 campusresidence buildingsthat participated, each having
1 floor randomly (by toss of acoin) assigned to theintervention
condition, and 1 floor selected to the comparison condition.
Early in the fall semester, 198 dligible students living on the
selected floors were invited to participate. Written consent was
obtained from 146 potential participants. These students were
sent a link to the baseline questionnaire, which included
measures of demographic characteristics, psychosocial variables
of attitudes, subjective norms, perceived behavioral control and
intentions, and physical activity behaviors. Baseline data was
obtained from 91 (59 female) students, with most students in
their first year of study. Following the pilot 6-week intervention
(described in detail below), participants that completed the
baseline questionnaire were sent a link to a follow-up
questionnaire with the same measures of physical activity
cognitions and behavior. Further attrition resulted in a final
sample of 65 students (44 female; mean age 18.51, SD 0.92)
completing both baseline and follow-up questionnaires. The
study protocol was approved by the Research Ethics Board at
the University of Toronto.

Study Conditions

For pragmatic reasons, and given the pilot nature of the study,
a true control group was not included. A minimal-contact
condition or comparison condition was used instead, where
studentswere provided accessto, but were not prompted to use,
the intervention website. Given that the effectiveness of
Internet-based interventions are greatly enhanced with the use
of additional methods of participant interactions such as email
messages [14], participants in the intervention condition were
sent weekly emails prompting studentsto accesstheintervention
website. The emails provided participants with a synopsis
highlighting aweekly intervention topic for each of the 6 weeks.
For instance, the topic for week 2 of the intervention was
focused on the many student-specific benefits of maintaining a
physically active lifestyle. To illustrate, students were sent the
following email:

Hope you're having a great week... Did you know?
Being physically active can help you obtain better
grades. Physical activity can also give you more
energy, allow you to concentrate better, and get you
a better night's rest! Find out more about how
physical activity can help you with your studies and
more.
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An external link accompanied the email message that linked
participants to the website with more details about the
student-specific benefits of being physically active.

Active Transition

Hosted within a university portal (Blackboard), Active
Transition was a password-controlled website developed to be
an informational forum specifically targeting psychosocial
mediating variables based on Ajzen’s [17] theory of planned
behavior (TPB), and educating students around
self-regulating/self-monitoring techniques. Findings from a
recent review reported that Web-based TPB interventions are
more effective than other theory-based interventions (eg, social
cognitive theory, transtheoretical model) [14], and that control
theory techniques (eg, goa setting, action planning) are most
effectivefor changing physical activity behaviors[18]. Designed
to be 6 weeks in length, Active Transition was a passive
intervention, delivering weekly topicson behavioral, normative,
control beliefsin physical activity, aswell as goal-setting, action
planning, relapse prevention, and behavioral maintenance.

The first 2 weeks of the intervention targeted students
motivation (ie, attitudes, perceptions of control), including
student-specific benefits of being physicaly active (eg,

Figure 1. Screenshot of the intervention topic on action planning.
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improving concentration, helping with social life), and coping
strategies to deal with salient barriers that students typically
face during their transition into university. In an attempt to
bridge the gap between students' intentions and subsegquent
behaviors [9], topics for week 3 and 4 focused on behavioral
modification techniques. The intervention material included
information on how to effectively set goals, aswell asproviding
sample schedules of how to action plan (Figure 1). Action
planning and goal setting are two strategiesthat have been found
to be effective in tranglating peopl€e’'s intention into behaviors
[19,20]. The topics for the final 2 weeks of the intervention
focused on relapse prevention and behavioral maintenance,
encouraging students to maintain behaviors despite the normal
disruptions that occur while at university. In addition to the
highlighted topics, the website included additional resources
for students, including a discussion board to facilitate social
networking (eg, finding other people with similar interests),
links to available leagues and facilities on or nearby campus,
mapped out running/biking routes (Figure 2), as well as the
opportunity to contact a physical activity expert. Prior to the
intervention, Active Transition was pre-tested with students and
physical activity experts. A few minor changes were made
regarding the text and material; however, there was consensus
that the intervention was both acceptable and user-friendly [21].
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Figure 2. Screenshot of running map as example of intervention resources.
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M easures

M oderate-to-Vigorous Activity

MVPA was measured using the 2003 Behavior Risk Factor
Surveillance System (BRFSS; CDC, 2003 [22]). Participants
reported the average number of sessions as well asthe average
duration of both moderate and vigorous physical activity
engaged in per week. Example questions used to collect this
information included (1) in a usual week, how many days do
you do vigorous activities (such as running, aerobics, hockey,
squash) for at least 10 minutes at a time that cause large
increases in breathing or heart rate? and (2) On days that you
do vigorous activities for at least 10 minutes at a time, how
much total time per day do you spend doing these activities?
MVPA was computed by adding the products of the average
weekly frequency and duration for both moderate and vigorous
intensity activities. Consistent with previous research on
students' transition into university [8,9], an 8-month recall was
used to capture average MVPA prior to the intervention and
6-week recall was used at the follow-up measure to capture
average MV PA during the intervention period.

Physical Activity Cognitions

Socia cognitive variables comprised of TPB measuresthat were
developed and used in aprevious study [9,23]. For the purposes
of clarity and consistency, each measure used the common
reference of being “physically active” (defined as engaging in
MVPA on most days of the week for at least 30 minutes per
day). Multi-item measures were summed and averaged;
reliability of scaleswereall within acceptablerange (alpha=.76
to .91).

Attitudes

Rated on a 7-point Likert scale, 6 items were used to measure
attitudes. Two items captured the instrumental component (ie,
being physically activeis harmful/beneficia and useless/useful),
3 represented the  experientidl component  (ie,
enjoyable/unenjoyable, pleasant/unpleasant, and fun/boring),
and a good-bad scale.
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Subjective Norms

A single item was used to reflect subjective norms, asking:
important people to me think | should be physicaly active.
Participants were required to rate each item on a 7-point Likert
scale (1= strongly disagree, 7= strongly agree).

Perceived Behavioral Control

To measure PBC, 6 items were used. Three questions assessed
controllability and 3 questions assessed self-efficacy. For
exampl e, questions pertaining to controllability included, “ how
much control do you haveto be physically active?’ (1=extreme
lack of control, 7=extreme control), and questions assessing
self-efficacy included, “how confident are you that you can be
physically active?’ (1=extremely unconfident, 7=extremely
confident).

Physical Activity I ntentions

Threeitems were used to measure participants’ intentionsto be
physically active (1=strongly disagree, 7=strongly agree),
asking, “I intend, | will try, and it is my desire to be physically
active’.

Results

Process Evaluation

To examinethefeasibility of the website-delivered intervention,
study compliance was first examined. Among a total of 198
eligible participants living in the selected residences, 65 of the
students compl eted both baseline and follow-up questionnaires.
Initially, 74% (139/198) of all the éligible students had provided
written consent, expressing interest in the physical activity
intervention and participating in the study. Baseline data,
however, was obtained from only 91 (59 females) of those
students, representing a 62% response rate; and of the 91
participants that completed the baseline questionnaire, 65
completed the follow-up questionnaire (44 females),
representing a 71% (65/91) retention rate. One-way ANOVAS
revedled no significant differences between adherers and
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dropoutsfor baseline physical activity levels(F; ge=1.67, P=.17),
or on any of the physical activity cognition measures (P's>.05);
thus the fina sample of 65 participants was available for
subsequent analyses. A comprehensive breakdown of participant
responses is shown in Figure 3.

To determinethelevel of engagement that participants had with
the intervention, usage data (the number of times participants
logged into the intervention website) was also examined.
Importantly, it uncovered that 41% of the participants assigned
to the comparison condition were actually users of the
intervention (11/27, defined as logging into the website 2 or
more times), and 53% in the intervention condition were

Figure 3. Detailed breakdown of participant recruitment.

Kwan et al

non-users (20/38, defined asloggingin onceor not at all). More
broadly, usage results indicated that compliance to the
intervention was low, with only 6% of participants (4/65)
entering the website on an average of one time per week (ie, 6
or more occasions), and only 45% of participants (29/65)
logging onto the intervention website on more than 2 occasions.
Similarly therewere only 5 participantsthat used the discussion
board during the intervention period, and only 1 student had
contacted the physical activity expert. Given that this was a
pilot study that resulted in unexpected usage within both study
conditions, subsequent comparisons in physical activity
cognitions and behaviors are made between intervention users
(29/65) and intervention non-users (36/65).

198 Total Eligible Participants

589 - No Consent Obtained

139 - Provided Consent

T

48 - No Baseline

91 - Completed Baseline
MNimy =47 Nigomg = 44

26 - No Follow-up

65 - Completed Follow-up
Myny =38 Nigomg) = 27

N =29

[Usar)

65 - Final Sample

N 36

[Mon-User) E

Changesin Physical Activity Cognitionsand Behaviors

The descriptive statistics showing mean scores (SD) for the
users and non-users at baseline and follow-up are presented in
Table 1. Results of an initial oneeway ANOVA found no
significant differences in baseline MVPA between users and
non-users of the intervention F, 53=0.13, P=.72). Differences
between groups and over timefor each of the measured variables
were evaluated using the following equation: 2 (time:
baseline/follow-up) X 2 (usage: user/non-user), with repeated
measures ANOVAs treating thefirst factor as awithin-subjects
variable and the second factor as a between subjects variable.
Results revealed significant main effects for time, in MVPA

http://www.researchprotocols.org/2013/1/e16/

(F16:=18.1, P<.001, n,’=.22), attitudes (F; 5, =55.19, P<.001,
n,’=47), and perceived behavioral control (F,¢,=17.56,
P<.001), n,’=
(F1,6,=2.91, P=.08, n,’=.06) also approached significance. Main
effects for usage conditions were all non-significant (P's>.05).

.22). The main effect of time for intentions

A significant interaction effect was observed between usage
and time on perceived behavioral control (F; g, =5.13, P=.03,

r]pZ:.OS), indicating that intervention users maintained higher
levels of perceived control over time, while steeper declinesin

these perceptions occurred among non-users from baseline to
follow-up. While the interaction effects were non-significant
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between usage and time on attitudes (Fy ¢,=2.02, P=.16,,,’=.03)

and usage and time on intentions (Fy ¢,=1.97, P=.16, ,’=.03),
mean scores suggest that intervention users were also able to
better maintain positive attitudes and higher physical activity
intentions while non-users showed greater negative changesin
these perceptions over time. The interaction effect between
intervention usage and time on physical activity (F; g=1.54,

P=.22, n,/=.03) was not significant. Additional analyses,

Kwan et al

however, uncovered significant differencesin the proportion of
students exhibiting declines in their MVPA during the
intervention period comparing intervention users and non-users
(x%,=6.11, P=.01, Cohen’s d=.64). The results found fewer
intervention users (15/29, 48%) declined in their MV PA scores
from baselineto follow-up compared to non-users (8/36, 78%).
Findings did not differ when intention-to-treat analyses were
conducted, treating dropouts as non-users.

Table 1. Descriptive statistics of physical activity behaviors and cognitions by study condition.

Study conditions
Varigbles Full sample Intervention users® Non-users”
N=65 n=29 n=36
Mean (SD) Mean (SD) Mean (SD)
Baseline
MVPA 595.00 (424.41) 504.47 (443.49) 505.74 (404.34)
Attitude 5.52 (0.93) 5.52 (0.84) 5.52 (1.01)
Subjective norm 5.25 (1.59) 5.24 (1.38) 5.25 (1.52)
PBC 5.44 (0.96) 5.46 (0.86) 5.43 (1.04)
Intentions 6.01 (0.96) 5.99 (0.86) 6.03 (1.04)
Follow-up
MVPA 366.96 (341.35) 393.47 (352.18) 329.63 (328.37)
Attitude 4.39 (0.86) 4.63 (0.69) 4.18 (0.94)
Subjective norm 5.38 (1.68) 5.21 (1.38) 5.25 (1.76)
PBC 4.90 (1.10) 5.21(0.71) 4.63 (1.30)
Intentions 5.79 (1.28) 5.94 (0.77) 5.66 (1.59)
Barriers sdlf-efficacy 5.49 (2.52) 5.61 (2.65) 5.32 (2.38)

3 ntervention users were participants in the intervention condition that logged in 2 or more times
BN on-users were participants in the comparison condition that logged in 1 or less times.

Discussion

Principal Findingsand Further Research

Overal, the results of this pilot study were largely mixed.
Positive results found 75% (139/198) of the students living in
the selected residences had initially expressed interest in the
study (ie, being a part of a physical activity intervention), and
that implementation of the website-delivered physical activity
intervention on campus is feasible and of interest to students.
Participant engagement, however, was highly problematic, as
response, retention, and compliance rates were all low. In
particular, it was alarming that only 45% (14/38) of the
participantsin the intervention condition were considered users
of theintervention, despite aliberal categorization of usage (ie,
considered users if logged in 2 or more times over 6 weeks).
At minimum, participants should have been accessing the
intervention on aweekly basis. The low usage appears consi stent
with the notion that students may be generally ambivalent about
their physical activity levels [10]. However, with intervention
usage, there is some evidence that Active Transition may be
helpful in attenuating some declines in students physical
activity cognitions and behaviors.

http://www.researchprotocols.org/2013/1/e16/

Adherence to intervention protocols is essential for physical
activity interventions to be successful [24], and our results
clearly demonstrated the need to identify innovative strategies
to both engage participants and maintain their interest over the
duration of the intervention. The development of Active
Transition was constrained by limited financial resources. With
adequate funding, future interventions with appropriate
resourcing should incorporate other Internet-based tools, such
as social media, socia networking, and/or enhanced visual
prompts (ie, video-messaging), and increase participant
interaction (eg, providing students with immediate feedback)
[25,26]. In an effort to better engage the student population,
Active Transition for example, can be augmented to incorporate
elements of social media (ie, Facebook, Twitter), and/or
integrate the use of short message service (SMS) and
photo/video text messaging. There is empirical evidence to
suggest that intervention effects are markedly improved if itis
theory-based and integrated with personalized contact [13,14].
Given that technology has profoundly changed the way
information is being delivered, and how people connect with
one another, it appears imperative that attempts are made to
integrate these emerging technol ogies with intervention efforts
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aimed at behavior change. However, it may also be necessary
tofirst better understand what appeal sto students, and how they
would want technological tools incorporated to help them
facilitate greater physical activity participation.

Consistent with the research literature [7-9], there were
significant declines in MPVA among the university students
between baseline and follow-up, both for intervention users and
non-users. Despite anon-significant interaction between average
MPVA and usage, a significantly greater proportion of
intervention users were able to maintain or even increase their
physical activity behaviors. It is noteworthy that users of the
intervention reported engaging in 30 minutes of MV PA more
each week during the 6-week intervention period, and if
maintained over time, this could have some clinical significance.
One plausible reason, however, for why the intervention did
not have astatistically significant interaction effect on the mean
physical activity scoresisbecause Active Transition specifically
targeted MVPA declines through psychosocial mediators (ie,
TPB variables). MacKinnon [27] suggested that if the
intervention is specifically developed to target social cognition
variables, it is very likely that there would be a delayed effect
on the behavioral outcome. In other words, the length of the
intervention may have been too short to see meaningful
differences in behavior. It is necessary to ensure that future
implementation of the intervention targets these proposed
mediators with a higher fidelity [28].

Findings from this pilot also uncovered substantial decreases
in students' attitudes, perception of control, and physical activity
intentions over the course of thefirst semester. Given that most
participants were first-year students, decreases in physical
activity cognitions may be adirect reflection of the adaptations
required for students entering a new environment, consisting
of more barriersto physical activity compared to at high school
[10,29], entering a volatile period requiring constant changes
and corresponding adjustments. There was evidence to suggest
that intervention users were better able to maintain their
perceptions of control. Maintaining strong perceived control
and intentionstowards activity iscritical, asthey are considered
to be the most proximal determinants of behavior [16]. Larger
efficacy trials are needed to determine the extent to which
perceptions of control are maintained over the course of a
calendar year at university. Future work is also required to
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replicate these findings, and to determine whether the
attenuations in students’ physical activity cognitions can lead
to significant attenuations in the declines in physical activity
typically seen during students’ transition into university.

Study Limitations

There are several important limitations to acknowledge. First,
a self-report measure was used to assess physical activity, and
such measures are susceptible to recall errors and social
desirability bias. Second, the study was limited by a small
sample size. Given that the purpose of the study was to pilot
the feasibility and efficacy of a newly developed intervention,
power calculations were not conducted a priori. However, a
post-hoc power calculation was conducted, confirming that we
wereindeed underpowered (1-y, 0,=0.69). To be sufficiently
powered, the sample size would require 43 participantsin each
group. Third, the study design excluded a true control group,
resulting in unanticipated usage for some participants initially
assigned to the comparison condition. Lastly, it should be
acknowledged that the study design had a relatively short
follow-up period. Without a subsequent follow-up, it isunknown
whether thedeclinesin physical activity cognitionsare sustained
throughout the academic year.

Conclusions

Notwithstanding the notable limitations, this was the first
theory-based website-delivered physical activity intervention
aimed at students entering university. Although the institutional
portal provided a platform for Active Transition that was
potentially advantageous in terms of student access (eg,
approximately 70,000 students have access to it at this
institution), and its high potential for adoption and diffusion by
other colleges or universities, there were major issues with low
usage of theintervention. Future work must better target student
engagement. Modificationsto future interventions should utilize
and incorporate other technological and interactive tools that
motivate students to continually engage with the intervention.
Physical activity decline continues to be problematic during
students' transition into early adulthood, and research must
continue to develop innovative strategies for encouraging
students to maintain a physically active lifestyle that can be
sustained through university and beyond.
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Abstract

Background: Hospitals are vulnerable to natural disasters, man-made disasters, and mass causalities events. Within a short
time, hospitals must provide care to large numbers of casuaties in any damaged infrastructure, despite great personnel risk,
inadequate communications, and limited resources. Communications are one of the most common challenges and drawbacks
during in-hospital emergencies. Emergency difficulties in communicating with personnel and other agencies are mentioned in
literature. At the moment of emergency inception and in the earliest emergency phases, the data regarding the true nature of the
incidents are often inaccurate. Thereal needs and conditions are not yet clear, hospital personnel are neither efficiently coordinated
nor informed on the real available resources. Information and communication technology solutions in health care turned out to
have a great positive impact both on daily working practice and situations.

Objective: The objective of this paper was to find a solution that addresses the aspects of communicating among medical
personnel, formalizing the modalities and protocols and the information to guide the medical personnel during emergency
conditions with a support of a Central Station (command center) to cope with emergency management and best practice network
to produce and distribute intelligent content made available in the mobile devices of the medical personnel. The aim wasto reduce
the time needed to react and to cope with emergency organization, while facilitating communications.

Methods: The solution has been realized by formalizing the scenarios, extracting, and identifying the requirements by using
formal methods based on unified modeling language (UML). The system and was devel oped using mobile programming under
iOS Apple and PHP: Hypertext Preprocessor My Structured Query Language (PHP MySQL ). Formal questionnaires and time
sheets were used for testing and validation, and a control group was used in order to estimate the reduction of time needed to
cope with emergency cases. First, we have tested the usability and the functionalities of the solution proposed, then areal trial
was performed to assess the reduction in communication time and the efficiency of the solution with respect to a case without
Mobile Emergency tools.

Results: The solution was based on the development of a mobile emergency application and corresponding server device to
cope with emergencies and facilitate all the related activities and communications, such as marking the position, contacting
people, and recovering the exits information. The solution has been successfully tested within the Careggi Hospital, the largest
medical infrastructurein Florence and Tuscany areain Italy, thus demonstrating the validity of theidentified modalities, procedures,
and the reduction in the time needed to cope with the emergency conditions. The trial was not registered as the test was conducted
in realistic but simulated emergency conditions.
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Conclusions: By analyzing the requirements for devel oping amobile app, and specifically the functionalities, codes, and design
of the Mobile Emergency app, we have revealed the real advantages of using mobile emergency solutions compared to other
more traditional solutionsto effectively handle emergency situationsin hospital settings.

(JMIR Res Protoc 2013;2(1):e19) doi:10.2196/resprot.2293

KEYWORDS

emergency; hospital emergency; emergency communication management; mobile emergency

Introduction

Disaster response to in-hospital mass-casualty incidents
represents one of the greatest challenges in emergency
management. Hospitals must provide care to large numbers of
casualties in damaged infrastructures, with personal risks,
limited resources, inadeguate communications, and lack of
information [1]. Often, data regarding the true nature of the
incident are inaccurate, needs are not clear, hospital personnel
is not efficiently coordinated nor informed on the real available
resources. In this chaotic environment, new technologies in
communications and advanced "smart devices' have the
potential to vastly improve the emergency medical response to
incident disasters. There are numerous examples of the benefits
of timely access to information in emergencies and disasters.
The role of information technology is becoming increasingly
important for information-sharing during emergencies and
disasters, including sensible information and video [2]. Most
reports of information technology applications to emergencies
or disasters concern applicationsthat are hospital-based or occur
during non-response phases of events[3-5]. In most cases, the
information is propagated viavoice[6], whileit isalso accepted
that relevant information has to be communicated via chat or
messaging. Also, logistics were noted to be of concern, in
particular regarding the movement of personnel and patients
within and outside the hospital. The availability of a mobile
device granting support in locating hospital personnel and
emergency exits can be of great help. There is consensus that
information and communication technologies can play a vital
rolein coordinating crisis response between pre-hospital services
and the hospital emergency departments.

In particular, new-generation mobiles devices with wireless
Internet, television-camera, and geo-positioning may have the
greatest impact on improving communications, information
management and distribution, the overall disaster response, and
the emergency medical care [3]. Medical personnel need to
access updated information and knowledge in emergency
conditionswhen staff isdemanded to cover different roles. This
information allows medical and paramedical personnel to adopt
local standard intervention protocols and prescribe appropriate
pharmaceutical dosages based on specific patient conditions
during continuously changing situations. In hospitals,
continuously updated information on protocols and prescription
dosagesis propagated in short time or real-time through specific
terminals  and mobile  devices  especially in
emergency/critical-conditions.

Therefore, mobile devices are mandatory tools for information
access and to help in decision making. On such grounds, the
solution has to guarantee the access to any right and updated
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information in the needed time [7-10]. Physicians found the
usage of personal device assistants (PDAS), which are
comparable to smartphones, very useful during night duty and
in emergency conditions [11]. Medical personnel tested
intelligent, triage-based PDA systems that can gather all the
emergency medical services with positive results [12].

The purpose of this study was to test an emergency system
solution, called Mobile Emergency, which was designed to
improve the readiness of hospital personnel during emergencies
and allowing more efficient treatment procedures to be
performed to the victims of disasters. The mobile application
can help the hospital personnel to communicate with the
in-hospital emergency headquarter, also known as the Central
Station, to obtain better information on the situation, resulting
in the best possible care for patients.

The main idea behind Mobile Emergency was to provide a
support for managing communi cations among medical personnel
during maxi emergencies that may occur into large medical
centers. Large medical centers are made of severa buildings
located in alarge area. The medical center is a sort of village
where thousands of medical personnel unitswork with thousands
of patients and visitors on any given day. In these large and
complex scenarios, several emergency events may occur per
week, and at times per day. They may range from simple water
problems (flooding or shortages), lack of power, problems on
oxygen, to serious fire outbursts. Moreover, in some cases the
emergency may arrive externally from disasters (eg, an
earthquake, abig crashintherailway/highway, aterrorist attack,
a gas explosion in the city, etc), thus forcing a localized
reorganization within the hospital to cope with an increasing
stream of people and patients. These events may cause an
unusualy high number of new patients entering the hospital
emergency area and affecting other specialized units (eg, burn
units), thus snarling up the reception desk structure and analysis
centers. Among the possible internal emergencies, fire is one
of the most awkward situations as it may require general
evacuation of hospital patients and staff, taking patients away
fromtheir care. Our aim wasto create an application for mobile
devices to improve the readiness of hospital personnel during
emergencies, facilitate communication, assure positioning,
provide information and knowledge, and help rescue teamsin
taking action, thus allowing more efficient rescue operations
for the victims.

In hospitals and during emergency medical situations, there are
many additional constraints. In general, communication
connections (ie, WiFi; universal mobile telecommunications
system, UMTS; genera packet radio service, GPRS) can be
discontinuous when patients are moved along passageways, in
the countryside, in tunnels, on the street, or on the ambulance.
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In this scenario, off-line services on mobile devices may not be
powerful enough, as information and knowledge is no longer
accessible in real-time. The ideal mobile device should to be
able to foresee the user’ sintentions and wishes, and be capable
of providing suggestions within the context of the situation and
user profile. Theinformation hasto be recovered and processed
intelligently to provide suitable suggestionsto medical personnel
in real-time. In the context of this paper [10], thisisthe so-called
Mobile Medicine scenario.

This paper describes the main scenarios and requirements for
the mobile emergency solutions. The architecture of the mobile
emergency solutions and details of the proposed mobile app
Mobile Emergency are a so described. The coding of the quick
response (QR) codefor location modeling is presented, together
with some snapshots of the mobile application. The Mobile
Emergency tools used during operative conditions and data on
the validation experiments are depicted in the Results section,
together with critical and positive comments and opinions
collected during the validation phases of the trials.

Methods

Phase 1. Requirements Analysis

In order to extract and identify the requirementsfor devel oping
this mobile app, the general scenarios regarding the emergency
conditions have been formalized and depicted by using standard
unified modeling language (UML) models. They have been
revised with the experts about maxi emergency completing them
with all needed details and explaining the critical aspects about
the communication. Analyzing the scenarios allowed us to
identify a number of requirements, which we classified into 2
groups: (1) requirements collected according to the point of
view of the medical personnel, and (2) genera level
requirements which included the point of view of the Central
Station monitoring the disaster and supporting, coordinating
the personnel, and the needed intervention actions. The Central
Station is typically in the central service room (in the hospital
administration building) to manage emergency in the hospital.

Finaly the requirements were extracted and formalized. The
identification of the requirements was performed by reviewing
the scenarios, reviewing the literature, and interviewing
emergency experts and various medical personnel within the
hospital area, asking them to answer questions regarding what
is needed, what should be avoided, and how the issues are
evolving in the best and worst cases.

Phase 2: Design and Development

The Mobile Emergency app can beinstalled on aniPad, iPhone,
or iPod to provide the medical personnel with the needed support
during the emergency. The Mabile Emergency appisdistributed
on Apple Store free of charge. The Mobile Emergency app
provides auser-friendly interface and medical personnel do not
need to spend too much time and effort on learning how it
works. It was designed according to the 1SO 13407:1999
standard, which deals with user centered devel opment aspects.
Our user centered development process started with the
definition of the scenarios and requirements, and their validation
with referent users. The next phase was the effective coding for
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development of a first prototype that has been tested and
validated by previous and other users. The process itself is
typicaly iterative, grounded on macro and micro life cycles.
Macro lifecycle are those in which major features have to be
analyzed, developed, and tested. They are planned to have a
duration of 1-2 months. Micro cycles cope with the single
elementary aspects of afeature development and havetypically
a duration of 1-2 weeks, including detailed analysis,
development, and validation. The application waswritten using
Objective-C and SQL ite was used for data storage. The server
component waswritten in PHP/HTML using an SQL server for
data storage.

Phase 3: Test and Validation

The proposed solution has been exploited during validation
trials. Thetest and validation has been performed by following
2 phases. First, we tested the usability of the functionalities of
the solution proposed, and second, a real trial was performed
in order to assess the reduction in communication time and the
efficiency of the solution with respect to case without Mobile
Emergency tools. The assessment of the usability of the
functionalities of the solution proposed was performed after 10
minutes with the mobile phone in the hands of the participants,
describing what can be done and how. Such tests have been
performed in the small area of the Careggi University Hospital,
which is alarge community hospital located in Florence, Italy.
The hospital has approximately 100 different buildings,
connected with streets and underground tunnels. Each building
may have thousands of rooms, elevators, stairs, corridors,
telephone numbers, cafeterias, restrooms, and local receptions.

In order to verify the validity of the solution, 30 medical
personnel with previous experiencein dealing with emergency
events using conventional ways were included in the tests. A
control group with 24 medical personnel were also involved
with the same critical emergency conditions, but without the
usage of the Mobile Emergency solution. This control group
used mainly phone calls and maps hung on the walls of the
hospital when possible. Both groups were not familiar with the
pathsto thefacility’sexitsfrom thecritical areaor how toreach
the collecting areas. In addition to the participants, there was
an observer and an evaluator. The emergencies consisted of
fire, smoke, in single and multiple rooms, with the corridor also
shrouded in smoke. The participants of the experimental group
were asked to follow the instructions provided by the Mobile
Emergency app. A variable number of patients were involved
as well, with some visitors that did not abide by the decisions
of the medical personnel. One of the tasks that participants had
to perform wasto move two patients from emergency situations.
The personnel were asked to form groupsin order to move two
patients. One patient wasin aroom where the ceiling was about
to give way, while the other patient was trapped in afirein part
of the building. The described trials have been replicated twice
with different peopl e (both patients and participants). The same
identical conditions and commitmentswere asked to the control
groups.

In order to assess the validity and effectiveness of the mobile
solution for emergency situations within the hospital, the
following indicators were taken into account: the estimation of
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the reaction time with and without using the M obile Emergency
solution, evaluation of clarity about the leadership in the
participants groups (in both cases, validation and control), the
speed to reach the exit, the usability of the mobile app in
presence of fire and smoke (different levels), the effect of
different degrees of illumination on use, presence and absence
of network connection, and different size of the QR code.

Results

Identified Requirements

The medical personnel (doctors and nurses) are typically the
first people to inform the Central Station about an emergency
condition. According to most emergency protocols, the alarm
may be sent by aphone call, an SMS, or other mechanisms. In
most cases, additional information is needed to identify and
assess the emergency conditions and the people at risk. An
image and/or a video depicting the emergency event
immediately at its occurrence could be useful (for better
understanding and for reviewing later the conditions).

During an emergency, the medical personnel and the hospital
have to be reorganized to provide patients with assistance. Many
personnel are required to evacuate patients, for example, 4-6
medical personnel are needed to evacuate a patient confined to
a bed. The traditional emergency guidelines and protocols do
not offer support for team creation to cope with such problems.
Furthermore, additional gathering areas for each emergency
triage level haveto be set up. These activitiesmay be performed
by recalling inamedical personnel temporarily from other areas
of the hospital, thus permitting direct communication among
personnel.

If the recalled medical personnel have to keep abreast of the
specific situation with updates on the procedures and tools to
be applied during that emergency, the hospital organization has
to provide them with the missing information. For example,
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with tutorials, checklists, dosagestools, decision support systems
[10]. To make this information more accessible, checklists on
the activity to be performed for different emergency situations
should be available on mobile phones. Moreover, such devices
have to be continuously updated since many involved aspects
may change.

The personnel involved in the emergency may be not fully aware
about the precise location of each department, and building.
Therefore, they have to be supported in finding the rooms and
departments where their presence is requested, for example to
help other personnel to cope with patients confined to bed or
for other critical situations.

If the position of each medical personnel within the hospital is
made accessible, the Central Station may better coordinate the
reaction to the emergency event. Central administration could
provide adevice or tag for each medical personnel to allow such
tracking. Although constant position tracking of medical
personnel may be a privacy violation, their position may be
inquired anyway by Central Station when called for support at
the emergency scene. There are many technical solutions to
identify positions, including WiFi, radio-frequency identification
(RFID), global positioning system (GPS), QR code, and maps
(typically outdoor maps, as Google Maps, TomTom). WiFi
might not be the best solution for all cases, as it is not very
precise and dependent on power. RFID readers are not available
on low cost mobile devices (they could be used to read the
passive RFID tags reporting location information). GPS
solutions have low reliability in underground tunnels and within
buildings. QR codes are very simple and cheap; they can be
placed inside several stable elements such as plates, indication
printouts, and maps. This means they can be integrated very
easily with current widespread solutions, which are based on
maps and plates. In emergency situations, the medical personnel
and staff at the Central Station need to react in certain ways,
outlined in Textboxes 1 and 2.
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Textbox 1. Considerations of medical personnel in emergency situations.

Provideinformation regarding the emergency inception to the Central Station. It can be performed by using asimple form (to collect the minimal
formal information, such as the situation and its gravity) or in a more effective manner by providing a picture or a video describing the detected
emergency conditions.

Recover the position within the hospital and obtain the easiest, feasible, and updated path to exit from the areainterested by the emergency. The
best exit path may change over time according to the changing emergency conditions (eg, if a certain set of stairs to an emergency route is
blocked), thus the medical personnel has to keep abreast of the situation and updates are needed according to the patients’ conditions and
disabilities.

Communicate the identified position to the Central Station to receive help and make easier for the Central Station to gather medical personnel
for the evacuation.

Get in contact with neighboring medical personnel to receive help in moving a patient or support to operate on a patient. The system should be
able to identify the nearby colleagues and provide the means of contacting them.

Recover information about the emergency collecting areas for patients who may share triage tags or other colored standard labeling. The paths
to reach the collecting areas are also very relevant; in most cases, it is not enough to have one of the exits, but to have the correct one that may
bring you to the specific collecting area where your patients have to be led to.

Recover information about the emergency severity, status updates, and whether people in the area are in danger, to arrange for an evacuation. In
most cases, the best solution to cope with the emergency is to wait for its close without abandoning the room where the emergency managing
personnel recommended. When it becomes difficult to communicate the best possible solution for a specific emergency, the fastest and easiest
way to communicate would be via direct mobile messaging using push notification.

Recover the position of the emergency coordinator and the related team to cope with specific intervention fields, such asthe transfer of a patient,
the management of a collecting area, etc.

Recover and/or get access to procedures to be followed such as: ACLS, BL'S, and/or checklists, decision support, dosages to be applied, etc [10].
Thisinformation istypically availablein the central room of the medical department and may not be accessible from the location of the medical
personnel at the time, for example in a patient room, as they cannot abandon their position in emergency conditions.

Textbox 2. Additional requirements of the emergency management via central station.

Receive the emergency calls from mobile phones and other devices with the minimal but correct information. Such calls have to be collected on
the basis of the local emergency manual or guidelines. Emergency conditions are coded according to their severity, measured in terms of the
number of patient and/or people involved, their autonomy in moving, etc.

Aggregate the emergency calls coming from the same area and regarding the same emergency. This allows for a better evaluation of the severity
of the emergency.

Keep track of the emergency status and its evolution, from itsinception to its solution, and thus keeping the involved personnel informed on such
changes. A trace record should be kept for the emergency event, from itsinception, its confirmed status, and up to the final solution. The record
should also contain information about the personnel involved, the performed actions, the involved rooms and departments, the temporal evolution,
the involved patients, and other relevant details.

Identify medical personnel needing support in the emergency, support them in creating collaborative teams/groups and defining their coordinator,
and/or reaching the collecting areas via escape doors.

Control the conditions of the medical personnel being potentialy involved. In some cases, the Central Station of the hospital does not know
precisely who isin the area under emergency. Personnel who are supposed to be in one area may not actually be in that area at the exact time of
the emergency. To this end, a verification could be very useful to seeif there are some missing people or unclear situations.

Identify medical personnel who could be involved in solving the emergency, since they are near the emergency location or are supposed to be
in that area. In this case, the system should be able to aert them in order to communicate their condition and position to the Central Station.

Identify medical personnel who could be recalled to support other colleagues in managing problems and patients in the collecting areas. In this
case, the system should be able to aert them while providing al the needed information, such as where to go and the contact point to be in touch
with when they arrive. The selection of personnel to be recalled can be performed on a general basis or according to their position and/or
competence profile.

Inform the personnel if patient evacuation is needed or if new incoming patients are arriving in the collecting areas.

Inform other hospitals and other institutions about the occurrence of the emergency, for example the fire department, the police, the Engineer
Corps, and the military authorities.

Accept darms that are coming only from qualified personnel. Therefore, the qualification cannot be limited to mobile devices, since it may be
in the hands of unqualified people. On such grounds, authenticated access to emergency services is needed. Non-authenticated emergency calls
and alarms can be accepted as well, but should be treated in a different manner.
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System Design and Development

According to the above requirements, a Central Station and a
M obile Emergency app have been designed and devel oped. The
design of both solutions used standard UML. Therefore, the
main architecture of Maobile Emergency solution is composed
of 3main elements, depicted in Figure 1. The Mobile Medicine
Best Practice Network and Service [10] isaservice portal used
to produce collaborative content for supporting the medical
personnel during the emergency, in day-by-day conditions and
for permanent medical education. The Best Practice Network
is supported by a player application called Mobile Medicine,
which has been taken as a starting point to develop Mobile
Emergency solutions and mobile application [10]. The content
itself may perform reasoning on semantics, thus providing
different behaviors on the basis of content descriptors, user
preferences, and contextual information [13]. The early version
of Mobile Medicinewas devel oped for PDA in WindowsMobile
6.5 and for iPhone by using MPEG-21 [14,15]. The present
extended version of the Mobile Medicine application is called
Content Organizer, available for iPad, iPhone, Windows Phone
7, and Android. Content Organizer served asthe basisfor further
Mobile Emergency app development for these platforms.

The Central Station provides servicesto the Mobile Emergency
apps, collecting emergency alarms, supporting the personnel
during the emergency, providing support to identify the best
escape doors, providing support to build collaboration among
personnel, and sending messages to mobile devices by using
the Apple Push Notification Service.

The main elements of Mobile Emergency app are marked in
bold in Figure 1 (right). The permanent memory in the mobile
phoneis used to store the information regarding the maps (that
are updated continuously), to store the procedure to be played
by the Mobile Medicinetools, and to store the history of all the
actions. These can be used to reconstruct possible problemsand
events whenever a legal analysis of the facts is requested. In
respect of privacy policies, the user is informed about these
aspects. The configuration of the system aso includes the
emergency protocol and classification according to the hospital
emergency manual. Thisinformation isenforced into the system
during the set up and configuration by using XML files.

The Emergency Manager allowsthe user to formalize and send
the emergency alarms, with a media file attached (typically a
video or someimages, collected by using the MediaAcquisition
and Delivering module). The Emergency Manager verifiesand
follows the emergency manual adopted by the structure. For
example, in the case of the Careggi Hospital, the emergency
manual providesthe emergency, inform the Central Station, the
fire department, and transportation service, coordinate the first
aid, coordinate the patients’ escape, verify if thealarm has been
propagated, and inform the director. M oreover, the Emergency
Manager monitorsthe status of the actual emergenciesthat have
been signaled to and from the Central Server, and recovers all
the communications and actions carried out on the device for
possible reconstruction of the events and the performed actions.
The Emergency Manager periodically gets fresh information
about the emergency status, mapsfor exitsand collecting areas,
and may receive direct calls from the Central Server in push
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(by using the push service of Apple). The pushed information
may include suggestions and assignments to move towards a
collecting area, to join ateam, to become the leader of ateam,
or to move to a different area and room.

Collaboration Discovering and Connection module allows the
user to discover if there are some other colleaguesin the nearby
area according to the user’s position. If so, such colleagues are
listed and their related positions stored and visualized in the
present map. This allows the reception of direct calls from
colleagues in the same emergency area. In certain conditions,
it may be possible to have such communication carried out in
spite of any lack of connection with the Central Station.

The Exitsand Paths Manager help the usersto get their position
vianearby QR codes (see Figure 2). QR codeimagesaredirectly
generated by the Central Server to be placed at any strategic
points within the hospital. Once the user has taken his/her
position, the device informsthe Central Station and downloads
the updated possible exit solution. In case of connection loss,
the mobile device uses the maps stored into the local database
to provide suggestions for directions. It finds the correct
direction to get to the exit according to the emergency conditions
and the locations of exits or collecting areas established by the
Central Server. It also receives automatic map updates and other
information.

The Exits and Paths Manager performs some reasoning about
the map information/descriptor, taking into account the position
and the movements of the users. It estimates the current position
by using the accelerometers of the mobile device to perform
adjustments with respect to the position set using a QR code or
via GPS (for example when the user is outside). QR codes are
coded with 30% redundancy where the QR string is defined as:
<serverURL>ID<Position ID><checkdigit> (see Figure 2 |eft
and middle). On the Mobile Emergency app, when the user has
acquired the QR code, the device creates a connection to the
Central Station by using the HTTP protocol, which provides
the information of the corresponding position. If the user is
authenticated, the system updates his/her position by inserting
the new location of theuser in the Central Station database. The
access to QR code URL by means of the Mobile Emergency
app implies the access to additional information used by
navigation system, including: building code, department code,
currently updated image URL, room code, spatial coordinates
of the QR code position on the map, spatial coordinates of the
nearest exits, and spatial coordinates of the nearest collecting
areas. The Mobile Emergency app exploits this additional
information and, together with the maps downl oaded from the
server, isableto navigate the user to the nearest exit, acollecting
area, or aspecific position.

On the other hand, the coding of a QR code as an URL alows
the Central Server to react to different QR readersin adifferent
manner. Thus, if the QR reader is not read by the Mobile
Emergency Application, asimple map with the current position,
exits, and collecting areasis provided (see Figure 2, right). This
allows al usersto exploit the information associated with QR
code placed in the hospital by simple applications, even if with
limited capabilities when there is no navigation, no emergency
status, or no networking.
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M obile M edicine engine and mobile applications can download,
store, retrieve, and put in execution Mobile Medicineintelligent
content [10]. This content is meant for the information and the
training education of the medical personnel. It can berecovered
and downloaded by using a different model of QR codes.

The content item area is indexed according to the descriptors
and taxonomical classification of medicine, and it provides
support for querying and organizing content according to the

Bellini et &

user data and requests. The adoption of HL7 (Heath Level
Seven International) compliant protocols for communicating
with general hospital information system should be performed
inside the mobile medicine intelligent content [10]. These
aspects are not central for the Mobile Emergency app and
solution. Moreover, on the same mobile device, it is possible
to have other medical applications addressing the access to the
HL7 information as well. For these reasons, the other aspects
of HL7 have not been addressed.

Figure 1. Architecture of the Mobile Emergency app: Central Station (left) and Mobile Emergency Application (right).
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System Test and Validation

A typical usage of the mobile application isdepicted in Figures
3 and 4 through a series of scenarios. For more information
about application use, consult the user guide.

The Scenarios A starts with an earthquake causing serious
damageto the pathol ogic anatomy building. A medical operator
uses the Mobile Emergency application and selects “Launch
emergency” (3.1), thetype of emergency (3.2), and the position,
number, and the state of the people involved (3.3 and 3.4).
Finally, the emergency is sent (3.4) and a confirmation is
requested (3.5).

http://www.researchprotocols.org/2013/1/e19/

RenderX

The personnel at the Central Station receives the emergency
call and decides to send a rescue team (Scenario B). To this
end, in Figure 4 (4.1 to 4.6), a push message is sent to rescue
personnel to cope with the emergency (4.1) asking each of them
to accept the message from Mobile Emergency app to check
the status. Once the notification is accepted, the application
displays the details of the emergency intervention (4.2). From
that page, the user can select a map to get directions to the
location where the emergency has occurred from outside or
inside the building (4.3).

Once the right building has been spotted, the personnel can
compare their position at the time with respect to the position
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of the emergency by using a QR code placed near doors and
other relevant points (eg, maps on walls, 4.4 and 4.5). Once the
position of the medical personnel isrecognized, they can track
their position on the building map in relation to the emergency
location (4.6). The scenario can go on by reaching the point and
addressing the emergency, performing the triage, and going to
the exit (see Scenarios C) or moving the patientsto the collecting
area (see Scenario D). Scenario C describes the simpler point
of view of personnel able to leave the emergency location
without waiting for the rescue team. This scenario is depicted
by considering the sequence (4.4) and (4.5) to take their own
position and continue with (4.7) to (4.9) to reach Exit 2 assisted
by the application’s internal navigator. Scenario D consists of
moving from the emergency location to a collecting area. In
those cases, the position can be taken by GPS or by using
(4.4)-(4.5), while different maps can be selected by using (4.10)
for reaching indoor (4.11) and outdoor (4.12) collecting aress.

Scenario E (in Figure 4) depicts the advantage of the local
wireless exploitation in connecting the operatorswho can locate
one another by using the discovery mode (4.12). With this
functionality, operators can communicate both with a chat in
broadcasting mode (4.13) and directly with a private chat with
asingle user (4.14).

M obile M edicine, M edical Procedures, and Content

In the Mobile Medicine scenario, the useful content types may
range from single files (ie, audio, video, images, documents,
dides, and animations) to cross mediafiles (ig, files containing
interactive supportive tools such as calculators of health
measures to help the user make correct decisions). Examples

Figure 3. Scenario A: the Emergency Call delivering.
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are treatment algorithm triage, Assessment of Consciousness,
SNG (Nasogastric tube), and Apache Score [10]. For example,
the estimation about the probability of pulmonary embali, the
estimation of a dosage on the basis of patient weight, and the
assessment of neurological conditions on the basis of standard
guantitative models.

Test and Validation: Numerical Data

The average time to perform the emergency call (Scenario A)
was reduced by 18% (from an average of 57.33 seconds with
SD 6.8 seconds, to 48.67 seconds and SD 2.3 seconds), with a
higher value of the emergency call quality in terms of data (ie,
precision of the emergency location and no missing information,
see Table 1). According to Scenario B, oncethedirectionsfrom
the Central Station had been received, the rescue team without
help from the mobile app started to search for route to the
emergency scene more quickly, whereas those with the mobile
app spent more time on studying the map first before starting
to move. After reaching the emergency location, triage was
performed and the patients were moved to the same collecting
area (Scenario D). Although medical personnel without the
mobile app started to move faster, they took longer to reach the
emergency area. Therefore, the total time for all movements
(from the start time to the time they reached the emergency
scene, but without the time spent on triage which was almost
constant for all) showed that the groups with the Mobile
Emergency app were much faster (mean time 9 minutes 57
seconds and SD 57 seconds) than those without (mean time 16
minutes 20 seconds and SD 7 minutes 5 seconds). Thisimplies
an averaged reduction in the time needed to move into the
collecting area of more than 35%.
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Figure 4. Scenario B: from 4.1-4.2, the emergency team reaches the emergency location. Scenario C: direct exit from (4.4-4.5) to move out (4.7-4.9).
Scenario D: from emergency location (4.4-4.5) to collecting areasindoor (4.11) and outdoor (4.12). Scenario E shows some snapshots of direct discovering
and chat among personnel in the emergency area (4.13-4.15).
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Table 1. Measured data from the experiments.

Bellini et &

With Mobile Emergency app

Without Mobile Emergency app

Average value SD Average value SD

Time to perform the emergency call, sec 48.67 2.30 57.33 6.80
Quality of theemergency call intermsof recelved information, 4.98 0.05 3.66 0.22
score?

Time to start going towards emergency location, min:sec 1:58 0:07 1:02 0:15
Time spent to reach the Emergency area by the rescueteam, 4:19 0:34 12:58 6:33
min:sec

Cumulated Time to perform all the movements from thebe-  9:57 0:57 16:20 7:05

ginning to the emergency |ocation and from there to reach the
collecting areas (excluding time to triage), min:sec

#The score was based on a Likert scale: 5=very good; 4=good; 3=barely acceptable; 2=poor; 1=very poor.

Discussion

The results of the test and validation phase about usability of
functionalities allowed us to identify problems, solutions, and
determinethevalidity of the solution. Thus someimprovements
have been applied to reach the version presented in this paper.
Some considerations are reported in this section.

The positioning of the QR codes was very important. They
should be placed by doors at different heights to accommodate
for different walking positions, such as crawling during smoky
conditions. The dimensions of the QR codes should be 2 to 4
times the size shown in Figure 2, so that the QR code can be
captured from 80cm away in presence of a significant level of
smoke. Initially, the QR codes consisted of 7% redundancy,
increased to 30% recently. They are more robust due to lack of
visibility and corruption [16].

When cellular signal levels are low, it is impossible to make
voice phone callsfor emergency communication, but the Mobile
Emergency app was able to send the emergency alarm and
receive instructions. The possibility of having a guided form
(Figure 3) to communicate the emergency was realy
appreciated, since there was the security of providing the right
data and in short time. The noise of the alarm also disrupts
norma voice communications, therefore the chat
communication, direct production of the emergency form, and
reception of information about the emergency on the phonewas
more efficient than direct voice calls. When the situation is
complicated by lack of visibility, respiratory difficulty due to
smoke, or tearful eyes, the usage of amobile device and reading
the maps on the walls becomes difficult. In those critical
conditions, using the M obile Emergency app is the best choice.
The app can be very useful for coordinating the activities of
medical personnel in emergency situations, but a strong
coordination with the Central Stationisneeded aswell. Inthese
situations, the communication and the information recovered
viathe Mobile Emergency app can be morerobust, more precise,
and more reliable than any voice mechanisms.

The adoption of mobile emergency solution proved to be very
effective in spotting the position and communicating the
occurrence of an emergency to the Central Station, thusreducing
the time needed to reach the collecting areas. In smoky
conditions, thetimeto reach safety areaswasfaster for medical
personnel using the app compared to those who did not have
the app. Another very important positive factor was the
opportunity of being informed about the emergency status in
any placein the hospital, thus reducing panic from people who
arenot involved with the situation. This effectively avoids many
irrelevant calls to the central server and congestion of the
system.

This paper addressed the aspects of communication with the
medical personnel formalizing the modalities and the
information to guide such personnel during emergency
conditions with the support given by a Central Station,
providing: information, emergency status, exits, link to
responsible colleagues, directions to the collecting aress,
guidelines, and dosages. The Mobile Emergency appisaproven
solution, demonstrated in Careggi Hospital, the largest medical
infrastructure in Florence and Tuscany area in Italy. Our app
can help the hospital personnel to communicate with the
in-hospital emergency headquarter (in the same emergency
room) which can then provide the emergency medical personnel
with better information to assure the best available care. We
have identified the requirements, scenarios, and a mobile app
that can efficiently cope with emergencieswithin hospitals. The
Mobile Emergency app allowed medical personnel to be able
to locate their position within large facilities, the site of
emergency, location of exits, to get updated information about
the emergency, and to push direct calls to the Central Station
to appropriately handle the emergency situation.

The proposed solution is presently under trial by the Maxi
Emergency team of the Careggi Hospital. Thetrial impliesthe
usage of the solution during the exercitations for the master in
emergency to pass successively for regular usage when this
phase has been successfully compl eted.
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Abstract

Background: Requirements development isacrucial part of eHealth design. It entails all the activities devoted to requirements
identification, the communication of requirementsto other developers, and their evaluation. Currently, arequirements devel opment
approach geared towards the specifics of the eHealth domainislacking. Thisislikely to resultin amismatch between the devel oped
technology and end user characteristics, physical surroundings, and the organizational context of use. It also makes it hard to
judge the quality of eHealth design, since it makes it difficult to gear evaluations of eHealth to the main goalsit is supposed to
serve.

Objective: In order to facilitate the creation of eHealth that matters, we present a practical, multidisciplinary requirements
development approach which is embedded in a holistic design approach for eHealth (the Center for eHealth Research roadmap)
that incorporates both human-centered design and business modeling.

Methods: Our requirements development approach consists of five phases. In the first, preparatory, phase the project team is
composed and the overall goal(s) of the eHealth intervention are decided upon. Second, primary end users and other stakeholders
are identified by means of audience segmentation techniques and our stakeholder identification method. Third, the designated
context of use is mapped and end users are profiled by means of requirements elicitation methods (eg, interviews, focus groups,
or observations). Fourth, stakehol der values and eHealth intervention requirements are distilled from data transcripts, which leads
to phase five, in which requirements are communicated to other devel opers using a requirements notation template we devel oped
specifically for the context of eHealth technologies.

Results: Theend result of our requirements devel opment approach for eHealth interventionsis adesign document which includes
functional and non-functional requirements, alist of stakeholder values, and end user profilesin the form of personas (fictitious
end users, representative of a primary end user group).

Conclusions: The reguirements development approach presented in this article enables eHeal th devel opersto apply asystematic
and multi-disciplinary approach towards the creation of requirements. The cooperation between health, engineering, and social
sciences creates a situation in which a mismatch between design, end users, and the organizational context can be avoided.
Furthermore, we suggest to evaluate eHealth on a feature-specific level in order to learn exactly why such atechnology does or
does not live up to its expectations.

(JMIR Res Protoc 2013;2(1):€21) doi:10.2196/resprot.2547
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health care information systems; health informatics; requirements analysis; software design techniques; user-centered design
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Introduction

Requirements are the foundation of technology design. They
describe what atechnology should do, what datait should store
or retrieve, what content it should display, and what kind of
user experience it should provide. The development of
requirements includes all the activities devoted to their
identification, the communication of requirements to other
developers, and their evaluation [1]. Involving end users and
stakeholdersin the creation of requirements has been shown to
be a fruitful approach. It improves usability [2], prevents the
inclusion of superfluous features [3], and can prevent the
spending of money on bad design [2].

Within the literature on electronic health (eHealth) design,
reports on the development of requirements are scarce. Coble
et a [4] have reported on their experiences during the
development of an information system for clinicians that
displaystheir patients' test results. Caligtan et al [5] discussed
their creation of requirements for bedside information
technology for patients. Thew et a [6] finally, have documented
their experiences while creating requirements for geographic
visualization tools for the epidemiology domain. Often, the
creation of requirements is left to engineers who apply a
technol ogy-driven approach. However, The potential of eHealth
technology can only be fully exploited when it is devel oped by
amulti-disciplinary team who apply a human-centered approach
that takes the specifics of the context (both organizational and
that of theindividual user) in which the technology isto be used
into account [7,8]. This mismatch between context and
technology has been recognized by the World Health
Organization as the main reason for why up to three quarters
of new medical devices fail [9]. This issue can be resolved by
properly developing requirements, driven by the designated
context of use. In the past, several context-driven approaches,
such as human-centered design, have been suggested. However,
these approaches mostly consist of a few starting points (eg,
human-centered design propagates user-involvement from as
early as possible). And when they do come accompanied by
step-by-step instructions such as SCRUM they are not geared
towards the specifics of the eHealth domain. This domain is
fundamentally different from other domains such aseCommerce.
Therefore, afocus on its specifics is important. In the eHealth
domain, thetarget group for atechnology isin most casesknown
before development starts (eg, patients with Rheumatoid
Arthritis, or nurses on an oncology ward). In commerce, a
distinctive user group often forms natural ly after theintroduction
of atechnology. eHealth devel opers can and should profiletheir
designated usersin detail and should gear design towards this
profile, as the end user population can be quite heterogeneous
[10]. Next, the relationship between end user and technology
provider is a special one. Where afor-profit organization sells
a technology directly to a consumer with a limited set of
after-sales facilities, an eHealth technology is often offered to
insured patients or health professionals as part of a greater
service; namely treatment or prevention of a disease or
condition. The organization offering this service is then a
medical one (eg, a hospital) that bought the technology from
the manufacturer. These services are often offered free of charge.
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This complicates business models that need to satisfy the
interests of medical organizations, insurers and external profit,
and non-for-profit parties [11]. And as these technologies are
part of the treatment or prevention plan, requirements entail
morethan alist of functionalities only, but al so specify how the
technology should be embedded in the care context and what
the content should convey [12]. Finally, the requirements
devel opment approach needsto takeinto account the boundaries
eHealth settings have regarding research options. Care providers
may lack time and motivation to participate astheir first priority
lies with patient care and continuity of care, and workload is
generaly high. This calls for a well-planned and structured
requirements devel opment approach becauseit is often difficult
or impossible to apply endless iterations. In order to deal with
these challenges, a dedicated requirements development
approach that involves multidisciplinarity isagreat asset [7,13].

The current lack of a requirements development approach for
eHealth poses several problems. First and foremost, amismatch
between the eHealth technol ogy and the context of useislikely
to occur, which can lead to faulty use of the technology,
dissatisfaction, low adoption rates, and/or loss of money.
Second, it is hard to judge the quality of design activities. It
remains unclear which procedures have been followed to collect
datato profile the intended end user and to map the designated
context of use, and how this data has been translated into
eHealth intervention design consequently. Finally, requirements
are seldom documented in such away that they can serve asthe
basis for evaluations. they are not accompanied by measures
for success. This can make it difficult to assess what features
or aspects of an eHealth intervention make it effective or not.

In order to deal with domain-specific issues, dedicated
requirements devel opment approaches have been introduced in
other domains, such as the eGovernment context. Here, the
provider of the technology and the user (a citizen, or
organization) often hold a contradictory view of the task to be
completed and the substeps involved; governments need to
design for the mainstream aswell asfor exceptional situations;
users apply, sometimesillegal, workarounds that are necessary
for completing a procedure, but which a government cannot
design for; etcetera[14]. Asaresult, several publications have
discussed how to deal with these issues in requirements
development [15-17]. The eHealth domain has not yet reached
thislevel of maturity.

Thisarticle presents an approach for requirements devel opment
for eHealth which incorporates activities from disciplines such
as engineering, human-centered design and business, with the
goal of creating a human-centered design aswell as a business
model and implementation plan. Rather than providing an
overview of all the possibleinstrumentsthat one can apply here,
we provide a hands-on guideline on how to conduct one set of
attuned activities. In the next section, we will introduce, the
Center for eHealth Research (CeHRes) roadmap, the holistic
design approach in which we have embedded our requirements
development approach. Then, we discussits constituent phases.
We end this article with a discussion of the (dis)advantages of
the approach.
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Methods

Center for eHealth Research Roadmap

The CeHRes roadmap [13,18] is a development approach for
eHealth interventions. In order to create value-adding and
sustainable eHealth technologies, it incorporates both a
human-centered design and a business modeling focus.
Human-centered design implies that, prospective, users are
consulted throughout the design process, their use of prototypical
versions of the system is researched empirically, and iterative
design (going through several cycles of design and evaluations)
isused [19]. Business modeling focuses on creating an optimum
fit between technology, organizationa procedures, and
organizational resources [11]. Furthermore, the CeHRes
roadmap places a strong emphasis on creating persuasive
technologies, for exampleto motivate citizensto conduct healthy
behavior. The inclusion of persuasive features in eHealth has
been shown to have positive trade-offs such as increased
adherence[20]. The roadmap consists of five phases (see Figure
1):

1

Contextual inquiry. Here, information on the context of
use, the designated end users and the professionals that
need to implement the eHealth intervention is collected.
Value specification. Data from the contextual inquiry is
tranglated into stakehol der values and requirements for the
technol ogy.

Design. Prototypes of the eHealth technology are created
on the basis of requirements and tested.

Van Velsen et d

4. Operationalisation. The final version of the eHealth

intervention is launched and additional resources (eg, user
support) are mobilized.

5. Summative evaluation. Finally, the uptake and effect of the

eHealth technology is evaluated.

Throughout the development process, formative evaluations
should be conducted in order to test design assumptions and
prototypes. If necessary, developers should revisit a phase in
the design process in order to update their insights. This also
applies to the requirements devel opment process.

Many factors that determine whether or not an eHeath
technology is useful or usable go beyond the interface and
interaction design [21], and can only be uncovered when
activities aimed at eliciting requirements specifically address
the designated context of use [7,22]. Therefore, we present an
approach that is founded in the CeHRes roadmap and puts
emphasison the modeling of thiscontext. It isbeyond the scope
of this article to discuss every possible method for developing
requirements. Instead, we will present one possible approach
that caters for the demands the health care setting places on
creating technology, as we discussed before. It provides the
reader with a selection of appropriate and attuned methods out
of the huge toolkit and in the end will result in a set of
requirements that can lead to value-adding and viable eHealth
technology.

The five phases in the requirements development approach
within the CeHRes roadmap, their main activities, and the
productsthat arethe result of each phase are displayed in Table
1

Table 1. Phases and main activities in the requirements devel opment approach.

CeHRes roadmap phase Requirements development phase

Main activities Products

Contextual inquiry Preparation

Contextual inquiry end user and stakeholder identification

Contextua inquiry Requirements elicitation

Value specification Requirements analysis

Design Communicating requirements

Composing the project team
Deciding upon the overall goal(s)

Audience segmentation List of primary end users and

stakeholders
Stakeholder Elicitation

Conducting interviews, focus groups,
observations

Transcripts

Determining values, attributes and re-
quirements

Values, attributes and require-
ments

Personas

Completing requirement notation tem-
plates

Design document

Creating the design document
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Figurel. CeHResroadmap.
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Preparation

First, the project team needs to be assembled. Aswe discussed
before, a multidisciplinary design team is a must for coping
with the specific demands the eHeal th context places on design.
The team needs to consist of at least 2 experts in the field of
eHealth design and business modeling, 1 relevant medical
expert, and, preferably, 1 representative from the programmers.
They areresponsiblefor project management and together they
have to decide on the overall goal(s) of the eHealth technology.
This is aso the moment in time where constraints have to be
identified (like legal or accessibility guidelines which need to
be followed) and an eventual technology push (eg, opting for
amobile eHealth technology as mobile apps will dominate the
market soon) has to be decided upon.

End User and Stakeholder Identification

In eHealth, the end user population can often easily be
determined at the start of the development process. However,
which end user group is then most important within this
population remains unknown. The design team should identify
these groups. This way, they know whose characteristics and
wishes they should uncover and take into account. Plus, the
widerange of stakeholders must be uncovered so that their needs
can be accounted for in order to let the implementation of the
technology proceed smoothly and to create a sustainable
business model.

End users are people who will use the technology directly, like
citizens using a mobile app to lose weight or nurses using a
teledermatology system [23]. Stakeholders are all the persons
or organizations that have atask or role in relation with, or are
affected by, the eHealth intervention [24], like organizational
purchasers, marketing staff, or a user support department. A
person can be both an end user as well as a stakehol der.

Audience Segmentation

Profiling the end user in a professional setting is often a
relatively simpletask. Theideafor such an eHealth technology
is developed with a clear-cut, relatively homogeneous end user
population in mind, such as nurses on an oncology ward. In the
case of public eHealth technology, the profiling of the end user
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is more difficult. These technologies are designed for patients
groups (eg, people with a sleep disorder), or sometimes even
for the whole population of a country (eg, a website on when
to visit your family doctor) and these are heterogeneous
populations. Their motivationsfor (not) using these technologies
or complying with the advicethey provide are diverse, and they
are people with different cultural backgrounds, skills, and
disabilities [15]. In order to deal with the heterogeneity of the
end user population of apublic eHealth technology, one should
identify, profile and design for distinctive audience segments.

Audience segmentation is concerned with identifying
homogeneous sub-populations (segments) within a population,
and their profiling. In this phase, identifying audience segments
isthe main goal, profiling is done later on. In order to identify
audience segments, one must first uncover the determinants of
knowledge, attitudes, and behavior for a given context;
preferably from existing research. Then, one must identify
audience segments based on distinctive patterns of these
determinants [25]. Ideally, the identification of audience
segmentsis based upon the analysis of large sets of quantitative
data[26] and uses acombination of demographical, health, and
psychographical variables[27]. For amore thorough discussion
of audience segmentation we refer to Slater [25].

Stakeholder I dentification

Stakeholder identification aims at creating alist of stakeholders
that need to be involved in the design of the eHedth
intervention. In the literature, several lists of variables such as
[24,28] and frameworks, as cited in [29,30], can be found that
serve asinput for thinking about who to include as stakehol der.
However, aclear-cut and relatively simple procedureismissing.
The approach we suggest to identify stakeholders consists of
four steps:

1 A firstinventory of relevant stakeholdersis created based
on therelevant protocol(s) or clinical pathway(s) for agiven
context. One should scrutinize the documents to identify
actions and the person(s) or organization(s), responsible
for each action. If these documents are not available, one
can hold a brainstorm session with the client.
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2. This inventory is then checked with the client and/or an
expert in thefield. Arethe identified stakeholders correct?
Which stakeholders are missing?

3. If thelist of identified stakeholdersistoo long, a selection
is made, based on an estimation of each stakeholder’s
power, legitimacy, and urgency. A combination of these
factors make up their salience [24].

4. These stakeholders are invited for a stakeholder session
(see section on requirements elicitation). During this
session, therole(s) each stakeholder playsin the prevention
or treatment of a condition or disease is mapped (see [31]
for questions that can guide this discussion). On the basis
of this map, the stakeholders discuss which stakeholders
are missing, thereby creating the final overview. If new,
important stakeholders are identified, they need to be
interviewed about their role in the prevention or treatment.

As protocols or clinical pathways are not always very clear on
therole each stakeholder playsin agiven context, it isimportant
to validate the list that results of step 2 and 3 with the
stakehol ders themselves, as we suggest in step 4.

Requirements Elicitation

Now that one has identified the end users or end user segments
for an eHealth technol ogy, it istime to profile them and to map
their context of use. The identified stakeholders need to be
consulted in order to map the current prevention or care path
for a given condition or disease, and the opportunities and
barriers for the eHealth technology and itsimplementation. By
focusing on these matters one can determine what the eHealth
technology needs to do and how it should be implemented.
Requirements elicitation methods provide the toolsto elicit the
necessary input.

Onekind of knowledge that isimportant to uncover during the
requirements elicitation phase, is so-called ‘tacit knowledge'.
This kind of knowledge is “neither expressed nor declared
openly but rather implied or simply understood and is often
associated with intuition” [32]. Mostly, this consists of steps
takeninroutinetasks; like comforting adistressed patient. These
tasks do not consist of predefined stepswhich are easy to explain
to somebody. Rather, it is something one ‘just does . Thismakes
it a difficult procedure to map. However, it is an important
activity, as it is crucial that the features and interface and
interaction design of an eHealth technology arein line with the
end users' tacit knowledge. Several methods can be applied to
icit tacit knowledge; like observing potential end users, or
asking them to tell stories about typical tasks or occurrenceson
the job (for a complete overview see [33]). Regardless of the
method one uses, it is important to determine before data
collection how to go about dliciting tacit knowledge since it
will not be handed to the project team on a plate.

There is a wide variety of requirements elicitation methods,
each with their own strengths, and limitations (for overviews,
see [34,35]). We will shortly address the three most popular
methods:

« Interviews may be used to uncover end users or
stakeholders' behavior or opinions, their motivations or
rationadle for these, and their wishes regarding the
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to-be-developed eHealth technology. They are aso
well-suited for collecting data upon which personas can be
based (see [36]). Personas are fictitious users whose
characteristics resemble the average for an end user
(segment) and who is presented in abiography with aphoto
[37]. Personas are well suited in this context, as they are
easy to understand for the wide variety of stakeholders
involved in eHealth design. They can then be used to spark
the discussion among stakeholders during afocus group or
can serve as input for content requirements. Interviews
should be used to profile end users and stakeholders, and
to elicit requirements that will specify functions, content,
and the user experience. For more information on how to
conduct a requirements elicitation interview, refer to [38].

- Focusgroups can be used for establishing the context, roles
and primary tasks that are or could be supported by
technology with stakeholders, and what business model
should support this. Via personas, scenarios and task
demonstrations, stakeholders can gain insight into, and
reach consensus on the context, the division of roles, the
scope of the eHeath technology, the flow of funds,
requirements, and requirement priority. Focus groups can
also serveto explore the context and need of anew activity
or work practice that involves eHealth, to learn how this
could be designed and introduced into current work patterns
or daily activities[39]. Again, personas and scenarios may
be used to dlicit ideas on the new activity. In short, focus
groupsarevery well suited to eicit input for implementation
strategies and business models. For instructions on how to
conduct focus groups, refer to [40].

«  Observations can be especially useful for understanding
actual end user behavior and their social, physical and
spatial surroundings[41]. Asaresult, they also providethe
option to see what tacit knowledge drives end users.
Observations can be used to dlicit requirementsthat specify
the functions and modality of the eHealth technology. For
more information on observations, see [42].

Requirements Analysis

Once requirements dlicitation sessions are completed, their
output needs to be trandlated into requirements. This step often
remains unmentioned in requirements engineering reports, and
methodological explanations of this step are scarce. We hereby
present a method for translating raw data into requirements,
based on [43]. In this method, for each part of atranscript that
isworthy of trandation into arequirement, three derivativesare
determined: values, attributes and requirements.

+  Value is an idea or interest a (future) end user or
stakeholder aspiresto or has.

« Attribute is a summary of the need or wish that is spoken
out by the (future) end user or stakeholder.

« Requirement isatechnical trandation of an attribute.

Each derivative can be used to communicate about the eHealth
technology with a specific group of people (technologists
understand requirements, marketing departments use attributes,
and policy makers prefer values). Furthermore, attributes and
values can be used to group requirements, which makesit easier
to set priorities later on.
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The basis for the trandation process are the transcripts created
from the requirements elicitation sessions (eg, the typed-out
interviews). One issue that first needs to be resolved is to
determine what counts as something that should be trandlated
into arequirement. It isimpossible to formulate fixed rules for
solving this dilemma. And tempting as it may be, focusing on
preval ence does not guarantee success. When an issue is often
brought forth, it does not mean it needs to be trandlated into a
requirement (eg, it may be an issue that should be resolved by
creating new legislation). If anissue is brought forth only once,
it ispossible that it provides agreat contribution to the eHealth
technology. Rather, we follow Braun and Clarke [44] and
suggest that an issue should be translated into a requirement
when it captures something important in relation to the overall
goal(s) of the eHealth technology.

To aid the trandation process, the analyst can complete a
trandlation table. The translation table shown in Table 2 isfilled
with data from the devel opment project of bedside technology
to aid hospital nurses in making prudent and correct use of
antibiotics. The following steps should be taken to ensure a
reliable trandlation of data into requirements.

1. Theanalyst familiarizes him or herself with the data.

2. Quotes that capture something important in relation to the
overal goal(s) of the eHealth technology areidentified and
listed in the “user expression” column.

3. For each quote, the attribute or attributes are determined.
An attribute should be formulated as avery short summary
of the end user or stakeholder expression.

Table 2. Dataanaysistable for antibiotic stewardship app.

Van Velsen et d

4. Quotes are grouped on an attribute level. Quotes that can
be transformed into the same attribute are merged in one
row.

5. The analyst checks all quotes and the attributes that flow
from them, and determineswhether the attributes are correct
and distinctive. If necessary, attributes are adjusted.

6. Per attribute, one or more requirements are formulated.
They specify the end user or stakeholder expression into
terms a system designer can work with. Requirements
should be formulated as precisely as possible, and usually
are sentences like ‘ The system must...’

7. An independent anayst checks the attributes and
requirements formulated. He or she notes di sagreements or
suggestions. Then, the initial and second analyst discuss
these findings.

8. Attributes and requirements are adjusted based on the
discussion between the first and second analyst.

9. Thefirst and second analyst determine the values together.
Most often, there are only a few values that are linked to
many attributes. Values should be formulated in a few
words.

Once the trand ation tabl e has been completed, the requirement
templates can be filled out (see Section for Completing
requirement notation templates). At the same time, personas
can be constructed on the basis of the raw data (for a stepwise
procedure, see [45]). These personas can then be used to
formulate content requirements, or as input for stakeholder
sessions.

User expression

Value Attribute(s) Requirement(s)

Nurse 1: “But wouldn't it be nice if you have the medications in the electronic
prescriptions system, and that you can click on the medication and just click on

through.”

Pharmacist: “that you can instantly...”
Nurse2 : “directly...”

Nurse3: “yes, that it is available directly”

Pharmacist: “Yes, for prescribing [amedicine] | can imagine that he [the

Easy access One-stop-portal
for information

The system incorporates data
from databases for patient and
protocol/procedural information

The system provides accessto al
(types of) information viaone
interface

physician] needs the information from an indication-point of view. And for you
| can imagine that you would want to have the information focused on the appli-

cation; how todoiit all.”
Nurse 3: “What should | pay attention to.”

Communicating Requirements

Completing Requirement Notation Templates

At this point, the project team will have alist of requirements,
derived from elicitation activities. These should be expanded
with requirements, derived from relevant literature (like
persuasive design tactics when persuasive technology is
developed), legal constraints, and demands on accessibility.
Each requirement needs to be documented in such a way that
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it enables programmers to understand what needs to be made
and why. Requirements documentation should also serve asthe
starting point for eval uations (both aimed at generating redesign
input, and aimed at ng the effect or return-on-investment).
We created arequirements documentation templ ate, based upon
the Volere template [46], as it supports the aforementioned
goals. The template is depicted in Figure 2 and completed for
one requirement from the same devel opment project on bedside
technology for hospital nurses.
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Figure 2. Completed requirements notation template.

Van Velsen et d

Requirement #: 3

Requirement type: functional

Value: easy access

Attribute: one stop portal for information

Description: The system provides access to all (types of) information via one interface.

Rationale: Nurses spend a lot of time gathering information from different (types of) sources
while performing their antibiotic-related tasks. When all information can be accessed from
one interface, one starting point, searching for information is facilitated.

Source: Focus group 1 & 2, fragment 1,2,3,10,13

Fit criteria

1. Acceptance testing: not applicable

prototype.

traditional way.

2. Usability testing: The application allows participants to find the desired information
within one minute. Note: time frame to be adjusted upon inspection of the high-fidelity

3. Summative evaluation: Participants feel they have to spend less time on searching
information via the app. Searching for information via the app results in an increase in
success and a decrease in time, in comparison with searching for information in the

Priority: High Conflicts: possible conflict with mobility and real time access and
synchronization requirements because access to these databases at all
places via the interface may be impossible due to limitations in wireless
connections and security options.

History: Created on March 9 2012, adjusted on May 8 2012

Requirement Number
Each requirement is assigned a unique ID.

Requirement Type

There are different kinds of requirementsthat need to be shared
with different kinds of people that are involved in the creation
of the eHealth technol ogy. We discern these types:

Functional and modality requirements specifying technical
features and on what kind of technology (eg, tablet,
smartphone or desktop PC) and operating systems the
technology should work. Mostly meant for programmers.

Service requirements specifying how services surrounding
the technology, like marketing or user support, need to be
organized. Mostly meant for managers, responsible for
these services.

http://www.researchprotocols.org/2013/1/e21/

«  Organizational requirements specifying how thetechnology
should be integrated in the organizational structure and
working routines. Mostly meant for managers of the
organizations in which the technology isto be used.

«  Content requirements specifying the content that needs to
be communicated via the technology and, if applicable,
language level, persuasive approach, and specia
accessibility demands. Mostly meant for content managers.

« Usability & User experience requirements specifying the
interface and interaction design of the technology and how
user experience factors, such as trust or fun, should be
integrated into the technology. Mostly meant for human
factors specialists.
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Value, Attribute, and Description

Here, thevalue, attribute, and description (the requirement itself)
are noted down.

Rationale

Each requirement isaccompanied by a short statement justifying
the need for thisrequirement, preferably linked to asource. The
rationale must convince a programmer that the requirement is
worthy of inclusion.

Source

The source(s) of each reguirement (eg, the interview number
or persona) is noted down for reference purposes.

Fit Criteria

Requirements are atrandation of end users' and stakeholders
needs and wishesinto design, and should therefore be checked.
Fit criteria are measures of success for this trandation and are
the basis of evaluations. Often, functional requirements cannot
be evaluated with users as they are ssmply implemented or not
(like a requirement specifying that type of data x is collected
from database y). In this case, formulating a fit criterion is
useless. In the other cases, whether or not a fit criterion is
formulated or not depends on its priority (when there is no
possibility to evaluate al requirements, only those with a high
priority, or controversial requirements should be evaluated),
and whether or not the prototypical version of the system that
will be used supports eval uating the fit criterion (eg, testing for
usability with asimple prototypewill yield very limited results).
Roughly, we discern 3 kinds of evaluations.

Acceptance Testing

By demonstrating avery simple prototype (eg, paper and pencil
sketches) that demonstrate the main functionality and look &
feel of atechnology, and its associated working routine, user
and stakeholder acceptance of crucial or controversial features
can be determined early on [47]. Based on this evaluation, the
inclusion of these features should be settled. A fit criterion
should tell when the feature or working routine, specified inthe
requirement, is considered to be accepted.

Usability Testing

By making end users or experts interact with a clickable
prototype that approximates the final version of the technology
in terms of functionality and interface & interaction design,
usability issues can be found [48]. Typical usability evaluation
methods, such as heuristic evaluation, cognitive walkthroughs
or thinking-aloud, can support the elicitation of these issues
[49]. This evaluation drives the modification of the interface &
interaction design of the technology. A fit criterion should tell
when arequirement is translated in a usable manner.

Testing for Effect

With the version of the eHealth technology that islaunched, its
effect and return-on-investment can be assessed. Often, it is
difficult or impossible to determine the effect of an eHealth
technology on its overall goal. For example, proving that a
reducein general practitioner consultationsfor tick bitesis due
to amobile app that instructs peopl e how to prevent or deal with
tick bites, isimpossible to do. Many factors outside the mobile
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app will play arole and it is extremely difficult to map all of
these factors, and to establish causal links to the number of
genera practitioner visits. Therefore, following the concept of
attribution theory [50], eval uations of eHealth technology should
focus on outcomes on alower level, that can be linked directly
to a specific feature, and indirectly to the overall goal(s) of the
eHealth technology. The fit criterion field in the requirements
template forces the project team to use the requirement for the
formulation of feature-specific effect measures. Severa
methods, like data log analysis and user surveys (for a full
overview, see [51]) can be useful here.

We do not think that al requirements should be evaluated, or
should be evaluated at al 3 instances. We advocate the
evaluation of requirementswith ahigh priority, or controversial
requirements (likethose to do with privacy). When afit criterion
is not met, the (prototypical) system should be redesigned and
re-evaluated.

Priority

Often, not al requirementsthat are elicited and formulated can
be realized in the design. Limited resources, like time and
money, force the project team to make a selection. In the
literature, many approaches are described that guide the
prioritization process (for an overview, see [52]). However,
these methods often demand from the project team that they
consult their stakeholders and end users repeatedly, and often
use complicated metrics. For the design of large-scale eHealth
systems (likeanationa electronic patient file) one should apply
these methodsin order to deal with the large number of different
stakeholders and limited budgets. However, for the scope of
many eHealth projects, these approaches are too time-consuming
and complex. Therefore, we recommend to set stakeholder and
requirement priority by a discussion among the project team
members. They should distinguish stakeholders and
requirements with a high, medium and low priority. When
ranking stakeholders, their power, legitimacy, urgency and
salience should be taken into account [24]. When determining
the priority of a requirement, the following should be
considered: the priority of the associated stakeholders, its
importance, the penalty for not implementing the requirement,
cost, lead time, risk, and volatility [52].

Conflicts

If applicable, conflicts with other requirements should belisted
here. The project team should find a solution to a conflict, and
must trand ate this into a new regquirement, or one requirement
should take precedence over the other, based on priority.

History

In this section, it should be documented how the requirement
is trandated into design, or the reasons why it was omitted.
Furthermore, changes to the design because of evaluations
should be listed, as well as scores of effectiveness measures.
This way, a complete overview of a requirement’s origin,
tranglation into design, and effect can be created.
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Results

Creating the Design Document

Once all requirements are documented in templates, the design
document can be created. It isimportant that such a document
is made for several reasons, like making it possible to estimate
the costs of creating the technology, preventing programmers
from making their own reguirements, and preventing a brain
drain if a project team member leaves the project [53]. This
document must alow the people that need to program or
implement the eHealth technology to do so. Therefore, it has
to include an overview of the eHealth technology goals,
requirements and a low-fidelity, or paper, prototype. It must
also include sections that specify the technological design of
the technol ogy, such as entity-rel ationship diagrams or dataflow
diagrams. Besides creating a design document, we recommend
to also present the directives in person to programmers and
involved managers. Finaly, the information gathered from the
different stakeholders, must serve asinput for animplementation
plan and business model.

Discussion

Principal Findings

In this article we have presented a multidisciplinary
requirements development approach for eHealth design. Its
main aim is to support the creation of context-driven eHealth
technology that matters by applying a human-centered,
context-driven design approach that includes the creation of an
implementation plan and businessmodel. The approach supports
the identification and profiling of end user groups and
stakeholders, forces the project team to identify requirements
in an empirica manner, and advocates the formulation of
feature-specific effect measures for the eHealth technology.
Thelatter allowsresearchers and policy makersto learn exactly
why an eHealth technology does or does not live up to its
expectations.

In the literature and practice, several other approaches to
requirements devel opment are often discussed and applied: agile
design (eg, SCRUM), participatory design, and more technical
approaches (eg, RUP). Agile design shows quite some overlap
with our approach, asit makes use of iterative design cyclesin
which the prospective end user isafocal point for design. The
downside of agile design approaches is that they do not take
the organization into account and hence, do not support the
development of an implementation plan and business model
[54]. Our approach does provide a basis for the generation of
these. In participatory design, the end user and other
stakeholders play an active role in the design team [55]. This
way, their view and context are brought into the design. This
approach is somewhat similar to human-centered design and
we think it is certainly possible to incorporate activities from
participatory design into our approach. For example, a design
workshop in which end users and the devel opment team create
afirst prototype together would be a very suitable method for
the requirements elicitation phase to generate design ideas, and
to elicit the aspects of the end users’ context that need to be
taken into account. However, the literature on participatory
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design often fails to provide hands-on guidelines on how to
apply amethod. Our approach guidesthe project team in detail .
Finally, the technical approaches, such asRUP, are very limited
in their capabilities to incorporate the needs, wishes and
organizational context of the end user into design [56]. Our
approach isthefirst to take into account the specifics of eHealth
technology and to overcome the limitations of the popular
requirements development approaches. Furthermore, this
approach allows a great degree of freedom for choosing the
most suitable method for activities like identifying end user
sub-groups and requirements elicitation. We fedl this is
important as each development process is unique (in terms of
time, budget or the amount of research on which the
development builds forth) and the methods one uses should be
geared towards the devel opment context.

Limitations

The approach to requirements engineering we have presented
has some downsides. First, because it is very thorough it takes
quite some time and effort to go through all the steps. This
critique has been voiced towards many requirements engineering
approaches, and severa faster and less thorough, or agile,
approaches have been proposed as a counter reaction. Agile
approaches advocate the development of technology with a
small team of expertsand customers, and the rapid devel opment
of prototypical versions of the eHealth technology which are
evaluated and redesigned [57]. However, aswe discussed above,
agile devel opment does not take into account theimplementation
plan and business model. Furthermore, agile design may not
always be possible in health care settings, where research
activities can demand too much time, or can put too much
emotional constraintson health careworkers or patients, whose
first and greatest priority lies with getting well or providing
good care and not in participating in eHealth development
activities. Consulting them repeatedly about the technology in
a short time-span may prove to be impossible. Being
well-prepared and having athorough plan like the approach we
describe here, adds to development efficiency: it alows
designers to get the maximum out of each stakeholder or end
user consultation. Maybe for thisreason, the application of agile
approaches is not widely adopted yet. We encourage project
teams that do opt for an agile design approach, to still utilize a
structured manner of data analysis and regquirements notation,
as we have set out in this article. A second downside of our
approachisthat it requiresthe use of specialistsin requirements
eicitation and notation. Conducting a useful requirements
elicitation interview, or constructing good requirements with
proper fit criteria is not an easy task and requires a lot of
experience. Therefore, we advocate the inclusion of an
experienced regquirements developer in the project team.

The danger of consulting end users and stakeholders, and
making their voices and interests the primary focus of the
to-be-devel oped eHealth intervention, isthat it [imits creativity
[58]. It is therefore important to find a balance between end
user and stakeholder input, and creative ideas from the design
team. The latter should not necessarily be made subordinate to
end user and stakeholder input, but should be given afair chance
in acceptance and usability tests. Participatory design sessions
with end users or other stakeholders can release this creativity
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[59]. Resulting creative solutions can then be noted down as a
requirement or several requirementsin the requirements notation
template. However, creativity in eHealth design is a topic that
has not been paid enough attention to in the design literature to
date. Futureresearch should delveinto it and determineits place
and value in eHealth design processes. Furthermore, methods
for identifying and involving organizational stakeholders into
the design of eHedth are often very comprehensive and
time-consuming. The development of lightweight methods for
these goals would be a welcome addition to the requirements
developer’s toolkit.
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Conclusions

We hope that this article will inspire eHealth technology
designers to apply a more systematic approach for their
requirements engineering activities. Thisismost likely to have
beneficial consequences for the eHealth technology (in terms
of costs, usefulness, adoption, etc), aswell asfor the community
asawhole. We also encourage researchersto report case studies
of their requirements development experiences (either guided
or not guided by our approach). This way, we will be able to
estimate the worth of different requirements development
approaches for the eHealth domain and the benefits and
downsides of the design methods used.
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Abstract

Background: Population-based empirical information to inform health care professionals working with children with spina
bifida currently is lacking. Spina bifidais a highly complex condition that not only affects mobility but many additional aspects
of life. We have devel oped a pilot project that focuses on a broad range of domains: surgeries, development and learning, nutrition
and physical growth, mobility and functioning, general health, and family demographics. Specifically, we will: (1) explore the
feasibility of identifying and recruiting participants using different recruitment sources, (2) test a multidisciplinary module to
collect the data, (3) determine the utility of different methods of retrieving the data, and (4) summarize descriptive information
on living with spina bifida.

Objective: Theoverall objective of the project wasto provide information for afuture multistate prospective study on the natural
history of spinabifida.

Methods: Familieswith achild 3 to 6 years of age with adiagnosis of spinabifidawere eligible for enrollment. Eligible families
were identified through a US population-based tracking system for birth defects and from alocal spinabifidaclinic.

Results: Thisisan ongoing project with first results expected in 2013.

Conclusions: Thisproject, and the planned multistate follow-up project, will provideinformation both to health care professionals
experienced in providing care to patients with spinabifida, and to those who have yet to work with this population. Thelong-term
purpose of this project is to increase the knowledge about growing up with spina bifida and to guide health care practices by
prospectively studying a cohort of children born with this condition.

(JMIR Res Protoc 2013;2(1):€2) doi:10.2196/resprot.2209
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Introduction

Spina Bifida Overall

Spinabifida(SB) isaneura tube defect (NTD) that occursearly
after conception when the neural tube that forms the brain and
the spine does not close properly. SB generaly is considered
one of the most complex birth defects compatible with life [1].
In recent decades, survival rates have increased dramatically,
primarily due to improved care and the use of antibiotics [2].
A recent study suggested that the overall prevalence of SB
among children and adolescents in 10 regions of the United
States was 3.1 per 10,000 in 2002 [3]. Although rates of SB
differ substantially across countries[4], probably no country is
excluded from having children born with this potentially
disabling condition. The necessary follow-up surgery and care
can present considerable physical, emotional, and financial
burdens. In spite of substantial differences between and within
countriesin terms of care available and provided to individuals
with SB, it isimportant to study how SB impacts the child and
hig’her family long-term.

The most severe form of SB, myelomeningocele, is the most
common of the NTDs, and the most complex birth defect
compatible with long-term surviva [5]. There are a substantial
number of peoplewhose everyday livesaredirectly or indirectly
affected by SB, prompting a real need for prospective
comprehensive data to provide evidence regarding health
promotion, prevention of secondary conditions, access to
appropriate preventive health care, and caregiver support. We
know of no US—and few international—population-based
studies or programs focusing on the natural history of SB. This
is important because people with SB often experience
condition-specific difficulties (eg, incontinence, mobility
limitations, and cognitive challenges) and secondary conditions
(eg, pressure sores, urinary tract infections, and depression) that
detrimentally affect several aspects of their lives. Little
information is known about how and when to intervene to
prevent or reduce the number of modifiable problems from
occurring during childhood, and thereis still much to be learned
about the natural course of SB throughout the lifespan. Because
SB isarelatively rare condition and people with SB traditionally
have not lived to adulthood, many—if not most—available
treatments are based on expert opinionsin lieu of evidence-based
research [6]. To remedy thislack of data, the current pilot project
was developed by the National Spina Bifida Program at the
Centers for Disease Control and Prevention (CDC) in
collaboration with partners at NORC (formerly the National
Opinion Research Center) at the University of Chicago, and the
Neuropsychology Department at Children's Healthcare of
Atlanta. The current project will provide useful information on
research design and methodology that will inform the planning
and implementation of a prospective US multistate SB project.
The larger prospective study will enroll a large cohort of
children with SB to provide population-based data on some of
the most pressing concerns for this population.

Part of the complexity associated with SB is that a number of
body systems tend to be severely affected. In this project, we
focus on the following medical specidlties: orthopedics (eg,
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mohility), urology (eg, incontinence, urinary tract infections,
and renal failure), and neurosurgery (eg, hydrocephalus and
Arnold-Chiari 11 malformation). Psychosocia issuesand specific
learning problems also are reported frequently and addressed
in the project. A brief review is provided in the following
sections.

Medical Concerns, Mobility, and Functioning

SB ischallenging—it affects neurological functions, urological
and kidney functions, and mobility for virtually everyone with
the condition. Secondary conditions such as pressure sores [7]
and pain [8] are other areas of concern. Children with SB often
undergo multiple surgeries and need to adhere to long-term
medical and behaviora treatments. Hydrocephalus co-occurs
with SB 80-95% of the time [9-12] and most of these children
exhibit Arnold-Chiari 1l maformation [11]. These brain
abnormalities typically require neurosurgical interventions in
the form of shunt insertions, shunt revisions, decompression,
or any combination thereof. The presence of hydrocephalusand
Arnold-Chiari 11 malformation has been associated with worse
performance on certain cognitive tasks [11]. Shunt revisions
also have been associated with negative outcomes. Resultsfrom
a British community-based follow-up study of adults with SB
showed an inverse relationship between the number of shunt
revisions and long-term achievement as defined by level of
independence, using a car, and employment [13].

Other medical consequences include neuropathic bladder,
malfunctioning kidneys, urinary tract infections, and urinary
and fecal incontinence. Although overall urological goals are
similar if notidentical (in that they focus on maintaining normal
renal function, gaining urinary continence, and maximizing
independence [14]), the methods used to achieve these goals
differ among health care providers. Renal failure still isreported
as a leading cause of mortality and morbidity among people
with SB [15-16], even though renal failure among thisgroup is
amost completely preventable [17]. Incontinence occurs
frequently, can interfere with achieving independence, and isa
source of embarrassment for the individual [18]. Estimates of
how often incontinence occurs, and to what extent it affectslife,
differ depending on the definition of incontinence, as well as
sampling methods. Among young adults in Europe with SB,
approximately 60% reported being incontinent, regardiess of
the type of bladder management used, and approximately 70%
reported that being incontinent presented aproblem [18]. Clean
intermittent catheterization (CIC), medication, and surgeries
are typical methods of treating incontinence. Many urologists
recommend that CIC start at an early age [14,17], but research
isneeded on thetiming and method of implementation of aCIC
plan, as are prospective data on how a successful CIC regimen
can be achieved. A French study assessing the frequency and
types of associated malformations of NTDs showed that about
25% of infants with SB had at least one other major
malformation, including orofacia clefts and cardiac defects
[19]. These malformations require medical interventions and
could further complicate the lives of people with SB.

Mohility isaffected negatively among most people with SB and
isrelated to the level of lesion (LOL). Different definitions of
LOL exist, but generally a higher LOL results in more severe
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mohility restrictions. The presence of scoliosis, kyphosis, club
foot, hip and knee contractures, or other orthopedic conditions
habitually warrant surgery and can affect mobility, and
subsequently independence, negatively.

Development and Learning

There is great heterogeneity in terms of cognitive function
among people with SB [20]. In addition to the SB diagnosis,
performance on cognitive assessmentsis contingent on factors
such as having a higher LOL, hydrocephalus or shunting, or
both, and Arnold-Chiari 1| malformation[11,21-23]. Researchers
from an Austraian population-based study linked severa
databases from Western Australia and reported that 18.8% of
people born with SB (1980-1999) had received a diagnosis of
intellectual disability (1Q <70) during childhood. In comparison,
only 1% of individual s born during the same period but without
a diagnosis of a hirth defect had a diagnosis of intellectual
disahility [24].

Regardless of overall cognitive function, people with SB are at
increased risk of specific problems that adversely affect their
ability to learn, often resulting in academic difficulties.
Substandard scores on certain types of memory tests[9,25] and
a number of tasks related to executive functions [12,26] are
reported consistently. In addition, attention-deficit/hyperactivity
disorder, and in particular the predominantly inattentive type,
has been reported more frequently among this population
compared with their peerswithout SB [10]. Learning problems,
independent of overal cognitive ability, often make up an
additional burden for people living with SB. Studies generally
have suggested that nonverbal learning problems (eg, deficits
in motor, visual-spatial, and mathematical abilities) in particular
congtitute an area of concern. Although the increased risk of
learning problems among peopl e with SB has been established,
there is a need for prospective research that assesses early
predictors of learning problems and development, as well as
research on strategies that can facilitate functioning for people
with these types of problems.

Physical Growth, Nutrition, and General Health

While parts of the world struggle with lack of a steady food
supply and malnutrition, obesity has received much attention
in the United States and parts of Europe. Lack of exercise and
unhealthy eating habits have long been associated with
preventable morbidity and preterm mortality. Few researchers
have focused on weight i ssues among peoplewith SB. However,
it is known that, in general, individuals with disabilitiesin the
United States are at higher risk than people without disabilities
of not reaching recommended levels of exercise[27] and are at
an increased risk for obesity and poor health. Many reasons for
not exercising are similar for people with and those without
disabilities, although people with disabilities can face additional
hurdles to exercising that are unique to them. Barriers in the
environment have been listed as an important correlate of lack
of exercisefor peoplewith disabilities[28]. In a Japanese study
that addressed weight among children with SB, no significant
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differences in percentage of body fat were found between a
group of children with SB and acontrol group without SB before
5 years of age. An increase in body fat was noted among the
group with SB after 6 years of age[29]. Additionally, apositive
relationship between the presence of hydrocephalusand ahigher
percentage of body fat was noted [29].

The overall aim of the study was to assess the research design
and methodology to inform afuture multistate prospective study
on the natural history of SB. In addition, the project has four
main objectives: (1) to explore and compare the feasibility of
identifying and recruiting participants using different recruitment
sources, (2) to test amultidisciplinary model to collect data, (3)
to determine the utility of different methods of retrieving data
(ie, telephone surveys, in-person assessments, and record
abstraction), and (4) to summarize preliminary descriptive
information on the natural history of SB. As part of the third
objective, we will investigate whether participants prefer
in-person assessments or a telephone survey.

Methods

Participants

Families with a 3-, 4-, 5, or 6-year-old child with a diagnosis
of SB (International Stetistical Classification of Diseases and
Related Health Problems, Ninth Revision, Clinical Modification
(ICD-9-CM) codes 741.0 and 741.9 without 740.0 and 740.1
or the codes 741.00-741.99 without 740.00-740.10 from the
modified British Paediatric Association coding system) currently
residing in the State of Georgia in the United States will be
eligible to participate. Confirmation of diagnoses will be
possiblein those caseswhere we can extract the |CD codefrom
the medical records. Children with a diagnosis of SB occulta
will be excluded, as the natural history of SB occulta is
presumed to be quite different from that of SB aperta. CDC
already tracks children born with certain congenital conditions,
including SB, in selected areas in alimited number of statesin
the United States. |n Georgia, this popul ation-based surveillance
system is called the Metropolitan Atlanta Congenital Defects
Program (MACDP). Using MACDP for recruitment purposes
provides certain strengthsfor the project, such asan established
sample frame of eligible children, a physician-confirmed
diagnosisof SB, and limited contact information that is updated
periodically. A drawback of recruiting solely from the MACDP
is that it is limited to five metropolitan Atlanta counties. The
experience of growing up with SB might be quite different for
children with SB and their families who are not living in a
metropolitan area. For example, the type of care available and
the experience and knowledge of the professionals working
with these children and their families might differ. Recruitment
strategiesfor these familieswill be different aswell. Therefore,
aconvenience samplewill beincluded and wewill use different
methodsto recruit familieswho are not part of MACDP (Figure
1). The convenience sample also will provide information on
how to create a sampling framein the absence of a surveillance
program.
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Figure 1. Recruitment Scheme.
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Data Collection

Family involvement will be solicited in the SB clinicin Atlanta
in person and by mail, or through aletter from the MACDP. A
recruitment center headed by NORC will be notified of those
who are interested and those families will be contacted. After
an interested family is contacted by the recruitment center, the
project recruiter will ask the parent to orally confirm that the
child has a diagnosis of SB (myelomeningocele) and is in the
3-6 years of age range. An explanation of the project will
follow, during which parents will be encouraged to ask any
proj ect-related questions they might have. If they areinterested
in participating, contact information will be obtained. Next, the
parents will choose which project component they wish to
complete (telephone survey or in-person assessments). Only
the telephone component is available for monolingual
Spanish-speaking individuals. Randomizing participants into
project components would be desirable. However, because we
areinterested in assessing which component parents prefer, and
because |ong driving distances might deter those living far from
the assessment site from participating if they were to be
randomized to the in-person component, we decided not to
randomize. If a parent chooses the in-person component, an
appointment will be scheduled and a reminder letter and
directionsto the assessment site will be mailed to the parent. If
a parent chooses the telephone survey component, the project
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recruiter will proceed either by conducting the survey or by
scheduling an appointment to complete the survey at a later
time. Parents who choose not to participate will be asked for
the main reason for that decision (open-ended) and thanked for
having taken the timeto learn more about the project. A separate
recruitment log will be used to record the reasons stated for
deciding not to participate. These datawill be animportant part
of the project, as anecdotal information has shown it is difficult
to recruit participantsfor research related to SB. These datacan
provide direction on how to design future longitudinal projects
to maximize participation.

Procedure

Telephone Survey Component

After oral consent is obtained, the interviewer will read all
questions verbatim in the order indicated in the questionnaire.
Each participant’s responses will be marked directly on the
paper-and-pencil interview copy of the survey. At the conclusion
of the telephone survey, the interviewer will store the completed
paper-and-pencil interview form in asecure, locked cabinet and
project staff will enter the survey data into an electronic data
file that will be stored on a secure network. Identifying
information that is collected during the course of the telephone
survey (eg, names, addresses, and telephone numbers) will be
separated physically and permanently from the survey dataand
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entered into a separate database. The telephone survey is
estimated to last approximately 90 minutes. Participants will
receive $25 for participating.

I n-Person Component

Datawill be collected from both the child and the parent. After
the informed consent process is completed, alicensed clinical
child neuropsychologist will assess the child. The parent will
compl ete the parent portion of the assessment in a separate room
with assistance from the project coordinator (Table 1).
Assessments and questionnaires that require scoring will be
scored immediately after the participant has completed the entire
project component (Table 2). The in-person component is
estimated to last no more than 3 hours per family. To reduce
thetime commitment of the in-person component, the child and
parent will be assessed or interviewed, as applicable,
simultaneously when possible. Each family will receive a $50
honorarium and get reimbursed for transportation costs.

The project survey, created specifically for thisproject, contains
items related to medical concerns, development and learning,
nutrition and physical growth, mobility and functioning, general
health, and family demographics. The survey used in the
in-person component containsthe sameitems asthe survey used
in the tel ephone survey component. Parents participating in the
in-person component will be asked to fill out the McMaster
Family Assessment Device which measuresfamily functioning,
the Behavior Rating | nventory of Executive Function- Preschool
version (BRIEF-P) to measure executive functioning, and the
Pediatric Evaluation of Disability Inventory (PEDI) which
measures functional abilities. Parents will also be asked to fill
out the Adaptive Behavior Assessment System (ABAS), which
measures daily living skills, and the Children's Health Care
Patient History Questionnaire, developed by the
neuropsychologists at the Children's Healthcare of Atlanta
clinic. The neuropsychological battery will consist of 5 separate
assessments: the Differential Abilities Scale I (DAS-1) will
be used to measure cognitive abilities, the Peabody Picture

Vocabulary Test 4™ edition (PPVT-4) will be used to measure
receptive vocabulary, the NEPSY-II will be used to measure
cognitive abilities, the Wide Range Assessment of Visual Motor
Abilities (WRAVMA) will be used to measure visual-motor
integration, and finally, the Bracken Basic Concept Scale
(BBCS-R) will be used to measure basic concept acquisition,
receptive language, and school readiness. More details on the
different study instruments can be found in Tables 1 and 2.

Medical Recordsand Early I ntervention Data Collection

If the parent completes the telephone survey, he or she will be
mailed hardcopy forms to authorize release of the child’s
medical and early intervention records. The parent will be asked
to read, sign, and return the formsin a self-addressed, stamped
envelope provided by the project. If the parent completes the
in-person component, written authorization to releasethe child's
medical and early intervention records will be sought at the
beginning of the in-person session. Copies will be made of the
medical recordsor the early intervention records, or both, at the
respective clinics and sites and taken to the coordinating office.
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Relevant datawill be extracted from the records and transferred
onto 2 separate forms that have been created specifically for
the project. Reliability is often a concern in most types of
records abstractions. In this pilot, we are primarily interested
ininvestigating if the data we are interested in can be found in
the records.

Data Analysis

Descriptive statisticswill be computed on the quantitative data.
Specifically, means, standard deviations, and confidence
intervals will be computed for continuous variables, and
frequencies and percentageswill be computed for dichotomous
and categorical data. If the sample size is sufficient, we will
compare the participants based on LOL, sex, and race and
ethnicity using multivariate statistics. The child assessment
results will provide information on how this sample of young
children with SB scored compared with the normative scores.
We al so will reeval uate whether the standardized measurements
and testswere appropriate for this specific group of individuals,
or whether other measurements might be more appropriate in
the future. The qualitative data will be reviewed carefully,
summarized, and used to inform future recruitment of
individuals with SB or other potentially disabling conditions,
with an emphasis on improving recruitment strategies for
surveillance systems. Following project completion, recruitment
data will be reviewed and summarized. We aso will calculate
how many participants chose the in-person component versus
the telephone survey component. Participant feedback on both
componentswill bereviewed carefully and summarized to guide
and inform potential changesthat might be necessary toimprove
future projects. Missing data patternswill be reviewed to assess
if therewere particular items or sectionsthat familieswere more
likely to skip. Thesetypes of dataare essential, asthelong-term
goal isto follow children with SB longitudinally.

Ethical Considerations

The project aready has undergone ethical review and been
approved by three separate institutional review boards (US
government, university, and hospital). The project has aso
undergone Office Management and Budget review and been
approved. Ora consent will be obtained from those participating
in the telephone survey and written consent will be obtained
from those participating in the in-person component. Verbal
assent will be obtained from children 6 years of age before they
participate in the in-person component.

Limitations

As in many studies that do not rely solely on clinic-based
samples, we have no accurate way to determine how many
families are €eligible to participate, thus making it difficult to
make an assumption of sample size. We will use different
approaches to inform and recruit participants. Although the
current project is cross-sectional, preventing determination of
causality, we are in the process of planning a multistate
prospective study that will be better suited to address causality,
as appropriate. The in-person component will not be available
in Spanish, which will limit the options for monolingual
Spani sh-speaking participants.
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Table 1. Parent administered instruments to be used.
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Instrument Number of Topics/domains Cronbach alphacoefficients Reliability coeffi-
items cients
Project survey®? 201 (1) medical concerns, (2) development & not applicable not applicable

learning, (3) nutrition & physical growth, (4)
mobility & functioning, (5) genera health, &
(6) family demographics

McMaster Family Assessment 60 Family functioning

Device [30]b (1) problem-solving, (2) communication, (3)
roles, (4) affective responsiveness, (5) behavior
control, & (6) general functioning

BRIEF-P[32]° 63 Executive functioning
Subscales (1) emotiona control, (2) shift, (3)
inhibit, (4) working memory, & (5) plan/orga-
nize
Indices (1) inhibitory self-control, (2) flexibil-
ity, & (3) emergent metacognition

PEDI [33]b 217 Functional abilities
Subdomains (1) self-care, (2) mohility, & (3)
social function

Parts (1) functional skills, (2) caregiver assis-
tance, & (3) modifications

ABAS-I [34]b 241 DainIiving skills
10 skill areas
Domains (1) socid, (2) practical, & (3) concep-
tual
Children’s Health care Patient 6 sections (1) identifying information, (2)
History Questionnaire® pregnancy & newborn history, (3) developmen-

tal history, (4) medical history, (5) educational
background, & (6) socia history

Medical & early intervention For medical and early intervention abstraction
records data abstraction forms®® from records

Medical (1) neurosurgery, (2) urology, (3) or-
thopedics, & (4) hospitaization

57-.86 [31] one-week test-retest
67-.76[31]

.80-.95[32] 4.5-week test-retest-
78-90[32]

.95-.99 [33] not applicable

.98-.99[34] .90 [34]

not applicable not applicable

not applicable not applicable

8Used in the telephone component
bUsedinthei n-person component
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Table 2. The child assessments to be administered (in-person component only).

Assessment Topics/domains subtests included Cronbach alpha coefficients ~ Reliability coeffi-
cients
DAS-2[35] Cognitive abilities, 7 core subtestsfrom early years  not applicable not applicable
battery
(1) verbal comprehension, (2) picture similarities,
(3) naming vocabulary, (4) recall of objects, (5)
pattern construction, (6) matrices, & (7) copying
PPVT-4[36] Receptive vocabulary .94 [36] one-week test-retest-
20 content areas and parts of speech acrossall levels 93 [36]
of difficulty
NEPSY-II [37] Cognitive abilities .90-.91[37] .72-.89[37]
(1) comprehension of instructions, (2) word gener-
ation, & (3) sentence repetition
WRAVMA [38] Visual-motor integration exceeding .90 [38] .81-.91[38]
WRAVMA matching visual-spatial subtest
WRAVMA pegboard fine-motor subtest
BBCS-R[39] Basic concept acquisition & receptive language, not applicable .86 [39]
school readiness composite
(2) colors, (2) letters, (3) numbers/counting, (4)
sizes, (5) comparisons, & (6) shapes
: : assed. Determining the interventions needed to address these
Discussion P 9

The lack of information about the natural history of SB needs
to be rectified by collecting multistate longitudinal data at all
life stages. Having this information will facilitate the
development of appropriate health care recommendations and
general guidelines for people with SB at different life stages,
affecting outcomes in self-management, relationships, and
learning and employment. It is imperative that knowledge be
gained regarding the identification of developmental delays
before the optimal time of developmental achievement has
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Abstract

Background: Facilitating motor learning in patients during clinical practice is complex, especially in people with cognitive
impairments. General principles of motor learning are available for therapists to use in their practice. However, the trandation
of evidence from the different fields of motor learning for use in clinical practice is problematic due to lack of uniformity in
definition and taxonomy of terms related to motor learning.

Objective: The objective of this paper was to describe the design of a Delphi technique to reach consensus on definitions,
descriptions, and taxonomy used within motor learning and to explore experts' opinions and experiences on the application of
motor learning in practice.

Methods: A heterogeneous sample of at least 30 international experts on motor learning will be recruited. Their opinions
regarding several central topics on motor learning using a Delphi technique will be collected in 3 sequential rounds. The
guestionnaires in the 3 rounds will be developed based on the literature and answers of experts from earlier rounds. Consensus
will be reached when at |east 70% of the experts agree on a certain topic. Free text comments and answers from open questions
on opinions and experiences will be described and clustered into themes.

Results. This study is currently ongoing. It is financially supported by Stichting Alliantie Innovatie (Innovation Alliance
Foundation), RAAK-international (Registration number: 2011-3-33int).

Conclusions: Theresultsof this study will enable usto summarize and categorize expert knowledge and experiencesin aformat
that should be more accessible for therapists to use in support of their clinical practice. Unresolved aspects will direct future
research.

(JMIR Res Protoc 2013;2(1):€18) doi:10.2196/resprot.2604
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Introduction

Background

Motor learning has been acentral topic in the sport domain, and
has more recently received increased attention in the context of
rehabilitation [1], especialy in people with neurological
disorders[2,3]. In both populations, research into fundamental
(eg, underlying mechanisms) [4] as well as clinica (eg,
application to individuals) aspects [5,6] of motor learning is
increasing. Although the target populations within sport and
rehabilitation do not seem to be comparable, the processes,
principles, and underlying assumptions of their learning process
share considerable features. However, a clear structure for the
translation of knowledge and evidence, not only from sportsto
rehabilitation, but also from laboratory research to the clinical
situation, is currently absent.

Speaking the Same L anguage

Within the behavioral motor learning literature, usually in the
context of skill acquisition in sports, several models and
concepts exist where different terms, classifications, and/or
taxonomies are used (eg, [7-13]). Often, the degree to which
conscious knowledgeisinvolved in thelearning processisused
as a dtarting point. Forms of learning that result in the
accumulation of non-conscious, procedural knowledge are
described as implicit, whereas forms of learning that result in
the accumulation of conscious, declarative knowledge are
generally described as explicit [14,15]. In recent years, there
has been a significant increase in the number of studies
evaluating the application of implicit and explicit forms of
learning. Target populations are not only healthy people and
athletes but also patients with neurological disorders [16-26].

Unfortunately, thereisalack of clarity with regard to definitions
across studies and consequently theforms of learning are applied
differently within study paradigms.

If we want to link research from different fields, we need to
enable comparison of evidence and expertise. In order to further
translate results into practice, it is important that researchers,
therapists, and others professional s involved in facilitating the
motor learning process speak the same language and use uniform
terminology. Therefore, the main aim of the described study
protocol isto achieve consensus on the definitions, descriptions,
and taxonomy of terms related to motor learning, using the
distinction in implicit and explicit forms of motor learning as
aconceptual basis.

Application of Motor Learning

Physiotherapists and occupational therapists are speciaized in
providing therapy that istailored to facilitate motor skill learning
of patients with a wide range of pathologies. A substantial
proportion of the patients therapists treat are older people with
pathol ogies of the central nervous system, related to conditions
such as stroke, Parkinson's disease or dementia [27]. As well
as motor problems, these patients often experience problems
on acognitivelevel, making motor learning more difficult [28].

http://www.researchprotocols.org/2013/1/e18/

Some genera principles of motor learning related to neural
plasticity (eg, intensive and task specifictraining, “useit or lose
it") are available for therapists to use in their practice [29,30].
These principles generally direct clinical practice in terms of
what to do and how often; however, the application of these
theoretical principlesduring daily practice often remains unclear
(eg, When and how to vary between tasks? Which instructions
should be given and when?).

Traditionally, therapists often use rational arguments and many
verbal instructions to engage patients in motor learning [31]
possibly promoting more explicit forms of motor learning. In
patients with cognitive impairments, this approach is often not
feasible. It remains unclear though to what extent cognitive
impairments should influence the choice between moreimplicit
and more explicit forms of learning [32].

Achieving consensus on applying motor learning is probably
not realistic and maybe even not desirable, as clinical practice
iscomplex and choi ces made within the motor |earning process
are often multi-factorial. Following a *“one-size-fits-al”
approach to motor learning is not possible in such a dynamic
process. However, especially for less experienced therapists, it
is important to have a starting point, a framework, which can
help guide their practice whileleaving enough space for patient
tailored decision-making. The second aim of the study is
therefore to explore how motor learning can be facilitated in
practice and how choices for motor learning strategies can be
made, particularly in people with cognitive impairments. The
experiences of the experts might provide indications of how
theory can be trandated into practice and provide aframework
to support therapists' choices for designing treatment.

The objective of this paper was to describe the design of a
Delphi technique: (1) to achieve consensus on the definitions,
descriptions, and taxonomy of terms related to motor learning,
and (2) to explore how motor learning can be facilitated in
practice and how choices within motor learning can be made,
using the distinction in implicit and explicit forms of motor
learning as a conceptual basis.

Method

Delphi Technique

The Delphi technique consists of a series of sequentia
guestionnaires or “rounds’ aiming to obtain the most reliable
consensus of opinionsfrom agroup of experts[33]. The Delphi
technique was chosen because it is useful for situations where
individual opinionsand knowledge are selected, compared, and
combined in order to address a lack of agreement or an
incomplete state of knowledge [33,34]. In this study, at least
30 experts will be invited to provide their opinion of different
motor learning-related constructs. Two parallel processes will
be initiated in the preparation of the actual Delphi rounds: (1)
identification and invitation of experts, and (2) design of the
structure and content of the questionnairesin the Del phi rounds.
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Referee Group

An international referee group, consisting of all authors of this
paper, will identify and invite the experts. We will also prepare
the content of the Delphi rounds and will supervise and monitor
the process. We are a group of 7 researchers and 2 therapists
with expertise in the field of motor learning and/or conducting
the Delphi technique. Our backgrounds include epidemiol ogy,
physiotherapy, occupational therapy, movement sciences, and
(sport) psychology. As members of the referee group, we will
not participate in the survey.

Identification and Invitation of Experts

Heterogeneity within the expert panel is an important quality
criterion [33]. We will therefore seek to include experts from

Figure 1. Identification and composition of the expert panel.

Kleynen et d

different fields of motor learning. These experts should be
researchers, lecturers, experienced therapists, or coaches
working in the field of motor learning. Figure 1 provides an
overview of how the experts will be identified and the expert
panel will be composed. Expertsin thefield of research will be
identified through a literature search (Figure 1, route A). The
referee group will identify lecturers, experienced therapists, and
coaches using their networks as these experts are more difficult
to identify through literature (Figure 1, route B). Both routes
together will be termed thefirst layer of identification. Theaim
of the extensive selection procedure is to create a heterogenic,
international expert panel. However, it isnot possibleto predict
to what extent we will succeed, as the expert group will be a
purposive sample and not stratified on all characteristics that
might be of influence.

Experts identified
through relevant
literature (route A)

Experts identified
through referee
networks (route B)

invited to recruitment round

Experts who fulfill the inclusion criteria

*" Refuseto
participate

First layer of identification

&

Agree to
participate

fulfill the inclusion criteria

Asked to recommend other experts in the field who

*" Refuseto
participate

Second layer of identification

T~

Agree to
participate

Definitive expert panel |

Experts I dentified From Literature (Route A)

Researchersin the field of motor learning will be identified by
an extensive literature search. This search will be conducted
through PubMed/Medline and PsycINFO. Several search terms
will be combined, depending on the search options of the digital
database. The most important search terms will be motor
learning, implicit, explicit, and skill acquisition. A researcher
will be defined as an expert if he/sheisthefirst, second, or last
author of at least one empirical publication in the area of motor
learning. Publications can be in the field of motor learning or
skill acquisition in healthy populations, sports, and
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rehabilitation. Experts who have only published in the field of
fundamental neuroscience related to motor learning will not be
invited to participate, as the focus of the Delphi study is on
facilitating motor learning in clinical practice. Fundamental
research will be defined as studies using only outcome measures
evaluating “body function and structures’, according to the
International Classification of Functioning, Disability, and
Health [35].
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Experts|dentified From the Referee Members’ Network
(Route B)

Pardllel to theidentification through the literature search, experts
with practical expertise, such as therapists, lecturers, and
coaches, will be recruited from the networks of the referee
group. Though somewhat arbitrary, we defined an expert as a
therapists, coach, or lecturer with at least 3 years of working
experience in applying motor learning in practice and
involvement in education or research.

Recruitment Round

All dligible expertswill beinvited to participatein arecruitment
round. Experts will receive an email comprising of a brief
introduction of the aim and content of the survey, the amount
of time to complete the questionnaires, and a personal link to
open the online survey program. The aim of this recruitment
round will be twofold. Thefirst aim is to inform experts about
the survey and to obtain consent for participation. Participating
experts will be asked to provide detailed information on their
age, background, years of experience, field of interest, working
country, and current position to help to define the composition
of the panel (see Multimedia Appendix 1). The second aim is
to identify additional experts who were not identified through
the literature and the network of the referee group members.
All invited experts will be asked to recommend other experts
(Figure 1, the so-called second layer of identification)
irrespective of whether they have agreed to participate or not
(ie, snow-ball sampling). They will be explicitly asked to
identify expert lecturers, coaches, or therapists who fulfill the
inclusion criteria, asthose experts are more difficult to identify
through publications. This process hopes to limit the extent to
which the sample of experts is biased by the network of the
referee group.

Panel Size and Composition

There are no clear guidelines for an appropriate panel size for
studies using the Delphi technique and there is only limited
evidence on the effect of the panel size on the validity and
reliability of any consensus that is reached [34]. Therefore, in
accordance with another study [36], we consider a panel size
of at least 30 experts to be appropriate—approximately 10
researchersfrom motor learning in rehabilitation, 10 researchers
from the field of motor learning in healthy individuals and
sports, and 10 experts with experience in applying motor
learning in practice. Although it is not possible to predict the
number of experts who will be identified, agree to participate,
and complete the survey, we used data from earlier studies for
guidance. Based on data of a recent, Web-based Delphi study
[37], it is expected that 60% of the invited expertswill agreeto
participate, that 70% of the participants will return the first
guestionnaire, and 50% of the participants will complete the
entire survey. Therefore, we will initialy invite at least 100
experts to participate (on avoluntary basis), however no upper
limit will beimposed on the number of invited experts. Experts
who do not respond to the invitation will be reminded twice to
do so. If experts agree to participate, they will be considered
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part of the definitive expert panel. Experts who agree to
participate but do not respond to one of the questionnaires will
be sent two reminders. As long as experts do not explicitly
withdraw from participation (viamail or using alink within the
survey), they will be considered part of the panel and will
receive aninvitation for each round. An exception will bethose
experts who do not respond to round one and round two. They
will not beinvited to the third round and will be excluded from
the panel.

Design and Content of the Survey

All rounds will be designed and distributed using an online
survey program (SurveyMonkey, LLC, Cdifornia, USA). Figure
2 provides an overview of the process and content of the 3
rounds. In the following section, the content of the 3 rounds
and the expected results is described. The description of the
first round is more detailed than the second and third rounds,
as the content of these rounds will mainly be based on the
findings from the earlier ones. In general, the second and third
round will each consist of 2 parts. Inthefirst part, answersfrom
the former round will be further verified and the second part
will focus on new aspects.

The First Round

The first round will focus on the definitions, descriptions, and
taxonomy of implicit and explicit forms of motor learning and
avariety of motor learning strategies.

Firgt, aspects of different definitions and descriptionsfor implicit
and explicit motor learning that are provided in the literature
will be presented. Experts will be asked to choose which of
these aspects should be included in the definitions. Next, alist
of strategies (eg, analogy learning, discovery learning) that are
often described in the literature will be presented together with
adescription of each strategy. Per strategy, expertswill first be
asked whether they know the strategy and whether they have
used the strategy in research or in practice. Experts, who stated
to know the strategy, will then be asked whether they agree with
the description provided. If they do not agree, they will be asked
to provide arguments in an open comment box. Third, experts
will be asked whether they can classify the strategy as promoting
amore implicit or explicit form of motor learning.

Preliminary Data Analysis After First Round

To prepare the second round, the referee group will perform a
preliminary analysis of data. Definitions of implicit and explicit
motor learning will be created based on consensus from the
separate definitional aspects provided in the survey. Consensus
will be defined when 70% or more of the experts agree on a
certain aspect. If no consensus is achieved, then percentages of
agreement will be presented, however, no definitions will be
formulated. Only strategies that more than 70% of the experts
state to know will be taken into account in the second round
(termed best-known strategies). Descriptions of those strategies
will be adapted and if necessary, reformulated based on the
open text comments.

JMIR Res Protoc 2013 | vol. 2 | iss. 1 [e18 | p.232
(page number not for citation purposes)


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

JMIR RESEARCH PROTOCOLS

First round:
Definitions,
descriptions, and taxonomy
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Figure 2. Overview of the procedure and content of the Delphi rounds (squares=process steps,; rhomboi ds=decision steps).

Questionnaire will

Second round:
1. Definitions,
descriptions, and taxonomy

2. Facilitation of motor
learning

Third round:
1. Definitions,
descriptions, and taxonomy

2. Choice of form,
strategies, and elements

>| be sent to the expert
panel

v

Referee group Feedback report
checks/clusters will be sent to the
results expert panel

A4

No
consensus/
uncertainties/
new aspects

Questionnaire will
—>| be sent to the expert

panel

v

Referee group Feedback report
checks/clusters will be sent to the
results expert panel

Vv

No consensus/
uncertainties/
new aspects

Questionnaire will

The Second Round

The aim of the second round will be twofold. First, a summary
of the answers of the first round will be provided. The
formulated definitions will be presented to the experts and they
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> be sent to the expert
panel

\

Referee group Feedback report
checks/clusters will be sent to the
results expert panel

2

Overall analysis

Vv

will be asked whether they agree with these definitions. The
adapted description of the strategieswill also be presented again.

The second part of the survey will focus on experts’ opinions
and experiences on how motor learning can be facilitated in a
single therapy session. Experts will be asked to state how
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instructions, feedback, and organization of the environment
(so-caled “elements’ of motor learning) can be used to facilitate
implicit and explicit learning.

Experts will be presented with a list including elements that
could be used to facilitate motor learning. They will be asked
whether these elements would facilitate a more implicit or a
more explicit form of learning. To make answers comparable,
we will mainly use multiple choice questions, however, experts
will have the opportunity to comment on every question (either
by using the option “other” or “open comment box”).
Furthermore, we will assess how these elements relate to the
motor learning strategies identified by the experts as the
best-known strategies from round one.

The Third Round

If necessary, aspects for which no consensus in definitions,
descriptions, and taxonomy was reached in rounds one and two
will be presented again. Further, the second aim of the third
round will be the identification of factors influencing and
directing choices made within the motor learning process. The
impact of cognitive impairments for these choices will be
addressed specificaly.

Data Analysis

Thereferee group will be unaware of theidentity of expert panel
members with the exception of two members of the referee
group who are responsible for correspondence (MK, SB). The
analysis of the responses of the experts will be processed
anonymously.

The questionnaires for the 3 rounds will consist of
closed/multiple choice questions and some open questions.
Closed/multiple choice questions will be used if there is some
knowledge available with regard to the answers (eg, from the
literature or earlier survey rounds). Each closed/multiple choice
question will have the option “other” or “comment” to ensure
that experts can also add answers that are not listed. If little or
not enough knowledge is available to pre-structure the answer
options, open questions will be used. Further, open questions
will be used to inventory experiences of the expert panel.

The referee group will not decide for specific aspects where no
consensus is reached. They will however, choose between two
different options to proceed: (1) the aspect will be presented
again to the expert panel in cases where consensusiis likely to
be achieved in the next survey round, or (2) the variety in
answers will be reported in case of very diverse answers.

The answer to all explorative questions (facilitation of motor
learning in round 2, and choice of form, strategies, and elements
in round 3) will be analyzed using majorities and trends (eg, =
50%). Consensusis not expected for these questions asanswers
will be moreinfluenced by the specific practical experiencethe
expert has, and the target group he/she works with. Free text
comments and answers from open questions will be described
and if possible, clustered into themes. Quotes will be used to
illustrate the main results.
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Feedback Reports

After every round, asummary of the resultswill be sent to each
member of the expert panel. The results will be clustered, but
not analyzed or interpreted in detail.

Results

This study is currently ongoing. It is financially supported by
Stichting Alliantie Innovatie (Innovation Alliance Foundation),
RAAK-international (Registration number: 2011-3-33int).

Discussion

This paper describes the design of a study using the Delphi
technique in the broad area of motor learning. To our
knowledge, it isthefirst time that the Delphi technique has been
used for this topic area. The objective of this paper was to
describe the design of the Delphi technique to reach consensus
on definitions, descriptions, and taxonomy used within motor
learning and to explore experts opinions and experiences on
the application of motor learning in practice. However, asin
any other study designs, the Delphi techniqueis subject to some
points of consideration.

The most important advantage of using the Delphi techniqueis
that it enablesthe synthesis of existing knowledge from experts
with different backgrounds, including unpublished and practical
expertise. In addition to gaining moreinsight into the definitions
and taxonomy used within motor learning, the results of this
study might also shed light on unresolved questions and
controversial aspects within the field. A disadvantage of the
Delphi techniqueisthat the questions and answers are generally
based on atheoretical, hypothetical basis. In addition, thereferee
group needsto have some conceptual structurein designing the
survey. In this study, the distinction in implicit and explicit
forms of motor learning is used, which will probably influence
the line of reasoning and answers of the participants to some
extent.

A well-composited expert panel is the linchpin of this study.
As the scope of the Delphi topic is broad, it is important that
the expert panel truly represents the available expertise on the
subject. Expertsfrom different fields of motor learning and with
different backgrounds must participate in the Delphi study. As
invited experts will be asked to recommend other experts, we
will try to invite as broad a sample of experts as possible to
prevent selection bias, however, only after the results are
available can ajudgment of the representativeness of the expert
panel be made.

No new evidence will be generated by this study. The Delphi
technique will merely be used to summarize existing knowledge
and experiences regarding motor learning from experts with
different backgrounds. It is therefore important that the results
of this study will be considered as a starting point for future
applied research. The aim of thisresearch should be to confirm
results and further explore unresolved aspects found in this
study. At the same time, the available knowledge and
experiences from the experts in this study can be accessed by
therapists (and other users) who might find the information
useful to directly support their clinical reasoning and practice.
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Abstract

Background: Musculoskeletal (MSK) conditions are the most common cause of severe chronic pain and disability worldwide.
Despite the impact of these conditions, disparity exists in accessing high quality basic care. As aresult, effective treatments do
not always reach people who need services. The situation is further hampered by the current models of care that target resources
to alimited area of health services (eg, joint replacement surgery), rather than the entire continuum of MSK health, which includes
services provided by primary care physicians and health professionals. The use of digital media offers promising solutions to
improve access to services. However, our knowledge in this field is limited. To advance the use of digital media in improving
MSK care, we held a research planning meeting entitled “PEOPLE: Partnership to Enable Optimal Primary Health Care by
Leveraging Digital Mediain Musculoskeletal Health”. This paper reports the discussion during the meeting.

Objective: The objective of this study was to: (1) identify research priorities relevant to using digital mediain primary health
care for enhancing MSK health, and (2) develop research collaboration among researchers, clinicians, and patient/consumer
communities.

Methods: The PEOPLE meeting included 26 participants from health research, computer science/digital media, clinical
communities, and patient/consumer groups. Based on consultations with each participant prior to the meeting, we chose to focus
on 3topics: (1) gapsand issuesin primary health care for MSK health, (2) current application of digital mediain health care, and
(3) challenges to using digital mediato improve MSK health in underserviced populations.

Results. The 2-day discussion led to emergence of 1 overarching question and 4 research priorities. A main research priority
was to understand the characteristics of those who are not able to access preventive measures and treatment for early MSK
diseases. Participantsindicated that thisinformation is necessary for tailoring digital mediainterventions. Other prioritiesincluded:
(1) studying barriers and ethical issues associated with the use of digital mediato optimize MSK health and self-management,
(2) improving the design of digital mediatoolsfor providing “just-in-time” health information to patients and health professionals,
and (3) advancing knowledge on the effectiveness of new and existing digital media interventions.

Conclusions: We anticipate that the results of this meeting will be a catalyst for future research projects and new cross-sector
research partnerships. Our next step will be to seek feedback on the research priorities from our collaborators and other potential
partnersin primary health care.

(JMIR Res Protoc 2013;2(1):€13) doi:10.2196/resprot.2267
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Introduction

Muscul oskeletal (M SK) conditions are the most common cause
of severe chronic pain and disability worldwide [1-4].
Approximately 33% of adults in the United States reported
having chronic joint symptoms and arthritis [5]. In Canada,
arthritis alone affects 4.4 million people (age = 15 years) and
is projected to affect 7 million in 20 years [2]. Effective
treatments are available. For example, strong evidenceindicates
that lifestyle interventions such as exercise [6-8], weight
management [9-11], and education [12,13] can reduce pain,
improve quality of life [6,14,15], and have potential to reduce
the progression of joint damage in those with osteoarthritis[16].
Also, thereisample evidence supporting the early and consistent
use of disease modifying medicationsfor treating inflammatory
arthritis [17-19]. However, despite the evidence, most people
in Canada do not receive the basic care in atimely manner to
maintain MSK health [20-22] or cannot access treatment at all
[23-25]. Thesituation isfurther hampered by our current models
of care that invest in alimited aspect of services provided by
specialists (eg, triaging for early diagnosis of inflammatory
arthritis or provision of joint replacement surgery), rather than
the entire continuum of MSK health [26], which includes
treatments and health promotion strategies provided by avariety
of primary care health professionals [27].

The use of digital media offers promising solutions to improve
access to services. Digital media, which are electronic media
that operate on digital codes, offer abroad range of applications,
such as socia networking tools, online games, animation,
interactive websites, and mobile applications. They provide
tremendous flexibility for delivering health-related information
at atime and place that is chosen by the individual. In the past,
digital mediareferred to “new media’ for specific applications.
Today, digital mediais everywhere. In contrast, our knowledge
on their use in heath promotion, treatment, and
self-management is gtill in its infancy. To advance the use of
digital media in improving MSK care, we held a research
planning meeting on October 13-14, 2011 in Vancouver,
Canada, entitled “PEOPLE: Partnership to Enable Optimal
Primary Health Care by Leveraging Digita Media in
Musculoskeletal Health”. The purpose of this paper was to
report the research priorities generated from this meeting.

Pre-meeting Consultation

The PEOPL E meeting was supported by the Canadian Institutes
of Health Research (CIHR)-funded Model of Carein Arthritis
Team (CIHR Funding Reference Number: EMT-92253) [28].
Twenty-six invitees, representing health and computer science
disciplines, clinical communities, and patients/consumers groups
participated at this meeting. All participants were considered
equal contributors in discussions and the development of
research priorities. Before the meeting, a series of individual
consultations were held by the co-chairs (LindaLi and Aileen
Davis) to learn about participants expectations of the meeting,

http://www.researchprotocols.org/2013/1/e13/

and their opinionsregarding the use of digital mediain primary
health care. Comments from each participant were reviewed to
develop new probing questions for subsequent consultations.

Overal, participants agreed that the meeting should focus on
three areas. (1) gaps and issues in primary care for
maintaining/improving MSK health, (2) successes and pitfalls
of current applications of digital mediain health care, and (3)
challengesto using digital mediafor improving primary health
carein underserviced populations.

PEOPLE Meeting

The PEOPLE meeting consisted of 3 sessions; each included
short, thought-provoking presentations and facilitated
discussions (Multimedia Appendix 1). The meeting ended with
a group brainstorming on research priorities. At the start,
participants agreed to adopt Health Canada’s definitions of
“primary care” and “primary health care”. Primary care was
defined asthe point of first contact with the health care system.
It includes“the diagnosis, treatment, and management of health
problemswith services delivered predominantly by physicians,
but increasingly by other professionals with direct patient
access’ [29].

Health Canada defined primary health care as “an approach to
providing health care that invol ves health professional sworking
together and delivering care within the context of the broader
determinants of health of individuals and communities’. As
such, primary health care encompasses a range of services,
“including illness prevention, health promotion, diagnosis, and
management of health concerns. It encourages the use of the
health professional(s) from the most appropriate health
discipling(s) to maximize the potential of health resources’ [30].

Session 1: Gaps and Issues in Primary
Health Care for Musculoskeletal Health

The session began with a presentation on the current practice,
challenges, and opportunitiesin MSK care (by Dr. Thea Vliet
Vlieland). This talk highlighted recent research that used
Web-based interventions to improve arthritis care in The
Netherlands. This was followed by Ms. Simone Hughes, who
shared her past experience as a person with arthritisliving in a
rural community, and Ms. Robin Roots, who presented her
research on rural and remote rehabilitation practice. The final
presentation discussed the use of digita media from a
physician’s perspective (by Dr. Preston Wiley). Participants
were asked to reflect on 2 questions after each presentation: 1)
What are the issues in primary health care that can/should be
addressed by research? 2) How may digital media be applied
to improve primary health care?

An issue raised during the discussion was the difficulties
experienced by individuals, their families, and health
professionals in accessing high quality information about the
services required or available to manage MSK health. It was
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suggested that in areas where there were physician shortages,
nurse practitioners and advanced practice rehabilitation
professionals might help to provide care and assist patients to
access services. Participants also pointed out that although
well-designed digital media tools could help to bridge the
information gap, underserviced populations might be the least
likely to know about, and have access to, computers and/or
mobile devices for information. To quote one participant, “If
you build it, they may not come.” Therefore, a survey on how
people who are currently underserviced access information
would be useful.

The group also discussed challenges posed by existing
computerized toolsfor accessing health information (ie, design
issues). Participants with acomputer science/design background
noted that most toolsin the health sector were not user friendly,
and some were developed without target audiences in mind.
They believed that the future digital media tools should be
designed to provide customized information, taking into account
users’ needs and literacy levels. The group also raised concerns
about accessing information using digital media portals,
particularly with the growing “ broadband divide” between those
living in the city and those living in areas with unreliable
broadband Internet access. This issue needs to be taken into
consideration when designing tools to support primary health
care and patient self-management in rural and remote areas.

Session 2: Current Application of Digital
Media in Health Care

This session began with an overview on research that uses
virtual reality, robotics, and social networking programs to
manage chronic pain and anxiety disorders (by Drs. Diane
Gromala and Chris Shaw). Participants also heard about the
research on communication technology and health (Dr. Sherida
Ryan). Dr. Ryan raised an important issue of the poor “cyber
literacy” of the general population, which included not knowing
how to determine the credibility of awebsite or how to protect
one’s personal information and identity on the Internet. Finally,
Dr. Scott Lear shared his research on teleheath in chronic
disease self-management in Northern British Columbia. Dr.
Scott stressed the importance of attending to the technical issues
and creating a navigation pathway for the online intervention
at the start of a project.

After each presentation, participants were asked to reflect on
thefollowing question: How might digital mediaaddressissues
identified in primary health care? Participants gave a few
examples to illustrate how digital media could be used,
including: (1) health surveillance (eg, provide monitoring and
feedback to patients' health status and lifestyle behaviors, such
as participation in physical activity), (2) patient-health
professional communication (eg, emails, Skype), (3) record
keeping and health professional communication (eg, electronic
medical record), (4) access knowledge (eg, patient education
websites), and (5) continuing professional development (eg,
e-communities of practice). In general, participants felt that
further effort would be required to assist the public in judging
the credibility of online heath information. During the
discussion about health surveillance, the concern of
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“self-management overload” and “ monitor burden” was voiced
by several patients/consumers. There was atension between the
need for monitoring and the focus on symptoms/iliness. The
latter might reinforce the sickness role and could have a
detrimental effect on the individual.

It was suggested that future research could explore how to use
digital mediatoolsto provide “ staged information” to enhance
MSK health (ie, just enough information rel evant to the specific
stage of the disease, rather than “too much too early”). Also
suggested was the need to study the effectiveness of digital
mediatoolsfor providing personalized monitoring and feedback
for patients with MSK disease.

Session 3: Roles and Challenges of Using
Digital Media for Improving Primary
Health Care in Underserviced Populations

This session began with presentations from 3 different
viewpoints on using digital media in the health sector. First, a
health educator/a person living with arthritis shared her
experience as a member of a primary health care team for
homel ess people and her view on using online and mobiletools
for providing care (Ms. Louise Crane). Next, a computer
scientist, Ms. Meehae Song, presented an overview of new
digital media technologies for the health sector, especially for
marginalized populations (eg, people living in poverty, sex
workers). Examplesincluded virtual reality training for chronic
pain management, telemedicine, eHealth monitoring bracel ets,
mobile devices, and smartphone add-ons. Designers of these
tools paid attention to optimizing user friendliness while
minimizing costs. Finally, a medical sociologist discussed the
ethical issues associated with access to technology for
self-management (Dr. Anne Townsend). Central to Dr.
Townsend's talk was the tension between educating people to
self-manage and supporting self-management. The former was
based on a health professionals’ assumption that individuals
lack the knowledge and skills to self-manage, and hence, need
to be taught; while the latter took a patient’s perspective of
needing accessto resources and support to manage one’s health.
Dr. Townsend discussed the potential ethical dilemma these
different views might have on the design and implementation
of digital mediatoolsin primary health care.

Participants were asked to reflect on the following questions
after the presentations: (1) What are the additional issues that
need to be addressed to improve primary health care in the
underserviced population? (2) What are the potential
applications of digital mediato improve primary health carein
underserviced populations? (3) What ethical issues, which
underline the use of digital media for primary health care in
underserviced populations, need to be factored into future
research?

A variety of topics were discussed in this session. The group
began by cautioning against anarrow definition of underserviced
population (eg, only focusing on those living in rural/remote
areas). People who are underserviced tended to have similar
characteristics. Although some demographic characteristics
werewell known (eg, geography, income, and education), others
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such as sex/gender role, race, and access to social capital and
network had not been fully explored. A better understanding of
these characteristics would help further advance research in
digital media and primary health care. It was agreed upon that
community-based research principles should be followed when
working with underserviced populations. Further, future research
should take into account the lived experienced of the target
populations.

Participants aso discussed the current mode of
self-management, which wasa“ deficit model” [31]. Thismodel
implied that people became ill because they did something
wrong, and so interventions should focus on helping them to
“do the right thing”. The assumption was that health
professionals should help people “evolve” from a passive
recipient of care to an active participant (ie, educating people
how to self-manage). Yet in reality, peoplewith chronic disease
find ways to manage their conditions every day [32], and so
interventions should be devel oped to support self-management
instead. Participantsfelt that thiswaswhere digital mediamight
play a role. Finaly, to fully leverage the potential of new
technologies, the group emphasi zed collaborations between the
health and digital media sectorsin future research.

Discussion

During the brainstorming for research priorities, an overarching
guestion emerged: In the pursuit to optimize MK health, do
digital media offer viable solutionsto reach those who are hard
to reach? The PEOPLE meeting participants recognized that a
basic challengeto providing primary health carefor MSK health
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wasthe lack of accessto “just-in-time” knowledge. Thisrefers
to concise knowledge that is available when and where it is
needed by an individual making a treatment, clinical or policy
decision, or for maintaining good health. Severa research
priorities were identified, including:

1. Understanding the characteristics of individuals who are
underserviced.

2. Studying barriersand ethical issues associated with the use
of digital media tools by underserviced populations to
optimize MSK health and support self-management.

3. ldentifying design issues for developing new
tools/modifying existing technologies to provide
“just-in-time” information for users, with attention paid to
addressing health literacy and cyber literacy.

4. Increasing knowledge on the effectiveness of new and
existing digital media interventions, as well as different
implementation strategies.

In conclusion, the PEOPLE meeting has identified research
priorities for improving primary health care in chronic MSK
conditions through digital media, with the input of a variety of
stakeholders. Given that the late adopters have accounted for
most of the new Internet users since the late 2000s [33], digital
media is not only the future, but is aready present. The
collaboration between health and digital media sectorsiscrucial

to modernize primary health care for the 21% century. We
anticipate that the findings from this meeting will be a catalyst
for future projects and new cross-sector research partnerships,
and wel come feedback on this report.
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