
Journal of Medical Internet Research

Impact Factor (2018): 4.945 - ranked #1 medical informatics journal by Impact Factor
Volume 14 (2012), Issue 2    ISSN: 1438-8871    Editor in Chief:  Gunther Eysenbach, MD, MPH

Contents

Original Papers

The Influence of User Characteristics and a Periodic Email Prompt on Exposure to an Internet-Delivered
Computer-Tailored Lifestyle Program (e40)
Francine Schneider, Liesbeth van Osch, Daniela Schulz, Stef Kremers, Hein de Vries. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4

The Role of User Control in Adherence to and Knowledge Gained from a Website: Randomized Comparison
Between a Tunneled Version and a Freedom-of-Choice Version (e45)
Rik Crutzen, Dianne Cyr, Nanne de Vries. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52

Design of a Website on Nutrition and Physical Activity for Adolescents: Results From Formative Research
(e59)
Debbe Thompson, Karen Cullen, Carol Boushey, Karen Konzelmann. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62

Results from an Online Computer-Tailored Weight Management Intervention for Overweight Adults:
Randomized Controlled Trial (e44)
Lenneke van Genugten, Pepijn van Empelen, Brigitte Boon, Gerard Borsboom, Tommy Visscher, Anke Oenema. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77

Web-Based, Computer-Tailored, Pedometer-Based Physical Activity Advice: Development, Dissemination
Through General Practice, Acceptability, and Preliminary Efficacy in a Randomized Controlled Trial (e53)
Katrien De Cocker, Heleen Spittaels, Greet Cardon, Ilse De Bourdeaudhuij, Corneel Vandelanotte. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 92

A 12-Week Commercial Web-Based Weight-Loss Program for Overweight and Obese Adults: Randomized
Controlled Trial Comparing Basic Versus Enhanced Features (e57)
Clare Collins, Philip Morgan, Penelope Jones, Kate Fletcher, Julia Martin, Elroy Aguiar, Ashlee Lucas, Melinda Neve, Robin Callister. . . . . . . . . . . 105

Internet-Based Computer Tailored Feedback on Sunscreen Use (e48)
Hein de Vries, Matti Logister, Gertruud Krekels, Frits Klaasse, Verina Servranckx, Liesbeth van Osch. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 120

Novel Technologies for Assessing Dietary Intake: Evaluating the Usability of a Mobile Telephone Food
Record Among Adults and Adolescents (e58)
Bethany Daugherty, TusaRebecca Schap, Reynolette Ettienne-Gittens, Fengqing Zhu, Marc Bosch, Edward Delp, David Ebert, Deborah Kerr,
Carol Boushey. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 132

Improving Adherence to Antiretroviral Therapy for Youth Living with HIV/AIDS: A Pilot Study Using
Personalized, Interactive, Daily Text Message Reminders (e51)
Nadia Dowshen, Lisa Kuhns, Amy Johnson, Brian Holoyda, Robert Garofalo. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 144

Journal of Medical Internet Research 2012 | vol. 14 | iss. 2 | p.1

XSL•FO
RenderX

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


Using Smartphone Technology to Monitor Physical Activity in the 10,000 Steps Program: A Matched
Case–Control Trial (e55)
Morwenna Kirwan, Mitch Duncan, Corneel Vandelanotte, W Mummery. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 152

Online Doctor Reviews: Do They Track Surgeon Volume, a Proxy for Quality of Care? (e50)
Jeffrey Segal, Michael Sacopulos, Virgil Sheets, Irish Thurston, Kendra Brooks, Ryan Puccia. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 175

Internet-Based HIV and Sexually Transmitted Infection Testing in British Columbia, Canada: Opinions and
Expectations of Prospective Clients (e41)
Travis Hottes, Janine Farrell, Mark Bondyra, Devon Haag, Jean Shoveller, Mark Gilbert. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 189

Validation of an Informant-Reported Web-Based Data Collection to Assess Dementia Symptoms (e42)
Kenneth Rockwood, An Zeng, Chris Leibman, Lisa Mucha, Arnold Mitnitski. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 200

Online Schools and Children With Special Health and Educational Needs: Comparison With Performance
in Traditional Schools (e62)
Lindsay Thompson, Rick Ferdig, Erik Black. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 210

How is an Electronic Screening and Brief Intervention Tool on Alcohol Use Received in a Student Population?
A Qualitative and Quantitative Evaluation (e56)
Jessica Fraeyman, Paul Van Royen, Bart Vriesacker, Leen De Mey, Guido Van Hal. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 219

Breakeven, Cost Benefit, Cost Effectiveness, and Willingness to Pay for Web-Based Versus Face-to-Face
Education Delivery for Health Professionals (e47)
Stephen Maloney, Romi Haas, Jenny Keating, Elizabeth Molloy, Brian Jolly, Jane Sims, Prue Morgan, Terry Haines. . . . . . . . . . . . . . . . . . . . . . . . . 231

A Conceptual Framework and Principles for Trusted Pervasive Health (e52)
Pekka Ruotsalainen, Bernd Blobel, Antto Seppälä, Hannu Sorvari, Pirkko Nykänen. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 247

Analysis of eHealth Search Perspectives Among Female College Students in the Health Professions Using
Q Methodology (e60)
Michael Stellefson, Bruce Hanik, J. Chaney, Bethany Tennant. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 259

Health Care Professionals’ Beliefs About Using Wiki-Based Reminders to Promote Best Practices in Trauma
Care (e49)
Patrick Archambault, Andrea Bilodeau, Marie-Pierre Gagnon, Karine Aubin, André Lavoie, Jean Lapointe, Julien Poitras, Sylvain Croteau, Martin
Pham-Dinh, France Légaré. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 274

Development of Web-Based Computer-Tailored Advice to Promote Physical Activity Among People Older
Than 50 Years (e39)
Denise Peels, Maartje van Stralen, Catherine Bolman, Rianne Golsteijn, Hein de Vries, Aart Mudde, Lilian Lechner. . . . . . . . . . . . . . . . . . . . . . . . . 296

Original papers

Initial and Sustained Participation in an Internet-delivered Long-term Worksite Health Promotion Program
on Physical Activity and Nutrition (e43)
Suzan Robroek, Dennis Lindeboom, Alex Burdorf. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18

Program Completion of a Web-Based Tailored Lifestyle Intervention for Adults: Differences between a
Sequential and a Simultaneous Approach (e26)
Daniela Schulz, Francine Schneider, Hein de Vries, Liesbeth van Osch, Peter van Nierop, Stef Kremers. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32

Journal of Medical Internet Research 2012 | vol. 14 | iss. 2 | p.2

XSL•FO
RenderX

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


Viewpoint

Crowdsourced Health Research Studies: An Important Emerging Complement to Clinical Trials in the
Public Health Research Ecosystem (e46)
Melanie Swan. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 162

Journal of Medical Internet Research 2012 | vol. 14 | iss. 2 | p.3

XSL•FO
RenderX

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


Original Paper

The Influence of User Characteristics and a Periodic Email Prompt
on Exposure to an Internet-Delivered Computer-Tailored Lifestyle
Program

Francine Schneider1, MSc; Liesbeth van Osch1, PhD; Daniela N Schulz1, MSc; Stef PJ Kremers2, PhD; Hein de Vries1,
PhD
1CAPHRI, Department of Health Promotion, Maastricht University, Maastricht, Netherlands
2NUTRIM, Department of Health Promotion, Maastricht University, Maastricht, Netherlands

Corresponding Author:
Francine Schneider, MSc
CAPHRI
Department of Health Promotion
Maastricht University
P O Box 616
Maastricht, 6200 MD
Netherlands
Phone: 31 43 388 2397
Fax: 31 43 367 1032
Email: francine.schneider@maastrichtuniversity.nl

Abstract

Background: The Internet is a promising medium in the field of health promotion for offering tailored and targeted lifestyle
interventions applying computer-tailored (CT) techniques to the general public. Actual exposure to CT interventions is not living
up to its high expectations, as only a (limited) proportion of the target group is actually using these programs.

Objective: To investigate exposure to an Internet-delivered, CT lifestyle intervention, targeting physical activity, fruit and
vegetable intake, smoking behavior, and alcohol intake, we focused on three processes: first use, prolonged use, and sustained
use. The first objectives were to identify user characteristics that predict initiation of an online CT lifestyle program (first use)
and completion of this program (prolonged use). Furthermore, we studied the effect of using a proactive strategy, consisting of
periodic email prompts, on program revisits (sustained use).

Methods: The research population for this study consisted of Dutch adults participating in the Adult Health Monitor, offered
by the regional public health services. We used a randomized controlled trial design to assess predictors of first use, prolonged
use, and sustained use. Demographics and behavioral characteristics, as well as the strategy used for revisiting, were included as
predictors in the model.

Results: A total of 9169 participants indicated their interest in the new program and 5168 actually logged in to the program.
Participants significantly more likely to initiate one of the CT modules were male, older, and employed, and had a lower income,
higher body mass index, and relatively unhealthy lifestyle. Participants significantly more likely to complete one of the CT
modules were older and had a higher income and a relatively healthier lifestyle. Finally, using a proactive strategy influenced
sustained use, with people from the prompting condition being more likely to revisit the program (odds ratio 28.92, 95% confidence
interval 10.65–78.52; P < .001).

Conclusions: Older, male, and employed participants, and those with a lower income, higher body mass index, and a relatively
unhealthy lifestyle were more likely to initiate a CT module. Module completers predominantly had a higher income and age.
The current program therefore succeeded in reaching those people who benefit most from online lifestyle interventions. However,
these people tended to disengage from the program. This underlines the importance of additional research into program adjustments
and strategies that can be used to stimulate prolonged program use. Furthermore, sending periodic email prompts significantly
increased revisits to the program. Though promising, this effect was modest and needs to be further examined, in order to maximize
the potential of periodic email prompting.
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Introduction

With a substantial number of people accessing the Internet in
search of health-related information [1,2], the Internet has
developed into a popular medium for offering a broad range of
specific health information, such as information on health and
illness, details on treatment-related issues, and information on
health promotion practices, such as programs that offer
information and advice on lifestyle behaviors [3]. Since Internet
penetration rates are still expanding, with almost two billion
people having access to the Internet [4], the number of
health-related searches is also expected to increase. The Internet
is therefore considered to be a promising medium in the field
of health promotion for offering tailored and targeted promotion
programs to the general public [4-7]. As online health-promoting
applications provide many opportunities for interactivity, they
are particularly suited for implementing interventions that offer
immediate feedback and advice to users. In particular, lifestyle
interventions applying computer-tailored (CT) techniques
[5,6,8], addressing health behaviors such as physical activity
[9,10], fruit and vegetable intake [11,12], smoking cessation
[13-16], and alcohol consumption [17,18] have been shown to
have positive effects on health behavior.

Despite these promising prospects, actual exposure to CT
interventions is not living up to the high expectations [19-23],
as only a (limited) proportion of the target group actually uses
these programs [21]. Earlier studies defined exposure as
pertaining to three different aspects: accessing the intervention
(first use), engaging in the intervention content for a substantial
period of time (prolonged use), and revisiting the intervention
(sustained use) [19]. The level of first-time use of online
interventions is generally low, with only small proportions of
the potential target population actually accessing the intervention
[19,24,25]. Levels of actual engagement in the intervention and
of revisits to the intervention are even lower [26]. Since health
behavior change is a complex process, actual change requires
prolonged and sustained commitment to the program to enable
optimal support during the change process. Intensive
engagement in an intervention session allows processing of the
intervention content and involvement in its effective components
and is therefore essential [22,27,28]. Furthermore, a specific
number of repeated visits to an intervention may be imperative,
as, due to a high dose–response relation [29,30], sustained use
of the program is essential to further maximize its effect on
subsequent health behavior change [31,32].

To increase adoption rates of online interventions, it is
imperative to obtain detailed profiles of those who successfully
adopt an intervention [24,25]. By closely studying characteristics

of these first-time users and mapping how they use and reuse
the intervention, detailed knowledge can be acquired on
intervention adopters. It is important to reach those people most
in need of online lifestyle interventions—that is, the people who
engage in risky behaviors such as smoking, excessive alcohol
use, lack of physical activity, or unhealthy eating patterns. Even
though unhealthy lifestyle behaviors are prevalent among the
whole population [33,34], studies have shown that those who
have a lower income and educational level (ie, a low
socioeconomic status) are generally more inclined to have an
unhealthy lifestyle [34,35]. Furthermore, even though Internet
access rates are increasing among people with a lower
socioeconomic status [35], their actual exposure to Internet
interventions is lagging [36-39]. Besides socioeconomic status,
other user characteristics are reported to have an influence on
adoption of online interventions. Previous studies have pointed
out that Internet interventions tend to reach women [40-43] and
older people [44]. It is important to gain more insight into
characteristics of people who are being reached by the program,
but also of people who are left unexposed to the program. These
insights can be used to acquire knowledge on the development
of further steps to improve exposure to the program.

Besides focusing on first use of the program, it is also imperative
to optimize prolonged use of the program and to study related
determinants. Previous studies indicated that tailoring in itself
is a strategy to prevent early disengagement from online
behavior change programs [28,45,46]. Furthermore, specific
user characteristics such as age, gender, and level of education
are related to level of program engagement [28,30,40], with
women, older people, and those who are more highly educated
displaying higher levels of program engagement. Since
engagement in the program is an important predictor of revisits
to the program [46], it is important to map how the program is
used and to study determinants of prolonged program use. This
obtained knowledge can be used to make specific program
adjustments, or to develop specific strategies that can be used
to enhance prolonged use of the program.

Online interventions are often offered reactively to the public,
implying that a passive approach is used, in which users
themselves must act in order to repeatedly benefit from the
intervention [47]. However, since attaining visitors’ loyalty to
an intervention over an extended period of time is a very
strenuous process [22,23,30], efforts should be put into ensuring
sustained use by employing more proactive strategies [27]. The
use of periodic email prompts has been proposed as an effective
proactive strategy to boost revisits to interventions aimed at
stimulating a healthy lifestyle [48]. However, most studies
merely explored the effectiveness and efficacy of the whole
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intervention, instead of focusing on the added value of periodic
prompting as a separate intervention component. As a
consequence, there is too little evidence on the absolute
effectiveness of sending periodic prompts.

In the present study, we aimed at answering three questions.
First, which user characteristics predict initiation of an online
CT program (first use)? Second, which user characteristics
predict completion of the online CT program (prolonged use)?
Third, what is the effect of using a proactive strategy, consisting
of periodic email prompts, on program revisits (sustained use)?
We addressed these questions among participants in an online
CT intervention aimed at multiple health behaviors: physical
activity, fruit and vegetable intake, smoking cessation, and
alcohol consumption.

Methods

In this randomized controlled trial (RCT) we compared the
effect on program revisit of a proactive technique applying a
periodic email prompt versus the use of a reactive approach.
Levels of use and reuse of the program within a 4-month period
were studied and linked to specific user characteristics. The
current RCT was part of a larger RCT testing the effect of the
CT program compared with a control group [49]. Only people
allocated to the study arm receiving computer tailoring of the
larger RCT were included in the current RCT. This study was
approved by the Medical Ethics Committee of Maastricht
University and the University Hospital Maastricht
(NL27235.068.09/MEC 09-3-016) and is described in more
detail elsewhere [49,50].

The research population for this study consisted of Dutch adults
of the provinces of Zeeland and North-Brabant, which
participated in the Adult Health Monitor 2009 [51]. This
Monitor is used by all regional public health services and takes
place every 4 years. It serves as a monitoring tool to assess the
overall level of health in the Dutch population by approaching
a representative sample of the population to fill out a
questionnaire assessing different aspects of general health (eg,
physical and mental health) and health-related topics (eg, social
and physical environment). Participants had the opportunity to
complete a written or an online version of this monitoring
questionnaire. The CT program was embedded in the online
version and was offered as an additional service to online
respondents. Data for the present study were collected from
November 2009 to August 2010.

Procedure and Respondents
After completing the online version of the Adult Health Monitor,
all participants were introduced to the program and were offered
the opportunity to receive, free of charge, CT feedback about
their current health behaviors, such as physical activity, fruit
and vegetable intake, alcohol consumption, and smoking. This
program consisted of several modules, one per behavior, which
incorporated questionnaire items and provided feedback on
several sociocognitive determinants of each health behavior.
The content of the program modules was based on programs
that have been proven to be effective in RCTs for increasing
smoking cessation, promoting the intake of fruit and vegetables,

increasing the level of physical activity, and reducing the
consumption of alcohol [17,51-54].

Participants who were interested in the new program were asked
to leave their email addresses. They received an email including
an invitation to log in to the CT program with a personal log-in
code and password, approximately 3 weeks after completion of
the Monitor. By logging in to the program, participants received
detailed information on the content and purpose of the study.
Subsequently, data on demographics and the five health
behaviors obtained through the Monitor were transported to the
CT program, resulting in a personal overview of individuals’
current health behavior status. If respondents were not adhering
to the Dutch public health guidelines set for these behaviors, a
module generating CT health advice for changing behavior was
available for each health behavior.

During a 4-month period after the baseline visit, we monitored
use of the intervention. People in the prompting condition were
prompted proactively via email 3 months after their baseline
visit to revisit the CT program. Revisits to the program were
stimulated to provide participants with the opportunity to
monitor their own behavior. During a revisit participants could
log in to the program and complete the health risk appraisal
questionnaire. Based on their answers, a new personal health
overview was composed entailing information on their current
health behavior status, as well as on their status during all
previous visits. Improvements, deteriorations, or stability of
health behaviors were graphically presented. People in the
no-prompting condition did not receive any additional prompts
and were encouraged only at baseline to revisit the program.
Reactions to this email prompt were monitored during a 1-month
period.

Randomization
All included participants were randomly allocated to a
prompting condition (receiving additional email prompts) or a
no-prompting condition (receiving no additional email prompts).
We used a computer software randomization device to determine
random allocations at the respondent level.

Content

CT Program
The CT program used a dual approach to guide people toward
behavior change. The first part consisted of a health risk
appraisal and was aimed at increasing participants’ awareness
of their health behavior status, by comparing their status to the
Dutch public health guidelines set for these health behaviors
(ie, being moderately physically active for 30 minutes at least
5 days a week, eating two pieces of fruit per day, eating 200 g
of vegetables per day, not drinking more than one [women] or
two [men] glasses of alcohol a day, and not smoking). In this
health risk appraisal, feedback messages were used to inform
people of their status for each health behavior and to provide
them with additional information on the content of the separate
guidelines. These feedback messages were complemented by
using graphic representations of traffic lights [55], with a green
light corresponding to adherence to the guidelines and a red
light corresponding to nonadherence. An amber light was used
for people who were close to adherence to these guidelines. In
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case of discrepancies between current behavior and the
guidelines, people were alerted and directed to the CT modules.

Second, assistance was provided in changing participants’health
behavior by offering five separate CT modules. The content of
these modules was based on the Integrated Model for exploring
motivational and behavioral change (I-Change Model) [56].
The modules used a fixed, gradual approach consisting of four
steps, guiding people toward behavior change. The first step
addressed the pros and cons of engaging in the desired behavior
under consideration. The second step focused on the role of
significant persons in the direct environment and strategies on
how to deal with lack of support and bad role models. The final
two steps used planning strategies and were aimed at helping
people form preparatory plans to start changing their behavior
(step 3) and coping plans to help them overcome difficult
situations and prevent relapse (step 4) after changing their
behavior. Within the modules, all health advice was adapted to
individuals’ characteristics by considering demographic,
behavioral, and cognitive characteristics [57-59]. Demographic
and behavioral characteristics, such as participants’ gender and
health behavior status, were directly obtained through the Adult
Health Monitor. Cognitive variables, such as attitude, perceived
social influence, self-efficacy, intention, and planning strategies
(action plans and coping plans), were assessed by using an
additional tailoring questionnaire.

The CT modules were embedded in a website
(http://www.mijngezondgedrag.nl/) that was especially designed
for the current project. This website contained general
information considering a healthy lifestyle and the selected

health behaviors. Furthermore, the website provided specific
information regarding the project, a direct link to the CT
program, and information on frequently asked questions. During
the study, new information (eg, advice-supporting messages,
recipes, and facts) was structurally added to the website.

Email Prompt
Participants in the prompting condition received an email 3
months after their baseline visit, prompting them to revisit the
program. This email opened with a personalized greeting and
reminded people about their first visit to the program.
Subsequently, people were invited to revisit the program to
obtain information on their health status and to monitor their
progress. Participants were also informed of the opportunity to
receive additional, iterative health advice on the health
behavior(s) selected at baseline or on a new behavior. Finally,
to facilitate logging in to the program, the email also contained
details on personal log-in information (user name and password).
The email concluded with greetings from the research team and
contact information.

Measures
We collected user characteristics to produce a detailed user
profile including information on personal characteristics, health
behavior status, and intention to change their health behaviors.

Personal Characteristics
Questions pertaining to personal characteristics included
questions on age, gender, educational level, personal net monthly
income, work situation, marital status, and native country (Table
1).
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Table 1. Characteristics of visitors to an online computer-tailored lifestyle program (n = 3448).

DataDemographic characteristic

Age (years)

19–64Range

43.61 (12.60)Mean (SD)

Gender, n (%)

1822 (52.8%)Male

1626 (47.2%)Female

Education level, n (%)

744 (21.6%)Low

1188 (34.45%)Medium

1452 (42.11%)High

64 (2%)Unknown

Personal net monthly income (€), n (%)

223 (6.5%)<1000

227 (6.6%)1001–1350

367 (10.6%)1351–1750

1174 (34.05%)1751–3050

966 (28.0%)>3051

491 (14.2%)Unknown

Employment, n (%)

2614 (75.8%)Employed

662 (19.2%)Unemployed

172 (5.0%)Unknown

Marital status, n (%)

2089 (60.6%)Married

526 (15.3%)Living together

635 (18.4%)Unmarried

170 (4.9%)Divorced

28 (0.8%)Widowed

Native country, n (%)

3277 (95.0%)The Netherlands

171 (5.0%)Other

Body mass index (kg/m2), n (%)

57 (1.7%)<18.5

1795 (52.1%)≥18.5 to <25

1240 (36.0%)≥25 to <30

356 (10.2%)≥30

Behavioral characteristic, n (%)

Physical activity

2939 (85.2%)Compliant

509 (14.8%)Noncompliant

Vegetable consumption

1121 (32.5%)Compliant
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DataDemographic characteristic

2327 (67.5%)Noncompliant

Fruit consumption

1552 (45.0%)Compliant

1896 (55.0%)Noncompliant

Smoking behavior

2790 (80.9%)Compliant

658 (19.1%)Noncompliant

Alcohol intake

2467 (71.5%)Compliant

981 (28.5%)Noncompliant

Number of guidelines complied with, n (%)

25 (0%)0

203 (5.9%)1

677 (19.6%)2

1235 (35.82%)3

936 (27.1%)4

372 (10.8%)5

Health Behavior Status
Health behavior status consisted of information regarding the
five key behaviors. Physical activity was measured by the Short
Questionnaire to Assess Health-Enhancing Physical Activity
[60], and guideline adherence was calculated following
procedures used by Ainsworth et al [61]. Fruit consumption
was measured by using a 4-item food frequency questionnaire
assessing weekly fruit and fruit juice intake [62], and vegetable
consumption was measured using a 4-item food frequency
questionnaire assessing the weekly amount of consumed boiled
or baked vegetables as well as salad or raw vegetables [62]. The
consumption of alcohol was measured by the Dutch
Quantity-Frequency-Variability Questionnaire [63]. And finally,
smoking status was assessed by asking participants whether
they smoked, what they smoked (cigarettes, cigars, packets of
pipe tobacco) and how much they smoked per day (cigarettes)
and per week (cigars or packets pipe tobacco).

Body Mass Index
Data on participants’ height (in centimeters) and weight (in
kilograms) were used to calculate their body mass index (BMI).
BMI is a heuristic used to estimate the level of body fat, and it
is defined by dividing a participant’s body weight by the square
of the participant’s height.

Intention to Change
Intention to change a health behavior was measured by means
of 1 item using an algorithm consisting of 10 stages varying
from unawareness to action. This variable was recoded in
accordance with an adjusted version of the stages of change
concept: immotivation (1), precontemplation (2), contemplation
(3), preparation (4), and action (5) [64].

Program Evaluation
After completion of each single module, visitors were asked to
evaluate the module by providing an overall grade (1 to 10).

Outcomes
To measure first use of the program, we created a dichotomous
variable based on program monitoring data, indicating whether
participants initiated a module. Initiating a module was labeled
as yes when people filled out the first question of this module.
To measure prolonged use, we created a new dichotomous
variable to indicate whether participants finished a module.
Completion of a module was labeled as yes when people also
filled out the final question of the module.

To establish sustained use of the program, we created another
dichotomous variable, indicating whether participants logged
in to the program after baseline. Revisiting of the program was
measured by comparing the dates of log-in with the baseline
date.

Statistical Analysis
First, we used general descriptive statistics to describe personal
characteristics of the participants, as well as the main findings
concerning current health behavior adherence to the public
health guidelines. Second, logistic regression analyses were
conducted. Initiation of a module and completion of a module
(0 = no/1 = yes) were the dependent variables. Demographics
(age, gender, marital status, native country, educational level,
work status, and income), BMI, and health behavior status were
included in the model as predictors of initiation. We included
the same variables, with addition of intention (measured at the
beginning of each CT module), in the model as predictors of
completion. Logistic regression analysis was conducted with
revisiting of the program (0 = no/1 = yes) as the dependent
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variable. The same demographics, as well as study condition,
program evaluation, and initiation and completion of a module,
were included in the model as predictors of revisiting of the
program. All statistical analyses were done in SPSS version 7.0
(IBM Corporation, Somers, NY, USA).

Results

Site Visitors’ Baseline Characteristics
In total, 3448 people were allocated to the study arm receiving
computer tailoring of the larger RCT and were included in the
current RCT. Of all participants, with a mean age of 44 (SD
12.60) years, a little more than half were men, and most had a
medium to high education level and an average to high monthly
income (Table 1). Three-quarters of all participants were
employed and more than half were married. Approximately 2%
(57/3448) of all visitors were underweight, whereas more than
half had a normal weight. One-third of visitors were slightly
overweight and 10.3% (356/3448) were obese. A randomization
check revealed no significant differences between respondents
in the prompting and no-prompting condition.

Regarding the five health behaviors included in the program,
14.8% (509/3448) did not comply with the Dutch guidelines of
at least 30 minutes of moderately intensive physical activity at
least 5 days a week. With regard to fruit and vegetable intake,
respectively 54.99% (1896/3448) and 67.49% (2327/3448) were
not adhering to the Dutch guidelines of at least two pieces of
fruit and at least 200 g of vegetables each day. About one in
five visitors indicated to smoke 19.1% (658/3448), and a little
more than a quarter (981/3448, 28.5%) did not comply with the
Dutch guidelines for alcohol intake.

First Use of the Program

CT Module Initiation
A total of 1338 participants (38.81%) did not participate in the
second part of the program, leaving after receiving their personal
health overview. The remaining 2110 visitors (61.19%) decided
to obtain CT lifestyle advice by initiating one of the five
behavioral modules. Of all the visitors who decided to obtain
personalized health advice, 13.0% (n = 275) initiated the
physical activity module, 35.4% (n = 747) and 29.4% (n = 621)
initiated the vegetable and fruit modules, respectively, 9.1% (n
= 191) initiated the smoking module, and 13.1% (n = 276)
initiated the alcohol module (Figure 1).

Figure 1. Flowchart exposure to CT program: first use, prolonged use and sustained use.

Predictors of CT Module Initiation
Results of multiple logistic regression analyses indicated that
male, older, and employed participants, and those with a lower
income and a higher BMI were more likely to initiate one of

the CT modules (Table 2). Initiation of a CT module was related
to the total number of guidelines people adhered to: those with
a relatively unhealthy lifestyle (fewer guidelines complied with)
were more likely to initiate one of the CT modules (odds ratio
[OR] 0.84, 95% confidence interval [CI] 0.77–0.90; P < .001).
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Table 2. Results of multivariate logistic regression analyses of demographic characteristics, behavioral characteristic, and intention, with initiating a
behavioral computer-tailored module as dependent variable (n = 3448).

Initiation of a behavior change moduleCharacteristic

95% CIbP valueORa

Demographic characteristics

1.22–1.490.001.35*Age

Gender

1.00Female (reference)

1.16–1.640.001.38*Male

Education level

1.00High (reference)

0.83–1.380.591.07Low

0.91–1.340.311.11Medium

0.42–0.520.000.46*Income

Employment

1.00Unemployed (reference)

1.01–1.330.031.16*Employed

Marital status

1.00Not in a relationship (reference)

0.79–1.281.001.00In a relationship

Native country

1.00Other (reference)

0.92–2.070.121.38The Netherlands

1.01–1.050.021.03*Body mass index

Behavioral characteristic

0.77–0.900.000.84*Number of guidelines complied with

a Odds ratio.
b Confidence interval.

*Significant association (P < .05).

Prolonged Use of the CT Program

CT Module Completion
Of all the visitors who initiated one of the CT modules to obtain
personalized health advice (n = 2110), 62.37% completed a
module (n = 1316). A total of 153 of 275 visitors completed the
physical activity module (55.6%), 462/747 (61.9%) and 403/621
(64.9%) completed the vegetable and fruit modules, respectively,
130/191 (68.1%) completed the smoking module, and 168/276
(60.9%) completed the alcohol module (Figure 1). All modules
were evaluated by visitors upon completion. The physical

activity module was graded 7.09 (SD 1.41), vegetable
consumption 7.45 (SD 1.02), fruit consumption 7.33 (SD 1.29),
smoking 7.35 (SD 1.11), and alcohol consumption 7.39 (SD
1.11).

Predictors of CT Module Completion
Results of multiple logistic regression analyses indicated that
older participants and participants with a higher income were
more likely to complete one of the CT modules (Table 3).
Participants with a relatively healthy lifestyle (complying with
more guidelines) were also more likely to complete one of the
CT modules.
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Table 3. Results of multivariate logistic regression analyses of demographic characteristics, behavioral characteristic, and intention, with completion
of a behavioral computer-tailored module as dependent variable (n = 2110).

Completion of a behavior change moduleCharacteristic

95% CIbP valueORa

Demographic characteristics

1.33–1.670.001.49*Age

Gender

1.00Female (reference)

0.86–1.290.631.05Male

Education level

1.00High (reference)

0.80–1.410.671.06Low

0.81–1.280.891.02Medium

1.17–1.450.001.30*Income

Employment

1.00Unemployed (reference)

0.78–1.030.120.90Employed

Marital status

1.00Not in a relationship (reference)

0.68–1.160.380.89In a relationship

Native country

1.00Other (reference)

0.57–1.340.540.87The Netherlands

0.97–1.030.941.00Body mass index

Sociocognitive characteristic

Intention

1.00Action (reference)

0.77–1.370.851.03Immotivation

0.67–2.720.411.34Precontemplation

0.62–1.420.770.94Contemplation

0.78–1.360.831.03Preparation

Behavioral characteristic

1.02–1.240.021.28*Number of guideline complied with

a Odds ratio.
b Confidence interval.
c Coded as 0 (no compliance) or 1 (compliance).

*Significant association (P < .05).

Sustained Use of the CT Program
Additional emails prompting a revisit to the program were sent
to 51.91% of all participants (n = 1790), while 48.09% (n =
1658) did not receive an additional reminder. In total, 3.5% (n
= 120) of all visitors decided to revisit the program within a
4-month period after baseline. Among those in the prompting
condition, 0.2% (n = 3) revisited the program within the first 3
months (before receiving an additional reminder). A total of
113 participants (6.3%) reacted to the email prompt after 3

months and revisited the program. This number was significantly
higher than in the no-prompting condition that received no
additional reminder (n = 0, 0.0%; OR 28.92, CI 10.65–78.52;
P < .001).

Since the number of people from the control condition who
revisited the program was extremely low (n = 4), we conducted
additional analyses on predictors of revisiting solely within the
experimental condition. Univariate logistic regression analyses
revealed that completion of a behavior change module
significantly predicted revisiting the program (OR 2.58, CI
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1.57–4.26; P < .001). However, after multivariate analyses,
including all predictors, this effect became nonsignificant.

Discussion

The current study aimed at investigating the level of exposure
to a CT online lifestyle program integrated into the Dutch Adult
Health Monitor. We addressed user characteristics that predicted
initiation (first use) and completion (prolonged use) of the CT
program and tested a proactive strategy using periodic email
prompts to enhance revisits to the program (sustained use).

First Use
Since people with a lower income and educational level are
generally more inclined to have an unhealthy lifestyle [36,65],
the current program aimed at reaching especially those people
in need of lifestyle improvement. However, in line with previous
studies, the majority of participants in our sample had a medium
to high educational level, an average income, and a relatively
healthy lifestyle [36-39]. Even though integrating the CT
program into the Monitor environment provided an access point
for reaching a substantial proportion of the research population
through tailored lifestyle advice, it did not succeed in
predominantly reaching the people who benefit most from CT
interventions.

However, taking a closer look at CT module initiation reveals
that initiators were significantly older, and likelier to be male,
employed, and to have a lower income. Furthermore, participants
with a higher BMI and an unhealthier lifestyle were more likely
to start with one of the CT modules. Whereas the findings
concerning age and gender are largely comparable with those
of earlier studies [28,30,38,40], the present results are in contrast
to previous findings that online health promotion programs tend
to be used predominantly by people with a high socioeconomic
status and healthy lifestyle [28,30,38,40].

The results imply that the current program succeeded in
stimulating those people who are expected to benefit most from
lifestyle interventions (ie, the people who engage in risky
behaviors, but also people from specific risk groups such as
older people and obese people) to initiate one of the CT
modules. Embedding the CT program in an existing context,
the Adult Health Monitor, may account for these findings. The
main objective of the Monitor is to assess different aspects of
general health and health-related topics, such as curative care,
environment and everyday surroundings, social environment,
social safety and violence and nursing and care. Due to this
simple focus on assessment and not on health behavior change,
participation may have been appealing to participants who are
not primarily interested in behavior change. However, direct
transportation of data from the Monitor to the CT program
database allowed for the immediate and effortless composition
of a personal health overview. Subsequently, this overview may
have increased awareness of people’s lifestyle status and might
have served as a cue to action to change their lifestyle,
explaining the increased interest in the CT modules, among the
unhealthy and low-socioeconomic status participants.

Prolonged Use
Even though the CT program succeeded in attracting people
with a relatively unhealthy lifestyle and low-socioeconomic
status people to initiate one of the CT modules, it fell short in
actually engaging these visitors, since module completers
predominantly had a higher income, which is in line with
previous studies [28,30,38,40]. The suboptimal level of
interactivity within the CT program might account for these
findings. Interactivity has been defined as the degree of 2-way
interaction that is provided in the program [66,67], providing
options for either immediate feedback or reciprocal interaction.
Even though the program provided immediate feedback
consisting of personalized health information, it did not provide
communication features such as email contact and a discussion
board, or features such as videos and games [68].

Effort should therefore be put into adjusting program
components and content to the needs and wishes of this target
group and into developing strategies to keep low-socioeconomic
status participants engaged in the program.

Sustained Use
Our results from the current study indicate that prompting
visitors to revisit the CT program is an effective strategy to
enhance sustained use. However, the effect was limited, with
only small percentages of people actually responding to the
prompt. Replicating this study is therefore desirable. A possible
explanation for these results might be the level of tailoring in
the prompt. Although the content of the prompt was tailored to
user characteristics, the level of personalization may have been
too low, making the prompt less appealing and relevant.
Furthermore, since the first prompt was sent after 3 months,
people may have forgotten about the program and their
participation in it.

The added value of the email prompts used in the present study
could be further augmented. Several studies have suggested that
the effect of email prompts increases if they alert people to new
content that is provided on the program website [69] and if they
provide information that is perceived as personally relevant
[48,70]. Furthermore, the time of week when prompts are sent
influences their effect, with prompts being sent at the beginning
of the week being more effective [70].

Since email is a very popular online function used by substantial
number of Internet users [71], it is a promising tool to attract
people to health-promoting interventions. However, a potential
downside of its popularity is the frequent use of email for
marketing purposes. Due to the increase in email advertisements,
or spam, dissatisfaction among email users is increasing [71]
and emails are often neglected or deleted before being read.
Future studies should therefore aim at developing prompt
content that attracts receivers’ attention amidst a plethora of
emails sent for marketing purposes. Furthermore, the optimal
frequency at which prompts are delivered should be studied to
yield further knowledge on future refinements and to maximize
their potential.
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Strengths and Limitations
This study focused on exposure to an online CT lifestyle
program by mapping characteristics of first-time users,
examining predictors of first, prolonged and sustained use and
by testing the efficacy of a proactive strategy to increase
sustained use of the program. Even though several studies have
highlighted the added value of periodic email prompts [48], this
study is one of the few to focus on the added value of periodic
prompting by testing its effect in a randomized control trial.

However, this study is liable to several limitations that need to
be accounted for when interpreting the results. First, we used
one generic email to prompt revisits to the CT program. Future
research should thoroughly study the optimal content of prompts,
in order to make them stand out amidst advertisement emails
and spam, and to make them more personally relevant and
persuasive. Principles used in the field of e-marketing and
e-commerce might provide essential information on specific
strategies to increase the attractiveness of email prompts.

Finally, even though this study provides evidence for the
effectiveness of prompts in enhancing program revisits,

additional research is needed to study their effect on subsequent
behavior change because, due to a high dose–response relation,
multiple visits to the program are necessary to maximize its
effect on health behavior.

Conclusion
We found that the CT modules were significantly more often
initiated by older, male, employed, low-income participants
with a relatively unhealthy lifestyle, which implies that the
program succeeded in reaching and engaging those people who
benefit most from online lifestyle interventions. However,
people with a lower income tended to disengage from the CT
program before finishing the modules. This underlines the
importance of additional research into specific program
adjustment and strategies that can be used to stimulate prolonged
program use by low-socioeconomic status visitors. Furthermore,
sending periodic email prompts significantly increased revisits
to the program. Though promising, this effect was modest and
needs to be further examined, in order to maximize the potential
of periodic email prompting.
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Abstract

Background: Determinants of participation in health promotion programs are largely unknown. To evaluate and implement
interventions, information is needed regarding their reach as well as regarding the characteristics of program users and non-users.

Objective: In this study, individual, lifestyle, and health indicators were investigated in relation to initial, and sustained
participation in an Internet-delivered physical activity and healthy nutrition program in the workplace setting. In addition,
determinants of program website use were studied.

Methods: Determinants of participation were investigated in a longitudinal study among employees from six workplaces
participating in a two-year cluster randomized controlled trial. The employees were invited by email to participate. At baseline,
all participants visited a website to fill out the questionnaire on lifestyle, work, and health factors. Subsequently, a physical health
check was offered, followed by face-to-face advice. Throughout the study period, all participants had access to a website with
information on lifestyle and health, and to fully automated personalized feedback on the questionnaire results. Only participants
in the intervention received monthly email messages to promote website visits during the first year and had access to additional
Web-based tools (self-monitors, a food frequency questionnaire assessing saturated fat intake, and the possibility to ask questions)
to support behavior change. Website use was monitored by website statistics measuring access. Logistic regression analyses were
conducted to identify characteristics of employees who participated in the program and used the website.

Results: Complete baseline data were available for 924 employees (intervention: n=456, reference: n=468). Lifestyle and health
factors were not associated with initial participation. Employees aged 30 years and older were more likely to start using the
program and to sustain their participation. Workers with a low intention to increase their physical activity level were less likely
to participate (Odds Ratio (OR)=0.60, 95% Confidence interval (95%CI), 0.43-0.85) but more likely to sustain participation
throughout the study period (ORs ranging from 1.40 to 2.06). Furthermore, it was found that smokers were less likely to sustain
their participation in the first and second year (OR=0.54, 95%CI 0.35-0.82) and to visit the website (OR=0.72, 95%CI 0.54-0.96).
Website use was highest in the periods immediately after the baseline (73%) and follow-up questionnaires (71% and 87%).
Employees in the intervention were more likely to visit the website in the period they received monthly emails (OR=5.88, 95%CI
3.75-9.20) but less likely to visit the website in the subsequent period (OR=0.62, 95%CI 0.45-0.85).

Conclusions: Modest initial participation and high attrition in program use were found. Workers with a low intention to change
their behavior were less likely to participate, but once enrolled they were more likely to sustain their participation. Lifestyle and
health indicators were not related to initial participation, but those with an unhealthy lifestyle were less likely to sustain. This
might influence program effectiveness. Regular email messages prompted website use, but the use of important Web-based tools
was modest. There is a need for more appealing techniques to enhance retention and to keep those individuals who need it most
attracted to the program.
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Introduction

Low participation is a concern in health promotion programs
[1]. The workplace has been thought to be a promising setting
for health promotion, providing access to large groups. However,
in workplace health promotion, participation levels are typically
below 50% [1]. These low participation levels may have
important consequences for the effectiveness of health
promotion programs and raise concerns about the
generalizability of results. Therefore, information on
participation and its determinants is needed. Furthermore, to
assess whether participants obtain sufficient exposure to the
intervention, program use as well as characteristics of program
users and non-users need to be studied [2].

The RE-AIM framework stresses the importance of evaluating
the reach of health promotion programs and the
representativeness of program participants [3]. Several studies
provide information on the reach of their program, but
information on the representativeness of program participants,
or specifically the reach of the program to individuals at-risk,
is scarce [1]. In addition to program reach and determinants of
initial participation, sustained participation is of importance
because studies with longer-term program utilization tend to
have better outcomes concerning physical activity (PA), dietary
behavior change [4], and weight loss [5]. In our study, a health
promotion program was offered in the workplace setting,
combining face-to-face contact with an Internet-delivered
program. It has been found that frequent email messages might
enhance sustained participation in Internet-delivered programs
[6,7]. However, low initial participation levels and high levels
of attrition are also common in Internet-delivered health
promotion programs [4,8,9].

In previous research, several factors that influence participation
in Internet-delivered behavior change programs have been
identified. It has been reported that women [10-14], and
individuals with a medium or high educational level [10,12-13]
are more likely to start participating. However, there is only
scarce information on lifestyle- and health-related determinants
of initial participation, with some studies showing that
individuals with a normal body weight or a healthier lifestyle
more often participate [14,15], and another study reporting that
individuals who needed it most were reached [16].

A number of studies on determinants of sustained participation
reported that particularly women [14,17], individuals with a
lower educational level [18], and older employees
[10,13,14,16,17,19,20] were more likely to sustain participating
in Internet-delivered behavior change programs. For lifestyle
and health indicators, the evidence is contradictory. In some
studies, participants with a healthy lifestyle at baseline,
particularly non-smokers, more often sustained their

participation [10,19,21], whereas in other studies a higher
sustained participation was present among overweight
participants [10] or among those not complying with healthy
lifestyle guidelines [14].

Since exposure to behavior change programs is required for
effective interventions, insight into program use and into
characteristics of program users and non-users is needed. More
studies are needed to investigate whether there is a consistent
pattern in whom we reach in health promotion and who keeps
participating in primary preventive interventions. Therefore,
the aims of this study were to investigate in an occupational
population participation in an Internet-delivered health
promotion program on PA and healthy nutrition and to identify
the factors that determined their participation.

Methods

Study Design, Participants and Recruitment
An observational study was conducted among participants who
had enrolled in a 2-year cluster randomized controlled trial
(cRCT), with departments (n=74) within companies (n=6) as
the unit of randomization. Participants were blinded to the type
of intervention. An extensive description of the cRCT conducted
between November 2007 and October 2010 is published
elsewhere [22]. Participants were employees from health care
organizations (n=2), commercial services (n=2), and the
executive branch of government (n=2) in the Netherlands.
Within the participating companies, the study was announced
through email, intranet, and/or a company magazine. Afterwards,
an invitation to participate, with login codes, were sent by the
provider of the website (Lifeguard Inc.). Participants enrolled
voluntarily in the study by visiting the website (see Figure 1)
and completing the online baseline questionnaire on lifestyle
factors, health, and work demands. The website also provided
general information concerning lifestyle and health, as well as
feedback based on the online questionnaire, and could be visited
from every computer. Subsequently, all participants could
participate in a physical health check followed by a face-to-face
contact discussing the health check and questionnaire results.
These health checks and face-to-face contacts took place at the
company. One year after the baseline measurements, participants
were asked to fill out the first follow-up questionnaire. Two
years after baseline, all participants were invited to fill out the
second follow-up questionnaire and to participate again in the
physical health check.

In total, 12,895 employees were invited to participate. The three
largest companies restricted the maximum number of
participants to 200 or 300 on a ‘first in’ principle. In the
companies not restricting the enrolment, participation levels
ranged from 36% to 61%. During the first year after baseline,
860 non-participants received an abbreviated version of the
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questionnaire asking for the reason for not participating and a
few questions on lifestyle, health, and work. A sample of
non-participants in the health care organizations, and all
non-participants in the 2 commercial services and in 1 executive
branch of government received the questionnaire. In the other
organization in the executive branch of government,
non-participants were not invited to fill out the questionnaire.
Since the program was initiated in the holiday period and
communicated in a very limited way, and only 200 workers

were allowed to participate, most workers in that organization
were unaware of the program. Due to privacy regulations, the
non-participant questionnaire was sent out only once without
any reminders.

The Medical Ethics Committee of Erasmus MC, University
Medical Center in Rotterdam, the Netherlands, approved the
study and all participants gave written informed consent at the
face-to-face contact.

Figure 1. Screenshot of the website.

Reference Condition
Participants in the reference group had access to individual
reports based on the online questionnaire and physical health
check. These reports presented details on their personal PA level
and fruit and vegetable intake, recommended levels of physical
activity and fruit and vegetable intake in the Netherlands, and
references to the general information on lifestyle and health on
the website.

Intervention Condition
Participants in the intervention condition had access to several
additional Web-based tools compared to participants in the
reference condition. The following Web-based tools were
available during the two-year study period. Participants in the
intervention condition had access to a more extensive

computer-tailored advice on their self-reported PA and nutrition
behavior than participants in the reference condition. The
electronically generated advice included personal and action
feedback taking into account perceived barriers for participants
not meeting the guidelines [22,23]. Secondly, online
self-monitors were available to monitor progress on fruit and
vegetable intake, PA, and weight and to obtain tracking charts
(see Figure 2). Thirdly, participants in the intervention condition
were invited to fill out a food frequency questionnaire (FFQ)
assessing saturated fat intake for tailored advice [24].
Furthermore, they had the opportunity to asking questions to
several professionals. In addition, during the first 12 months of
the study, monthly email messages were sent on PA and
nutrition, and participants were encouraged to make use of the
available Web-based tools on their personalized web page.
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Figure 2. Example of the self-monitor for fruit and vegetable intake.

Initial and Sustained Participation
Initial participation was defined as filling out the baseline
questionnaire to obtain advice on lifestyle. Sustained
participation was defined as filling out the questionnaire after
12 or 24 months. The use of the Internet-delivered program was
measured as visiting the website throughout the study period.
To correct for website visit solely to fill out questionnaires, one
login was subtracted in the periods following an invitation to
fill out the questionnaires. Two periods for program use were
distinguished: the first three months after filling out the
questionnaire, and the remaining period.

Determinants

Individual Characteristics
In the baseline questionnaire, participants were asked about
their age, sex, education, ethnicity, and marital status.
Educational level was assessed by the highest level of education
completed and was defined as low (primary school, lower and
intermediate secondary school, or lower vocational training),
intermediate (higher secondary school or intermediate vocational
school) and high (higher vocational school or university).
Ethnicity distinguished Dutch born citizens from others,
according to the standardized procedures described by Statistics
Netherlands [25].

Lifestyle and Health Indicators
Moderate and vigorous intensity PA was self-assessed in the
baseline questionnaire by the short version of the International
Physical Activity Questionnaire (IPAQ) [26]. The average time
spent on PA per day was calculated. Walking was not included
in this calculation, because casual walking is regarded as a
light-intensity activity [27]. For all behaviors, a dichotomous
variable was calculated. For PA level, we used a cut-off point
of 30 minutes or more of moderate or vigorous PA per day. For
fruit and vegetable intake (FV), 400 grams of fruit and vegetable
intake as measured with a self-administered 9-item validated
Dutch Food Frequency Questionnaire was used as cut-off point
[28]. Smoking was defined as current smoking status, and
excessive alcohol use as drinking 15 or more glasses of alcohol
per week for women and 22 or more glasses for men. The first

question of the Short Form-12 questionnaire rated perceived
general health, which was dichotomized into ‘poor or moderate’
and ‘good to excellent’ [29].

In the physical health check, height and weight were measured
to calculate the Body Mass Index (BMI) and to categorize

individuals as normal weight (BMI<25kg/m2), overweight

(25£BMI<30kg/m2), and obese (BMI³30kg/m2). For
non-participants, weight was self-reported in the questionnaire.
Total blood cholesterol was measured in non-fasting blood
through a finger prick (Accutrend GC, Roche Company,
Mannheim, Germany), and blood pressure was measured with
a fully automated sphygmomanometer (Omron M4-I, Omron
HealthCare Europe BV, Hoofddorp, the Netherlands). A total
cholesterol level above 5.0 mmol/l and a systolic or diastolic
blood pressure above 140 mmHg and 90 mmHg respectively
were considered elevated. A submaximal exercise test on a
bicycle ergometer was conducted to predict maximal oxygen
uptake, according to the American College of Sports Medicine’s
protocol, using their sex- and age-dependent cut-off points [30].

Social Cognitive Variables
For both PA and fruit and vegetable intake, attitude, social
support, self-efficacy, and intention to change were measured
in the baseline questionnaire. To measure attitude, individuals
were asked to indicate on a 5-point Likert scale (‘certainly not’
to ‘certainly’) whether they thought improving the behavior
would take a lot of effort [31]. Those participants who answered
‘probably or certainly not’were considered as having a positive
attitude. Social support was measured by asking whether family
and friends support them in changing the specific behaviors
(4-point Likert scale ranging from ‘seldom’or ‘never’ to ‘a lot’)
[32]. High social support was defined as perceiving ‘pretty
much’ or ‘a lot’ of support. Self-efficacy was assessed on a
5-point Likert scale (‘certainly not’ to ‘certainly’) by asking
whether the participant was confident to engage in the healthy
behaviors in the next month [32]. High self-efficacy was defined
as ‘probably’ or ‘certainly’ confident to change the behavior.
Intention was also measured on a 5-point Likert scale (‘certainly
not’ to ‘certainly’) by asking whether the participant intended
to change the behavior in the next month [29]. A high intention
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was defined as ‘probably’ or ‘certainly’ intended to change the
behavior.

Work-Related Factors
Physical work demands were measured by one item, asking
whether participants perceive their current job as mainly
physically or mentally demanding.

Statistical Analyses
Descriptive statistics were used to present the baseline
characteristics of the study population. For initial participation,
individual characteristics, behaviors, social cognitive variables,
and health indicators of participants were compared with
workers who did not start in the program. Determinants of initial
participation were investigated with univariate logistic
regression analyses.

For sustained participation, individual characteristics, behaviors,
and health indicators from participants at 12 and 24 months
follow-up were compared with initial participants who dropped
out of these follow-up measurements. Determinants of sustained
participation were also investigated with logistic regression
analyses. First, univariate logistic regression models were carried
out to determine the single effects of the possible determinants.
All variables with a p-value less than 0.05 in the univariate
model either at 12 or 24 months were included in both
multivariate analyses to increase comparability between models.
A backward selection method was used to determine the
multivariate models, whereby age and sex were included by
default. Variables with a p-value of 0.05 or less in either the 12
months or 24 months model were retained in the multivariate
model. All analyses were adjusted for company and carried out
with the PASW Statistics version 17.0.2 (SPSS Inc, Chicago,
IL, USA).

For website use individual characteristics, behaviors, and health
indicators from participants who visited the Internet-delivered
program were compared with non-visitors. Descriptive statistics
presented the use of the different website functionalities, and
multilevel General Estimating Equations (GEE) were used for
determinants of website visit. The same procedure was followed
as for sustained participation. GEE is suitable for the analysis
of repeated measurements within participants and was carried
out with SAS 9.2 statistical software package.

The results are presented by the odds ratios (OR) and
corresponding 95% confidence intervals (95%CI), with ORs
below and above 1 representing respectively lower and higher
participation.

Results

At baseline, 987 participants filled out the questionnaire, of
which 36 were excluded due to working less than 12 hours per
week for the company, and an additional 27 were excluded
because they did not complete the questionnaire. In total, 924
employees met the inclusion criteria. Concerning the
non-participants, 213 employees out of the 860 invited
non-participants responded (24.8%) of which 183 (85.9%) met
the inclusion criteria. The baseline characteristics of the study
group are presented in Table 1. Half of the participants (450 out
of 924, 49%) were male workers. The mean age was 42 years,
ranging from 20 to 63 years, and 414 out of 924 (45%) had a
high education level. Almost a third of the participants (297 out
of 924, 32%) were not physically active at moderate to vigorous
intensity for at least 30 minutes per day, and 435 out of 924
(47%) had insufficient fruit and vegetable intake. The
randomization was not completely successful in creating
comparable groups. There was a difference for fruit intake at
baseline, with more participants in the intervention meeting the
guideline (intervention: 57%, reference: 50%).

Initial Participation
Of the 183 non-participants responding to the questionnaire for
non-participants, most gave ‘I am healthy’ (41%) as their reason
for not participating in the program; followed by ‘other reasons’
(34%), of which most were practical reasons such as a lack of
time, forgotten to subscribe, or unaware of the existence of the
program; 13% of the non-participants would like to keep private
life and work separated; and 19% of the non-participants
preferred to arrange health promotion activities themselves.
Most participants (86%) mentioned ‘curious about my health’
as their most important reason to participate.

Employees aged 30 years and older were more likely to
participate in the program (ORs between 1.57 and 2.25).
Workers with a low intention to increase their PA level were
less likely to participate (OR=0.60, 95%CI 0.43-0.85).
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Table 1. Differences between participants (n=924) and a sample of non-participants (n=183) in a workplace health promotion program.

Initial participation univari-
ate analyses

OR (95%CI)

Non-participants

n (%)

Participants

n (%)

Characteristics

Demographics

1.17 (0.81-1.70)62 (34)450 (49)Male gender

1.0043 (24)c128 (14)Age <30 years

1.57 (0.96-2.57)46 (25)253 (27)Age 30-39 years

2.25a (1.36-3.72)39 (22)277 (30)Age 40-49 years

1.61 (0.99-2.62)53 (29)266 (29)Age ≥50 years

1.00102 (56)414 (45)Education high

1.15 (0.78-1.70)49 (27)306 (33)Education intermediate

1.05 (0.66-1.68)32 (18)204 (22)Education low

1.04 (0.66-1.63)29 (16)151 (16)Non-Dutch ethnicity

1.20 (0.81-1.77)41 (22)222 (24)Unmarried / not cohabiting

Lifestyle factors

1.01 (0.71-1.44)58 (32)297 (32)<30min/day PA

1.15 (0.80-1.65)128 (70)652 (71)<3x20min/day vigorous PA

n/an/ad435 (47)<400g/day fruit and vegetables

1.08 (0.69-1.70)28 (15)165 (18)Current smoker

0.98 (0.36-2.67)5 (3)24 (3)Excessive alcohol consumption

1.00119 (65)460 (57)BMIb < 25 kg/m2

1.11 (0.69-1.44)58 (32)277 (34)25 kg/m2 ≤ BMIb < 30

2.24 (0.93-5.42)6 (3)70 (9)BMI≥30 kg/m2

Social cognitive factors for
physical activity

1.24 (0.89-1.72)87 (47)464 (50)Poor attitude

0.63 (0.37-1.08)166 (90)772 (84)Low support from family

1.48 (0.97-2.25)33 (18)214 (23)Low self-efficacy

0.60a (0.43-0.85)121 (66)478 (52)Low intention

Social cognitive factors for
fruit and vegetable intake

n/an/a280 (30)Poor attitude

n/an/a784 (85)Low support family

n/an/a167 (18)Low self-efficacy

n/an/a180 (20)Low intention

Health Indicators

0.83 (0.45-1.52)15 (8)58 (6)Poor/moderate general health

n/an/a258 (32)Elevated blood pressureb

n/an/a267 (36)Poor predicted Vo2maxb

n/an/a338(42)Elevated total cholesterolb

Work-related factors

0.84 (0.56-1.56)42 (24)148 (16)Physical job demands
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Initial participation univari-
ate analyses

OR (95%CI)

Non-participants

n (%)

Participants

n (%)

Characteristics

n/an/a811 (88)Health Check participation

n/an/a456 (49)Intervention group

aP<0.05, analyses adjusted for company
bBMI, blood pressure, maximum oxygen uptake, and cholesterol level are only available for the participants in the physical health check (n=807)
c n=2 missing for age of non-participants.
dn/a: not available

Sustained Participation: Questionnaire and Health
Check
After 1 year, 666 out of 924 participants (72%) filled out the
questionnaire, and 558 out of 924 (60%) filled out the 2-year
follow-up questionnaire to obtain feedback on their lifestyle.
In the intervention group, 68% filled out the first follow-up
questionnaire and 58% the second follow-up questionnaire. In
the reference group this was respectively 76% and 63%.

As shown in Table 2, older employees were more likely to
sustain their participation at follow-up, while employees with
a non-Dutch ethnicity were less likely to sustain their
participation. In the univariate analysis married/cohabiting
participants were more likely to keep participating, but after
adjustment for age, lifestyle and health indicators the association
diminished and did not remain statistically significant (OR1yr=
1.34, 95%CI 0.87-2.07; OR2yr=0.94, 95%CI 0.63-1.40).

Smokers and participants with a poor predicted maximum
oxygen uptake were less likely to sustain their participation.
Insufficient fruit and vegetable intake was also associated with
reduced participation in the follow-up measurements, but this
association did not remain statistically significant after
adjustment for the predicted maximum oxygen uptake
(OR1yr=0.87, 95%CI 0.60-1.26, OR2yr=0.87, 95%CI 0.63-1.20).
Participants in the intervention condition were less likely to

participate again after one year compared with the reference
condition. This relation was not apparent in the analysis for
participation at 2-year follow-up.

Participants with a low intention to change their PA level
(OR1yr=1.69, 95%CI 1.26-2.27; OR2yr 1.40, 95%CI 1.07-1.83)
or fruit and vegetable intake (OR1yr=2.06, 95%CI 1.45-2.92;
OR2yr =1.93, 95%CI 1.38-2.70) were more likely to participate
at 1- and 2-yr follow-up. Workers with low social support (PA:
OR=0.44, 95%CI 0.30-0.63, FV: OR=0.46, 95%CI 0.31-0.68)
and low self-efficacy (PA: OR=0.16, 95%CI 0.11-0.23, FV:
OR=0.38, 95%CI 0.22-0.66) were less likely to have the
intention to change their behavior (not in table).

Most employees participating in the 2nd follow-up questionnaire

also participated in the 2nd physical health check (65%), and,
except insufficient fruit and vegetable intake, similar
determinants were found as for sustained questionnaire
participation. Older participants (OR40-49yr=1.99, 95%CI
1.19-3.33; OR50+yr=1.74, 95%CI 1.01-2.9) and those with a
Dutch ethnicity (OR=1.59, 95%CI 1.02-2.44) were statistically
significantly more likely to participate in the physical health
check. Employees with a low intention to change their behavior
were more likely to participate in the follow-up health check
(PA: OR=1.28, 95%CI 0.97-1.70, FV: OR=1.47, 95%CI
1.01-2.15) (not in table).
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Table 2. Determinants of sustained participation after 1 and 2 years in a workplace health promotion program (n=924).

2 year follow-up participation1 year follow-up participationCharacteristics

multivariateunivariatemultivariateunivariate

OR (95%CI)OR (95%CI)OR (95%CI)OR (95%CI)

Demographics

1.15 (0.81-1.64)1.41a (1.05-1.90)1.04 (0.70-1.55)1.42a (1.03-1.97)Male gender

1.001.001.001.00Age <30 years

1.39 (0.83-2.32)1.33 (0.86-2.05)1.47 (0.70-1.55)1.51 (0.97-2.36)Age 30-39 years

2.08a (1.25-3.47)2.29a (1.48-3.54)2.36a (1.35-4.12)2.52a (1.59-4.00)Age 40-49 years

2.47a (1.43-4.26)2.89a (1.84-4.55)2.38a (1.30-4.33)3.01a (1.86-4.86)Age ≥50 years

1.001.001.001.00Education high

0.98 (0.71-1.34)1.14 (0.80-1.62)Education intermediate

0.72 (0.50-1.03)0.77 (0.52-1.14)Education low

0.51a (0.34-0.78)0.47a (0.33-0.67)0.77 (0.48-1.22)0.62a (0.42-0.89)Non-Dutch ethnicity

0.73a (0.53-0.99)0.61a (0.44-0.85)Unmarried / not cohabiting

Lifestyle factors

0.83 (0.63-1.11)0.75 (0.56-1.02)<30min/day PA

1.14 (0.85-1.53)1.03 (0.74-1.42)<3x 20min/day vigorous PA

0.73a (0.56-0.96)0.65a (0.49-0.88)<400gr/day fruit & vegeta-
bles

0.54a (0.35-0.82)0.51a (0.36-0.72)0.52a (0.33-0.82)0.53a (0.37-0.75)Current smoker

0.93 (0.41-2.13)1.29 (0.50-3.33)Excessive alcohol intake

1.001.001.001.00BMI < 25 kg/m2

0.98 (0.71-1.35)1.17 (0.81-1.68)25 kg/m2 ≤ BMI < 30

0.90 (0.53-1.53)1.29 (0.69-2.42)BMI ≥ 30 kg/m2

Health indicatorsa

0.95 (0.69-1.31)1.22 (0.85-1.76)Elevated blood pressure

0.76 (0.55-1.06)0.66a (0.48-0.91)0.56a (0.39-0.81)0.54a (0.38-0.76)Poor predicted Vo2max

1.35a (1.00-1.82)1.07 (0.77-1.49)Elevated total cholesterol

0.49a (0.28-0.84)0.71 (0.40-1.25)Decreased general health

Work-related fac-
tors

0.75 (0.52-1.09)0.71 (0.48-1.05)Physical job demands

0.92 (0.67-1.28)0.85 (0.65-1.12)0.56a (0.39-0.81)0.63a (0.47-0.85)Intervention
group

* P<0.05, analyses adjusted for company
a BMI, blood pressure, maximum oxygen uptake, and cholesterol level are only available for the participants in the physical health check (n=807)

Sustained Participation: Website Use
Six percent of the participants did not visit the website
throughout the study period, 18% visited the website once, 13%
twice, and 64% three times or more. The range of website visits
during the whole 2-year study period was 0–46, with a median
of 3 visits (interquartile range: 2-6 visits). Participants visited
the website more frequently in the first months after the

questionnaires (Table 3). In the period 4-12 months after
baseline, participants in the intervention condition, who received
monthly email messages during this period, were more likely
to visit the website (OR=5.88, 95%CI 3.75-9.20, adjusted for
company).

As shown in Table 4, smokers were less likely to visit the
website than non-smokers. Participants with a low intention to
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increase their fruit and vegetable intake (1-3 months: 1.73,
95%CI 1.31-2.27; 4-12 months: OR=1.47, 95%CI 0.92-2.36)

were more likely to visit the website (not in table).

Table 3. Website visits and use of different website functionalities throughout the study in the reference (R) and intervention (I) program.

Asked

question

fat FFQSelf-

monitor

Viewed advice

fruit and vegetables

Viewed advice

physical activity

Website visitsStudy populationMonth

I onlyI onlyI onlyIRIRIRIR

%%%%%%%%%nn

0n/a72530273071744123861-3b

3156323227a64564684-12

1n/a11726a18236676a34438513-15c

0n/a001013234438516-24c

1n/a21019a1118a858926429425-28d

a Chi-square, P<0.05
b for one company (executive branch of government) no information was available for website use in the first three months of the study.
c participants not responding to the first and second follow-up questionnaire were considered as drop-outs and not included in the analysis for 13-24
months.
d participants not responding to the second follow-up questionnaire were considered as drop-outs and not included in the analysis for 25-28 months.
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Table 4. Determinants of website use of a workplace health promotion program.

Website use month 4-12

after invitations to fill out questionnaire

(n=729)

Website use month 1-3

after invitations to fill out questionnaire

(n=630)c

Characteristics

multivariateunivariatemultivariateunivariate

OR (95%CI)OR (95%CI)OR (95%CI)OR (95%CI)

Demographics

1.09 (0.78-1.52)0.87 (0.69-1.09)0.88 (0.71-1.11)Male gender

1.001.001.001.00Age <30 years

0.85 (0.47-2.20)0.90 (0.50-1.61)1.06 (0.74-1.52)1.05 (0.74-1.51)Age 30-39 years

1.12 (0.64-1.98)1.15 (0.66-2.00)1.32 (0.92-1.89)1.31 (0.92-1.88)Age 40-49 years

1.24 (0.70-1.52)1.25 (0.72-2.18)1.18 (0.82-1.70)1.14 (0.80-1.63)Age ≥50 years

1.001.00Education high

0.96 (0.66-1.40)0.86 (0.67-1.11)Education intermediate

0.83 (0.53-1.30)0.73a (0.54-0.97)Education low

0.82 (0.51-1.33)0.96 (0.70-1.31)Non-Dutch ethnicity

0.86 (0.58-1.29)1.06 (0.81-1.38)Unmarried / not cohabit-
ing

Lifestyle factors

1.04 (0.73-1.48)1.03 (0.81-1.31)<30min/day PA

0.83 (0.59-1.18)1.11 (0.87-1.41)<3x 20min/day vigorous
PA

0.83 (0.59-1.16)0.86 (0.69-1.07)<400gr/day fruit & veg-
etables

0.66 (0.40-1.08)0.64 (0.39-1.04)0.72a (0.54-0.96)0.71a (0.53-0.95)Current smoker

0.87 (0.29-2.59)1.01 (0.50-2.05)Excessive alcohol intake

1.001.00BMI < 25 kg/m2

1.03 (0.56-1.91)1.08 (0.84-1.40)25 kg/m2 ≤ BMI < 30

0.96 (0.52-1.77)1.19 (0.76-1.86)BMI ≥ 30 kg/m2

Health indicators

1.13 (0.79-1.61)1.13 (0.87-1.46)Elevated blood pressure

0.99 (0.59-1.65)0.75 (0.53-1.08)Poor predicted Vo2max

0.84 (0.59-1.18)1.04 (0.81-1.32)Elevated total cholesterol

0.97 (0.48-1.96)0.83 (0.51-1.34)Decreased general health

Work-related factors

0.59 (0.34-1.02)0.57a (0.33-0.97)0.99 (0.71-1.36)1.00 (0.73-1.36)Physical job demands

aP<0.05, analyses adjusted for company
b BMI, blood pressure, maximum oxygen uptake, and cholesterol level are only available for the participants in the physical health check (n=807)
c for one company (executive branch of government) no information was available for website use in the first three months of the study.

Discussion

Modest initial participation and a high attrition in a health
promotion program were found in the current study. Employees
aged 30 years and older were more likely to start in the program
as well as to sustain their participation. Lifestyle and health

indicators were not related to initial participation, but did play
a role in sustained participation as well as in visiting the website
throughout the study period. Workers with a low intention to
change their PA level were less likely to start, but once enrolled
they were more likely to sustain participation and use the
website.
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Participation
Previous studies reported low participation and high levels of
attrition in Internet-delivered health promotion programs
[4,8-10]. In a systematic review, a median reach of 33% (95%
CI 25–42%) was found in workplace health promotion programs
[1]. In our study, three companies restricted the maximum
number of employees allowed to enroll, leading to an artificially
lower participation level. Without these companies, a mean
initial participation level of 43% was established. Once enrolled,

72% also participated in the 1st follow-up, and 60% in the 2nd

follow-up measurement. This is in agreement with a systematic
review reporting that the majority of Internet-delivered weight
loss programs had less than 80% retention [5].

Determinants of Participation
In a systematic review studying initial participation in workplace
health promotion, no major differences in lifestyle and health
indicators were identified between those who participated and
those that did not [1]. With our focus on workers, a relatively
healthy group was reached, since workers are in better health
than unemployed individuals [33]. In general, the employees
who participated in our study had a quite similar lifestyle and
health as non-participants. Although non-significant, obese
workers were more likely to enroll in the study. This is in
accordance with other recent studies [10,16] which have argued
that this might be due to the non-stigmatizing way of addressing
body weight through the Internet.

In line with other studies [10,13,14,16,17,19], we found that
older employees started more often and sustained their
participation during the follow-up measurements. A recent study
on a workplace health promotion program also reported
increased participation among older workers [34], which is a
promising finding regarding the higher risk of cardiovascular
diseases at older age, and employers’ focus on keeping the
ageing workforce healthy. However, although we found that
older employees visited the website more often, they did not
use the website components more often compared with younger
workers.

It is remarkable that employees with a low intention to change
their behavior were less likely to enroll in the study, but once
participating, those with a low intention were more likely to
sustain at follow-up, and to visit the website throughout the
study period. This might indicate that the program is appealing
for employees with a low intention to change their behavior.
Alternatively, it might also indicate that those participants who
intend to change their behavior do not need the program to get
into action. To our knowledge, only one previous study provided
information on the role of intention to change in participation
[13]. They did report that workers with a positive health
motivation were more likely to continue website use, but did
not find an influence of intention to increase PA and
participation. Measuring intention to change in other studies
could provide more insight into the role of intention in
participation, and might help to find out what program content
facilitates reach and sustained participation for those with a low
intention to change.

Previous studies have presented contradictory results concerning
the relationship between lifestyle and health indicators and
sustained participation, with some studies describing elevated
participation among those who need it most [10,14] and other
studies among those who are already healthy or engage in a
healthy lifestyle [10,19,21]. We found a consistently lower
sustained participation among smokers and employees with a
low cardiorespiratory fitness. These associations between
unhealthy lifestyle behaviors and decreased participation might
reduce the effectiveness of primary preventive interventions.

Website Functionalities
Previous studies reported high attrition in Internet-delivered
health promotion programs [8,10]. We also found a reduction
in website visitors throughout the study period, with peaks in
the months after the invitations to fill out the questionnaires.
Between the questionnaire invitations, the companies did too
little to communicate about the program to their personnel.
Therefore, the embedding of the program in the organizations
was limited.

Participants in the intervention group received monthly email
messages during the first study year, and 27% visited the website
compared with 6% in the reference group during this period.
These monthly email messages seem to work as a prompt for
website visits, but might have had a negative influence on
sustained participation, since less participants in the intervention
group filled out the first follow-up questionnaire. In the second
year after baseline, no monthly email messages were sent, and
at the end of the second year there was no statistically significant
difference between the reference and intervention condition in
both follow-up participation and website visit. A possible
explanation for the lower response among intervention
participants at the first follow-up could be that they felt less
need to fill out the questionnaire to obtain feedback, because
they already received information in the monthly messages and
self-monitors throughout the year. In a systematic review it was
concluded that the use of periodic prompts can be effective in
behavior change interventions [35]. However, the optimal
frequency and structure of such prompts is still unknown.

In accordance with previous studies [36], users appear not to
be optimally utilizing key aspects of the intervention. A
qualitative systematic review suggested that only peer support,
counselor support, email/phone contact with visitors, and
updates of the intervention website were related to better
exposure to health promotion through the Internet [37]. In the
current study, only a minority of the employees who filled out
the questionnaires also read the subsequent advice on PA and
fruit and vegetable intake, and the number of participants using
self-monitors on a regular basis and asking questions to
professionals was limited. This is in contrast with the wishes
of potential users as identified in focus group interviews [38].
It could be questioned whether self-monitoring and the
possibility of asking questions fit with the wishes of our target
group. In addition, there are numerous websites freely available
with self-monitor functions and possibilities to obtain personal
feedback on lifestyle and health, which might reduce employees’
need of another website. Participants could use the website at
their own discretion, which might have led to lower use, making
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this minimal effort intervention not enough to elicit program
compliance.

Limitations
This study has some limitations. First, the 25% response to the
questionnaire for non-participants was low, and might hamper
comparison between responders and non-responders. Second,
the measures for website use did not provide any information
as to what extent the participants actually read the available
information or how much time they spent on the website. In
addition, reasons for drop-out are unknown. Therefore, we do
not know whether individuals stop participating because they
do not need the program anymore, because they are dissatisfied
with the program, or because of another reason. Furthermore,
because of technical problems no data on website use were
collected for 99 participants during the first three study months.
Third, there was no information available on the use of other
lifestyle-related websites simultaneous with our website.
However, we do not expect a difference between the intervention
and reference condition concerning the use of other websites.
Last, walking was not included in moderate to vigorous PA.

Because of the many hours individuals indicated they spent
walking, we hypothesize that work-related walking played a
major role in over-reporting physical activity. Since work-related
walking is, in most cases, not brisk walking, we decided to
exclude the question.

Conclusion
Modest initial participation and high attrition in program use
were found in the current study. Workers with a low intention
to increase their PA level were less likely to enroll in the
intervention, but once participating they were more likely to
sustain their participation. Lifestyle and health indicators were
not related to initial participation, but those with an unhealthier
lifestyle were less likely to sustain their participation. This might
influence program effectiveness as those who can benefit most
are limitedly utilizing health promotion programs. Regular email
messages prompted website use, but the use of important
Web-based tools was limited. There is a need for more appealing
techniques to enhance retention and to keep those individuals
who need it most attracted to the program.
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Abstract

Background: Unhealthy lifestyle behaviors often co-occur and are related to chronic diseases. One effective method to change
multiple lifestyle behaviors is web-based computer tailoring. Dropout from Internet interventions, however, is rather high, and
it is challenging to retain participants in web-based tailored programs, especially programs targeting multiple behaviors. To date,
it is unknown how much information people can handle in one session while taking part in a multiple behavior change intervention,
which could be presented either sequentially (one behavior at a time) or simultaneously (all behaviors at once).

Objectives: The first objective was to compare dropout rates of 2 computer-tailored interventions: a sequential and a simultaneous
strategy. The second objective was to assess which personal characteristics are associated with completion rates of the 2
interventions.

Methods: Using an RCT design, demographics, health status, physical activity, vegetable consumption, fruit consumption,
alcohol intake, and smoking were self-assessed through web-based questionnaires among 3473 adults, recruited through Regional
Health Authorities in the Netherlands in the autumn of 2009. First, a health risk appraisal was offered, indicating whether
respondents were meeting the 5 national health guidelines. Second, psychosocial determinants of the lifestyle behaviors were
assessed and personal advice was provided, about one or more lifestyle behaviors.

Results: Our findings indicate a high non-completion rate for both types of intervention (71.0%; n = 2167), with more incompletes
in the simultaneous intervention (77.1%; n = 1169) than in the sequential intervention (65.0%; n = 998). In both conditions,
discontinuation was predicted by a lower age (sequential condition: OR = 1.04; P < .001; CI = 1.02-1.05; simultaneous condition:
OR = 1.04; P < .001; CI = 1.02-1.05) and an unhealthy lifestyle (sequential condition: OR = 0.86; P = .01; CI = 0.76-0.97;
simultaneous condition: OR = 0.49; P < .001; CI = 0.42-0.58). In the sequential intervention, being male (OR = 1.27; P = .04;
CI = 1.01-1.59) also predicted dropout. When respondents failed to adhere to at least 2 of the guidelines, those receiving the
simultaneous intervention were more inclined to drop out than were those receiving the sequential intervention.

Conclusion: Possible reasons for the higher dropout rate in our simultaneous intervention may be the amount of time required
and information overload. Strategies to optimize program completion as well as continued use of computer-tailored interventions
should be studied.

Trial Registration: Dutch Trial Register NTR2168
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Introduction

Unhealthy lifestyle behaviors, such as physical inactivity,
insufficient fruit and vegetable intake, high alcohol consumption,
and smoking, often co-occur [1-4] and are related to chronic
diseases like cardiovascular diseases and cancer [5]. In view of
this co-occurrence, various studies have emphasized the need
to develop interventions addressing more than one risk behavior.

One method to change lifestyle behavior is the use of computer
tailoring. Positive aspects of web-based computer-tailored
programs are that these can be administered in privacy and at
a time that suits the respondent [6], and that they can be
integrated in larger multicomponent interventions [7]. In
addition to their positive effects on health behavior change [e.g.
7-10], numerous studies have shown that (web-based) tailored
messages attract the public’s attention [11,12], are perceived as
personally relevant [13], and are usually better read, saved,
remembered, and discussed with others than non-tailored
materials [7,9,14-16].

The public health impact of an intervention is defined by the
program’s efficacy multiplied by its reach [7,17]. Thus, the
impact is highest when an intervention is effective and has a
wide reach. In view of the high rate of Internet access these
days (91% in the Netherlands) [18], Internet-based programs
may have the potential to reach large numbers of people.
However, various studies have pointed out that the actual use
of web-based interventions may be limited [19-21] and that
leaving an Internet intervention prematurely is common [e.g.
22-24]. Brouwer et al. [25] reported that more than half of the
visitors (Dutch adults) of their online intervention left the
website within 30 seconds, while 10.5% stayed for more than
15 minutes. Hence, there is a need to identify factors associated
with early discontinuation or continuation of participation in
web-based programs promoting the adoption of healthy
lifestyles.

Various tailoring strategies can be used to address multiple
behaviors with computer-tailored interventions, such as a
sequential or a simultaneous strategy. A simultaneous strategy
concurrently targets multiple behaviors for intervention, while
a sequential strategy targets a single behavior at a time. The few
studies that have investigated the effects on behavioral change
of sequential versus simultaneous strategies to provide multiple
health-behavior change interventions reported inconsistent
findings [26-28]. According to Vandelanotte et al. [28], the
sequential strategy may be more effective than the simultaneous
strategy when participants can choose the behavior on which
they would prefer to receive personal feedback first, and can
start with this part of the intervention, instead of the lifestyle
modules being presented in a predefined order [see also 29].

In any case, behavioral change will be more likely when
someone completes the whole intervention program [30], as
early dropout is a hazard to the effectiveness of any intervention.

Hence, when considering the use of a sequential or simultaneous
approach for web-based computer-tailored interventions, it is
important to study continuation rates. In both types of
intervention, people receive only the modules about health
behavior topics for which they are at risk in order to increase
the relevance of the intervention [31]. When being at risk for
at least two behaviors, people in the simultaneous intervention
receive, and thus have to handle, more information at one point
in time compared to a sequential intervention, in which the same
amount of information is spread over time. Therefore, a
simultaneous strategy, including a more complex program, is
likely to require more time from the respondents and to increase
the behavior change demands [31], especially when respondents
fail to meet multiple guidelines. Hence, because a simultaneous
approach may lead to an overload of information, such a strategy
may potentially lead to higher dropout rates than a sequential
strategy [31-32]. Respondents may become overwhelmed by
the amount of information [33] and may perceive ego depletion,
leading to a reduced capacity to change [34]. Furthermore,
tailoring multiple behaviors simultaneously could fail to address
any single behavior in sufficient depth [3,31,35]. On the other
hand, addressing various behaviors simultaneously may optimize
the occurrence of synergistic effects [36-40]. Hence, both
strategies may have advantages as well as disadvantages. To
our knowledge, there is no literature about the difference in
completion and dropout rates between users of sequential and
those of simultaneous behavior change interventions.

In addition to the problem of dropout, another important aspect
is that high-risk populations (such as the less-educated and
people with many unhealthy behaviors) are often insufficiently
reached [e.g. 41], and it is especially those with unhealthy
behavior who should engage in online health interventions and
spend enough time on the website [42]. It is essential to identify
the characteristics of people who complete or fail to complete
online health interventions. In a study by Brouwer et al. [25],
respondents who completed the program were mostly female,
middle-aged (40 to 50 years), and medium-educated, and had
a healthier lifestyle. This information about completers’
characteristics can be used to improve tailored programs by
making them more attractive to the individual user.

In conclusion, computer-tailored technology addressing multiple
behaviors is still in its infancy [43-45]. It is unknown how much
information people can and will handle in multiple behavior
change interventions. In this study, we investigated the level of
completion of a web-based tailored intervention addressing 5
lifestyle behaviors (physical activity, fruit consumption,
vegetable consumption, alcohol intake, and smoking), and tested
potential information overload by comparing dropout rates for
two versions of the program, one offering a single behavior
change module as part of a sequential program and one
providing simultaneous tailored feedback on different behaviors.
In addition, this study investigated personal predictors of dropout
for the two versions of our computer-tailored program.
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Methods

Design
In this study, which was part of a randomized controlled trial
(Dutch Trial Register NTR2168), tailored information was
provided to two groups, one receiving a sequential behavior
tailoring condition (referred to below as sequential condition)
and one receiving a simultaneous behavior tailoring condition
(simultaneous condition) [46]. The only difference between the
conditions was that in the sequential condition, respondents
were invited to focus their attention first on a single behavior
for which they failed to meet the Dutch national
recommendations, whereas the simultaneous condition addressed
all behaviors for which they failed to meet the Dutch
recommendations at once. A detailed description of the study
protocol has been published elsewhere [46].

Participants and Procedure
In the autumn of 2009, several Dutch Regional Health
Authorities in the provinces of North-Brabant and Zeeland
conducted an Adult Health Monitor study among adults (19-64
years) living in these provinces. This web-based questionnaire
included demographics, aspects of general health and
health-related topics. It also included questions regarding the
respondents’ lifestyle behaviors (physical activity, fruit and
vegetable consumption, alcohol intake, and smoking).
Completion took an average of 36 minutes (SD = 15.8). At the
end of the questionnaire, respondents received information about
the tailored program. When interested in this program, they
could fill in their e-mail address. The eligibility criteria were
participation in the Adult Health Monitor study, a valid e-mail
address, and computer / Internet literacy. Approximately 3
weeks after completing the monitor questionnaire, participants
interested in receiving tailored feedback received an e-mail
enabling them to log on to the computer tailored program (see
Figure 1). After approximately one month, people who did not
respond to this e-mail received a reminder e-mail.

Figure 1. Screenshot of the homepage of the intervention program.

Intervention
The aim of the intervention was to stimulate participants to
improve their lifestyle, focusing on 5 health behaviors. Based
on the respondents’answers to the different questions, an expert
system selected the appropriate feedback messages from a large
database and presented these directly on the respondent’s
computer screen [46]. The I-Change model [47] was used as a
theoretical framework for the questionnaires and the tailored
advice.

The first part of the feedback consisted of a health risk appraisal.
Based on their answers on the Adult Health Monitor

questionnaire, respondents received feedback concerning their
lifestyle and information about whether they were meeting the
public health guidelines defined for the 5 health behaviors,
namely being moderately physically active for 30 minutes on
at least five days a week; eating 200 g of vegetables per day;
eating 2 pieces of fruit per day; not drinking more than 1
(women) or 2 (men) glasses of alcohol a day; and not smoking.
In addition to more detailed information about the guidelines
and the specific health behavior, respondents’ scores were
depicted graphically in the form of a traffic light (indicating
whether they met, almost met, or did not meet the guideline) as
well a bar chart comparing the respondents’ behavior with the
guideline for this behavior. At the end of the health risk
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appraisal, respondents received an overview illustrating their
lifestyle behavior status (see Figure 2).

Afterwards, in the second part of the program, personal advice
was provided, based on additional questions about psychosocial

determinants (ie, attitude, social influence, preparatory action
plans, self-efficacy, and coping plans; see Figures 3 and 4), on
one or more lifestyle behaviors, depending on the tailoring
condition.

Figure 2. Screenshot of the health risk appraisal.
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Figure 3. Screenshot of items regarding the pros and cons of alcohol intake.
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Figure 4. Screenshot of a personal advice regarding the pros of alcohol intake.

Sequential Condition
After receiving the health risk appraisal, individuals in the
sequential condition were invited to choose one of the health
behaviors for which they were currently failing to meet the
guideline. Respondents were encouraged to select the behavior
that they were most motivated to change. This was followed by
a progressive scheme consisting of 4 steps, in which respondents
received personal advice based on various psychosocial
constructs: (1) attitude, (2) social influence, (3) preparatory
plans, and (4) self-efficacy and coping plans regarding the
lifestyle behavior that they had chosen. Personal advice was
given after the questions about each psychosocial construct (ie,
attitude questions were followed by personal feedback about
these items).

Simultaneous Condition
After receiving the health risk appraisal, participants in the
simultaneous condition received feedback on all behaviors for
which they failed to adhere to the public health guidelines in a
predefined order. At random, half of the respondents started
with the modules addressing preventive health behaviors (ie,
(1) physical activity, (2) vegetable consumption, (3) fruit
consumption) and ended with the modules addressing addiction
behaviors (ie, (4) alcohol intake, (5) smoking), whereas the
other half passed through the modules in reversed order.
Respondents were presented with additional questions
concerning psychosocial constructs, as well as personal advice
on all behaviors for which they failed to adhere to the lifestyle
recommendations. The 4-step progressive scheme ((1) attitude,
(2) social influence, (3) preparatory plans, and (4) self-efficacy

and coping plans) was used for all relevant lifestyle behaviors.
Again, questions and personal advice were presented alternately.

Measures

Demographic Information
The following demographic variables were assessed: age,
gender, educational level (no education, primary, or lower
vocational school (low); secondary vocational school or high
school (medium); or higher professional education or university
(high)), income, current job status, marital status, number of
persons in the household, and country of origin.

Health Status
Quality of life was assessed using the SF-12 Health Survey
[48,49]. Symptoms of depression and anxiety were assessed by
the Kessler Psychological Distress Scale (K10) [50]. Body mass
index (BMI) was estimated from questions about height and
weight.

Lifestyle Behaviors
Five lifestyle behaviors were assessed using validated
questionnaires: (1) physical activity, (2) fruit consumption, (3)
vegetable consumption, (4) alcohol intake, and (5) smoking.

Physical activity was measured by the Short QUestionnaire to
ASsess Health-enhancing physical activity (SQUASH) [51],
and guideline adherence was assessed using procedures
developed by Ainsworth et al. [52].

Fruit consumption was measured using a 4-item Food Frequency
Questionnaire (FFQ) assessing weekly fruit and fruit juice intake
[53].
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Vegetable consumption was measured using a 4-item FFQ
assessing the weekly consumption of boiled or baked vegetables,
as well as salads or raw vegetables [53].

Alcohol intake was measured by the 5-item Dutch
Quantity-Frequency-Variability (QFV) questionnaire [54].

Smoking was assessed by asking participants if they smoked,
what they smoked (cigarettes, cigars, or pipe tobacco), and how
much they smoked per day (cigarettes) or per week (cigars or
pipe tobacco).

Psychosocial Determinants
The following description of the psychosocial determinants that
were assessed is presented here to provide an overview of the
program; the data on these items were not included in the
analysis. Based on earlier studies [15], various psychosocial
factors were assessed for the five different lifestyle behaviors:
attitude (6 items, such as “Eating 2 pieces of fruit every day is
good for my health” – totally disagree to totally agree); social
influence (3 items, such as “How many people in your direct
environment smoke?” – nobody to everybody); self-efficacy (6
items, such as “I am able to eat sufficient vegetables when I
have other delicious food at home” – no, definitely not to yes,
definitely); preparatory plans (3 items, such as “I intend to
allow time for physical activity” – no, definitely not to yes,
definitely); and coping plans (6 items, such as “I have made a
plan to drink no more than 2 glasses of alcohol when I feel
stressed or nervous” – totally disagree to totally agree).

Program Use
We counted the time respondents spent on the website during
their first visit (ie, from logging in to the program until logging
out or closing the website). Furthermore, we assessed the
number of respondents who started with the first module and
the number of respondents who filled out the program
completely.

Statistical Analyses
The data was analyzed using SPSS software, version 17.0.
Descriptive statistics were used to describe the characteristics
of the study sample and to calculate the dropout rates for the 2
tailoring conditions. In the sequential condition, a completer

was defined as someone who filled in one module from start to
finish (ie, including the final question) since the aim of the first
visit was that respondents of this condition complete one module
relating to a lifestyle behavior for which they failed to adhere
to the guideline. In the simultaneous condition, a completer was
defined as someone who completed all modules relating to the
lifestyle behaviors for which they failed to adhere to the
guidelines. The groups (ie, completers versus non-completers)
were compared in terms of their demographics and lifestyle
behaviors by means of Chi-square tests for discrete variables
and independent-samples t tests for continuous variables. In
addition, effect sizes (ES) were calculated based on means
(Cohen’s d) and percentages (categorical variables). Effect sizes
below 0.30 are considered small, while those between 0.30 and
0.80 are considered medium, and those larger than 0.80 are
considered large [55]. Chi-square tests as well as effect size
calculations were also used to explore differences between the
tailoring conditions in terms of their completion rates, based on
the number of guidelines that respondents failed to meet.
Logistic regression analyses, using the Enter method, were used
to identify predictors of program completion (demographics,
health status, lifestyle behaviors and condition) within the entire
sample. To identify interaction effects of tailoring condition
and possible predictors, interaction terms were added to the
regression equation. In the case of a significant interaction,
logistic regression analyses were done separately for the two
tailoring conditions to identify the predictors (demographics,
health status, lifestyle behaviors).

Results

Participants’ Characteristics
A total of 3473 individuals participated in the present study.
The mean age of the participants was 44 years. Slightly more
men than women took part. With regard to the participants’
lifestyle, 17.4% (n = 608) failed to meet the physical activity
guidelines, 67.4% (n = 2323) did not eat enough vegetables,
54.6% (n = 1873) did not eat enough fruit, 28.2% (n = 978)
drank too much alcohol, and 19.0% (n = 660) reported that they
smoked. Almost two-thirds did not adhere to two or more health
behavior guidelines (n = 2106; 61.7%). The characteristics of
the total sample are listed in Table 1.
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Table 1. Demographics, health status and lifestyle of the study sample (N = 3473)

Total groupVariable

43.61 (19-64; SD = 12.60)Age, n = 3473

Gender, n = 3473

1849 (53.2%)Male

1624 (46.8%)Female

Education, n = 3458

367 (10.6%)Low

1607 (46.5%)Medium

1483 (42.9%)High

Income per month, n = 3468

226 (6.5%)< € 1000

228 (6.6%)€ 1001 - € 1350

373 (10.8%)€ 1351 - € 1750

1177 (33.9%)€ 1750 - € 3050

976 (28.1%)> € 3051

488 (14.1%)“I don’t want to say”

Employment situation, n = 3467

2655 (76.6%)Employed

229 (6.6%)Studying

176 (5.1%)Homemaker

407 (11.7%)Not currently in employment

Marital status, n = 3457

2092 (60.5%)Married

528 (15.3%)Living together

639 (18.5%)Unmarried

170 (4.9%)Divorced

28 (0.8%)Widowed

2.91 (1-20; SD = 1.42)# persons in household n = 3473

Native country, n = 3471

3300 (95.1%)The Netherlands

171 (4.9%)Other

25.17 (15.03-58.11; SD = 3.96)BMI, n = 3445

40.11 (16-48; SD = 5.15)Quality of Life, n = 3452

44.78 (12-50; SD = 5.70)K10 (psychological distress), n = 3461

Number of guidelines complied with, n = 3411

25 (0.7%)0

226 (6.6%)1

681 (20.0%)2

1174 (34.4%)3

947 (27.8%)4

358 (10.5%)5

Physical activity, n = 3473
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Total groupVariable

2865 (82.5%)Compliance

608 (17.4%)Non-compliance

Vegetable consumption, n = 3446

1123 (32.6%)Compliance

2323 (67.4%)Non-compliance

Fruit consumption, n = 3433

1560 (45.4%)Compliance

1873 (54.6%)Non-compliance

Alcohol intake, n = 3473

2495 (71.8%)Compliance

978 (28.2%)Non-compliance

Smoking, n = 3473

2813 (81.0%)Compliance

660 (19.0%)Non-compliance

Completion and Dropout
As shown in Figure 5, the 3473 people who logged on to the
program were evenly randomized to the 2 tailoring conditions.
A total of 358 respondents (10.3%) adhered to all 5 health
guidelines. These people were not included in our further
analyses, as no specific completion moment could be defined
for this group. Of the remaining 3115 respondents, 1325 (42.5%)
logged out immediately after receiving the health risk appraisal,
and 62 (2.0%) even before receiving the health risk appraisal:
in the sequential condition, 53.5% (n = 821) started one lifestyle
module, while in the simultaneous condition, 59.8% (n = 907)

started at least the first lifestyle module (χ2
1 = 12.48; P < .001).

Of the 821 starters in the sequential condition, 65.5% (n = 538)
completed the module, while of the 907 starters in the
simultaneous condition, 38.4% (n = 348) completed the whole

program (χ2
1 = 127.25; P < .001).

On average, respondents in the sequential condition spent 10
minutes and 8 seconds on the web-based tailored program, while
respondents in the simultaneous condition spent an average of
9 minutes and 47 seconds. In the sequential condition,
respondents completed the program on average within 18
minutes and 10 seconds, while non-completers spent an average
of 6 minutes and 20 seconds on the program. In the simultaneous
condition, respondents completed the program within 20 minutes

and 52 seconds, while non-completers left the program on
average after 6 minutes and 16 seconds.

The Influence of Guideline Adherence Level on Dropout
The completion rate generally decreased as the number of
guidelines that the respondents failed to meet increased (see
Figure 6). However, this decline of the completion rates differed
between the two conditions. Respondents in the simultaneous
condition who failed to adhere to 2 or more guidelines were
more likely to leave the site prematurely than those in the
sequential condition who failed to adhere to the same number
of guidelines.

Differences between Completers and Non-Completers
The 2 tailoring groups did not differ in terms of their
demographics, health status or lifestyle behaviors, indicating
that randomization had been successful. A comparison of
respondents who filled in the entire program (ie, completers)
with respondents who prematurely left the site (ie,
non-completers) showed that the two groups differed on all
variables, except for income, native country, K10 and alcohol
intake (see Table 2). Medium effect sizes regarding these
differences concerned age and the number of guidelines
respondents adhered to. Completers were older than
non-completers were and completers adhered to more health
guidelines than non-completers did.
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Figure 5. Attrition diagram.
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Figure 6. Number of guidelines respondents failed to adhere to against the number of completers in the sequential condition (n = 1536) and the
simultaneous condition (n = 1517).
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Table 2. Differences in demographics, health status and lifestyle between non-completers and completers (N = 3053)

ESχ2 (P)T (P)Completers

n = 886

Non-completer

n = 2167

Variable

0.4311.07 (P < .001)47.21 (SD = 11.96)41.85 (SD = 12.64)Age

Gender

450 (50.8%)1202 (55.5%)Male

0.096.58 (P = .037)435 (49.2%)965 (44.5%)Female

Education

120 (13.6%)212 (9.8%)Low

424 (48.0%)1007 (46.7%)Medium

0.1313.35 (P = .010)339 (38.4%)938 (43.5%)High

Income per month a

221 (25.0%)504 (23.3%)< € 1750

437 (49.5%)1040 (48.0%)€ 1751 - € 3050

0.084.46 (P = .347)225 (25.5%)621 (28.7%)> € 3051

Employment situation

686 (77.7%)1852 (85.6%)Job

0.2133.34 (P < .001)197 (22.3%)311 (14.4%)No job

Relationship status

191 (21.8%)557 (25.8%)Single

0.118.56 (P = .014)687 (78.2%)1602 (74.2%)In relationship

0.18-4.86 (P < .001)2.74 (SD = 1.25)2.99 (SD = 1.45)# persons in household

Native country

838 (94.7%)2075 (95.8%)The Netherlands

0.051.52 (P = .468)46 (5.3%)91 (4.2%)Other

0.143.47 (P = .001)25.54 (SD = 3.84)25.00 (SD = 3.93)BMI

0.15-3.64 (P < .001)39.39 (SD = 5.64)40.19 (SD = 5.06)Quality of Life

0.05-1.27 (P = .203)44.41 (SD = 6.12)44.71 (SD = 5.75)K10

0.318.22 (P < .001)3.12 (SD = .88)2.83 (SD = .96)Adherence to guidelines

Physical activity

761 (86.0%)1698 (78.4%)Compliance

0.1823.62 (P < .001)124 (14.0%)469 (21.6%)Non-compliance

Vegetable consumption

253 (28.6%)501 (23.1%)Compliance

0.1210.43 (P = .005)632 (71.4%)1666 (76.9%)Non-compliance

Fruit consumption

388 (43.8%)801 (37.0%)Compliance

0.1313.14 (P = .001)497 (56.2%)1366 (63.0%)Non-compliance

Alcohol intake

632 (71.4%)1459 (67.3%)Compliance

0.085.32 (P = .070)253 (28.6%)708 (32.7%)Non-compliance

Smoking

731 (82.5%)1671 (77.1%)Compliance
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ESχ2 (P)T (P)Completers

n = 886

Non-completer

n = 2167

Variable

0.1211.56 (P = .003)154 (17.4%)496 (22.9%)Non-compliance

Condition

537 (60.7%)998 (46.1%)Sequential

0.2754.74 (P < .001)348 (39.3%)1169 (53.9%)Simultaneous

a Note: Respondents who did not want to report their income were classified in the category “€ 1751 - € 3050”

Predictors of Program Completion
We performed a logistic regression analysis to identify
predictors of program completion. After the various interaction
terms had been added, the interaction term ‘tailoring
condition*non-adherence to guidelines’emerged as statistically
significant (B = -.620; P < .001) indicating that the effect of the
number of guidelines respondents failed to adhere to on their
completion status depended on the tailoring condition. Hence,
separate analyses were performed for the 2 tailoring conditions.
The results are presented in Table 3 (sequential condition) and
Table 4 (simultaneous condition).

In model 1 of both conditions, the factors significantly
associated with non-completion were a lower age and being

male. In the simultaneous condition, Dutch nationality was also
significantly associated with dropout. In model 2, the effect of
age remained significant in both conditions. In the sequential
condition, being male continued to make a significant
contribution, whereas in the simultaneous condition, the gender
and native country variables became non-significant. In both
conditions, discontinuation of the program was predicted by
the number of guidelines respondents failed to adhere to (in
addition to a younger age). This means that people with a less
healthy lifestyle were more likely to drop out than those with
a healthier lifestyle. The second model of the sequential
condition explained 8.2% of the total variance for program
completion, whereas the second model of the simultaneous
condition explained 15.1% of the total variance.
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Table 3. Results of logistic regression analyses (Enter method) among the sequential condition on demographics and health status (model 1) and number
of guidelines respondents failed to adhere to (model 2), with completion status (non-completers = 0; completers = 1) as dependent variable (N = 1496)

Model 2Model 1

CIPORCIPORVariable

Demographics

1.02-1.05< .0011.041.02-1.05< .0011.04Age

Gender

1.001.00Male (ref.)

1.01-1.59.041.271.04-1.63.021.30Female

Education

0.69-1.53.901.030.98-2.05.991.42Low

0.89-1.45.301.140.86-1.50.361.13Medium

1.001.00High (ref.)

Income a per month

0.98-2.05.071.420.98-2.05.061.42< € 1750

0.84-1.49.401.130.86-1.50.381.13€ 1751 - € 3050

1.001.00> € 3051 (ref.)

Employment situation

1.001.00Job (ref.)

0.73-1.38.971.010.74-1.38.961.01No job

Relationship status

1.001.00In relationship (ref.)

0.70-1.33.830.970.68-1.30.710.94Single

0.87-1.02.160.940.87-1.03.180.94# persons in household

Native country

1.001.00The Netherlands (ref.)

0.58-1.68.960.990.57-1.66.930.99Other

Health status

0.98-1.04.621.010.98-1.04.571.01BMI

0.94-1.00.050.970.94-1.00.070.97Quality of Life

0.98-1.04.781.000.98-1.03.751.00K10

Non-adherence to guidelines

0.76-0.97.01.86Number of guidelines

.082.076Nagelkerke’s R2

a Note: Respondents who did not want to report their income were classified in the category “€ 1751 - € 3050”
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Table 4. Results of logistic regression analyses (Enter method) among the simultaneous condition on demographics and health status (model 1) and
number of guidelines respondents failed to adhere to (model 2), with completion status (non-completers = 0; completers = 1) as dependent variable (N
= 1473)

Model 2Model 1

CIPORCIPORVariable

Demographics

1.02-1.05< .0011.041.02-1.05< .0011.04Age

Gender

1.001.00Male (ref.)

0.87-1.48.361.131.04-1.74.031.35Female

Education

0.92-2.16.111.410.86-1.95.221.30Low

0.82-1.46.551.090.77-1.35.881.02Medium

1.001.00High (ref.)

Income a per month

0.56-1.33.510.870.60-1.38.650.91< € 1750

0.65-1.24.510.900.65-1.21.440.89€ 1751 - € 3050

1.001.00> € 3051 (ref.)

Employment situation

1.001.00Job (ref.)

0.78-1.58.561.110.84-1.66.351.18No job

Relationship status

1.001.00In relationship (ref.)

0.77-1.65.551.120.76-1.59.631.10Single

0.81-1.01.060.900.82-1.02.110.92# persons in household

Native country

1.001.00The Netherlands (ref.)

0.87-2.70.141.541.03-3.08.041.78Other

Health status

0.96-1.03.821.000.96-1.03.791.00BMI

0.94-1.01.180.980.95-1.02.350.98Quality of Life

0.96-1.03.871.000.97-1.04.821.00K10

Non-adherence to guidelines

0.42-0.58< .0010.49Number of guidelines

.151.073Nagelkerke’s R2

a Note: Respondents who did not want to report their income were classified in the category “€ 1751 - € 3050”

Discussion

In view of the high number of people with an unhealthy lifestyle,
there is a widely recognized need for interventions to change
multiple behaviors. However, the best strategy to deliver such
web-based interventions remains unclear. Addressing multiple
health behaviors in one intervention leads to more extensive
programs, which require more time and effort from the
respondents [eg, 31]. We compared dropout rates of a sequential
and a simultaneous version of a computer-tailored intervention

regarding physical activity, fruit consumption, vegetable
consumption, alcohol intake, and smoking, and investigated the
predictive value of personal characteristics and lifestyle
behaviors on completion and dropout rates for the 2 strategies.

Our first finding was that there were more non-completers in
the simultaneous intervention than in the sequential intervention.
The most important factor explaining the difference in dropout
rate between these two conditions may be the difference in the
length of the questionnaires and the computer-tailored advice
that respondents received after the initial health risk appraisal.
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For example, if a respondent failed to adhere to 2 guidelines,
the sequential intervention consisted of approximately 25
questions (average 10 minutes completion time), whereas the
simultaneous intervention in such cases consisted of 50
questions, with an average completion time of 20 minutes. The
advice also became twice as long, since the respondent had to
fill in 2 modules in this case. Earlier research has also shown
that the length of the program may be a primary reason to leave
a website prematurely [22]. Another possible reason may be
information overload [43]. Since each psychosocial construct
is measured and tailored for each relevant behavior, this
integrative approach is very demanding. An additional
explanation that may need further research could be that in the
simultaneous intervention, the 5 lifestyle modules had a
predefined order, so respondents in this condition could not
select the module they preferred to fill in first. Respondents in
the sequential condition may have perceived more freedom of
choice, since they could choose the lifestyle behavior about
which they wanted to receive personal feedback. This hypothesis
could be tested in follow-up studies, including qualitative
interviews.

Although the dropout rate was higher in the simultaneous
intervention than in the sequential intervention, our findings
revealed a high rate of non-completion in both types of
intervention. One possible reason might be the recruitment
strategy used. Completing the health risk appraisal took
approximately 5 minutes in both conditions. The health risk
appraisal was based on the Adult Health Monitor questionnaire
that the respondents in our study had filled in at an earlier point
in time. These respondents may not have wanted to make the
effort of filling in a long questionnaire again. Hence, a
considerable number of interested respondents of the potential
target group may already have decided not to participate in the
program after receiving the health risk appraisal. A second
possible reason for the high dropout rate might be the study
sample. Our study sample consisted of people from the general
population, who were primarily invited simply to fill in a
health-related questionnaire. Our study might have shown
different results in terms of dropout rates in a group that would
have been included based on their motivation to learn something
about their lifestyle and/or to change lifestyle behaviors. This
means that lack of motivation to change lifestyle may have been
a reason for dropping out in both conditions [56,57].
Additionally, technical problems [58,59], e.g. disruption of the
Internet connection or errors on the website, as well as problems
navigating through the website, could have played a role – as
was suggested by several e-mails received from respondents.

In terms of personal characteristics that were predictive of
completion or non-completion of the program, significant
influences were found of age and gender. Older people and
women were more likely to complete the program, which is in
line with earlier findings [25]. Furthermore, an unhealthy
lifestyle was associated with higher dropout rates in both
conditions. Earlier studies reported lower adherence to public
health guidelines (ie, an unhealthier lifestyle) among people
with a low socioeconomic status compared to people with a
higher socioeconomic status [60,61], which means that this
(high-risk) group in particular should be a target group for health

promotion efforts. We found no difference in educational level,
income, or employment status between respondents who
dropped out at their first visit and those who did not. This is a
relevant and promising finding, as it suggests that this tailored
program is equally accepted and appreciated by both groups.

Our findings – with dropout rates being higher in the
simultaneous condition than in the sequential condition – suggest
that a sequential tailoring strategy might be able to reach the
largest group of participants. However, since approximately
60-70% of the population fails to adhere to multiple public
health guidelines, people may need information about more
than one lifestyle behavior. The sequential strategy used in our
intervention may therefore be insufficient to meet the needs of
a large part of the population, especially those of people who
are interested in several health behaviors and who are motivated
to change multiple lifestyle behaviors. In our sequential
intervention, respondents received the health risk appraisal,
including information about the 5 health behaviors. Yet
respondents were limited to one single module in the second
part of the program at their first visit. In the long term, this
approach can be regarded as a multiple behavior change
intervention using a sequential strategy, but in the short term,
detailed information is made available about one behavior only.
Since the dropout rate at the very first visit was high, future
research should first concentrate on prolonged use (ie,
continuing the intervention for a substantial period of time) and
possible information overload. To date, it seems to be a
challenge to hold respondents’ attention in online interventions.
Since the dropout rate even in the sequential condition is rather
high, the number of psychosocial constructs as well as the
tailored texts could be shortened, spread over time or delivered
in different forms. Including more interactive elements, such
as videos or games, may improve the attractiveness of eHealth
programs, which in turn may result in longer visits [62-64].
Stimulating re-visits, which are necessary in our sequential
approach, poses a second challenge for future research.

The simultaneous tailoring strategy has advantages as well,
insofar as people may receive tailored feedback on more than
one lifestyle behavior at once. However, it may be better not to
offer the modules in a predefined order. A study by Brouwer et
al. [25] shows that when people have a choice to select more
than one behavior, they make use of this option and choose
different behavior modules.

Another option to explore is a mixture of both tailoring
strategies, called preference-based tailoring [39,65] in which
respondents can select the behavior modules which they want
to fill in (not limited to only one module). This may make
respondents perceive a higher level of autonomy [66,67] since
they would not have to limit themselves to one single behavior
at first, and could receive as much information as they wish.

Strengths, Limitations, and Recommendations
To our knowledge, this is the first study to compare sequential
and simultaneous interventions addressing the 5 lifestyle
behaviors of physical activity, fruit consumption, vegetable
consumption, alcohol intake, and smoking, in terms of dropout
rates. The study has yielded new information about predictors
of completion of the 2 intervention types.
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The findings of this study should be interpreted keeping several
limitations in mind. Our findings were based on self-reports,
which could have led to recall bias (e.g., the high proportion of
people who reported to meet the physical activity guideline may
represent an overestimation of their actual level of physical
activity); and the amounts of variance explained by our
regression models were relatively low, indicating that other
factors might play a role in determining program completion.
Future research is necessary to identify additional relevant
factors, for example, motivation to change, available time,
interest in the topic, program evaluation (in terms of, eg,
user-friendliness and attractiveness), and expectations from the
program.

The present study provides initial evidence for higher attrition
rates in the simultaneous intervention strategy. Although this
is likely to result in lower effectiveness of this intervention,
future studies need to address the relative efficacy and
effectiveness of simultaneous versus sequential tailoring. Hence,
re-visiting rates for the two types of interventions should be
compared, and the differences in effectiveness in terms of
successful behavior change should be tested. It is imaginable

that despite the higher dropout in the simultaneous condition,
more respondents in this condition received all relevant
information compared to those in the single/sequential condition
who possibly only read information about the most preferred
behavior module and/or never return to the intervention program.
More research remains to be done to study in which condition
more modules are opened and/or completed by the respondents
during the duration of the project.

Conclusions
Our findings indicate a high rate of non-completion in both
types of intervention, with more incompletes in the simultaneous
intervention and among respondents with unhealthier lifestyles.
In both conditions, discontinuation of the program was related
to a younger age of the respondent, and in the sequential
condition, being male was also associated with non-completion
of the program. The results of this study suggest opportunities
for optimizing online tailored lifestyle interventions: such
programs should be tailored to all individual users; their
efficiency should be improved; their attractiveness should be
enhanced by integrating interactive elements; and their content
and length or duration should be balanced.
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Abstract

Background: Internet-delivered interventions can effectively change health risk behaviors and their determinants, but adherence
to these interventions once they are accessed is very low. Therefore, it is relevant and necessary to systematically manipulate
website characteristics to test their effect on website use. This study focuses on user control as a website characteristic.

Objective: To test whether and how user control (the freedom of choice to skip pages) can increase website use and knowledge
gained from the website.

Methods: Participants older than 18 years were drawn from the Dutch Internet population (in June 2011) and completed a
hepatitis knowledge questionnaire. Subsequently, they were randomly assigned to three groups: (1) a tunneled version of the
website with less user control; (2) a high user control version of the website where visitors had the freedom of choice to skip
pages; and (3) a control group that was not exposed to the website. Participants completed (1) a questionnaire of validated measures
regarding user perceptions immediately after exposure to the website (except for the control group), and (2) a hepatitis knowledge
questionnaire after one week to test whether participants in the experimental groups only clicked through the website or actually
processed and learned its content. Server registrations were used to assess website use. Analyses of covariance (ANCOVA) using
all available data were conducted to determine whether user control increases website use. Structural equation models (SEM)
using all available data were constructed to test how user control increases website use—a latent variable derived from number
of pages visited and time on website.

Results: Of the 1044 persons invited to participate, 668 took part (668/1044, 64.0%). One half of participants (332/668 49.7%)
were female and the mean age was 49 years (SD 16). A total of 571 participants completed the one-week follow-up measure
regarding hepatitis knowledge (571/668, 85.5%). The findings demonstrate that having less user control (ie, a tunneled version
of the website) had a negative effect on users’ perception of efficiency (F1,452 = 97.69, P < .001), but a positive effect on number
of pages visited (F1,452 = 171.49, P < .001), time on the website (F1,452 = 6.32, P = .01), and knowledge gained from the website
(F1,452 = 134.32, P < .001). The direct effect of having less user control appeared to surpass the effect mediated by efficiency,
because website use was higher among participants exposed to the tunneled version of the website in comparison with those
having the freedom of choice to skip pages.

Conclusions: The key finding that visitors demonstrated increased website use in the tunneled version of the website indicates
that visitors should be carefully guided through the intervention for future intervention websites.

(J Med Internet Res 2012;14(2):e45)   doi:10.2196/jmir.1922
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Introduction

Internet-delivered interventions can effectively change health
risk behaviors and their determinants [1,2], but the actual use
of these interventions by the target group once they access the
website is very low [3,4]. For example, server statistics of a
web-based intervention promoting heart-healthy behaviors
showed that 285,146 visitors from unique IP addresses accessed
the home page over a 36-month period, but 56.3% of visitors
left the intervention website within 30 sec [5]. This finding
touches upon the critical issue in Internet-delivered
interventions: How can these interventions have a public health
impact if people use the actual intervention so briefly?
Therefore, it is relevant and necessary to focus on factors related
to use of an intervention once people arrive at the intervention
website (ie, website use) [6]. These factors relate to the visitor
(eg, people’s motivation to be healthy [7,8]) as well as the
intervention website (eg, offering tailored information [9-11]).

The content of the website is important [12], but the specific
characteristics of the website itself are also important. A
previous study stressed the need for future research to
systematically manipulate website characteristics and,
subsequently, to link these manipulations to website use [13].
The current study follows this recommendation and focuses on
user control as a website characteristic.

User control covers the voluntary and instrumental actions of
the website visitor [14,15]. This is an important characteristic
of a website that shapes the two-way online interaction and the
exchange of information with website visitors resulting in a
user experience [16,17]. User experience refers to what a person
thinks and feels during and after exposure to a website [18].
The main idea is that a positive user experience increases
website use. User experience consists of cognitive perceptions
and affective perceptions [19]. Cognitive perceptions are rational
in nature and induced by utilitarian or cognitive motives.
Affective perceptions are emotional in nature and induced by
hedonic or affective motives [20].

The key user perceptions are efficiency, effectiveness,
enjoyment, and active trust [19]. These terms are derived from
other fields, such as e-commerce. Although they can have a
different meaning within public health, we chose to use the
same terminology as in previous studies for consistency and to
avoid confusion. Efficiency refers to easy search and access of
information provided; effectiveness refers to the quality of that
information (eg, in terms of relevance) [21]. These cognitive
perceptions have parallels with perceived ease of use and
perceived usefulness in the technology acceptance model, but
are applicable in a broader context [22]. The idea that a positive
user experience increases website use does not only apply to
cognitive perceptions, but also to affective perceptions [23].

These affective perceptions are often referred to as enjoyment
[24]. Active trust refers to the confidence in acting on the
provided information on a website, which can result in increased
website use [25]. The previous study that served as the basis
for the present one consistently demonstrated that effectiveness
and enjoyment both had a positive effect on intention to use,
which was mediated by active trust [13]. Efficiency did not
have an effect, but this could be explained by the goal of the
websites being used in that study, which were aimed purely at
behavioral change instead of providing information only (such
as the websites used in the present study). Therefore, in this
study, efficiency, effectiveness, and enjoyment were expected
to increase website use (Hypothesis 1), which was expected to
be mediated by active trust (Hypothesis 2).

To gain more insight into how user control can help to increase
website use, it is necessary to study the effect of user control
on user perceptions. Since user control provides the ability to
explore and to understand the structure of a website [26,27], it
allows visitors to be involved in the cognitive processing of
information. This is closely related to the concept of efficiency
(ie, “easy search and access of information”) and indicates a
certain level of user involvement. Previous research revealed
that the positive effect of freedom of choice (ie, high user
control) on preference regarding websites was mediated by
efficiency [28].

One of the most common issues for websites is the lack of user
control [29], which might lead to a reactance effect [30]: A
constrained freedom of choice results in a negative effect on
preference for that website [28]. The visitor, however, can still
decide whether or not to keep using the website. When a visitor
has the freedom to decide whether to use the website, but at the
same time has less influence on how to use it, this can be
interpreted as a form of libertarian paternalism. To elaborate,
this is a weak form of paternalism that guides people (eg, a
tunneled version of a website with less user control) without
necessarily restricting their choices (eg, the decision to keep
using a website) [31]. The crux of libertarian paternalism is that
by allowing choice, but designing it in such a way that skews
outcomes toward particular directions (eg, increased website
use), the visitor experiences a degree of free will [32]. Hence,
user control was hypothesized to increase efficiency [33,34]
(Hypothesis 3), but to decrease actual website use, because it
is the opposite of libertarian paternalism (Hypothesis 4).

Hypothesis 4 may seem in opposition to Hypothesis 3: Although
user control was expected to decrease website use, it was
expected to increase efficiency. To answer the question whether
user control can help to increase website use, we explored
whether the possible direct effect of user control surpasses the
possible effect mediated by efficiency. Figure 1 provides an
overview of the conceptual model used in this study.
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Figure 1. Conceptual model with four hypothesized paths (H1–H4).

Methods

The experimental condition for this study was a website about
hepatitis A, B, and C virus (HAV, HBV, and HCV) infections.
These infections all affect the liver, but each of the HAV, HBV,
and HCV infections differs in terms of mode of transmission,
consequences, and prevention. The website consisted of a home
page plus four pages of information per hepatitis virus. The first
page introduced the virus briefly and the other three pages
outlined information about transmission, consequences, and
prevention, respectively. This resulted in a total of twelve pages
of website content (including all virus types) plus the home
page. The content for these pages was based on information
from the Dutch National Hepatitis Centre (eg, information
leaflets) and was limited to mode of transmission, consequences,
and prevention of HAV, HBV, and HCV infections. The content
was text-based, purely informative, non-tailored, and very brief
(ie, 5–10 lines of text per page).

Design and Procedure
Participants were randomly assigned to three groups (Fig 2),
but were not informed about the existence of these three groups
or that the focus of the study was on website use. Two groups
were experimental groups in which user control was
manipulated. In experimental group 1 (ie, tunneled group),
participants viewed a tunneled version of the website [35]; in
experimental group 2 (ie, freedom of choice group), participants
had freedom of choice (eg, they could skip pages [36]). The
third group was a control group who were not exposed to the
website.

For the tunneled group, the web pages could be viewed only in
a pre-determined order (introduction of the virus, transmission,
consequences, and prevention for HAV, HBV, and HCV,
respectively) and pages could not be skipped. This is in-line
with libertarian paternalism: allowing choice to stop using the
website, but designing it to skew toward increased website use.
The number of pages and the content of both website versions
for both experimental groups were identical. There was no
human involvement (eg, health professional assistance); the
website was fully automated. The third group was a control
group that was not exposed to the website, but which was added
to test whether participants in the experimental groups just

clicked through the website or actually processed and learned
its content (ie, by comparing between-group differences
regarding hepatitis knowledge at follow-up). Participants in the
control group were only required to complete the pre-test and
follow-up measurements. Their access to other websites related
to hepatitis was unable to be controlled during the study period
due to participants completing the study remotely.

All three groups—the control group and the experimental groups
before exposure to the website—took an initial questionnaire
to establish their baseline hepatitis knowledge (“pre-test”). All
measures are described in the measurements section. After the
pre-test, the two experimental groups were directed to their
assigned version of the website and participants knew they had
to give their opinion about the website afterwards. Participants
were asked to base their opinion about the website on their first
impression and were told they could freely explore the website
until they started completing the post-test immediately upon
leaving the website. The objective was to prevent participants
from thoroughly studying the website, and to mimic a real-life
situation in which time and opportunity to invest in the website
is limited [5].

The two experimental groups took another test immediately
after exposure to the website (“post-test”) measuring user
perceptions of the website and their perceptions of user control
as a manipulation check. For these measures, it was stressed
that there were no right or wrong answers. There was no
post-test for the control group, since they were not exposed to
the website.

One week later, participants were invited to complete the
follow-up measure, which was a hepatitis knowledge
questionnaire similar to the pre-test. The study was conducted
in June 2011 and participants could complete the study at their
own convenience (eg, at their own home). Participants received
an incentive (ie, credit points for research panel members; as
explained in the Participants section) to participate in the study,
which represented a value of €1.39. Panel members can save
credit points over time, which can be exchanged for online
vouchers valid in several stores in the Netherlands. Relevant
ethical safeguards regarding Dutch law were met for participant
confidentiality and consent.
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Figure 2. Flowchart of study design and attrition.

Participants
Participants were recruited through a research panel of a Dutch
Internet research agency [37]; therefore, they could be
considered computer literate. From this panel, a stratified sample
of 1044 potential participants were invited to participate in a
study about hepatitis through email. Informed consent was
obtained online (ie, the regular procedure for this research
panel). This sample was representative of the Dutch Internet
population above 18 years, taking into account gender, age, and
level of education. Of those invited, 668 participated in the
study (668/1044, 64.0%). Half of the participants (332/668,
49.7%) were female and the mean age of participants was 49
years (SD 16). Of the participants, 35.5% had a low level of
highest completed education (equivalent to primary
school/junior high school), 38.2% an intermediate level

(equivalent to senior high school/junior college), and 26.3% a
high level (equivalent to college/university). Those 668 that
participated were invited to complete the follow-up measure
and 571 of them did so (571/668, 85.5%). There was no selective

dropout regarding gender (χ2 = 1.3, P = .25), age (F1,666 = 0.08,

P = .77), level of education (χ2 = 1.3, P = .52) or hepatitis
knowledge at baseline (F1,666 = 3.53, P = .06). Furthermore,

dropout did not differ between the three groups (χ2 = 2.7, P =
.26).

Measurements

Hepatitis Knowledge Questionnaire
Fifteen true/false items (including a “don’t know” option) about
transmission, consequences, and prevention of HAV, HBV, and
HCV infections were used to assess hepatitis knowledge. The
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sum score of all correctly answered items was used in the
analyses. The correct answer to these items was available on
the website, but were only communicated to the participants
after the study. The items concerned “how-to” knowledge:
practical knowledge concerning how to do something [38].

Website Use
Server registrations were used to assess website use [39,40]
which was operationalized by the number of pages visited
(ranging from 0 to 12) [41]. Furthermore, time on the website
was tracked to detect whether participants simply clicked from
one page to the next, which would artificially boost the number
of pages visited.

User Perceptions
Efficiency (Cronbach alpha = .94), effectiveness (Cronbach
alpha = .90), enjoyment (Cronbach alpha = .97), and active trust
(Cronbach alpha = .88) were assessed by three items each.
Participants answered questions such as “I was able to access
the information quickly on this website” (efficiency), “the
website provided me with relevant information about...”
(effectiveness), “I found my visit to this website enjoyable”
(enjoyment), and “I would act upon the information presented
on this website if needed” (active trust) using a 7-point Likert
scale ranging from “strongly disagree” (= 1) to “strongly agree”
(= 7).These measures were previously used and validated in the
Dutch language [10]. Table 1 shows the correlations between
these user perceptions.

Table 1. Correlation matrix of user perceptions.

4321User perceptiona

.56.52.55-1. Efficiency

.68.63-2. Effectiveness

.66-3. Enjoyment

-4. Active trust

a Pearson correlation coefficient has been used as a measure of correlation between user perceptions. All correlation coefficients were significant (P <
.001).

Perceived User Control
Four items measured perceived user control (Cronbach alpha
= .79) as a manipulation check [42]. Items such as “while I was
on the website, I could choose freely what I wanted to see” were
answered on a 7-point Likert scale ranging from “strongly
disagree” (= 1) to “strongly agree” (= 7).

Analyses
First, using Predictive Analytics SoftWare Statistics 18.0
(International Business Machines Corporation, Armonk, NY),
analyses of covariance (ANCOVA) using all available data were
conducted (1) to test whether the manipulation was successful;
(2) to test whether there were group differences regarding
hepatitis knowledge at follow-up, taking into account hepatitis
knowledge at the pre-test [43]; and (3) to test the direct effect
of user control on number of pages visited, time on the website
(ie, whether user control increases website use), and user
perceptions. Number of pages visited and time on the website
were square root transformed to meet assumptions of normality.

Second, using Mplus 5 (Muthén & Muthén, Los Angeles, CA),
structural equation models (SEMs) using all available data were
constructed to test the hypothesized conceptual model (ie, how
user control increases website use). Efficiency was regressed
on user control. Website use—a latent variable made up from
number of pages visited and time on the website—was regressed
on user control, efficiency, effectiveness, enjoyment, and active
trust. Active trust was regressed on efficiency, effectiveness,
and enjoyment. Subsequently, (1) non-significant paths were
left out of the conceptual model for the sake of parsimony, and
(2) additional paths were added to the conceptual model based

on significant modification indices. The latter was done to
explore whether unanticipated relationships might explain
variance in website use (which was not the case). A level of
significance of P = .05 was used for the relationships within the
model.

Model fit indices used were the comparative fit index (CFI),
the Tucker-Lewis index (TLI), the root mean square error of
approximation (RMSEA), and the standardized root mean square
residual (SRMR). Both CFI and TLI are goodness-of-fit indices
where larger values signal better fit. Values over .95 indicate
close fit. The RMSEA and SRMR are goodness-of-fit indices
where larger values signal worse fit. Indicators of close fit are,
respectively, RMSEA ≤ .05 and SRMR ≤ .09 [44,45].

Results

Perceived user control is higher (5.2 vs 3.9 on a 7-point Likert
scale) if participants had freedom of choice (eg, could skip
pages) instead of a tunneled version of the website (F1,452 =
134.32, P < .001), indicating that the manipulation of user
control was successful. Table 2 shows hepatitis knowledge per
group, both at the pre-test and follow-up. There are group
differences regarding hepatitis knowledge at follow-up, after
controlling for hepatitis knowledge at the pre-test (F2,567 = 47.24,
P < .001). All pairwise comparisons are significant (P < .001)
indicating that participants in the tunneled group score higher
on hepatitis knowledge compared with the freedom of choice
group. Both experimental groups score higher on hepatitis
knowledge in comparison with the control group, indicating
that participants do not only click through the website, but
actually process and learned the content.
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Table 2. Pre-test and follow-up hepatitis knowledge scores.

Follow-upaPre-testaGroup

Mean (SD)Mean (SD)

8.2 (3.5)5.0 (3.3)Tunneled group (n = 200)

7.2 (3.5)5.4 (3.1)Freedom of choice group (n = 193)

5.6 (3.3)5.4 (3.2)Control group (n = 178)

a Maximum score is 15 points.

Table 3 shows that having a lesser degree of user control has a
negative effect on efficiency, but a positive effect on number
of pages visited (confirming Hypotheses 3 and 4). Participants
do not simply click from one page to the next, since the time

on the website is also longer in the tunneled group (3:50 min)
compared with the freedom of choice group (2:38 min) (F1,452

= 6.32, P = .01).

Table 3. The direct effect of user control on number of pages visited and user perceptions.

Freedom of choice group

(n = 288)

Tunneled group

(n = 226)

P ValueF 1,452Mean (SD)Mean (SD)RangeMeasure

< .001171.497.4 (4.0)11.4 (2.3)0–12Number of pages visited

< .00197.696.1 (1.1)4.8 (1.7)1–7Efficiency

.460.565.8 (1.1)5.8 (1.2)1–7Effectiveness

.400.725.0 (1.4)4.9 (1.5)1–7Enjoyment

.044.155.3 (1.4)5.1 (1.4)1–7Active trust

Figure 3 illustrates the final structural equation model. User
control has a positive effect on efficiency, but a negative effect
on website use. The direct effect appears to surpass the effect
mediated by efficiency because website use is higher in the
tunneled group compared to the freedom of choice group. These
findings also support Hypotheses 3 and 4. Efficiency has a
positive effect on website use, but effectiveness and enjoyment
do not have a direct effect on website use (only partly
confirming Hypothesis 1). Therefore, these paths were removed

from the final model. Active trust, however, mediates the
relationship between efficiency, effectiveness, enjoyment, and
active trust (confirming Hypothesis 2). Based on modification
indices, no paths were added to the conceptual model, implying
that user control is only related to efficiency and website use.
The CFI and TLI are .97 and .96, respectively; RMSEA and
SRMR are .08 and .03, respectively. All of these fit indices
indicate a close fit for the final model.

Figure 3. Final model including standardized betas of significant paths within the model.

Discussion

A key finding of this study is that user control does not help to
increase website use, which leads to a smaller effect on
knowledge gain in comparison with the tunneled version of the
website. Although visitors thought that having control made it
easier to search and access information, this was negated by the
direct negative effect that user control had on website use. In
short, user control decreases website use. The increase in

perception of efficiency, however, is in-line with the idea of
freedom of choice as more important than its actual existence
[46]. These findings indicate that, for future intervention
websites, visitors should be carefully guided through the
intervention (ie, less user control).

As an element of interaction design (ie, options involved in
performing and completing tasks), it is proposed user control
should fit the task of the user and the objectives of website
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accessed [18]. For example, if a goal for a website is to
encourage visitors to review all pages about self-management,
then it would be useful for visitors to be guided through these
pages. However, if the website is to serve as a data bank or
encyclopedia that visitors may consult, then it would be more
useful to add a search function and an effective menu structure
[47].

Most of our hypotheses regarding user perceptions are confirmed
and are in-line with the previous study [13]. Active trust
mediates the positive effects of efficiency, effectiveness, and
enjoyment on website use. The lack of a direct effect of
enjoyment on website use was unanticipated. Based on previous
research, an explanation could be that enjoyment is related to
cognitive perceptions [48], and website use is fully mediated
by active trust. Thus, cognitive perceptions might be a catalyst
for the positive effect of enjoyment on website use. The lack of
a direct effect of efficiency on website use is puzzling. Since
previous research demonstrated that active trust is a mediating
variable associated with intention to use a website [49,50], it
might be that active trust reduces the possible direct impact of
efficiency since the explained variance of active trust overlaps
with the explained variance of efficiency. Future research is
needed to investigate the plausibility of this explanation.

Another avenue for future research is to examine factors related
to the visitor given that the direct effect resulting from the
manipulation of a website characteristic (ie, user control)
surpassed the effect mediated by user perceptions (ie,
efficiency). Hence, it is worthwhile to investigate whether the
impact of website characteristics is greater for certain visitors
than for others. Knowing something about the personalities of
those who favor certain website characteristics will provide
better insight into factors behind website use [51]. Ross and
colleagues [52] took a first step in this direction by linking
personality factors to the use of Facebook features.

Contrary to previous research [13,19,33], a positive
characteristic of this study is that actual website use was tracked
and measured instead of using self-reported data only. More

specifically, website use was tracked by means of server
registrations, which in contrast to self-reports, is independent
of visitors’memory, interpretation, or social desirability [53,54].
Moreover, within the setting of a research panel in which
participants could complete the study at their own convenience
(eg, at their own home), a real-life situation has been mimicked.
Participants could freely explore the website, without the
limitations of a laboratory setting (eg, standardized environment,
forced exposure), which enhanced the validity of the study (ie,
in vivo versus in vitro testing). Finally, there was a relatively
small dropout rate between pre-test and follow-up in this study,
which was neither selective dropout nor differed between
groups. Hence, there is still good variation in gender, age, and
level of education of the participants to warrant generalizability
of the findings to the Dutch Internet population above 18 years.

Finally, there are two additional points that evolved from this
investigation. First, knowledge regarding hepatitis increased in
both experimental conditions compared to the control group.
This implies the hepatitis knowledge questionnaire is appropriate
to assess whether participants processed and learned content of
the website. This is the case even though participants were not
necessarily looking for information on hepatitis, which is
essential in primary prevention websites aimed at the general
public. Nevertheless, it could be that participants were highly
interested in hepatitis, since they agreed to participate in a study
about this topic. The low scores regarding hepatitis knowledge
at pre-test, however, do not support this possible explanation.
Second, knowledge increased more in the tunneled group in
which website use was higher. Since user control is not directly
related to retention [55], this suggests website use increases the
likelihood of changes in determinants of health risk
behaviors—which is important from a public health point of
view. Thus, as an element of interaction design, user control
should be carefully considered during the development of
Internet-delivered interventions. Our findings indicate future
interventions should carefully guide visitors through the website
(ie, less user control) to increase website use and subsequently
elevate the public health impact of these interventions.

 

Acknowledgments
This study was supported by the Innovational Research Incentives Scheme Veni from NWO-MaGW (Netherlands Organisation
for Scientific Research—Division for the Social Sciences) accredited to Rik Crutzen. There has been no involvement by the
funding body in the review or approval of the manuscript for publication. Rik Crutzen would like to thank Kathelijne Bessems
for her inspiring thoughts while discussing the initial ideas for this study.

Conflicts of Interest
None declared.

References
1. Portnoy DB, Scott-Sheldon LA, Johnson BT, Carey MP. Computer-delivered interventions for health promotion and

behavioral risk reduction: a meta-analysis of 75 randomized controlled trials, 1988-2007. Prev Med 2008 Jul;47(1):3-16.
[doi: 10.1016/j.ypmed.2008.02.014] [Medline: 18403003]

2. Cugelman B, Thelwall M, Dawes P. Online interventions for social marketing health behavior change campaigns: a
meta-analysis of psychological architectures and adherence factors. J Med Internet Res 2011;13(1):e17 [FREE Full text]
[doi: 10.2196/jmir.1367] [Medline: 21320854]

J Med Internet Res 2012 | vol. 14 | iss. 2 | e45 | p.58http://www.jmir.org/2012/2/e45/
(page number not for citation purposes)

Crutzen et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.1016/j.ypmed.2008.02.014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18403003&dopt=Abstract
http://www.jmir.org/2011/1/e17/
http://dx.doi.org/10.2196/jmir.1367
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21320854&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


3. Bennett GG, Glasgow RE. The delivery of public health interventions via the Internet: actualizing their potential. Annu
Rev Public Health 2009 Apr 29;30:273-292. [doi: 10.1146/annurev.publhealth.031308.100235] [Medline: 19296777]

4. Eysenbach G. The law of attrition. J Med Internet Res 2005;7(1):e11 [FREE Full text] [doi: 10.2196/jmir.7.1.e11] [Medline:
15829473]

5. Brouwer W, Oenema A, Raat H, Crutzen R, de Nooijer J, de Vries NK, et al. Characteristics of visitors and revisitors to
an Internet-delivered computer-tailored lifestyle intervention implemented for use by the general public. Health Educ Res
2010 Aug;25(4):585-595 [FREE Full text] [doi: 10.1093/her/cyp063] [Medline: 19897515]

6. Binks M, van Mierlo T. Utilization patterns and user characteristics of an ad libitum Internet weight loss program. J Med
Internet Res 2010;12(1):e9 [FREE Full text] [doi: 10.2196/jmir.1347] [Medline: 20350926]

7. Van 't Riet J, Crutzen R, De Vries H. Investigating predictors of visiting, using, and revisiting an online health-communication
program: a longitudinal study. J Med Internet Res 2010;12(3):e37 [FREE Full text] [doi: 10.2196/jmir.1345] [Medline:
20813716]

8. Crutzen R, de Nooijer J, Candel MJ, de Vries NK. Adolescents who intend to change multiple health behaviours choose
greater exposure to an internet-delivered intervention. J Health Psychol 2008 Oct;13(7):906-911. [doi:
10.1177/1359105308095064] [Medline: 18809641]

9. Brouwer W, Kroeze W, Crutzen R, de Nooijer J, de Vries NK, Brug J, et al. Which intervention characteristics are related
to more exposure to internet-delivered healthy lifestyle promotion interventions? A systematic review. J Med Internet Res
2011;13(1):e2 [FREE Full text] [doi: 10.2196/jmir.1639] [Medline: 21212045]

10. Crutzen R, de Nooijer J, Brouwer W, Oenema A, Brug J, de Vries NK. Strategies to facilitate exposure to internet-delivered
health behavior change interventions aimed at adolescents or young adults: a systematic review. Health Educ Behav 2011
Feb;38(1):49-62. [doi: 10.1177/1090198110372878] [Medline: 21189422]

11. Nijland N, van Gemert-Pijnen JE, Kelders SM, Brandenburg BJ, Seydel ER. Factors influencing the use of a Web-based
application for supporting the self-care of patients with type 2 diabetes: a longitudinal study. J Med Internet Res
2011;13(3):e71 [FREE Full text] [doi: 10.2196/jmir.1603] [Medline: 21959968]

12. Crutzen R. Is it time to start focusing on the content of computer-delivered interventions? Addiction 2011 Oct;106(10):1871.
[doi: 10.1111/j.1360-0443.2011.03539.x] [Medline: 21793973]

13. Crutzen R, Cyr D, de Vries NK. Bringing loyalty to e-Health: theory validation using three internet-delivered interventions.
J Med Internet Res 2011;13(3):e73 [FREE Full text] [doi: 10.2196/jmir.1837] [Medline: 21946128]

14. Liu Y, Schrum LJ. What is interactivity and is it always such a good thing? Implications of definition, person, and situation
for the influence of interactivity on advertising effectiveness. J Advertising 2002;31:53-64.

15. Lowry PB, Spaulding T, Wells T, Moody G, Moffit K, Madariaga S. A theoretical model and empirical results linking
website interactivity and usability satisfaction. System Sciences 2006;123a. [doi: 10.1109/HICSS.2006.33]

16. Van Oppen CAML. From Rags to Richness. Maastricht: Maastricht University; 2007.
17. Sundar SS. Theorizing interactivity's effects. The Information Society 2004;20:385-389. [doi: 10.1080/01972240490508072]
18. Crutzen R, de Nooijer J, Brouwer W, Oenema A, Brug J, de Vries NK. A conceptual framework for understanding and

improving adolescents' exposure to Internet-delivered interventions. Health Promot Int 2009 Sep;24(3):277-284 [FREE
Full text] [doi: 10.1093/heapro/dap018] [Medline: 19515716]

19. Cyr D, Head M, Ivanov A. Perceived interactivity leading to e-loyalty: development of a model for cognitive-affective user
responses. International Journal of Human-Computer Studies 2009;67:850-869. [doi: 10.1016/j.ijhcs.2009.07.004]

20. Park CW, Young SM. Consumer response to television commercials: the impact of involvement and background music on
brand attitude formation. J Marketing Res 1986;23:11-24.

21. Keeney R. The value of Internet commerce to the customer. Management Science 1999;45:533-542. [doi:
10.1287/mnsc.45.4.533]

22. Benbasat I, Barki H. Quo vadis, TAM? J Assoc Inf Syst 2007;8:211-218.
23. Sun Y, Wang N, Peng Z. Working for one penny: understanding why people would like to participate in online tasks with

low payment. Computers in Human Behavior 2011;27:1033-1041. [doi: 10.1016/j.chb.2010.12.007]
24. Van der Heijden H. Factors influencing the usage of websites: the case of a generic portal in the Netherlands. Information

& Management 2003;40:541-549. [doi: 10.1016/S0378-7206(02)00079-4]
25. Cugelman B, Thelwall M, Dawes P. The dimensions of web site credibility and their relation to active trust and behavioural

impact. Communications of the Association for Information Systems 2009;24:455-472.
26. Ariely D. Controlling the information flow: effects on consumers' decision making and preferences. Journal of Consumer

Research 2000;27:233-248. [doi: 10.1086/314322]
27. Danaher BG, McKay HG, Seeley JR. The information architecture of behavior change websites. J Med Internet Res

2005;7(2):e12 [FREE Full text] [doi: 10.2196/jmir.7.2.e12] [Medline: 15914459]
28. Murray KB, Häubl G. Freedom of choice, ease of use, and the formation of interface preferences. SSRN Electronic Journal

2010;35:955-976. [doi: 10.2139/ssrn.1698204]
29. Srinivasan SS, Anderson R, Ponnavolu K. The impact of perceptions of interactivity on customer trust and transaction

intentions in mobile commerce. Journal of Retailing 2002;78:41-50. [doi: 10.1016/S0022-4359(01)00065-3]

J Med Internet Res 2012 | vol. 14 | iss. 2 | e45 | p.59http://www.jmir.org/2012/2/e45/
(page number not for citation purposes)

Crutzen et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.1146/annurev.publhealth.031308.100235
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19296777&dopt=Abstract
http://www.jmir.org/2005/1/e11/
http://dx.doi.org/10.2196/jmir.7.1.e11
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15829473&dopt=Abstract
http://her.oxfordjournals.org/cgi/pmidlookup?view=long&pmid=19897515
http://dx.doi.org/10.1093/her/cyp063
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19897515&dopt=Abstract
http://www.jmir.org/2010/1/e9/
http://dx.doi.org/10.2196/jmir.1347
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20350926&dopt=Abstract
http://www.jmir.org/2010/3/e37/
http://dx.doi.org/10.2196/jmir.1345
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20813716&dopt=Abstract
http://dx.doi.org/10.1177/1359105308095064
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18809641&dopt=Abstract
http://www.jmir.org/2011/1/e2/
http://dx.doi.org/10.2196/jmir.1639
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21212045&dopt=Abstract
http://dx.doi.org/10.1177/1090198110372878
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21189422&dopt=Abstract
http://www.jmir.org/2011/3/e71/
http://dx.doi.org/10.2196/jmir.1603
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21959968&dopt=Abstract
http://dx.doi.org/10.1111/j.1360-0443.2011.03539.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21793973&dopt=Abstract
http://www.jmir.org/2011/3/e73/
http://dx.doi.org/10.2196/jmir.1837
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21946128&dopt=Abstract
http://dx.doi.org/10.1109/HICSS.2006.33
http://dx.doi.org/10.1080/01972240490508072
http://heapro.oxfordjournals.org/cgi/pmidlookup?view=long&pmid=19515716
http://heapro.oxfordjournals.org/cgi/pmidlookup?view=long&pmid=19515716
http://dx.doi.org/10.1093/heapro/dap018
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19515716&dopt=Abstract
http://dx.doi.org/10.1016/j.ijhcs.2009.07.004
http://dx.doi.org/10.1287/mnsc.45.4.533
http://dx.doi.org/10.1016/j.chb.2010.12.007
http://dx.doi.org/10.1016/S0378-7206(02)00079-4
http://dx.doi.org/10.1086/314322
http://www.jmir.org/2005/2/e12/
http://dx.doi.org/10.2196/jmir.7.2.e12
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15914459&dopt=Abstract
http://dx.doi.org/10.2139/ssrn.1698204
http://dx.doi.org/10.1016/S0022-4359(01)00065-3
http://www.w3.org/Style/XSL
http://www.renderx.com/


30. Brehm SS, Brehm JW. Psychological Reactance: A Theory of Freedom and Control. New York, NY: Academic Press;
1981.

31. Thaler RH, Sunstein CR. Behavioral economics, public policy, and paternalism: libertarian paternalism. The American
Economic Review 2003;93:175-179.

32. Ratner RK, Soman D, Zauberman G, Ariely D, Carmon Z, Keller PA, et al. How behavioral decision research can enhance
consumer welfare: From freedom of choice to paternalistic intervention. Market Lett 2008;19:383-397. [doi:
10.1007/s11002-008-9044-3]

33. Lee T. The impact of perceptions of interactivity on customer trust and transaction intentions in mobile commerce. Journal
of Electronic Commerce Research 2005;6:165-180.

34. Teo HH, Oh L, Liu C, Wei KK. An empirical study of the effects of interactivity on web user attitude. International Journal
of Human-Computer Studies 2003;58:281-305. [doi: 10.1016/S1071-5819(03)00008-9]

35. Website Experimental group 1. 2011 URL: http://www.crutzen.net/hepatitis/nc/ [accessed 2011-09-29] [WebCite Cache
ID 623qgW4kV]

36. Website Experimental group 2. 2011 URL: http://www.crutzen.net/hepatitis/uc/ [accessed 2011-09-29] [WebCite Cache
ID 623qnoEWM]

37. FlyCatcher. 2011 URL: http://www.flycatcher.eu/ [accessed 2011-04-22] [WebCite Cache ID 5y8KQdYbW]
38. Rogers EM. Diffusion of Innovations. New York, NY: Free Press; 2003.
39. Crutzen R, Peters GJ, Portugal SD, Fisser EM, Grolleman JJ. An artificially intelligent chat agent that answers adolescents'

questions related to sex, drugs, and alcohol: an exploratory study. J Adolesc Health 2011 May;48(5):514-519. [doi:
10.1016/j.jadohealth.2010.09.002] [Medline: 21501812]

40. Crutzen R, Mevissen FE. Just another manic monday: peaking sexual concerns after the weekend. Arch Sex Behav 2011
Dec;40(6):1105-1106. [doi: 10.1007/s10508-011-9833-2] [Medline: 21837516]

41. Donkin L, Christensen H, Naismith SL, Neal B, Hickie IB, Glozier N. A systematic review of the impact of adherence on
the effectiveness of e-therapies. J Med Internet Res 2011;13(3):e52 [FREE Full text] [doi: 10.2196/jmir.1772] [Medline:
21821503]

42. Liu Y. Developing a scale to measure the interactivity of web sites. Journal of Advertising Research 2003;43:207-216.
43. Van Breukelen GJ. ANCOVA versus change from baseline: more power in randomized studies, more bias in nonrandomized

studies [corrected]. J Clin Epidemiol 2006 Sep;59(9):920-925. [doi: 10.1016/j.jclinepi.2006.02.007] [Medline: 16895814]
44. Iacobucci D. Structural equations modeling: fit indices, sample size, and advanced topics. Journal of Consumer Psychology

2010;20:90-98. [doi: 10.1016/j.jcps.2009.09.003]
45. Kline RB. Principles and Practice of Structural Equation Modeling. New York, NY: Guilford Press; 2005.
46. Wertenbroch K, Vosgerau J, Bruyneel SD. Free will, temptation, and self-control: we must believe in free will, we have

no choice. Journal of Consumer Psychology 2008;18:27-33. [doi: 10.1016/j.jcps.2007.10.006]
47. Lin J, Chan HC. Understanding the beliefs and intentions in search and purchase functions in an e-commerce website. IEEE

Transactions on Engineering Management 2009;56:106-114. [doi: 10.1109/TEM.2008.922641]
48. Kim J, Fiore AM. Lee H-H. Influences of online store perception, shopping enjoyment, and shopping involvement on

consumer patronage behavior towards an online retailer. Journal of Retailing and Consumer Services 2007;14:95-107. [doi:
10.1016/j.jretconser.2006.05.001]

49. Bart Y, Shankar V, Fareena S, Urban G. Are the drivers and roles of online trust the same for all web sites and consumers?
A large-scale exploratory empirical study. Journal of Marketing 2005;69:133-152. [doi: 10.1509/jmkg.2005.69.4.133]

50. Flavián C, Guinalíu M, Gurrea R. The role played by perceived usability, satisfaction and consumer trust on website loyalty.
Information & Management 2006;43:1-14. [doi: 10.1016/j.im.2005.01.002]

51. Orchard LJ, Fullwood C. Current perspectives on personality and Internet use. Social Science Computer Review
2009;28:155-169. [doi: 10.1177/0894439309335115]

52. Ross C, Orr ES, Sisic M, Arseneault JM, Simmering MG, Orr RR. Personality and motivations associated with Facebook
use. Computers in Human Behavior 2009;25:578-586. [doi: 10.1016/j.chb.2008.12.024]

53. Crutzen R, Göritz AS. Social desirability and self-reported health risk behaviors in web-based research: three longitudinal
studies. BMC Public Health 2010;10:720 [FREE Full text] [doi: 10.1186/1471-2458-10-720] [Medline: 21092267]

54. Crutzen R, Göritz AS. Does social desirability compromise self-reports of physical activity in web-based research? Int J
Behav Nutr Phys Act 2011;8:31 [FREE Full text] [doi: 10.1186/1479-5868-8-31] [Medline: 21492435]

55. Mayer RE, Chandler P. When learning is just a click away: Does simple user interaction foster deeper understanding of
multimedia messages? Journal of Educational Psychology 2001;93:390-397. [doi: 10.1037/0022-0663.93.2.390]

Abbreviations
ANCOVA: analyses of covariance
CFI: comparative fit index
HAV: hepatitis A virus
HBV: hepatitis B virus

J Med Internet Res 2012 | vol. 14 | iss. 2 | e45 | p.60http://www.jmir.org/2012/2/e45/
(page number not for citation purposes)

Crutzen et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.1007/s11002-008-9044-3
http://dx.doi.org/10.1016/S1071-5819(03)00008-9
http://www.crutzen.net/hepatitis/nc/
http://www.webcitation.org/623qgW4kV
http://www.webcitation.org/623qgW4kV
http://www.crutzen.net/hepatitis/uc/
http://www.webcitation.org/623qnoEWM
http://www.webcitation.org/623qnoEWM
http://www.flycatcher.eu/
http://www.webcitation.org/5y8KQdYbW
http://dx.doi.org/10.1016/j.jadohealth.2010.09.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21501812&dopt=Abstract
http://dx.doi.org/10.1007/s10508-011-9833-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21837516&dopt=Abstract
http://www.jmir.org/2011/3/e52/
http://dx.doi.org/10.2196/jmir.1772
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21821503&dopt=Abstract
http://dx.doi.org/10.1016/j.jclinepi.2006.02.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16895814&dopt=Abstract
http://dx.doi.org/10.1016/j.jcps.2009.09.003
http://dx.doi.org/10.1016/j.jcps.2007.10.006
http://dx.doi.org/10.1109/TEM.2008.922641
http://dx.doi.org/10.1016/j.jretconser.2006.05.001
http://dx.doi.org/10.1509/jmkg.2005.69.4.133
http://dx.doi.org/10.1016/j.im.2005.01.002
http://dx.doi.org/10.1177/0894439309335115
http://dx.doi.org/10.1016/j.chb.2008.12.024
http://www.biomedcentral.com/1471-2458/10/720
http://dx.doi.org/10.1186/1471-2458-10-720
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21092267&dopt=Abstract
http://www.ijbnpa.org/content/8//31
http://dx.doi.org/10.1186/1479-5868-8-31
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21492435&dopt=Abstract
http://dx.doi.org/10.1037/0022-0663.93.2.390
http://www.w3.org/Style/XSL
http://www.renderx.com/


HCV: hepatitis C virus
RMSEA: root mean square error of approximation
SEM: structural equation models
SRMR: standardized root mean square residual
TLI: Tucker-Lewis index

Edited by G Eysenbach; submitted 29.08.11; peer-reviewed by J Brown, L Donkin, E Montague, M Rogers; comments to author
25.09.11; revised version received 19.11.11; accepted 07.01.12; published 09.03.12.

Please cite as:
Crutzen R, Cyr D, de Vries NK
The Role of User Control in Adherence to and Knowledge Gained from a Website: Randomized Comparison Between a Tunneled
Version and a Freedom-of-Choice Version
J Med Internet Res 2012;14(2):e45
URL: http://www.jmir.org/2012/2/e45/ 
doi:10.2196/jmir.1922
PMID:22532074

©Rik Crutzen, Dianne Cyr, Nanne K. de Vries. Originally published in the Journal of Medical Internet Research
(http://www.jmir.org), 09.03.2012. This is an open-access article distributed under the terms of the Creative Commons Attribution
License (http://creativecommons.org/licenses/by/2.0/), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work, first published in the Journal of Medical Internet Research, is properly cited. The complete
bibliographic information, a link to the original publication on http://www.jmir.org/, as well as this copyright and license information
must be included.

J Med Internet Res 2012 | vol. 14 | iss. 2 | e45 | p.61http://www.jmir.org/2012/2/e45/
(page number not for citation purposes)

Crutzen et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.jmir.org/2012/2/e45/
http://dx.doi.org/10.2196/jmir.1922
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22532074&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Original Paper

Design of a Website on Nutrition and Physical Activity for
Adolescents: Results From Formative Research

Debbe Thompson1, PhD; Karen Weber Cullen1, DrPH, RD; Carol Boushey2, PhD, RD; Karen Konzelmann3, MS,
CHES
1USDA/ARS Children's Nutrition Research Center, Department of Pediatrics, Baylor College of Medicine, Houston, TX, United States
2University of Hawaii Cancer Center, Epidemiology Program, University of Hawaii, Honolulu, HI, United States
3Organizational and Educational Consultant, Pearland, TX, United States

Corresponding Author:
Debbe Thompson, PhD
USDA/ARS Children's Nutrition Research Center
Department of Pediatrics
Baylor College of Medicine
1100 Bates Street
Houston, TX, 77030
United States
Phone: 1 713 798 7076
Fax: 1 713 798 7098
Email: dit@bcm.edu

Abstract

Background: Teens do not meet guidelines for healthy eating and physical activity. The Internet may be an effective method
for delivering programs that help them adopt healthy behaviors.

Objective: To collect information to design content and structure for a teen-friendly website promoting healthy eating and
physical activity behaviors.

Methods: Qualitative research, encompassing both focus group and interview techniques, were used to design the website.
Participants were 12-17 year olds in Houston, Texas, and West Lafayette, Indiana.

Results: A total of 133 participants took part in 26 focus groups while 15 participated in one-on-one interviews to provide
guidance for the development of teen-friendly content and structure for an online behavior change program promoting healthy
eating and physical activity to 12-17 year olds. The youth made suggestions to overcome common barriers to healthy eating and
physical activity. Their feedback was used to develop “Teen Choice: Food & Fitness,” a 12-week online behavior change program,
populated by 4 cartoon character role models.

Conclusions: It is critical that members of the target audience be included in formative research to develop behavior change
programs that are relevant, appealing, and address their needs and interests.

(J Med Internet Res 2012;14(2):e59)   doi:10.2196/jmir.1889

KEYWORDS

Internet; intervention; obesity prevention; food; physical activity

Introduction

Youth obesity has reached epidemic proportions [1] and
adolescence appears to be a particularly critical intervention
period [2,3]. Current obesity prevention interventions, such as
those that are school-based, have generally not improved body
composition outcomes [4] suggesting different approaches are
needed to impact obesity risk.

To be effective, behavior change interventions must meet the
expectations of today’s technology-savvy users [5]. Online
programs allow wide access to interventions, and the use of
graphics and Web applications with interactivity allow the user
to actively participate in programs that can promote healthy
choices [6]. Reviews of the literature have identified that online
interventions for adults have shown some success [7-12]. Youth
online interventions have also been somewhat successful at
improving diet [13-16] and physical activity [13,16,17]
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behaviors, and promoting weight loss [18]. Critical components
for success in these endeavors appears to be the active
participation of youth in the development of such programs
[6,19] and the use of theory and behavior change techniques to
guide program development [20].

Although there has been concern regarding youth access to
computers and the Internet among the general population, data
reveal a somewhat different picture. Nationally representative
surveys of media use reveal that home computer access among
8-18 year olds ranges from 89% to 94%, while 74% to 88%
have home Internet access [21]. Approximately 55% of the
adolescents surveyed reported searching for health information
on the Internet [21], while approximately 63% of youth aged
12-17 years reported daily Internet use [22]. Further, the number
of youth with high-speed Internet access at home has increased
[21,23]. Therefore, online behavior change programs promoting
healthy eating and physical activity behaviors have the potential
to reach large numbers of youth in a familiar, convenient, and
readily available manner. This paper presents the results of
formative research that was conducted to inform the design of
such a program for youth between ages 12 to 17 years.

Methods

Focus groups and one-on-one interviews were conducted to
inform the content and structure of the online program, as well
as to evaluate its components during development. The study
was approved by the institutional review boards of Baylor
College of Medicine in Houston, Texas, and Purdue University
in West Lafayette, Indiana. Adolescents aged 12-17 years were
recruited from youth centers and schools using standard
recruitment techniques. Participants provided written parental
consent and their own verbal assent prior to participation. Teens
could participate in only one activity (ie, one focus group or
one interview).

Focus Groups
Trained moderators and assistant moderators [24] conducted
focus groups in community settings in Houston, Texas, and
West Lafayette, Indiana. Focus groups were conducted in two
different states to ensure the information obtained was not just
relevant to teens in one area of the country. Focus group
moderators followed a semi-structured script, and probes and
prompts were used to expand and clarify responses. The
moderator led the discussion and an assistant moderator recorded
responses. Separate focus groups were held for nutrition and
physical activity in order to develop content. Additional focus
groups were held to adapt an existing healthy eating calculator
to make it teen-friendly.

Healthy Eating and Physical Activity
The focus groups covered two general areas: (1) what youth
thought should be included in an online program about healthy
eating or physical activity and (2) suggestions for overcoming
common barriers to healthy eating or physical activity. The
information obtained on barriers and suggested solutions was
used to create short role model video clips to be included in the
online behavior change program under development.

To spark the discussion, separate lists of commonly reported
barriers were created for healthy eating [25-41] and physical
activity [42-58] (Table 1). As participants arrived for the focus
group, they were given the list of diet or physical activity
barriers (depending on the focus of the particular group) and
were asked to check off those items on the list that were
problems for them. The sheets were collected at the beginning
of each focus group and the results were summarized on a large
poster board. The 5-7 barriers that received the most votes were
used to guide the discussion on ways to overcome each barrier.
In addition, teen cartoon characters (ie, the role models who
would appear in the program) and potential names for the online
behavior change program were vetted by the focus group
participants. After each focus group, the moderator and assistant
moderator discussed the results (ie, debriefed) and generated a
report that summarized the important findings from that group.
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Table 1. Percentage of responses to commonly reported barriers to healthy eating [25-41] and obtaining physical activity [42-58] from adolescents
attending initial focus groups.

%Barriers

Barriers to healthy eating

69They eat too many snacks.

67They like to eat foods from school vending machines or snack bar.

61They drink a lot of sodas or sweetened beverages every day.

54They skip breakfast.

35They don’t like most healthy foods, such as vegetables.

35Their friends tease or make fun of them if they eat healthy foods.

34Few or none of their friends eat healthy foods.

31They eat at restaurants a lot (eg, several times a week).

29Their friends do not eat healthy foods at restaurants.

27They don’t know how to prepare foods.

23They think healthy foods cost too much.

22Unhealthy foods taste better.

11They don’t like healthy foods in general.

9It takes too much time to make healthy foods.

5They do not have healthy foods at home.

Barriers to physical activity

65They would rather do other activities (eg, play video games, watch TV, or talk on the phone).

59They have too much homework.

59Their friends do not like or do physical activity with them.

41They are too busy with afterschool activities or chores.

39Bad weather (eg, rain, snow, or heat) is a problem.

31They do not have enough time to be physically active.

27They are not good at most physical activities.

21They think physical activity is too hard.

21They do not have physical activity equipment at home.

19They don’t have the money to pay for sports or physical activity costs (eg, clothing, equipment, or fees).

14They do not have a safe place to be physically active.

14They can’t get to practices or places to be physically active.

13No one reminds them to be physically active.

12They think physical activity makes their body hurt.

11They don’t like to sweat.

9They worry that other people will laugh or tease them when they do physical activity.

4They think physical activity messes up hair and/or makeup.

Healthy Eating and Physical Activity Calculator
Additional focus groups were conducted to develop an online
“calculator” that would be easy to use, in a format acceptable
to this age group, and that provided information requested by
the adolescents on what and how much to eat and how much
physical activity they needed to do. An existing healthy eating
calculator developed for adults was used to prompt discussion.

Program Development
Using information obtained from the focus groups, investigators
created the online program components. Interviews were then
conducted to review the materials prior to finalizing the
program.

Interviews
Interviews (conducted in Houston only) followed a
semi-structured script. Probes and prompts were used to expand
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and clarify responses. Print versions of the teen cartoon
characters (ie, online role models) and components of the
behavior change program were used to guide the discussion.
Two types of interviews were conducted: one set was to review
role model scripts and teen characters; the second set of
interviews was to review online behavior change program
content and structure prior to finalizing the program. Participants
for the first set of interviews were recruited from the same
locations as the focus group participants using procedures
described above. The second set of interviews was promoted
only at the Children’s Nutrition Research Center in Texas and
interviews were conducted with children, relatives, and/or
neighbors of faculty and staff.

Results

Focus Groups
In total, 18 initial focus groups—10 on healthy eating (n = 50
participants) and 8 on physical activity (n = 45
participants)—were conducted (Table 2). Participants stated
that there should be an initial log-on page where each person
could pick an avatar (ie, an online teen cartoon character to
serve as a digital guide in the program) [59] and the log-on page
should also provide ready access to all the different Web pages
available in the behavior change program. Information on basic
nutrition and physical activity concepts was also requested, as

was information on what they should eat (ie, what foods were
healthy) and how much physical activity they should get each
day. They also liked the idea of goal setting and problem
solving, as well as having a goal sheet that included a list of
goals from which they could choose, a plan of action, and a
self-monitoring form. Goal review should appear at subsequent
log-ins. A blog was thought to be an important component, but
only if entries were prescreened before posting. Teens who
participated in the healthy eating focus groups also
recommended including healthy recipes for themselves and
their parents.

The top barriers to healthy eating and physical activity suggested
by the groups are listed in Table 3. These barriers were used to
create the role model stories. Online behavior change program
components suggested by participants were consistent across
focus group type (healthy eating or physical activity) and
location (Texas or Indiana).

An additional 8 focus groups (n = 38) were conducted to develop
a healthy eating and physical activity “calculator” to provide
tailored information on nutritional needs and physical activity.
Participants suggested a graphic “pie chart” figure that would
provide both textual and visual information. They also suggested
that users should be able to click on the various “wedges” of
the pie to access additional information about that component.
This design would give participants control over how much and
what information they accessed.

Table 2. Characteristics of the content development focus group participants (N = 95 participants in 18 focus groups)

n (%)Characteristic

Gender a

47 (50)Male

47 (50)Female

Race/Ethnicity b

10 (11)African-American

36 (38)Hispanic

3 (3)Other

46 (48)White

a Information about gender was unavailable for 1 participant.
b Participants were asked to respond to these racial/ethnic categories only.
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Table 3. Top barriers reported in focus groups and the videos created to address each barrier.

Video titleBarriers

Healthy eating barriers

Handle your Snack AttackSnacks1

Nothing to Eat

See What’s Cookin’ at SchoolSchool foods2

Drop the PopSoda/sweetened beverages3

Energize your AMBreakfast skipping4

Eat Healthy on the GoFriend influences5

Eat Healthy on the GoRestaurant eating6

Physical activity barriers

Choose to MoveLike other activities better1

Get Moving!

Juggle Time: Fit it all inNo time2

Fit Fitness in your Day

Friends Make Fitness Fun!Friend influences3

No Excuses: Movin’ at HomeWeather4

Interviews

Role Model Stories and Teen Characters
Using information from the focus groups that addressed common
barriers to healthy eating and physical activity and how to
overcome them (Table 3), 12 role model stories with 4 teen
cartoon characters (ie, online role models) were identified. The
scripts of the role model stories were written by a professional
writer and reviewed by adolescents (n = 10) in individual
interviews prior to finalizing them to ensure youth appeal.
Interviews indicated that the youth liked the stories and the teen
cartoon characters. An important change suggested during the
interviews was that the teen cartoon characters store photos on
their cell phones, laptops, or on social networking sites rather
than in a photo album as portrayed in one of the role model
stories.

Online Behavior Change Program Content
Using information from the focus groups and interviews,
program components for the online program were developed.
A final set of interviews (n = 5) was conducted to review
program components prior to completion. During these
one-on-one interviews, adolescents were shown the components
and queried about their thoughts regarding relevance,
appropriateness, and appeal. The interviews indicated no
changes were needed to program content.

Final Online Behavior Change Program Structure and
Content
The name selected by participants for the 12-week online
behavior change program was “Teen Choice: Food & Fitness.”
The online program contains an initial log-on page where teens
enter their unique username and password to log on to the
program website that is hosted on a secure server. Once on the
website, they can view the 12 role model stories addressing
barriers to healthy eating (n = 6) and physical activity (n = 6)
(Figure 1) led by 4 teenage cartoon characters (ie, role models)
(Figure 2). Figures 3 and 4 show screenshots of the recipes for
teens and parents (“Teen Kitchen”) and the nutrition and
physical activity information sections (“Did You Know?”)
created in response to focus group discussions. Figure 5 shows
the healthy eating calculator. In addition, teens can access a
refereed blog, set goals, make plans to help them attain their
goal, track their progress online, report goal attainment, and
participate in problem-solving activities.

Control Program Content and Structure

For the randomized controlled trial to test the effectiveness of
the online program at improving eating and physical activity
behaviors, a control condition was needed. It was constructed
by removing the role model stories and the goal setting,
planning, self-monitoring, goal review, and problem-solving
components from the treatment intervention (ie, the components
that promote personal mastery and observational learning, two
key components of Social Cognitive Theory [60]).
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Figure 1. Screenshot of "Teen Video Clips" (short, animated role model stories) showing titles of topics addressed in the online behavior change
program).
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Figure 2. “Welcome” screenshot showing the online teen characters (ie, role models).
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Figure 3. “Teen Kitchen” screenshot showing teen and parent recipes.
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Figure 4. “Did You Know” screenshot showing topics.
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Figure 5. “Healthy Eating Calculator” screenshot.

Discussion

Principal Results
This paper reports the results of formative research with
adolescents to create an online program promoting healthy
eating and physical activity that would appeal to this age group.
Their recommendations were used to guide decisions about the
online program content and structure. As such, it provides
guidance on how to involve the target audience in the
development of an online behavior change program.

Comparison With Prior Work
Internet and computer use are high among youth [21], thus
offering a potential method for reaching them in a manner that
is familiar, appealing, and readily available. The involvement
of youth in the creation of online programs aimed at helping
them reduce obesity risk, such as those that promote healthy
diet and physical activity behaviors, is critical [61,62]. Although
emerging evidence suggests online programs may be an effective
method for modifying youth health behavior
[13,14,16,17,63-66], few programs have been developed
specifically for adolescents [14,16,17,65,66]. Thus, this paper
offers a model for development of online programs for
adolescents that demonstrates how to involve them in the design
process.

Online programs provide an engaging venue for achieving
behavior change through both personal mastery and
observational learning. Personal mastery can be promoted in
an online program through inclusion of self-regulatory activities,
such as goal setting, planning, self-monitoring, and
problem-solving activities; thus, it is important for these
activities to be developmentally appropriate and utilize a format
that appeals to the target audience [67]. Additionally, it is
imperative that the content appeal to youth and reflect their
reality. For example, the barriers to healthy eating and physical
activity identified by youth reflect those specified in the
literature [25-58]; however, it was critical to identify their top
barriers and to create role model stories that reflected solutions
perceived as realistic by teens. Formative research, such as that
reported here, can provide important insights that are critical to
achieving this goal.

Observational learning occurs by watching others (ie, role
models) perform a particular behavior and receive rewards [60].
This process is facilitated when the role model is perceived to
be both competent and similar to the observer [68,69]. In online
behavior change programs, teen cartoon characters can function
as role models [70]. Therefore, in programs attempting to
capitalize on observational learning, engaging adolescents in
the design of appealing and believable teen characters is
essential to creating an effective program.

J Med Internet Res 2012 | vol. 14 | iss. 2 | e59 | p.71http://www.jmir.org/2012/2/e59/
(page number not for citation purposes)

Thompson et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


Attracting and maintaining attention is an important first step
in observational learning because it initiates learning and
behavior change processes [60]. Enhancing personal relevance
[8,71] of the program components achieves this goal by alerting
the participant that “this is for me.” In the current program,
formative research provided an opportunity to identify and
understand real and perceived barriers adolescents encounter
when attempting to make healthy diet and physical activity
choices, as well as solutions that made sense to them.
Incorporating these barriers and solutions in role model stories
provided a venue for conveying this information to teens in an
entertaining, personally relevant manner.

Next Steps
Recruitment for the randomized controlled trial to test the online
program began in late 2009 and concluded in October, 2011.
Data collection is currently underway.

Recommendations/Suggestions
Design of online programs promoting behavior change should
be a collaborative effort between researchers and members of
the target audience, such as teens. Suggestions for achieving
this are:

1. A realistic timeline is essential. Allow ample time for
recruitment, data collection, analysis, interpretation, and
application.

2. Participants should represent the target population. This
includes gender, socio-economic status, age, and other salient
characteristics. If not, it is possible the data may be skewed and
may not adequately represent the target group, thus reducing
the potential effectiveness of the program. In this program,
formative research was conducted in two states in order to
ensure the results were not relevant to teens in only one part of
the country.

3. Conduct enough focus groups or interviews to achieve
theoretical saturation, or the point at which no new information
emerges [24]. In the program described in this paper, both focus
groups and interviews were conducted to ensure the topics were
adequately covered.

4. Although scripts are important for consistency in data
collection, they should be semi-structured, allowing ample room

for participants to share thoughts and opinions. Discrepant
information (ie, data different from those heard from others)
may be especially useful. Scripts should contain open-ended,
neutral, and non-leading questions. Probes, prompts, and
follow-up questions should be generously used to expand and
more fully understand responses. The scripts used to guide
discussions in the current project were semi-structured, and
probes and prompts were used to explore responses and elicit
additional information as needed.

5. Member checks are important [72,73]. Member checks help
ensure the data are being interpreted correctly. Although there
are several ways to conduct member checks, one way that is
particularly useful in the design of behavior change programs
is to take the results of the analyses back to members of the
target audience and ask if the data were correctly interpreted
and/or applied. For example, in the current study we asked youth
to review the role model stories.

Limitations
Limitations of this research include the use of qualitative
research in only two locations, which limits generalizability of
the findings. This research does not address desired frequency
of user access, program components accessed, or time spent
viewing or completing the various components. It also does not
address the impact of the program on diet or physical activity
behaviors. However, the outcome evaluation, which is currently
underway, is collecting information to address these issues.
Additional research is needed to understand triggers for
participation (ie, why teens enroll in online behavior change
programs), whether programs of this type meet their
expectations, and long-term health effects in order to develop
robust and effective online behavior change programs.

Conclusion
Successful programs that encourage adolescents to adopt healthy
diet and physical activity behaviors are needed to reduce obesity
risk. Online behavior change programs designed in conjunction
with youth may provide an important venue for achieving
desired changes in these behaviors. The efficacy of this approach
with adolescents is currently being tested and will provide
valuable insights that can be used to guide future intervention
research.
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Abstract

Background: Prevention of weight gain has been suggested as an important strategy in the prevention of obesity and people
who are overweight are a specifically important group to target. Currently there is a lack of weight gain prevention interventions
that can reach large numbers of people. Therefore, we developed an Internet-delivered, computer-tailored weight management
intervention for overweight adults. The focus of the intervention was on making small (100 kcal per day), but sustained changes
in dietary intake (DI) or physical activity (PA) behaviors in order to maintain current weight or achieve modest weight loss.
Self-regulation theory was used as the basis of the intervention.

Objective: This study aims to evaluate the efficacy of the computer-tailored intervention in weight-related anthropometric
measures (Body Mass Index, skin folds and waist circumference) and energy balance-related behaviors (physical activity; intake
of fat, snacks and sweetened drinks) in a randomized controlled trial.

Methods: The tailored intervention (TI) was compared to a generic information website (GI). Participants were 539 overweight
adults (mean age 47.8 years, mean Body Mass Index (BMI) 28.04, 30.9% male, 10.7% low educated) who where recruited among
the general population and among employees from large companies by means of advertisements and flyers. Anthropometric
measurements were measured by trained research assistants at baseline and 6-months post-intervention. DI and PA behaviors
were assessed at baseline, 1-month and 6-month post-intervention, using self-reported questionnaires.

Results: Repeated measurement analyses showed that BMI remained stable over time and that there were no statistically
significant differences between the study groups (BMI: TI=28.09, GI=27.61, P=.09). Similar results were found for waist
circumference and skin fold thickness. Amount of physical activity increased and intake of fat, snacks and sweetened drinks
decreased during the course of the study, but there were no differences between the study groups (eg, fat intake: TI=15.4, GI=15.9,
P=.74). The first module of the tailored intervention was visited by almost all participants, but only 15% completed all four
modules of the tailored intervention, while 46% completed the three modules of the general information intervention. The tailored
intervention was considered more personally relevant (TI=3.20, GI=2.83, P=.001), containing more new information (TI=3.11,
GI=2.73, P=.003) and having longer texts (TI=3.20, GI=3.07, P=.01), while there were no group differences on other process
measures such as attractiveness and comprehensibility of the information (eg, attractive design: TI=3.22, GI=3.16, P=.58).
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Conclusions: The online, computer-tailored weight management intervention resulted in changes in the desired direction, such
as stabilization of weight and improvements in dietary intake, but the intervention was not more effective in preventing weight
gain or modifying dietary and physical activity behaviors than generic information. A possible reason for the absence of intervention
effects is sub-optimal use of the intervention and the self-regulation components. Further research is therefore needed to gain
more insight into how the intervention and exposure to its contents can be improved.

Trial Registration: NTR1862; http://apps.who.int/trialsearch/trial.aspx?trialid=NTR1862

(J Med Internet Res 2012;14(2):e44)   doi:10.2196/jmir.1901
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Prevention; Overweight; Adults; Randomized Controlled Trial; Physical activity; Dietary intake; BMI

Introduction

Obesity (Body Mass Index: BMI > 30 kg/m2) is a major public
health concern, because of its high prevalence and association
with several negative health outcomes [1-3], a lower quality of
life [4,5], and increased health care costs [6]. Given the poor
long-term results of weight loss attempts among obese people
[7], prevention of weight gain has been postulated as an
important strategy for fighting the obesity epidemic [8].
Prevention of weight gain is particularly important among

people who are overweight (BMI 25-30 kg/m2), since they are
most at risk of becoming obese. Weight gain prevention (WGP)
or modest weight loss does not require drastic dieting but can
be achieved by making small, sustained changes in dietary intake
or physical activity. In the Netherlands, the average annual
weight gain was about 0.5 kg [9]. The global average 1 kg of
annual weight gain that is seen in many populations is caused
by excess energy intake of about 7000 kcal a year. In reverse,
it is hypothesized that 1 kg of annual weight gain can be
prevented in about 90% of the population by a daily decrease
in dietary intake (DI) or increase in physical activity (PA) of
about 100 kcal [10]. Currently, there are only a few effective
interventions that focus on the prevention of obesity in
overweight adults [11] that take the small changes approach
and that can reach large numbers of people. Therefore, we
developed a computer-tailored intervention aimed at preventing
weight gain among overweight adults [12] and evaluated it for
effects.

Behavior Change and Online Interventions
Evidence of the effectiveness of current obesity prevention
interventions indicates that such interventions can be successful,
but that findings are mixed. In the Pound of Prevention Study,
a monthly newsletter (including practical guides for behavior
change, recipes and locations for walking) and other activities
such as weight control sessions were found to have favorable
(but statistically non-significant) effects on behavior and weight
[13]. Using 10 modules of usual care and email counseling [14]
or individual and environmental intervention strategies [15], 2
Dutch worksite interventions were successful in changing
behavior and/or preventing weight gain. In a review by
Lemmens et al [16], 4 of 11 studies reported a positive effect
on weight, of which 3 were aimed at modifying DI and PA;
more intensive and sustained interventions, including monitoring
of behavior, were more effective [16]. Kremers et al [17], in
their meta-analysis on prevention of overweight and obesity,

reported a small, but statistically significant average effect size
(d=0.06) of weight management interventions, with studies
aiming at weight management being more successful than
studies aiming at behavior change for other reasons (eg, decrease
risk for coronary event). However, most of these studies were
not aimed at overweight adults [17].

One key factor in successful WGP is that changes in DI and PA
need to be maintained for a long time, which requires
self-regulation skills. Self-regulation [18,19] motivates and
enables people to achieve self-set goals. The first step in
self-regulation consists of setting a goal, in this case WGP.
Second, one has to choose the means to achieve this goal. In
the case of WGP this means deciding to make small changes
in DI and/or PA. Third, a person needs to make a detailed plan
for how to make the desired change and how to avoid difficulties
that may occur when making the desired change. The step of
planning is followed by actual goal pursuit, monitoring, and
evaluation of progress toward goal achievement. Providing a
platform for goal setting, planning, monitoring, and providing
feedback on targeted behavior has been identified as
pre-requisite for interventions that aim for change in dietary
intake and physical activity [20]. Another prerequisite for WGP
interventions is that large numbers of people need to be reached,
with relative low costs per person, since about 35% of the adults
in the Netherlands are overweight [21].

To be able to meet the criteria of an individualized approach
and large reach, we chose to develop an online,
computer-tailored intervention. Several reviews have shown
that (online) computer-tailored interventions may have a positive
effect on energy balance-related behaviors [22-25] compared
with general information or no information. One review included
76 studies on eating a healthy diet and/or undertaking physical
activity and found a statistically significant overall small effect
size (g=0.17) for computer-tailored interventions [22]. Kroeze
et al concluded in a review that there is consistent evidence that
tailored interventions have a positive effect on dietary intake,
especially on fat reduction, and probably on physical activity
[23]. Of the 10 studies that were included in the review of
Neville [25] and that were aimed at reduction of dietary fat
intake, 5 found a positive effect of ‘second generation’
(delivered through interactive technology or desktop applications
such as websites, email and CD-rom) tailored interventions. A
review on physical activity showed that 10 of 16 studies found
statistically significant positive effects on physical activity and
weight reduction measures [24]. These reviews show that
positive effects on weight, dietary and physical activity
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behaviors can be achieved with computer-tailored interventions,
but there is currently no evidence for the efficacy of a tailored
intervention on prevention of weight gain among overweight
adults.

Aims of the Study
The aim of this study was to establish the efficacy of an online,
computer-tailored weight management intervention (GRIPP)
on anthropometric outcome measures at 6-months
post-intervention and on energy balance-related behaviors
(intake of sugar-sweetened drinks, snacks and fat, and physical
activity) at 1- and 6-months post-intervention compared to a
generic information control group. The hypotheses were that
anthropometric outcomes (BMI, waist circumference, and skin
fold thickness) will be more favorable at 6-months
post-intervention for the intervention group, because the average
annual weight gain will occur in the control group and not in
the intervention group, and that the intervention group will have
lowered intake of sugar-sweetened drinks, snacks and high fat
products, and engage in more PA at 1- and 6-months
post-intervention, as compared with the control group.

In addition, we performed a process evaluation in order to
contribute to a better understanding of the (non) effects of the
intervention and to identification of areas for improvement for
the intervention [26]. Therefore, measures of use and
appreciation were included in the process evaluation.

Methods

Study Design
A 2-group randomized controlled trial was conducted in which
the computer-tailored intervention (TI, n = 270) was compared
with a generic information intervention (GI, n = 270) control
group. Body height, weight, waist circumference, and skin fold
thickness were measured at baseline and 6-month
post-intervention and measurements of energy balance- related
behavior were taken at baseline, 1-month post-intervention and
6-month post-intervention. After baseline assessment,
participants were allocated to one of the two study groups (1:1)
by means of sex-stratified computer block randomization (block
size: 10). The study received a declaration of no objection from
the Erasmus MC Medical Ethics Committee.

Participants

The participants were adults (18-65 years) who were overweight

(self-reported BMI 25-30 m2). Exclusion criteria were not having
a sufficient command of the Dutch language, not having Internet
access, being pregnant, following a diet prescribed by a
physician or dietician, and having a history of depression or
eating disorders.

A power calculation showed that 200 participants in each study
group would be sufficient to detect 0.4 difference in BMI points
between the intervention and control group (caused by weight
gain of 0.3 kg in the control group and weight maintenance or
slight weight reduction in the intervention group) with a power
of 0.80 and a significance level of P<.05. To account for dropout
between the measurements, 600 participants needed to be
recruited for the study.

Participants were recruited between March and October 2009
from the general population in the Rotterdam (the second largest
city in the Netherlands, with approximately 600,000 inhabitants)
region through advertisements in local newspapers, flyers that
were delivered door-to-door, in waiting rooms of GP’s, and
among the employees of 4 large companies, with the aim to
reach a diverse population with respect to socioeconomic status.
The recruitment materials contained information about the goal,
process and incentives for the study. More detailed information
was available on the study website. People who were interested
in participating in the study were asked to fill out an online
subscription form available on the study website that was used
to assess whether they were eligible for participation in the
study. Participants were included in the study if their BMI

(calculated as weight/height2), based on self-reported height
and weight, was between 24 and 31 (this range was broader
than the objective inclusion criteria of a BMI of 25-30, in order
to prevent exclusion based on biased self-reported measures).
If people did not meet the inclusion criteria, they could not
subscribe for the study.

Procedures
After subscription, participants received a confirmation letter
and information leaflet about the study. In addition, they
received an email in which they were asked to fill out the
baseline questionnaire online. Weight, height, waist
circumference and skin folds were measured at the hospital site.
Participants signed the consent form when they had their
anthropometric measurements taken. When participants did not
come to have their anthropometrics measured, the consent form
was sent to their home address with a return-envelope.
Participants preferably completed both measurements
(anthropometrics and questionnaire) but were also randomized
when they had completed only one measurement.

All randomized participants received a login name and a
password by email, which gave them access to the allocated
intervention program. Participants were asked to visit the
websites at least three or four times during a 2-month period.
They received email reminders to (re-) visit the intervention
every 2 weeks. At 1 month and 6 months after the intervention
period, participants were asked by email to fill out the online
questionnaire again. Furthermore, after 6 months they were
again invited to the hospital site for measurement of weight,
waist circumference and skin fold thickness. Participants who
did not respond to the email invitations for the anthropometric
measurements or to complete the questionnaire received a phone
call to motivate them to complete the questionnaire or to have
their anthropometric measures taken. Gift vouchers were handed
out as compensation for travel expenses and invested time.
Participants who filled out the questionnaire 1-month
post-intervention received a gift voucher of € 10. Participants
who filled out the questionnaire and had their anthropometrics
measured at 6-months post-intervention, received (another) gift
voucher of € 10. Furthermore, because dropout at 1-month
post-intervention was higher than the expected 10%, 10 extra
gift vouchers of € 20 were raffled among the participants who
completed all measures at 6-months post-intervention.
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Outcomes/Measures

Anthropometric Measures
The body measurements were performed by trained research
assistants following a measurement protocol. Body height was
measured twice using a Seca mobile height rod with an accuracy
of 0.1 cm. The mean of both measures was used for height. A
calibrated electronic digital floor scale (Seca 888 clas III) was
used to measure body weight, with an accuracy of 0.2 kg. The
measures of height and weight were used to calculate BMI

(weight [kg] / (height [m])2). Waist circumference was measured
twice with a flexible band (Seca 201) with a precision of 0.1
cm. When the difference between two measurements was larger
than 1.0 cm, the waist circumference was measured twice again.
Mean waist circumference was calculated based on the last two
measurements. Skin fold thickness was measured at 4 sites
(biceps, triceps, subscapular and supra-iliac) with the Harpenden
Skinfold Caliper to assess body fat percentage [15,27]. Each
site was measured 3 times and the mean was calculated for each
site. A variable for total skin fold thickness in centimeters was
composed by summing the means for the 4 sites in 1 measure.
The same measures, except for height, were taken at baseline
and 6-months post intervention.

Energy Balance-Related Behaviors
In this study, we examined the effects of the interventions on
1) fat intake, 2) snack intake, 3) intake of sweetened drinks
(mean number of sweet and sweetened drinks per day), and 4)
physical activity. Fat intake, expressed as ‘fat score’, was
assessed using a food frequency questionnaire assessing the
frequency and quantity of a variety of high density foods eaten
in the past week. It was based on a validated questionnaire [28]
and allows for calculating fat intake and intake from specific
food groups. The questionnaire consisted of 74 questions and
was organized according to meal pattern. Participants recorded
their frequency of consumption and portion size for a selection
of food items eaten during meals or between meals. Fat points
were based on frequency and amount of intake of high fat
products, with higher scores indicating higher fat intake. There
were 23 products, in the following categories: dairy products
(5), butter (1), gravy (1), sandwich fillings (3), meat and cheese
for main dinner (2) and snacks (sweet, salty, hot and cold; 11
in total). There were a maximum number of points (2 to 5) for
each product. In total, a maximum of 83 fat points could be
obtained.

Furthermore, people were asked to answer questions about the
mean number and amount of sweet and salty, and hot and cold
snacks per week from 11 categories (eg, fried products, candy
bars, etc). High energy snack intake was calculated as the mean
number of high energy snacks per day by multiplying the
frequency per week with the amount per frequency, divided by
7 (days a week). To assess intake of sweetened drinks, questions
on frequency and amount for fruit juices, soft drinks and
sweetened tea and coffee were asked. Intake of sweetened drinks
was calculated in a similar way as intake of snacks.

Physical activity was assessed using a questionnaire based on
‘The Short Questionnaire to Assess Health - Enhancing Physical
Activity’ (SQUASH), developed to assess habitual activity level

[29]. In this 16-item questionnaire, participants were asked to
indicate on how many days of the week they participated in
specified activities, and how much time they engaged in the
activity per occasion. For active transport, respondents were
asked how often they cycled and walked for home to work
transportation, and the duration. Similar questions were asked
for walking and cycling during leisure time. Furthermore,
participants were asked how many different sports they did on
a weekly basis (with a maximum of 4). For each different sport,
they were asked to choose the type of sport (eg, swimming,
yoga, running) from a list, and to choose the weekly frequency,
and the average duration per activity. For each category, the
average number of minutes per week was calculated by
multiplying the frequency with the duration. Then, this number
was divided by 7 to calculate the mean number of minutes per
day. Next, the number of minutes engaged in physical activity
per day was calculated as the sum of all activities (active
transportation, leisure time activities, and sports). The same
questionnaires were used at baseline, 1-month and 6-month
post-intervention to assess energy balance related behaviors.

Demographic Factors
Sex (male/female), date of birth, and educational level were
assessed in the baseline questionnaire. To determine age we
asked for date of birth. Education was assessed by asking the
participants to indicate their highest completed education (8
answering options). A 3-category variable was subsequently
made, indicating a low (completed no education, primary school,
secondary school or lowest level of high school or lower
vocational training), medium (intermediate or high level high
school) or high (completed higher vocational training, college
or university) level of education.

Process Measures
An objective measure of exposure to the intervention was
obtained from the login data from the intervention registration,
which keeps information from participants’use of the (tailored)
information. One scale was made for use/exposure, indicating
the number of modules actually used (0-4 for TI, 0-3 for GI).
Self-reported measures of use and appreciation were included
in the 1-month post-intervention questionnaire. If not stated
otherwise, answer categories ranged from ‘totally disagree’ (1)
to ‘totally agree’ (5).

Amount of information read was assessed by the question, “To
what extent did you read the information in the program?”
Answering categories ranged from ‘none of it’ (0) to ‘all of it’
(5). Perceived length of the text was assessed by the question,
“What do you think of the lengths of the text in the program?”
Answering categories ranged from ‘much too short’ (1) to ‘much
too long’ (5). Perceived personalization was assessed with the
statement, “The information in the program was relevant for
me personally”. Novelty of the information was assessed by,
“The information in the program was new for me”. Usefulness
of the information was assessed with, “The information in the
program was useful”. Attractiveness was assessed by the
question, “The design of the program is attractive”. Usefulness
of the intervention was assessed with the question, “the program
is a good instrument to control my weight”. Furthermore,
participants were asked whether they would recommend the
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intervention to others using the response options, ‘no’ (1),
‘maybe’, (2), or ‘yes’ (3). Participants were also asked to give
an overall grade to the intervention on a scale from 1 to 10 (1
being very low, 10 being very high). These questions were
included in the questionnaire for the intervention and the control
group and are only reported for those who have actually used
the interventions.

The Intervention
The objective of the computer-tailored intervention was to
prevent weight gain in adults who are overweight by inducing
small changes (100 kcal/day) in energy balance-related
behaviors (DI and PA). It aimed at making a change in (one or
more) behaviors that add most to the energy balance and that
are associated with weight gain (frequency and duration of
various physical activities and intake of fat (from several
categories such as dairy, meat, cheese, sauce, snacks and
sweetened drinks) [30]. The intervention was carefully
developed based on theory and evidence using the Intervention
Mapping approach [26]. The intervention goals, methods, and
strategies were based on self-regulation theory [19], and other
theories such as the Theory of Planned Behavior [31], Precaution
Adoption Process Model [32] and implementation intentions
[33]. The strategies were combined into a computer-tailored
Internet-delivered intervention. Detailed information about the
intervention development and content is described elsewhere
[12].

The intervention consisted of 4 modules, each to be visited 1
week after the previous one and followed the steps of
self-regulation. Completion of the entire program took about
90 minutes in total. The first module aimed at commitment to
prevent weight gain by considering pros and cons of WGP,
identifying and setting a goal for one relevant change in DI or
PA and making a plan for change. Participants were made aware
of current levels of DI and PA and possibilities for change by
providing them with individualized feedback on their behavior.
Then, people could make a choice for what to change (guided
goal setting) and make a plan for where, when, and how to make
that change (implementation plan). The second and third
modules were focused around evaluation of progress toward
behavior change, and provided feedback on past week
performance. If necessary, it supported adaptation of action and
coping plans (when attempts to change behavior were
unsuccessful). The fourth module was aimed at promoting
sustained self-regulation of body weight without use of the
program. A tool to monitor and evaluate (changes in) body
weight was provided, as well as a short guideline with sequences
of actions for long term WGP, reflecting on the self-regulatory
skills that had been practiced in the previous three modules,
and provision of positive reinforcement to maintain behavior.

At the end, the participants signed a personalized contract, which
included their personal behavior goals, actions plans, weight
status, etc. The tailored modules were embedded in a website
that also contained recipes, a peer-to-peer forum and links to
useful websites, and was accessible through the Internet.

The generic information for the control group was embedded
in a website with similar content, and similar reminders were
sent to the participants. The main components of this website
were 3 modules with general information on weight gain
prevention, which had a similar layout as the TI. The first
module aimed at increasing the motivation for WGP. The second
module aimed at choosing a behavior change by providing
information about possible changes. The third module provided
general information about a healthy diet and safe physical
activity.

Statistical Analyses
Descriptive statistics were used to characterize both study groups
at baseline. Logistic regression analyses were conducted to
evaluate whether participant characteristics (BMI, sex,
education, and age) and allocated intervention group were
related to dropout (dropout, no = 0, yes = 1) during the study.
Repeated measures analyses were performed, using a general
linear mixed model with a random intercept, to study changes
during the study period (‘time’) and differences in changes
between the intervention groups (‘group’, GI = 0 vs TI = 1) for
the main outcome measures. These measures were objectively
measured BMI, skin fold thickness and waist circumference,
and self-reported PA and DI (intake of fat, snacks and sweetened
drinks) (‘group*time’ interaction). This procedure allows for
inclusion of cases with missing data, without replacement of
missing values, and therefore includes all randomized
participants. The ‘Type III Wald test’ was used to test overall
statistical significance of the effects. The significance level (P)
was set at .05 and tests were two-sided. All analyses were
performed using SPSS 17.

Results

Participant Characteristics
In total, 630 people completed the online registration, and 539
enrolled in the study by completing the baseline questionnaire
and/or anthropometric measures (Figure 1). The mean age of
the participants was 47.8 years (SD 9.4), 31% were male and
11% had a low level of education. The mean BMI was 28.04
(SD 1.94). No baseline differences in socio-demographic
characteristics, behavior and anthropometrics were observed
between the intervention groups at baseline (P<.05, t-tests)
(Table 1).
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Table 1. Participant characteristics at baseline.

GI assigned group

(n = 270)

TI assigned group

(n = 269)

Total

(N = 539)

Group characteristics

47.9 (9.7)47.7 (9.2)47.8 (9.4)Age, mean (SD)

30.5 (80)31.3 (84)30.9 (164)Male sex, % (n)

Education, % (n)

11.0 (25)10.3 (24)10.7 (49)low

52.0 (118)48.7 (113)50.2 (231)medium

37 (84)40.9 (95)39.1 (179)high

Anthropometric measures a

27.91 (1.85)28.17 (2.02)28.04 (1.94)Mean kg/m2 (SD)BMI

4.1 (10)4.2 (10)4.2 (20)% Normal weight (<25) (n)

81.7 (197)75.3 (180)78.5 (377)% Overweight (25-30) (n)

14.1 (34)20.5 (49)17.3 (83)% Obese (>30) (n)

95.66 (8.55)95.89 (9.05)95.78 (8.79)Waist circumference, mean centimeters
(SD)

8.77 (2.0)8.87 (1.92)8.82 (1.97)Skinfold thickness, mean centimeters
(SD)

Self-reported behavior b

69.6 (42.4)63.1 (50.4)67.12 (54.3)Physical activity, mean minutes/day (SD)

17.3 (6.2)17.0 (6.0)17.14 (6.1)Fat intake, mean points/week (SD)

0.93 (1.2)0.96 (1.2)0.95 (1.2)Sweetened drinks, mean servings/day
(SD)

2.3 (1.9)2.2 (2.0)2.28 (1.9)Snacks, mean number/day (SD)

a N(total) = 480, n(TI group) = 239, n(GI group = 241)
b N(total) = 457, n(TI group) = 231, n(GI group = 226)
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Figure 1. Participant flow for the GRIPP study.

Loss to Follow-up
At baseline, 480 participants had their anthropometrics measured
and 313 people at 6-month post-intervention (dropout 34.8%).
Younger people were more likely to dropout between the two
moments of anthropometric measures (OR age = 0.97, 95% CI
0.95-0.99). A total of 375 participants filled out the 1-month
post-intervention (dropout 31%) and 361 people the 6-month
post-intervention questionnaire (dropout 33%). Dropout between
baseline and 1-month post-intervention questionnaires was more
likely among men (OR sex = 0.56, 95% CI 0.35-0.89). Dropout
between baseline and 6-month post-intervention was more likely
among younger participants (OR age=0.97, 95% CI 0.95-0.99).
No other differences were observed among those who completed

the study and those who were lost after the first or second
measurement.

Intervention Effects
Repeated measures analyses showed that BMI did not change
significantly over time (P=.09) (Table 2 and Table 3) and that
there was no difference between the two groups (interaction
effect group*time P=.09). Skin fold thickness increased
significantly over time (P<.001) but there were no differences
in change over time between the TI and GI group (interaction
effect group*time P=.95). There was a statistically significant
decrease in waist circumference over time (P<.001), but the
change in time was not different between the study groups
(interaction effect group*time P=.12).

Table 2. Crude means and difference of objectively measured anthropometric outcomes at baseline and 6-month post-intervention (N=480).

Difference

T0-T2

6-month post-intervention

mean (SD)

Baseline

mean (SD)

Outcome

GI

(n = 161)

TI

(n = 151)

GI

(n = 161)

TI

(n = 151)

GI

(n = 241)

TI

(n = 239)

-0.30-0.0827.61 (2.03)28.09 (2.36)27.91 (1.85)28.17 (2.02)BMI, kg/m2

-2.46-1.4893.20 (8.61)94.41 (10.23)95.66 (8.55)95.89 (9.05)WCa, cm

+0.70+0.809.47 (2.14)9.67 (2.14)8.77 (2.0)8.87 (1.92)SFTa, cm

a WC = waist circumference, SFT = skin fold thickness
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Table 3. Results of general linear mixed model analyses for objectively measured anthropometric outcome measures: Estimated marginal means and
P values of time and group*time effects (N=480).

Type III tests P values6-month post-intervention: esti-
mated means

Baseline estimated meansOutcome

Group*timeTimeGITIGITI

.09.0927.6529.1927.8928.19BMI, kg/m2

.12<.00193.4894.6295.6695.87WCa, cm

.95<.0019.669.558.778.87SFTa, cm

a WC = waist circumference, SFT = skin fold thickness

The time spent on physical activity decreased significantly in
the total population (P=.002), but the change was not
significantly different among the TI and GI (interaction effect
group*time P=.44) (Table 4 and Table 5). Mean fat intake
decreased statistically significantly between baseline
measurement and post-intervention measurements (P<.001),
but the decrease was similar in the two conditions (interaction
effect group*time P=.74). Intake of sweetened drinks and snacks
showed a similar pattern: intake decreased over time (sweetened

drinks P<.001, snacks P<.001), but changes were not different
between the intervention groups (interaction effect group*time:
sweetened drinks P=.55, and snack intake P=.78).

Some of the behavioral outcomes measures (physical activity
and intake of sweetened drinks and snacks) had a very skewed
distribution. Log-transformation of these outcomes did not
improve the fitted model and was not of influence on the time
and intervention effects.

Table 4. Crude means and difference of specific self-reported behavior (DI and PA) at baseline, and 1- and 6-month post-intervention (N=495).

Mean difference

T0-T1, T0-T2

6-month post-intervention

mean (SD)

1-month post-intervention mean
(SD)

Baseline

mean (SD)
Outcome

GITIGI

(n = 184)

TI

(n = 177)

GI

(n = 179)

TI

(n = 196)

GI

(n = 226)

TI

(n = 231)

-0.7, +15.6-1.2, +0.278.7 (60.7)63.3 (53.6)68.9 (51.8)61.9 (56.5)69.6 (42.4)63.1 (50.4)Minutes
PA/day

-1.6, -1.4-1.7, -1.615.9 (6.4)15.4 (6.0)15.7 (6.2)15.3 (6.3)17.3 (6.2)17.0 (6.0)Fat intake/
week

-0.23, -0.23-0.16, 0.160.7 (1.0)0.8 (1.1)0.7 (1.2)0.8 (1.3)0.93 (1.2)0.96 (1.2)Servings
sweetened
drinks/day

-0.5, -0.4-0.5, -0.41.9 (1.5)1.8 (1.4)1.8 (1.6)1.7 (1.6)2.3 (1.9)2.2 (2.0)Snacks/ day

Table 5. Results of general linear mixed model analyses for specific self-reported behavior (DI and PA) at baseline, and 1- and 6-month post-intervention:
Estimated marginal means and P values of time and group*time effects (N=495).

Type III tests P values6-month post-intervention:
estimated means

1-month post-intervention:
estimated means

Baseline estimated meansOutcome

Group*timeTimeGI

(n = 184)

TI

(n = 177)

GI

(n = 179)

TI

(n = 196)

GI

(n = 226)

TI

(n = 231)

.44<.00178.7163.2568.9061.9469.5863.06Minutes PA/day

.74<.00115.9915.2315.8915.4716.9417.94Fat intake/ week

.55<.0010.670.810.740.820.940.96Servings sweetened
drinks/day

.78<.0011.901.801.911.732.292.21Snacks/ day

Process Evaluation
The login data showed that more than 80% (n = 272) of the
respondents used the first module of their allocated intervention
(Figure 2). About 15% (n = 41) completed four modules of the
TI intervention and 46% (n = 124) completed the three modules
of the GI intervention.

T-tests (Table 6) showed that participants in the TI group
reported to have read statistically significantly less of the
presented information (TI 4.07 vs GI 4.5, P<.001) and were
slightly less positive about the lengths of the texts (TI 3.20 vs
GI 3.07, P = .01), compared to the TI group. The information
in the TI group was experienced as more ‘new’ (TI 3.11 vs GI
2.73, P=.003) and individualized (TI 3.20 vs GI 2.83, P=.001),
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compared with the GI. No differences were found for the
usefulness (TI 3.48 vs GI 3.44) and attractiveness (TI 3.22 vs
GI 3.16) of the information, the usefulness of the program as a

tool for WGP (TI 2.90 vs GI 2.75), recommending it to others
(TI 2.14 vs GI 2.14), and the overall grade (TI 6.6 vs GI 6.6).

Table 6. Process measures; means (SD) of appreciation of general information intervention and tailored information intervention, self-reported at
1-month post intervention, and t tests for differences between these groups.

P valuesGI

mean (SD)

(n = 154)

TI

mean (SD)

(n = 162)

ScaleSelf-reported process measuresa

<.0014.5 (0.8)4.07 (1.0)Nothing (1)-All (5)Amount of information read

.013.07 (0.4)3.20 (0.5)Much too short (1)-Much too long (5)Length of the texts

.0012.83 (1.0)3.20 (1.0)Not at all (1)-Very much (5)Information meant for me personal-
ly

.0032.73 (1.1)3.11 (1.1)Totally disagree (1)-Totally agree (5)New information

.683.44 (0.9)3.48 (0.9)Totally disagree (1)-Totally agree (5)Useful information

.583.16 (0.9)3.22 (0.9)Totally disagree (1)-Totally agree (5)Attractive design

.202.75 (1.0)2.90 (1.1)Totally disagree (1)-Totally agree (5)Good tool for WGP

.932.14 (0.8)2.14 (0.7)No (1)-Maybe (2)-Yes (3)Recommend to others

.696.6 (1.3)6.6 (1.4)Very low (0)-Very high (10)Overall grade

a Self-reported at 1-month post-intervention questionnaire, must have used at least the first module

Figure 2. Attrition flowchart: server registration of use of general information intervention and tailored information intervention.

Discussion

In the present study we evaluated the effects of a carefully
developed multi-session computer-tailored weight management
intervention for overweight adults that was based on
self-regulation theory and contained a number of self-regulation
strategies. The results of the study showed that weight remained
stable over time and that waist circumference and dietary
behaviors slightly improved over six months, but that these
improvements were not different from those in the generic

information control group. Thus, even though some of the effects
of the intervention were in the desired direction, in the present
study we could not demonstrate that the elaborate intervention
was more effective in inducing weight gain prevention than
more basic generic information about weight management.

Interpretation of the Results: Theory and Previous
Evidence
Our intervention was solidly based on theory and evidence
relevant for inducing weight maintenance and long-term changes
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in dietary intake and physical activity, and used the promising
method of computer tailoring as an educational technique. It
therefore had, in theory, good prospects for effects. The
technique of computer tailoring has successfully been applied
in interventions aimed at dietary intake, physical activity and
weight loss [22,34,35] but no meta-analytic results are known
for prevention of weight gain.

Our tailored intervention had a number of characteristics that
have been indentified as having a positive influence on
intervention efficacy [22,35], such as including 4 modules
(‘contact moments’), and at least six behavior change strategies.
Thus, the intervention had, in theory, good prospects to be
effective.

Furthermore, based on the limited evidence with respect to
effectiveness of interventions aimed at the prevention of weight
gain [17], the results of our study fit in the pattern of mixed
effects that have been found. One study found positive effects
of an online weight management intervention [36], but this
intervention aimed at a restriction of calorie intake to 1200-1500
calories/day, while our study aimed at a reduction of 100
kcal/day. It may be argued that a change of 100 kcal/day is too
small to prevent weight gain or induce modest weight loss, but
there is compelling evidence that this approach can in fact result
in weight maintenance and modest weight loss, including for
people who are overweight [37-39]. Our results are, furthermore,
comparable to a number of other studies where the intervention
group showed small or no effects on weight, compared to their
control group [13,40,41].

The results of our study compare unfavorably to the results from
2 previous intervention studies conducted in the Netherlands
[14,15]. These studies found effects on waist circumference and
skin fold thickness [15] or waist circumference and weight [14],
but had employees of companies as their target population and
were more extensive in that it included email counseling [14]
and changes in the environment [15]. Despite the planned theory
and evidence-based development, the number of contacts, and
the dynamic tailoring, our tailored intervention did not appear
to be more effective than general information. Possible
explanations may be the integration of self-regulation theory in
an online intervention, methodological issues, and limited
exposure to the intervention.

Theoretical Basis
We used self-regulation theory as the main theoretical basis for
the intervention. This theory is particularly suitable for
management of chronic diseases, and behaviors and outcomes
that need life long regulation, which is also the case for weight
management. Self-regulation theory has been applied
successfully in interventions aimed at weight-loss among young
adults, asthma management, and diabetes [42-44]. Many
successful interventions that were based on self-regulation have
been intensive counselor-led interventions, in which participants
are guided through all the important steps of self-regulation
(monitoring, goal setting, action planning, evaluation, and
adaptation). However, in the present study we had to apply the
self-regulation principles and strategies in a computerized
program that had to guide the participants through all the steps
of self-regulation. Although feasible, incorporating principles

from self-regulation theory and self-regulation strategies in an
online self-management intervention may not translate into the
same results as when implemented in a face-to-face counseling
session. That is, there are fewer possibilities for instructions for
use, a smaller variety of options, and use of the intervention
components may be less optimal, both in quality and frequency
of use. There is indeed evidence that, for example,
implementation intentions have been of better quality when
developed in the presence of a researcher who reviewed the
plans, compared to plans that were developed without a
counselor present [45]. Goals and plans that lack quality have
previously been reported from unguided interventions [46,47].

Exposure to the Intervention
Even though multiple visits are associated with higher efficacy
of (computer-tailored) interventions [48], it has also been well
documented that attrition is high in online interventions with
multiple sessions [49-51]. To improve the likelihood that
participants would revisit the intervention, we incorporated
some of the elements that had been indicated as potentially
associated with more revisits in previous research [52] in the
intervention. In follow-up visits participants could monitor
progress, could access new elements of the intervention, could
review recipes and tips on the website that were refreshed every
2 weeks and participants received email reminders to visit the
website every 2 weeks. Nevertheless, logon rates decreased
over time. As a consequence, large numbers of participants in
the intervention group were not exposed to parts of the
intervention in which important self-regulation strategies, such
as monitoring, feedback, and coping planning were incorporated.
Therefore, the ‘dynamic’ tailoring (eg, feedback on progress),
which is one element of computer tailoring that can increase
effect size [22,53], was not delivered to large numbers of
participants. Similar (low) use of self-regulation components
has been observed before among a study sample of overweight
adults [54].

Possible reasons for dropout were the number and length of the
tailored modules, and perhaps the ineffectiveness of the
reminders. In order to increase use and effectiveness, we should
improve these aspects, for example, by using other media such
as short message service (SMS) as reminders [55]. Direct
contact, in order to motivate people and to teach the steps of
self-regulation and problem solving skills [48], may be useful
to increase involvement. Furthermore, although the tailored
intervention was appreciated a little bit more than the general
information intervention, the overall appreciation was just
sufficient. Improving the intervention on these aspects may
have a positive influence on use and effect.

Methodological Considerations
Kremers et al [17] found in their review that interventions aimed
at weight management have small effect sizes (mean effect size
of 0.06). This means that studies need to be powered to detect
such small effect sizes. Our study was sufficiently powered to
detect a difference of 0.4 BMI points, based on the assumption
that weight would remain stable or be slightly reduced in the
intervention group, and that weight would show the usual annual
increase of 0.6 kg among the control group. However, weight
did not increase in the control group in the actual study, but

J Med Internet Res 2012 | vol. 14 | iss. 2 | e44 | p.86http://www.jmir.org/2012/2/e44/
(page number not for citation purposes)

van Genugten et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


remained stable. Even though initially our sample size was
sufficient for detecting the anticipated effect, retention of
participants in the study was much lower than we had
anticipated, thus reducing the actual power of the study.
However, the size of the effect appears to be very small,
indicating that lack of power was not the most important reason
for not detecting an effect. Rather, the effect in the control
group, whether it was caused by participation in the study,
completion of the questionnaire, or the exposure to generic
information, was larger than expected. The high dropout from
the study is not unusual [56], but is a serious concern, and at
this moment we do not know the reasons for this high dropout.

It is possible that we could have detected an effect had we
compared the intervention with a no-intervention control group.
There is evidence that the effect size of a computer-tailored
intervention depends on the comparison condition: comparing
a tailored intervention to a generic message (r = 0.058) results
in smaller effect sizes than comparing it to a no-treatment group
(r = 0.11) [35]. However, comparing the intervention to a no
information control group can only provide insight into the
effects of the intervention per se and cannot provide insight in
the effectiveness of a specific technique, such as tailoring or
self-regulation. In the present study we were interested in
examining the effects in comparison to a control group that
received ‘usual care’ in the form of generic information about
weight management that can also be found on the website of
the Dutch Nutrition Bureau. The technique of computer-tailoring
and the incorporation of self-regulation strategies as incorporated
and implemented in the present study appeared no more effective
than the already available information on Dutch websites.

Another methodological issue that is worth discussing is the
effect of offering respondents the option to choose their own
behavioral change. Our second hypothesis concerned differences
in dietary and physical activity behaviors. Changes in dietary
and PA behaviors may precede or mediate changes in
anthropometric outcome measures and are therefore relevant to
study. Even though there was a time effect for some of these
behaviors, there were no differences between the intervention
and control group.

Lack of effects on the behavioral outcome measures was
somewhat expected since participants could choose from 10
changes in DI and PA (eg, increase active transport with 20

minutes per day), and even more options within these subgroups
(eg, cycling or walking), based on their current dietary and PA
behavior. This results in small groups of people who chose for
the same change to make, which makes it difficult to detect
differences between the study groups in the dietary and PA
sub-behaviors. Limited power for detection of differences in
relevant underlying behaviors is one of the consequences of
dynamic and personally adapted interventions.

Strengths and Limitations
Strengths of the study are its randomized controlled design and
the use of objective measures of BMI, waist circumference and
skin fold thickness. Limitations are the self-reported measures
for physical activity and dietary intake, which may have resulted
in less reliable outcomes. The baseline level of PA was high
among all participants in the study, which may be due to
over-reporting. If the participants also over-reported their PA
level in the tailored intervention, this may have resulted in less
room for improvement, limiting the potential intervention effect.
Another limitation is that participants in the intervention and
control condition were not exposed to an equal number of
program sessions. However, we do not expect that this had a
large effect on the study outcomes, since the tailored
intervention (with more elaborate content) was not more
effective than the generic information. Furthermore, we had a
6-month assessment as the longest follow-up. We cannot rule
out that differences between the study groups would become
more apparent after a longer follow-up period. Although dropout
was high, it was similar in both conditions and mainly related
to age, as in other studies [49-51]. However, due to the high
dropout the results cannot be generalized to other populations
than those who remained participating in the study.

Conclusion
The carefully developed online, computer-tailored weight
management intervention for adults who are overweight resulted
in stable weight, and changes in dietary intake in the desired
direction, but the tailored intervention was not more effective
than generic information. A possible reason for the absence of
intervention effects is sub-optimal use of the intervention, and
the self-regulation components. Further research is therefore
needed to gain more insight into how the intervention and
exposure to its contents can be improved.
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Multimedia Appendix 1
CONSORT-EHEALTH checklist V1.6 [57].
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Abstract

Background: Computer tailoring is a relatively innovative and promising physical activity intervention approach. However,
few computer-tailored physical activity interventions in adults have provided feedback based on pedometer use.

Objectives: To (1) describe the development of a Web-based, pedometer-based, computer-tailored step advice intervention,
(2) report on the dissemination of this tool through general practice, (3) report on its perceived acceptability, and (4) evaluate the
preliminary efficacy of this tool in comparison with a standard intervention.

Methods: We recruited 92 participants through general practitioners and randomly assigned them to a standard condition
(receiving a pedometer-only intervention, n = 47) and a tailored condition (receiving a pedometer plus newly developed, automated,
computer-tailored step advice intervention, n = 45). Step counts, self-reported data obtained via telephone interview on physical
activity, time spent sitting, and body mass index were assessed at baseline and postintervention. The present sample was mostly
female (54/92, 59%), highly educated (59/92, 64%), employed (65/92, 71%), and in good health (62/92, 67%).

Results: Recruitment through general practitioners was poor (n = 107, initial response rate 107/1737, 6.2%); however, the
majority of participants (50/69, 73%) believed it is useful that general practitioners help patients find ways to increase physical
activity. In the tailored condition, 30/43 (70%) participants requested the computer-tailored step advice and the majority found
it understandable (21/21, 100%), credible (17/18, 94%), relevant (15/18, 83%), not too long (13/18, 72%), instructive (13/18,
72%), and encouraging to increase steps (16/24, 67%). Daily step counts increased from baseline (mean 9237, SD 3749 steps/day)
to postintervention (mean 11,876, SD 4574 steps/day) in the total sample (change of 2639, 95% confidence interval 105–5172;
F1 = 5.0, P = .04). No interaction or other time effects were found.

Conclusions : The majority of participants in the tailored condition accepted the step advice and indicated it was useful. However,
in this selected sample of adults, the tailored condition did not show superior effects compared with the standard condition.

(J Med Internet Res 2012;14(2):e53)   doi:10.2196/jmir.1959

KEYWORDS

Physical activity intervention; step counts; computer tailoring

J Med Internet Res 2012 | vol. 14 | iss. 2 | e53 | p.92http://www.jmir.org/2012/2/e53/
(page number not for citation purposes)

De Cocker et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

mailto:Katrien.DeCocker@ugent.be
http://dx.doi.org/10.2196/jmir.1959
http://www.w3.org/Style/XSL
http://www.renderx.com/


Introduction

There is ample evidence of the positive effects of regular
physical activity on physical and mental health [1]. International
guidelines recommend at least 150 minutes/week of moderate
to vigorous physical activity to prevent chronic diseases, such
as cardiovascular diseases, type 2 diabetes mellitus, obesity,
hypertension, and some cancers [2,3]. As most adults are not
meeting this recommendation [4-6], several interventions to
promote physical activity have been developed and implemented
[7,8].

A relatively innovative and promising intervention approach in
public health promotion is the use of computer tailoring via the
Internet [9,10]. This technique mimics and automates the process
of individual counseling, by giving participants immediate
personally adapted feedback about their assessed behavior. After
the completion of an online diagnostic questionnaire, the
computer automatically translates this information, through a
series of “if–then” statements, into individualized feedback [11].
This tailoring of messages is found to be a more effective
technique to guide behavior change than is providing generic
or standard advice [10]. However, several authors advocate
more research on computer-tailored health programs [9,10].

The major advantage of computer tailoring through the Internet
is the ability to reach many people in a variety of settings at any
time and location, and at a relatively low cost. Research revealed
that promoting physical activity via the Internet is feasible and
appealing to adults [12,13]. Furthermore, the Internet now has
more than one billion users worldwide [14] and, as such, has
become a mainstream intervention-delivery channel. In Europe,
60% of the population uses the Internet daily [15].

Existing computer-tailored physical activity programs might,
however, also have weaknesses. As the diagnostic assessment
is mostly done by questionnaires [9], the self-reported data may
have recall biases [16]. Consequently, using more objective
outcome measures [11] might be a more appropriate way of
assessing baseline physical activity levels in the process of
providing computer-tailored feedback. The most commonly
used, more objective way of assessing physical activity is
measuring step counts through the use of step counters or
pedometers [17]. Pedometers have become popular monitoring
tools for physical activity in large free-living populations [17].
However, to our knowledge, few computer-tailored interventions
in adults have provided feedback based on pedometer use
[18,19]. Nevertheless, some potential benefits are associated
with integrating pedometers in computer-tailored physical
activity feedback. First, the accuracy of assessing the targeted
behavior will increase, as it would be based on more objectively
measured step counts. Second, the computer-tailored advice
could specifically target step count increases through pedometer
use and, as such, the pedometer would be used not only as an
assessment instrument but also as an intervention tool. Due to
the self-monitoring aspect of and the ongoing feedback provided
by the pedometer, resulting in increased awareness and
motivation, the device can be used as a behavior modification
tool. In addition, goal setting, a behavioral change strategy used
in many computer-tailored programs [9,10,20,21], can easily

be facilitated through pedometer use [22]. Pedometer-based
behavioral modification programs have already shown positive
effects [23,24]; however, providing continuous face-to-face
feedback is time consuming and expensive. Offering an
additional online, computer-tailored tool in pedometer-based
interventions might thus be beneficial.

Another weakness of online physical activity programs is
reaching the targeted population. Recruiting individuals to visit
website programs on health behavior change appears to be rather
difficult. For example, Australian research conducted in a
worksite sample showed that only 46% of participants who
agreed to take part in a website-delivered physical activity
intervention actually visited the website [25]. A
computer-tailored program wherein computers and printers were
installed in waiting rooms of general practices in Rhode Island
also showed low rates (0%–12%) of use [26]. However, a
Belgian study found that brief face-to-face contact when handing
out flyers increased recruitment rates (46%) when compared
with recruiting via flyers only (6%) [20]. As such, a possible
promising dissemination channel of online physical activity
interventions is the visit to primary health care [26], as general
practitioners (GPs) have personal face-to-face contact with their
patients but often lack the time or the skills to provide
counseling on health behaviors themselves [27,28]. In addition,
GPs are perceived as a highly credible source of influence
concerning health aspects [29]. The objectives of the present
paper were to (1) describe the development of an online
pedometer-based, computer-tailored physical activity step advice
intervention, (2) report on the dissemination of this tool through
general practice, (3) report on its perceived acceptability among
participants recruited through GPs, and (4) evaluate the
preliminary efficacy of the new intervention in comparison with
a standard pedometer-only intervention.

Methods

Development of the Pedometer-Based,
Computer-Tailored Physical Activity Advice
The development of computer-tailored interventions requires
(1) a data source, including the significant characteristics of the
recipient derived from an individual diagnosis or assessment,
(2) a message library that contains the intervention messages,
(3) a set of decision rules that selects messages matched and
tailored to the specific needs of the recipient, and (4) a channel
that delivers the messages to the specific person, such as the
Internet [30]. Based on previous computer-tailored interventions
to increase physical activity in a Flemish population [31-34], a
computer-tailored step advice intervention was developed. In
this Web-based intervention, participants received personalized
feedback on the amount of steps they take daily, and were
provided with tips and suggestions on how they can take more
steps if needed. The general approach, structure, and theoretical
background of the new computer-tailored step advice
intervention remained the same as in the previous developed
computer-tailored interventions; however, the focus was changed
from increasing physical activity to increasing steps. As such,
the 10,000 steps concept [35,36] was integrated into the present
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intervention. Multimedia Appendix 1 presents some examples
of screenshots of the automated Web-based advice intervention.

Prior to visiting the computer-tailored website, participants’
baseline step level had to be determined. Participants were
instructed to wear a pedometer for 7 consecutive days without
changing their usual lifestyle. To receive the computer-tailored
step advice, participants had to log on to a website using a
confidential username and password, and then complete a
questionnaire (see Multimedia Appendix 1, Figure A and B).
This questionnaire assessed participant’s demographics, baseline
step level, and the psychosocial correlates of achieving 10,000
steps/day. As soon as participants had completed all the
questions, tailored feedback was provided on the computer
screen.

The tailored feedback was created from a database of messages
that match any possible combination of answers and is based
on the theory of planned behavior [37] and the transtheoretical
model [38]. The theory of planned behavior was considered by
giving feedback about participants’ intentions, attitudes,
self-efficacy, social support, knowledge, benefits, and barriers
related to physical activity. We considered the stages of change
in two ways. First, the content differed between stages.
Precontemplators mainly received general information about
the 10,000 steps concept and about its health benefits. To avoid
resistance, the need for behavior change was not dictated, but
only vaguely suggested. Contemplators received the same
information, although not so extensively, and it was mentioned
that they might benefit from taking more steps. In the
preparation stage, the emphasis was on increasing steps,
combined with specific step and health information. In the action
stage, the emphasis was on keeping up the steps and preventing
relapse. In the maintenance stage, feedback was reduced to

saying that they were doing well and that they should carry on.
Second, the way in which the participants were approached also
differed between stages. Information for precontemplators was
presented in an impersonal way (eg, people could...), again
avoiding resistance. Contemplators were approached in a
personal way (eg, you could...), but not in the decisive way that
was used for preparators (eg, you should...) or the supportive
way used for people in the action or maintenance phase (eg,
you do...).

The feedback was organized so that participants first received
a general introduction (see Multimedia Appendix 1, Figure C),
followed by normative feedback, which relates participants’
step level to the goal of 10,000 steps/day. Based on baseline
step levels, a schedule was provided on how they could reach
the goal of 10,000 steps/day over time (participants could choose
to increase their current steps by 500 or 1000 per week [39];
see Multimedia Appendix 1, Figure D). Progress feedback
(positive or negative evolution) was provided when participants
requested advice for a second time or more; it compared the
previous step level with the current level. Next, participants
received tips on how to increase steps (if needed) during work,
household chores, gardening, leisure time, and transport (see
Multimedia Appendix 1, Figure E). This further included
information on what a walking buddy is, how step guidelines
compare with overall physical activity guidelines, how to
correctly use a pedometer, what benefits originate from 10,000
steps/day, how to deal with barriers associated with stepping
more, how to overcome low self-efficacy to take more steps,
and how the local environment can provide opportunities to
walk. Altogether the feedback, which can be printed, could
amount to as much as 5 or 6 pages of advice. Table 1 provides
some examples of the introduction to the tips and suggestions
part of the advice intervention for the various stages of change.

Table 1. Examples of introductions to the tips and suggestions of the advice intervention for the various stages of change.

Example of introduction to the tips and suggestions section of the pedometer-based, computer-tailored adviceStage of change

It seems that you are not reaching the goal of 10,000 steps a day. That’s a pity because being active has several health
advantages, in both the short and the long term. People can experience these benefits when they are being physically
active on a regular basis. The following tips could help people who want to be more active...

Precontemplation

It seems that you are not reaching the goal of 10,000 steps a day, but are planning to become more active at some
point in the future. That’s good because being active has several health advantages, in both the short and the long
term. You could experience these benefits when you are being physically active on a regular basis. When you decide
the time has come to take more steps, the following tips and suggestions will certainly be helpful...

Contemplation

You are intending to take more steps than you are taking now, and you want to reach this goal within 1 month. This
is a good idea, as you are currently not reaching the goal of 10,000 steps a day which is needed to achieve health
benefits. The following tips should help you to realize your good intentions...

Preparation

Because you are already reaching the 10,000 steps goal, it doesn’t seem necessary to overload you with tips to take
even more steps. After all, you are doing well! Still, we want to give you some tips, which may be helpful in times
when it is hard to keep up your high level of physical activity...

Action

Because your step level is high and you have been able to maintain this for quite a while, it seems unnecessary to
give you tips to step more. They would probably not be very helpful. However, we want to emphasize that you are
among the few Flemish people who are very active, and that’s really good! Carry on being this active!

Maintenance

Pretesting Procedures of the Computer-Tailored Step
Advice
Through contacts with GPs’ organizations, we found a
convenience sample of 38 GPs willing to take part in this pretest
study to evaluate the dissemination and test the acceptability of

the computer-tailored step advice. We recruited participants
through GPs, who were asked to personally hand out invitation
letters to the 50 first counseling patients eligible for the study.
Exclusion criteria were (1) being physically unable to engage
in physical activity, (2) already being highly active or
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participating in sport activities, and (3) not being Dutch
speaking. The letter briefly explained the purpose of the project,
namely promoting physical activity in the general population
through pedometer use and providing computer-tailored
feedback; invited the patient to take part in the study; and
presented the inclusion criteria: (1) being aged 18–65 years, (2)
having Internet access at home or at work, and (3) having a
personal email address. To participate, they were required to
email us their full name, address, telephone number, date of
birth, and name of GP.

On receiving this information from the participants, we sent
them an envelope containing a pedometer, a step log for 7 days,
information on how to use these instruments, and a stamped,
self-addressed envelope for return mailing after 3 months.
Participants were first asked to wear the pedometer for 7
consecutive days and to complete the step log in order to assess
their baseline step level; they were asked not to increase their
step or activity levels from what they would usually do in this
period. Afterward, they had to email the step log to us. After
receiving the step log, we contacted the participants by telephone
to complete the baseline assessment.

After this interview, we randomly assigned participants to (1)
the pedometer intervention only (standard condition) or (2) the
pedometer intervention supplemented with computer-tailored
step advice (tailored condition). Participants in both conditions
were mailed generic paper booklets with information on how
to increase their steps [35,36]. Participants in the tailored
condition also received a login and password to enter the website
that provided the computer-tailored step advice. Every month,
we checked whether participants had requested the
computer-tailored step advice. If they did, we emailed them an
invitation to access the computer-tailored step advice for a
second or third time to receive feedback on their progress. If
they did not, a reminder was emailed to reinvite participants to
request the computer-tailored step advice for the first time. At
3 months, we asked participants to report a second step count
registration of 7 consecutive days and to participate in a second
telephone interview.

Participants completed informed consent forms, and the study
protocols were approved by the Ethics Committee of the Ghent
University, Belgium. The study was conducted between January
and August 2010.

Measures

Pedometer
We used the Yamax Digiwalker SW-200 (Yamax, Tokyo, Japan)
in this study, as it is known to be a valid, accurate, and reliable
instrument for counting steps in adults [40].

Step Log
Participants were requested to record the date, the daily steps
taken, and the type and duration of nonambulatory activities
(eg, biking and swimming) in an activity log. Following
established guidelines [41], we added 150 steps to the daily
total for every minute of reported biking or swimming.

Demographics
During a telephone interview at baseline and postintervention,
we asked participants their gender, age, height, and weight. The
interviewers also obtained information on participants’perceived
health (very good, good, moderate, poor, or very poor),
education (primary education, vocational secondary education,;
technical secondary education, general secondary education,
and college or university), employment status (yes or no),
computer and Internet use (daily, weekly, monthly, a couple of
times a year, or never), and Internet access at home or at work
(yes or no). Furthermore, participants were asked who gave
them the invitation letter (GP or other; in the case of answering
other, participants were asked to specify). Finally, we assessed
their intention to participate in physical activity by asking
whether participants planned to increase their steps (yes, within
1 month; yes, within 6 months; or no intention).

International Physical Activity Questionnaire
To assess physical activity and time spent sitting, we used the
long interview form of the International Physical Activity
Questionnaire (IPAQ) at baseline and postintervention. Physical
activity in a usual week in four different domains was measured:
at work, during transport, at home, and during leisure time. The
IPAQ has been shown to be a valid and reliable instrument at
the population level in Europe [42] and in Flanders, Belgium
[43].

Feasibility Telephone Interview
At postintervention, we assessed the feasibility of disseminating
the intervention through GPs. We asked all participants about
the usefulness of GPs emphasizing the importance of sufficient
physical activity, helping to find ways to increase steps, and
providing pedometers to their patients, using 5-point Likert
scales (ranging from totally not useful to very useful).

Acceptability Telephone Interview
At postintervention, we asked participants in the tailored
condition about the understandability, logic, practical use, and
length of the questionnaire prior to receiving the advice. Four
questions assessed what participants did with the advice (read
it, discussed it with others, saved it, or reread it later). The
interviewer also asked what the advice indicated about the step
level of participants (insufficient, just enough, or sufficient) and
whether participants were aware of this. Further, participants
were asked about the relevance, credibility, understandability,
and length of the advice; whether the advice helped them to
gain insight into their physical activity pattern; and whether the
advice was an encouragement to increase steps. If participants
requested the advice more than once, they were asked about the
usefulness of receiving the advice twice or more.

Data Analyses
We analyzed all data using SPSS 17.0 for Windows (IBM
Corporation, Somers, NY, USA). The level of statistical
significance was set at .05. Participant characteristics were
described using descriptive statistics. Self-reported physical
activity was expressed in minutes/day for total time spent
walking and total physical activity, and in hours/day for sitting
time (based on guidelines at www.ipaq.ki.se). Walking and total
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physical activity scores were log transformed to obtain normal
distributions. However, for clarity, the numbers in the tables
are the means and standard deviations of the nontransformed
data. Average daily step counts were calculated, and values over
20,000 steps/day were truncated as 20,000 to limit unrealistically
high averages and to ensure normal distributions [44]. All
participants provided at least 5 days of pedometer registration.

We compared participant characteristics at baseline between
the two conditions using independent-samples t tests
(quantitative variables) and chi-square tests (qualitative
variables). The same tests were used to compare baseline
characteristics between participants who dropped out and those
who did not. Descriptive statistics (numbers, percentages) were
used to report on the feasibility of disseminating the intervention
through GPs and to test the acceptability of the
computer-tailored step advice. Participants who requested the
computer-tailored step advice and those who did not were
compared using independent-samples t tests (quantitative
variables) and chi-square tests (qualitative variables).

The time and intervention effects on body mass index (BMI),
self-reported and pedometer-based physical activity, and sitting
time were examined using repeated measures analyses of

variance with condition as the between-participants factor and
time as the within-participants factor. We conducted these
analyses using both a retained-sample analysis (only participants
who completed postintervention assessments) and an
intent-to-treat analysis (assuming baseline values at
postintervention for dropout participants). As we found no
differences between these two types of analyses, we report only
the results of the retained-sample analysis.

Results

Study Sample
Most of the sample were female (54/92, 59%), were highly
educated (59/92, 64%), were employed (65/92, 71%), were in
good health (62/92, 67%), used the computer (75/91, 82%) and
the Internet (69/92, 75%) daily, and did not reach 10,000
steps/day (65/87, 75%) at baseline. Table 2 presents
characteristics of the participants in both conditions. No
significant differences were found between the two conditions
at baseline for the demographic variables, use (and access) of
PC and Internet, intention to change physical activity,
self-reported and pedometer-based physical activity, and time
spent sitting (see Table 2).
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Table 2. Participant characteristics at baseline.

P valueGroup

comparison

Standard

condition (n = 47)

Tailored

condition (n = 45)

Characteristic

Demographic variable

.63t90 = 0.547.7 (11.4)46.6 (10.9)Age (years), mean (SD)

.50χ2
1 = 0.521/47 (45%)17/45 (38%)Male, n (%)

.64t76 = 0.526.3 (4.6)25.8 (4.3)BMIa (kg/m2), mean (SD)

.62χ2
1 = 0.229/47 (62%)30/45 (67%)Higher education, n (%)

.14χ2
1 = 2.230/47 (64%)35/45 (78%)Employed, n (%)

.06χ2
1 = 3.736/47 (77%)26/45 (58%)Good to very good health, n (%)

Computer/Internet use and Internet access, n (%)

.55χ2
1 = 0.439/46 (85%)36/45 (80%)Daily computer use

.07χ2
1 = 3.339/47 (83%)30/45 (67%)Daily Internet use

.31χ2
1 = 1.046/46 (100%)44/45 (98%)Internet access at home

.19χ2
1 = 3.422/30 (73%)28/35 (80%)Internet access at work

.31χ2
2 = 2.3Intention to change physical activity, n (%)

19/42 (45%)23/43 (54%)Within 1 month

8/42 (19%)11/43 (26%)Within 6 months

15/42 (36%)9/43 (21%)No intention

Self-reported physical activity (minutes/day), mean (SD)

.43t50= 0.844.9 (57.4)33.2 (60.3)Walking

.10t65 = 1.7163.6 (120.8)142.7 (123.8)Total physical activity

.66t85 = 0.48933 (3367)8609 (3370)Pedometer-based physical activity (steps/day), mean
(SD)

.97t87 = 0.07.0 (3.4)7.0 (3.1)Sitting time (hours/day), mean (SD)

a Body mass index.

In total, 23 participants dropped out: 7 had health problems, 3
lacked the time, and 1 went abroad. The other 12 dropout
participants could not be reached at postintervention, so the
reason for dropout is unknown. Dropout analyses revealed no
significant differences between those who dropped out (n = 13
in the tailored condition; n = 10 in the standard condition) and
those who did not (data not shown).

Feasibility of Dissemination Through GPs
From the 1900 available invitation letters (50 per GP, 38 GPs),
1737 letters were handed out to patients. A total of 107
individuals expressed an interest in participating (response rate
6.2%); however, 1 participant did not meet the inclusion criteria

and 7 eventually withdrew for family- or work-related reasons,
leaving 99 participants at baseline (see Figure 1). The baseline
interview (completed by 92 participants) showed that 89
participants had received the invitation letter from their GP, 1
person found it in the waiting room, 1 received it from his wife,
and 1 received it from a parent. At postintervention (interview
completed by 69 participants), the majority believed that it is
useful to very useful that GPs emphasize the importance of
sufficient physical activity (61/69, 88%), that it is useful to very
useful for GPs to offer pedometers to their patients (61/69, 88%),
and that it is useful to very useful for GPs to help patients find
ways to increase physical activity (50/69, 73%).
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Figure 1. Flow of participants through the study. GP = general practitioner.

Acceptability of Web-Based, Computer-Tailored Step
Advice
Figure 1 shows that 30% (n = 13) of participants in the tailored
condition did not request the computer-tailored step advice,
while the other 70% (n = 30) did request the advice at least
once: 22 requested it once (51%), 7 twice (16%), and 1 three
times (2%). Characteristics of these individuals are presented
in Table 3. At baseline, those who requested the advice took
fewer steps (P = .03) and used their computer less on a daily
basis (P = .04) than those who did not request the advice (see
Table 3). No other characteristics differed significantly between
those who requested the advice and those who did not.

Of the 43 participants who received the tailored intervention,
32 completed the postintervention telephone interview (74%).
Of this group, 7 did not request the computer-tailored step advice

(22%), 18 requested it once (56%), 6 twice (19%) and 1 person
three times (3%). The most frequently mentioned reason for
not requesting the advice was lack of time; 1 person had
computer problems; and 1 believed that he didn’t need the
advice. Of those who did request the advice, all found the
questions prior to receiving the advice understandable (21/21,
100%), and most had no problems answering them (24/25, 96%),
found the questions logically built up (19/20, 95%), and didn’t
find the questionnaire too long (14/19, 74%).

After receiving the advice, almost everyone read it (20/21, 95%)
and the majority saved it (12/20, 60%). Fewer participants
discussed it with others (8/19, 42%), printed it (8/21, 38%), or
reread it later (7/20, 35%). Of those who could remember the
feedback on their step level, almost half (9/19, 47%) got the
advice that they were insufficiently active. The majority (13/19,
68%) had expected the feedback they got. Of those requesting
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the advice more than once (n = 7), all found it useful to be able
to receive the advice several times.

Everyone found the advice understandable (100%), and the
majority found the advice credible (17/18, 94%), relevant (15/18,

83%), and not too long (13/18, 72%). The majority also reported
that the advice helped them to gain insight into their physical
activity pattern (13/18, 72%), and two-thirds found that the
advice encouraged them to increase their number of steps (16/24,
67%).

Table 3. Baseline characteristics of the participants in the tailored condition who requested the computer-tailored step advice at least once and those
who did not request the computer-tailored step advice.

P valueGroup

comparison

No request

(n = 13)

At least one

request (n = 30)

Characteristic

Demographic variable

.31t26 = 1.043.5 (9.9)47.2 (11.2)Age (years), mean (SD)

.76χ2
1 = 0.14/13 (31%)11/30 (37%)Male, n (%)

.32t20 = 1.024.4 (2.7)26.1 (4.7)BMIa (kg/m2), mean (SD)

.71χ2
1 = 0.19/13 (69%)19/30 (63%)Higher education, n (%)

.62χ2
1 = 0.210/13 (77%)25/30 (83%)Employed, n (%)

.33χ2
1 = 0.99/13 (69%)16/30 (53%)Good to very good health, n (%)

.34χ2
2 = 2.2Intention to change physical activity, n (%)

9/13 (69%)13/29 (45%)Within 1 month

2/13 (15%)9/29 (31%)Within 6 months

2/13 (15%)7/29 (24%)No intention

Computer/Internet use and Internet access, n (%)

.04bχ2
1 = 4.313/13 (100%)22/30 (73%)Daily computer use

.11χ2
1 = 2.511/13 (85%)18/30 (60%)Daily Internet use

.12χ2
1 = 2.412/13 (92%)30/30 (100%)Internet access at home

.61χ2
1 = 1.09/10 (90%)19/25 (76%)Internet access at work

Self-reported physical activity (minutes/day), mean (SD)

.99t14 = 0.041.0 (66.2)30.1 (43.4)Walking

.28t40 = 1.1153.9 (124.9)142.7 (128.0)Total physical activity

.03bt15 = 2.410,730 (4319)7690 (2416)Pedometer-based physical activity (steps/day), mean (SD)

.77t26 = 0.37.3 (2.9)7.0 (3.2)Sitting time (hours/day), mean (SD)

a Body mass index.
b .01 < P < .05.

Preliminary Efficacy
Table 4 presents the intervention and time effects on
self-reported and pedometer-based physical activity, BMI, and
sitting time. Daily step counts increased significantly from
baseline (mean 9237, SD 3749) to postintervention (mean

11,876, SD 4574) in both conditions (change of 2639, 95%
confidence interval 105–5172; P = .04); no other significant
time or intervention effects were found (see Table 4). In the
tailored condition only, no intervention or time effects were
found for those who did request the advice and those who did
not (data not shown).
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Table 4. Effects on body mass index, physical activity, and time spent sitting in both conditions.

P valueF1

(time)
P valueF1 (time ×

condition)

Change (95% CIa)PostinterventionBaselinenVariable/condition

.073.5.400.7Body mass index (kg/m2), mean (SD)

–0.3 (–0.6 to 0.0)26.0 (4.5)26.3 (4.7)27Tailored condition

–0.2 (–0.5 to 0.3)26.0 (4.6)26.2 (4.6)33Standard condition

Self-reported physical activity (minutes/day), mean (SD)

.710.1.820.1Walking

8.6 (–6.6 to 23.9)26.4 (34.6)17.8 (21.8)21Tailored condition

–7.3 (–40.8 to 26.1)38.9 (44.8)46.2 (59.7)22Standard condition

.470.5.162.0Total physical activity

11.0 (–25.5 to 47.5)142.0 (108.9)131.0 (121.1)32Tailored condition

–27.8 (–72.5 to 16.9)138.2 (98.5)165.9 (125.7)36Standard condition

.04b5.0.311.1Pedometer-based physical activity (steps/day), mean (SD)

1505 (–1850 to 4861)10,668 (3826)9162 (2542)10Tailored condition

4141 (462 to 8744)13,690 (4743)9549 (4903)10Standard condition

.122.4.850.0Sitting time (hours/day)

–0.5 (–1.5 to 0.4)6.6 (3.1)7.1 (3.0)28Tailored condition

–0.7 (–1.9 to 0.5)6.4 (3.2)7.1 (3.6)35Standard condition

a Confidence interval.
b P < .05

Discussion

We developed a new pedometer-based, computer-tailored step
advice intervention and examined the feasibility of disseminating
this tool through general practice, and its acceptability and
preliminary efficacy in adults. Overall, participants accepted
the computer-tailored step advice well. Results are comparable
with the previous computer-tailored advice intervention [33]
on which this pedometer-based, computer-tailored advice
intervention was based. Nearly the same number of participants
(95% here vs 96%–100% in the original study) read the advice,
while even more participants in the present study (94% vs
57%–66%) rated the advice as credible. This might be because
we invited participants via GPs, who are perceived as a
well-established authority on health issues [29], or because we
based the advice on objectively measured step counts. On the
other hand, fewer participants discussed the advice with others
(42%) and printed it (38%), compared with the previous study
(59%–64% and 55%–75%, respectively) [33]. In the Australian
study of Leslie et al, only 10% of participants printed out any
information from the website physical activity program [25].

Despite this positive evaluation of the computer-tailored step
advice, the tool did not result in significant effects on behavior
or BMI, compared with participants who did not receive the
advice. The evidence on this matter is inconsistent: while some
physical activity programs did find good outcomes [34,45],
others did not [46,47]. None of these studies, however, were
pedometer based. We found only one study [48] that used a
personal activity monitor, a uniaxial accelerometer, in

combination with tailored physical activity advice through the
Internet in the general population (adolescents aged 12–18 years
and young adults aged 25–35 years). In the adolescent group,
findings suggested promising intervention effects on
moderate-intensity physical activity among girls and sedentary
time among boys [49]. The intervention in the young working
population appeared to be easily applicable to real-life settings,
but it was ineffective in improving physical activity behavior
or its determinants in healthy office workers [19]. The efficacy
of the personal activity monitor study in office workers seems
comparable with the present findings; however, in the study of
Slootmaker et al only 39% of the users found the advice
appealing, while in the present intervention this was evaluated
more positively [19].

The fact that the standard condition in the present study was
not a true nonintervention may partially explain the lack of
interaction effects. Participants in our standard condition used
a pedometer and received standard 10,000 steps intervention
materials, two strategies that have been shown to be effective
in increasing physical activity in adults [36]. A lack of statistical
power likely also affected the current outcomes. A priori power
analysis indicated that 23 individuals in each intervention
condition (total n = 46) would have to participate to achieve
sufficient power. This was the case for most self-reported data,
but unfortunately only 20 did actually provide objective step
count data on both baseline and postintervention measurements.
It should also be noted that, even though the majority of the
sample did not reach 10,000 steps/day at baseline, most
individuals (68%) were already somewhat active (at least 7500
steps/day), which could also explain the lack of effects.
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The initial response rate to the invitation letter spread by GPs
was very poor. Only 6% signed up for the project after receiving
an invitation letter from their GP; we did, however, expect that
more participants would respond, as previous research showed
that face-to-face contact significantly increased recruitment for
an online tailored intervention (46%) compared with recruitment
via a flyer only (6%) [20]. A possible explanation for the low
recruitment rate might be that some GPs simply put the
invitation letters in their waiting room or did not provide any
explanation about the study when handing out the invitation
letters to their patients. Apart from 1 participant indicating
having found the leaflet in a GP’s waiting room, no further
details are available on how GPs delivered the invitation letters.
Australian research showed that the response rate for a website
physical activity program can be as high as 79% when recruiting
via telephone [25]. Consequently, in future studies, personal
(face-to-face or telephone) contact should be explicitly
demanded when recruiting for Web-based interventions. Despite
low initial response rates via general practice, most participants
believed that GPs promoting physical activity was useful.

The number of participants actually visiting the website and
requesting the computer-tailored step advice was reasonably
high (nearly 70%) when compared with other studies. Mailing
participants a personal login and password seems an effective
strategy to invite them to visit the website. Figures were lower
in previous Belgian [34] and Australian [25] research, showing
that only 53.1% and 46%, respectively, visited the website. It
is interesting to note that participants already meeting the 10,000
steps guideline were less likely to request the computer-tailored
step advice; this might be due to the 7-day baseline pedometer
measurement, suggesting to those participants that there was
no real need to visit a website to help them increase their steps.
Those who did not request the advice indicated lack of time as
the main reason for not doing so. Therefore, in the future,
strategies should be developed to encourage those participants
to overcome this barrier. Current and future technology might
reduce this problem, as Internet access, also due to mobile
devices, continues to increase and is now available at several
public places such as Wi-Fi hot spots.

Some limitations need to be mentioned. First, as mentioned
above, the small sample, which was mainly female, highly
educated, employed, and in good health, is the main weakness
of the present study. As such, the generalizability of the present
findings is limited. Second, the lack of information on how GPs
spread the invitation letters confines our understanding of the
low initial response rate. In addition, we do not know what the
dissemination strategy of the GPs was: did they hand out the
invitation letters to their first 50 patients or only to those who

were most in need of a physical activity intervention? We also
do not know how motivating GPs were during recruitment. The
fact that we collected no data on the recruitment process from
GPs is a limitation in terms of understanding the poor retention
rates. A final weakness is the use of self-reports, which may be
subject to recall [16] and social desirability [50] biases.
However, we used more objective, pedometer-based step counts
to assess physical activity, which is a strong point of the study.
The major strength here is the innovative approach of developing
pedometer-based and computer-tailored physical activity step
advice, which was never used before in an adult population.
However, to truly test the impact of this newly developed
intervention tool, the present preliminary results need to be
confirmed in a larger, sufficiently powered trial applying more
successful recruitment methods (eg, telephone contact or online
advertising after personally handing out an invitation letter) and
in other specific (patient) populations (eg, patients with type 2
diabetes or with cardiovascular disease).

Existing interventions promoting step count increases could
benefit from an additional computer-tailored component. For
example, community-based interventions guided by
socioecological models of health behavior, such as 10,000 Steps
Rockhampton, Canada on the Move, and 10,000 Steps Ghent,
focus primarily on social systems, policy, and organizations
[51]. Individual approaches are less commonly realized [52].
By adding or integrating a computer-tailored component to the
community-based interventions, this shortcoming could be
overcome, which might increase the effectiveness of these types
of programs. In addition, this new tool could be valuable as a
stand-alone intervention or as a part of a more comprehensive
program in specific groups, such as older people, or patients
with type 2 diabetes or other chronic illnesses, after being
evaluated in these populations.

To conclude, we describe the development of a new
pedometer-based, computer-tailored step advice intervention,
which was disseminated through GPs. Despite the poor results
of the recruitment method, participants evaluated the
dissemination through general practice positively and found it
useful for GPs to promote physical activity. A substantial
number of participants requested the computer-tailored step
advice and rated the acceptability of the tool very well.
However, the tailored condition showed no superior effects on
self-reported and pedometer-based physical activity, BMI, or
time spent sitting, compared with the standard condition. More
research is needed to enhance our knowledge of the best
dissemination channel and the effectiveness of this tool in larger
trials.
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Multimedia Appendix 1
Examples of screenshots of the web-based computer-tailored and pedometer-based physical activity advice.

[PPTX File, 850KB - jmir_v14i2e53_app1.pptx ]

Multimedia Appendix 2
CONSORT-EHealth V1.6 Checklist [53].

[PDF File (Adobe PDF File), 583KB - jmir_v14i2e53_app2.pdf ]
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Abstract

Background: The development and use of Web-based programs for weight loss is increasing rapidly, yet they have rarely been
evaluated using randomized controlled trials (RCTs). Interestingly, most people who attempt weight loss use commercially
available programs, yet it is very uncommon for commercial programs to be evaluated independently or rigorously.

Objective: To compare the efficacy of a standard commercial Web-based weight-loss program (basic) versus an enhanced
version of this Web program that provided additional personalized e-feedback and contact from the provider (enhanced) versus
a wait-list control group (control) on weight outcomes in overweight and obese adults.

Methods: This purely Web-based trial using a closed online user group was an assessor-blinded RCT with participants randomly
allocated to the basic or enhanced 12-week Web-based program, based on social cognitive theory, or the control, with body mass
index (BMI) as the primary outcome.

Results: We enrolled 309 adults (129/309, 41.8% male, BMI mean 32.3, SD 4 kg/m2) with 84.1% (260/309) retention at 12
weeks. Intention-to-treat analysis showed that both intervention groups reduced their BMI compared with the controls (basic:

–0.72, SD 1.1 kg/m2, enhanced: –1.0, SD 1.4, control: 0.15, SD 0.82; P < .001) and lost significant weight (basic: –2.1, SD 3.3
kg, enhanced: –3.0, SD 4.1, control: 0.4, SD 2.3; P < .001) with changes in waist circumference (basic: –2.0, SD 3.5 cm, enhanced:
–3.2, SD 4.7, control: 0.5, SD 3.0; P < .001) and waist-to-height ratio (basic: –0.01, SD 0.02, enhanced: –0.02, SD 0.03, control:
0.0, SD 0.02; P < .001), but no differences were observed between the basic and enhanced groups. The addition of personalized
e-feedback and contact provided limited additional benefits compared with the basic program.

Conclusions: A commercial Web-based weight-loss program can be efficacious across a range of weight-related outcomes and
lifestyle behaviors and achieve clinically important weight loss. Although the provision of additional personalized feedback did
not facilitate greater weight loss after 12 weeks, the impact of superior participant retention on longer-term outcomes requires
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further study. Further research is required to determine the optimal mix of program features that lead to the biggest treatment
impact over time.

Trial Registration: Australian New Zealand Clinical Trials Registry (ANZCTR): 12610000197033;
http://www.anzctr.org.au/trial_view.aspx?id=335159 (Archived by WebCite at http://www.webcitation.org/66Wq0Yb7U)

(J Med Internet Res 2012;14(2):e57)   doi:10.2196/jmir.1980
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Introduction

The prevalence of overweight and obesity among adults is
increasing worldwide [1]. Therefore, effective treatment
programs with a large reach are required. Web-based weight-loss
programs have emerged in response to the exponential growth
in Internet access, as well as increasing use of the Internet as
part of daily life and improved accessibility. In the United States,
66% of households have access to broadband Internet [2], while
72% of Australian households have access to the Internet [3].
Furthermore, many adults (61% in the United States) use the
Internet to access information about health, nutrition, physical
activity, and weight loss [4]. The multimedia capabilities of the
Internet allow up-to-date, interactive, and individualized lifestyle
programs to be provided, which endeavor to emulate traditional
face-to-face consultations [5]. These programs also overcome
several barriers of attending face-to-face consultations, such as
poor accessibility [6], lack of anonymity [7], and participant
burden associated with attendance.

However, Web-based weight-loss programs are an
underevaluated treatment medium. A recent systematic review
and meta-analysis examined the efficacy of 12 randomized
controlled trials (RCTs) of Web-based weight-loss programs
[8]. The results suggest that, in general, participants in these
programs achieve similar weight-loss outcomes to control or
minimal intervention groups. In addition, it has been suggested
that Web-based programs with enhanced features (eg, tailored
information and counseling) achieve greater weight loss than
those that focus on information alone, although these studies
are highly heterogeneous [8]. Further studies are required, as it
has not yet been possible to establish the overall efficacy of
Web-based interventions or the superiority of those with more
enhanced features, due to the heterogeneity of study designs
and therefore the small number of comparable studies.

Of the small number of Web-based programs that have been
evaluated using an RCT, remarkably few are available to the
public. Commercial Web-based weight-loss programs are likely
to be the most accessible to consumers [9] but have rarely been
independently evaluated [10]. Of the two RCTs of eDiets, a
commercial Web-based weight-loss program in the United
States, one found that after 12 months those using eDiets lost
significantly less weight than those following a self-help manual
(–1.1% vs –4.0%) [11], while the second compared eDiets with
a structured behavioral Web-based program [12] and found the
behavioral program achieved significantly greater weight loss
after 12 months (–2.8% vs –5.5%). Overall, limited evidence
exists for the efficacy of commercial Web-based programs as
a viable obesity treatment option. Therefore, examining the

efficacy of commercially available Web-based weight-loss
programs on weight-related outcomes is warranted to increase
the treatment options for people seeking to engage in
commercial treatment programs, especially those who have
limited options in their region.

The primary aim of this study was to determine whether there
was a significant difference in body mass index (BMI)
posttreatment among participants randomly assigned to a
standard (basic) 12-week commercial Web-based weight-loss
program versus a version of this program with additional online
features and personalized e-feedback and reminder calls
(enhanced) versus a wait-list control (control). We hypothesized
that the reduction in BMI would be greater in the basic and
enhanced groups than in the control group, with the BMI
reduction greater in the enhanced than in the basic group.

Methods

The present study was an assessor-blinded RCT with a 12-week
follow-up. The methods have been published in detail [13].
Briefly, overweight and obese adults were recruited offline and
enrolled by research assistants at the University of Newcastle
from October to December 2009 from the Hunter community
in New South Wales, Australia. Eligibility criteria were age 18

to 60 years, BMI 25 to 40 kg/m2, not participating in other
weight-loss programs, passing a health screen [14], being
available for in-person assessments, and having access to a
computer with email and Internet services, although neither
computer nor eHealth literacy was assessed. Exclusion criteria
were pregnancy or trying to conceive, major medical problems,
orthopedic problems, recent weight loss of ≥4.5 kg, and
medications affecting or affected by weight loss. Trial sample
size calculations have been previously published [13].

Stratification and Randomization
Once written consent was obtained and baseline assessments
completed, participants were stratified by sex and BMI category

(25 to <30; ≥30 to <35 or ≥35 to 40 kg/m2). They were randomly
allocated to one of the three groups between October and
December 2009 (Figure 1) using a stratified randomized block
design with variable blocks length (either 3 or 6) generated by
the statistician. A researcher not involved in data collection
distributed sequentially numbered sealed envelopes with
allocation details and a login code. Participants were given an
instruction sheet and the Web address and asked to set up their
own login. We also gave them a toll-free number to call if they
experienced any difficulties in logging in. No training on
program use was provided to participants in order to mirror the
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program engagement that commercial users would experience
and to increase external validity. The groups were (1) control:
a wait-list control group who were not provided with access to
the weight-loss program website and were asked to refrain from
participating in other weight-loss programs for 12 weeks, (2)
basic: who were provided with free access to the basic (standard)
Web-based program that was commercially available at that
time and did not change, and (3) enhanced: who were provided
with free access to an enhanced version of the Web-based

program that was provided in a closed test environment. Both
basic and enhanced group participants were advised to use the
online diary a minimum of 4 times per week to record their
dietary intake and physical activity, and to enter a weekly
weight. Participants were blinded to allocation for the basic and
enhanced groups, but not to the control. Research assistants
were blinded to allocation for all groups. At each time point all
were reminded to not discuss group allocation at assessments.
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Figure 1. Flow of participants through the three groups (control, basic, enhanced) of a web-based weight-loss randomized controlled trial.
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Web-Based Weight-Loss Programs
The Web-based program was underpinned by social cognitive
theory [15] and targeted key mediators of behavior change,
including self-efficacy, goal setting, and self-monitoring of
weight, body measurements, exercise, and diet; outcome
expectations (knowledge-based Web components); modeling
(interactive website features and demonstrations); and social
support (forums, blogs, feedback, email, and telephone contact).
The interventions were Web based and delivered for 12 weeks,
with new program content provided weekly by SP Health Co
Pty Ltd, a commercial Web-based weight-loss program provider
in Australia, under the name The Biggest Loser Club.
Participation was in a quasi-anonymous manner. The reach [16],
retention [17], and weight loss achieved by real-world
participants [18] in the basic program have been previously
evaluated.

The basic program had the following features: individualized
daily calorie targets to facilitate 0.5–1 kg of weight loss per
week; goal-setting options; Web-based food and exercise diary;
weekly calorie-controlled, low-fat menu plans and grocery list;
weekly physical activity plan based on exercise preferences;
weekly educational tips and challenges; Web-based community
forums; daily and weekly calculations of energy balance and
nutrition summary compared with recommended nutrient targets;
weekly email newsletters with alerts to new relevant content;
self-monitoring of weight, and waist and hip girths; graphical
display of changes in body measurement data and body (BMI)
silhouette; and automated weekly reminders to enter weight.
The enhanced program included access to the Web-based
program described above plus (1) personalized,
system-generated enrollment reports that suggested appropriate
weight-loss goals and key behavior changes required for success,
(2) weekly automated, system-generated, personalized
e-feedback for key elements of diet and physical activity based
on diary entries, usage patterns for website features, and level
of success with weight loss, and (3) an escalating reminder
schedule to use the diary, visit the program site, and enter a
weekly weight, which was as an initial reminder email, then a
short message service text message if they did not respond, then
a courtesy reminder phone call if a weekly weight was still not
entered.

Participants accessed the website using their usual Internet
connection, at any time of the day or night that suited them.

Outcome Measures
Participant assessments were conducted at baseline and 12
weeks in the Human Performance Laboratory at the University
of Newcastle, Callaghan campus [13]. Assessors of the main
outcome measures, including those performing anthropometric
and blood pressure measurements and blood collection, were
blinded to participant group allocation at baseline and 12 weeks.
We asked participants not to inform assessors of their group
allocation.

The primary outcome, BMI, was calculated as weight (in
kilograms) divided by height (in meters) squared. Height was
measured to 0.1 cm using the stretch stature method on a
Harpenden portable stadiometer (Holtain Limited, Croswell,

Crymych, Pembrokeshire, UK). Weight was measured in light
clothing, without shoes, on a digital scale to 0.01 kg (CH-150kp;
A&D Mercury Pty Ltd, Adelaide, Australia).

Waist circumference was measured to 0.1 cm using a
nonextensible steel tape (KDSF10-02; KDS Corporation, Osaka,
Japan) at two points: (1) level with the umbilicus, and (2) at the
narrowest point between the lower costal border and the
umbilicus. Systolic and diastolic blood pressure and heart rate
were measured using an automated blood pressure monitor
(NISSEI/DS-105E digital electronic blood pressure monitor;
Nihon Seimitsu Sokki Co Ltd, Gunma, Japan) under
standardized conditions.

Blood samples were collected after an overnight fast and
analyzed for lipids (total cholesterol, low-density lipoprotein
and high-density lipoprotein cholesterol, and triglycerides),
glucose, and insulin using standard automated techniques at a
single National Association of Testing Authorities-accredited
pathology service.

Dietary intake was assessed using the Australian Child and
Adolescent Eating Survey, a 135-item semiquantitative food
frequency questionnaire used previously in Australian youth
[19] and currently being validated in adults. We asked
participants to self-report frequency of consumption over the
previous 6 months using the paper-based tool at baseline and
over the previous 12 weeks at the follow-up assessment.
Frequency options ranged from never up to ≥4 times per day.
Completed food frequency questionnaires were scanned and
nutrient intakes computed using FoodWorks (version 3.02.581;
Xyris Software, Highgate Hill, Australia) using the Australian
AusNut 1999 database (All Foods) revision 14 and AusFoods
(Brands) revision 5 (Food Standards Australia New Zealand,
Canberra, Australia) to generate individual mean daily nutrient
intakes. We used the paper-based Three-Factor Eating
Questionnaire-R18 (TFEQ-R18) to measure cognitive restraint,
uncontrolled eating, and emotional eating [20]. Quality of life
was assessed using the paper-based SF-36, version 2.0
(QualityMetric Incorporated, Lincoln, RI, USA), a multipurpose,
generic, short-form health survey consisting of an 8-scale profile
of functional health and well-being scores and psychometrically
based physical and mental health summary measures [21].

We used the International Physical Activity Questionnaire (short
form) paper-based questionnaire to estimate total metabolic
equivalents (METs) in minutes/week [22]. Pedometers were
used to objectively measure steps per day for 7 consecutive days
(Yamax Digi-Walker SW-700; Yamasa Tokei Keiki Co Ltd,
Tokyo, Japan). The step counts were adjusted for additional
physical activity self-reported by participants when the
pedometers were not worn (eg, contact sports and swimming)
or problematic (eg, cycling). We added 1000 steps for every 10
minutes of moderate activity and 2000 steps for every 10
minutes of vigorous activity.

Ethics
The procedures followed were in accordance with the ethics
standards of the University of Newcastle Human Ethics
Research Committee. We obtained written informed consent
from all participants. Institutional affiliations were displayed
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on paper-based information and consent forms, but not on the
Web-based program materials.

Statistical Analysis
Analysis of covariance was used to test for differences in weight
loss between groups at 3 months after adjusting for baseline
values. Analysis was on an intention-to-treat basis with
participants who did not use the application included in the
analysis, while baseline observation carried forward was used
those lost to follow-up. The model was fitted using linear
regression with BMI at 12weeks as the outcome variable,
treatment group as the predictor variable of interest, and BMI
at baseline included as a covariate. We based statistical
significance of the primary efficacy analysis on Hochberg
multiple testing procedures with the familywise error rate held

at 2.5% because there will be an additional analysis at 18
months. All secondary hypothesis tests were performed using
a 2-sided 5% significance level.

Results

Baseline Characteristics
Of the 591 people assessed for eligibility, 309 (129 men) were
randomly allocated into the trial (Figure 1). Baseline
characteristics did not differ between groups for any variable,
other than general health scale (Table 1). Most of the participants
were overweight (108, 35.0%) or in obese category 1 (122,
39.5%), most (280, 90.6%) were Australian born, and few (33,
11%) had ever smoked.
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Table 1. Baseline characteristics of participants in a 12-week Web-based weight-loss (WL) program by intervention group.

P valueaTreatment groupCharacteristic

Total

(N = 309)

Enhanced WL

(n = 106)

Basic WL

(n = 99)

Control

(n = 104)

Sex, n(%)

.99129 (42%)44 (42%)41 (41%)44 (42%)Men

180 (58%)62 (58%)58 (59%)60 (58%)Women

BMI group strata (kg/m 2 ), n (%)

.99108 (35.0%)38 (36%)34 (34%)36 (35%)25 to <30

122 (39.5%)41 (39%)39 (39%)42 (40%)30 to <35

79 (26%)27 (25%)26 (26%)26 (25%)35 to <40

Current or previous smoker, n (%)

.59273 (89%)95 (90%)85 (87%)93 (91%)Never smoker

33 (11%)11 (10%)13 (13%)9 (9%)Current/former smoker

Highest level of education, n (%)

.7890 (29%)31 (29%)32 (32%)27 (26%)School

111 (36%)43 (41%)31 (31%)37 (36%)Trade/diploma

68 (22%)19 (18%)23 (23%)26 (25%)University degree

39 (13%)13 (12%)13 (13%)13 (13%)Higher university degree

Weekly household income (A $), n (%)

.7225 (8.6%)6 (6%)9 (10%)10 (10%)<$700

16 (6%)7 (7%)3 (3%)6 (6%)$700 to <$1000

36 (12%)9 (9%)15 (16%)12 (12%)$1000 to <$1400

205 (70%)75 (75%)62 (67%)68 (69%)$1500 or more

10 (3%)3 (3%)4 (4%)3 (3%)Don’t know/no answer

Country of birth, n (%)

.73280 (90.6%)98 (92%)90 (91%)92 (89%)Australia

28 (9%)8 (8%)9 (9%)11 (11%)Other

.9442.0 (102)42.2 (10.2)42.0 (10.9)41.7 (9.4)Age (years), mean (SD)

Physical measurements, mean (SD)

.651.7 (0.1)1.7 (0.1)1.7 (0.1)1.7 (0.1)Height (cm)

.7594.0 (14.6)93.4 (14.6)94.9 (15.4)93.6 (13.9)Weight (kg)

.9832.3 (4.0)32.3 (4.3)32.3 (3.6)32.2 (3.9)Body mass index (kg/m2)

.92106.9 (10.9)106.6 (12.5)106.9 (9.8)107.2 (10.4)Waist circumference (umbilicus) (cm)

.8698.2 (11.5)97.7 (11.7)98.6 (11.5)98.2 (11.4)Waist circumference (narrowest) (cm)

.910.63 (0.07)0.63 (0.08)0.63 (0.06)0.63 (0.07)Waist (umbilicus) to height ratio

.980.58 (0.06)0.57 (0.06)0.58 (0.06)0.58 (0.06)Waist (narrowest) to height ratio

Physiological measurements, mean (SD)

.81122 (13)121 (11)121 (13)122 (16)Systolic blood pressure (mmHg)

.7579 (10)79 (10)80 (11)79 (10)Diastolic blood pressure (mmHg)

.5569 (10)68 (10)68 (9)70 (10)Pulse rate (beats/minute)

Blood tests, mean (SD)

.645.1 (1.0)5.0 (1.1)5.2 (1.0)5.1 (0.8)Total serum cholesterol (mmol/L)
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P valueaTreatment groupCharacteristic

Total

(N = 309)

Enhanced WL

(n = 106)

Basic WL

(n = 99)

Control

(n = 104)

.383.0 (0.8)3.0 (0.9)3.1 (0.8)3.0 (0.6)LDLb cholesterol (mmol/L)

.851.3 (0.3)1.3 (0.3)1.3 (0.3)1.3 (0.3)HDLc cholesterol (mmol/L)

.541.7 (1.4)1.8 (1.2)1.6 (0.8)1.8 (1.9)Triglycerides (mmol/L)

.352.44 (0.79)2.38 (0.79)2.54 (0.80)2.40 (0.79)LDL to HDL ratio

.204.8 (0.9)4.8 (0.6)4.8 (0.6)5.0 (1.4)Glucose (mmol/L)

.7311.1 (11.5)11.2 (13.1)11.8 (13.1)10.5 (7.5)Insulin (mIU/L)

SF-36 scores, mean (SD)

.2784.6 (16.7)82.5 (19.8)86.1 (14.2)85.4 (15.2)Physical functioning

.6387.4 (18.8)86.3 (19.5)88.8 (16.8)87.1 (19.9)Role physical

.9961.2 (28.4)61.2 (29.8)61.4 (27.3)60.9 (28.4)Bodily pain

.00468.7 (18.5)72.8 (18.8)69.8 (16.8)63.9 (18.5)General health

.3276.8 (51.4)81.4 (45.3)69.3 (14.8)78.1 (70.6)Vitality

.5183.5 (22.2)85.0 (21.7)84.5 (20.6)81.4 (23.8)Social functioning

.4188.5 (18.2)89.4 (15.9)89.9 (21.7)86.5 (17.4)Role emotional

.0677.2 (16.4)79.2 (14.8)78.9 (16.5)74.0 (17.3)Mental health

Physical activity, mean (SD)

.802863 (2964)2846 (3127)3024 (3029)2724 (2732)Total (METd minutes/week)

.348427 (3677)8680 (3752)8664 (3773)7971 (3511)Step count/day

Three-Factor Eating Questionnaire-R18 scores, mean (SD)

.7013.2 (2.9)13.1 (2.8)13.3 (2.9)13.0 (3.0)Cognitive restraint scale

.9720.9 (4.8)20.8 (4.8)20.9 (4.7)20.9 (5.1)Uncontrolled eating scale

.867.7 (2.4)7.8 (2.6)7.6 (2.2)7.7 (2.5)Emotional eating scale

.7110,175 (3229)10,250 (3257)9958 (3223)10,311 (3229)Total energy intake (kJ/day), mean (SD)

a P values are from analysis of variance for continuous measures and from a chi-square test for categorical measures.
b Low-density lipoprotein.
c High-density lipoprotein.
d Metabolic equivalent.

Retention at 12 Weeks
The percentage of participants who attended the 12-week
follow-up assessment was significantly different between
treatment groups (P = .003). Participants randomly assigned to
the basic group (74/99, 75%) were less likely (P = .001) to
attend the 12-week visit than those in the control group (96/104,
92%), with the percentage attending from the enhanced group
(90/106, 85%) not significantly different from either the control
(P = .09) or basic condition (P = .07) (Figure 1).

Changes in Weight, BMI, and Waist Circumference
Participants in the basic and enhanced groups lost significant
amounts of weight whether expressed as BMI or kilograms lost
(Table 2, Table 3), with the increase in weight in controls not
statistically significant. Consequently, those randomly assigned
to the basic and enhanced groups had statistically significant

reductions in the primary outcome, BMI (kg/m2), compared

with those in the control group. Waist circumferences decreased
significantly more in the basic and enhanced groups than in the
control group, and waist circumference measured at the
narrowest point decreased significantly more in the enhanced
group than in the basic group (Table 2, Table 3). Waist-to-height
ratios decreased in the basic and enhanced groups compared
with the control group.

Secondary Outcomes
After 12 weeks we observed a statistically significant
improvement in total serum cholesterol and systolic and diastolic
blood pressures in those randomly assigned to the enhanced
condition compared with control, with a nonsignificant benefit
in those in the basic condition. There were no differences
between groups in changes in any of the other plasma variables,
including triglycerides, glucose, and insulin. There was a trend
toward a greater reduction in pulse rate in the enhanced
compared with control group (P = .06). There was no significant
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change in total physical activity METs (minutes/week), with
the average step count per day decreasing in the controls but
increasing in the basic and enhanced groups, and a significantly
greater increase in enhanced relative to control (P = .005). While
all groups decreased their energy intake (kJ/day), those in the
enhanced group decreased theirs more than those in the control
group (P = .03). There was no change in most of the subscales

of the SF-36 quality-of-life questionnaire, with the exception
of the general health scale, which improved more in the
enhanced than in the control group (P = .03). Within the
TFEQ-R18, the scales of cognitive constraint and uncontrolled
eating also improved. Both basic and enhanced participants
increased eating restraint and reduced uncontrolled eating
compared with controls (P < .001).

Table 2. Mean (SD) change in variables from baseline to 12 weeks in each treatment group.

Treatment groupTotal nVariable

EnhancedBasicControl

–2.98 (4.05)–2.14 (3.32)0.36 (2.33)309Weight (kg)

–3.26 (4.31)–2.29 (3.51)0.44 (2.44)309Percentage weight loss (%)

–0.98 (1.38)–0.72 (1.07)0.15 (0.82)309Body mass index (kg/m2)

–3.18 (5.00)–2.63 (3.99)0.26 (3.10)309Waist circumference at umbilicus (cm)

–3.17 (4.69)–1.96 (3.47)0.46 (3.02)309Waist circumference at narrowest point (cm)

–0.02 (0.03)–0.02 (0.02)0.00 (0.02)309Waist to height ratio at umbilicus

–0.02 (0.03)–0.01 (0.02)0.00 (0.02)309Waist to height ratio at narrowest point

–4.95 (10.08)–3.56 (9.35)–1.09 (10.90)308Systolic blood pressure (mmHg)

–3.02 (8.57)–2.09 (7.74)–0.35 (7.04)308Diastolic blood pressure (mmHg)

–2.52 (6.28)–0.99 (6.47)–0.86 (6.54)306Pulse rate (beats/minute)

–0.17 (0.56)–0.05 (0.51)0.08 (0.55)309Total serum cholesterol (mmol/L)

–0.05 (0.43)0.03 (0.40)0.09 (0.49)271LDLa cholesterol (mmol/L)

–0.01 (0.16)0.01 (0.15)–0.00 (0.13)309HDLb cholesterol (mmol/L)

–0.23 (0.67)–0.17 (0.58)–0.22 (1.50)309Triglycerides (mmol/L)

–0.03 (0.34)0.00 (0.36)0.06 (0.40)271LDL to HDL ratio

–0.33 (0.55)–0.35 (0.53)–0.45 (0.91)307Glucose (mmol/L)

–1.55 (6.04)–1.53 (12.76)–0.76 (5.11)309Insulin (mIU/L)

4.86 (17.22)1.79 (22.64)0.45 (14.27)301Physical functioning (SF-36)

3.07 (16.39)2.04 (21.74)1.92 (21.74)301Role physical (SF-36)

0.85 (34.34)0.20 (25.40)–2.08 (27.65)300Bodily pain (SF-36)

6.75 (12.42)3.72 (12.17)3.02 (11.90)303General health (SF-36)

12.91 (59.23)2.36 (22.48)14.11 (68.04)297Vitality (SF-36)

4.48 (21.77)0.26 (14.47)1.36 (24.42)298Social functioning (SF-36)

3.07 (16.48)2.47 (13.55)1.32 (20.51)303Role emotional (SF-36)

4.86 (13.26)2.55 (15.68)2.28 (15.66)299Mental health (SF-36)

491.6 (2601)151.4 (1946)341.8 (3116)274Total physical activity METc (minutes/week)

867 (2947)153 (2095)–61 (2480)263Average step count per day

1.78 (3.34)1.16 (2.48)0.28 (2.50)296Cognitive restraint scale (TFEQ-R18)d

–1.81 (3.74)–1.58 (3.53)0.05 (3.03)302Uncontrolled eating scale (TFEQ-R18)

–0.63 (1.64)–0.47 (1.38)–0.32 (1.37)304Emotional eating score (TFEQ-R18)

–1465 (2470)–1003 (2498)–734 (2129)304Total energy intake (kJ/day)

a Low-density lipoprotein.
b High-density lipoprotein.
c Metabolic equivalent.
d Three-Factor Eating Questionnaire-R18.
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Table 3. Absolute and least square mean (LSM) differences between groups at 12 weeks (intention-to-treat population).

Group effect

(P value)
Treatment group LSM (95% CIa)Total nVariable

Enhanced vs basicEnhanced vs controlBasic vs control

95% CIDifference95% CIDifference95% CIDifference

<.001–0.23 to 1.950.862.26 to 4.423.341.38 to 3.582.48309Weight (kg)

<.001–0.19 to 2.120.972.55 to 4.843.701.57 to 3.892.73309Percentage
weight loss (%)

<.001–0.11 to 0.630.260.77 to 1.501.130.51 to 1.240.87309Body mass in-

dex (kg/m2)

<.001–0.81 to 1.910.552.11 to 4.793.451.54 to 4.262.90309Waist circumfer-
ence at umbili-
cus (cm)

<.0010.02 to 2.491.252.43 to 4.873.651.16 to 3.642.40309Waist circumfer-
ence at narrow-
est point (cm)

<.001–0.01 to 0.010.000.01 to 0.030.020.01 to 0.030.02309Waist to height
ratio at umbili-
cus

<.001–0.00 to 0.010.010.01 to 0.030.020.01 to 0.020.01309Waist to height
ratio at narrow-
est point

.003–1.55 to 4.391.421.31 to 7.174.24–0.17 to 5.812.82308Systolic blood
pressure
(mmHg)

.04–1.23 to 3.491.130.22 to 4.872.54–0.96 to 3.781.41308Diastolic blood
pressure
(mmHg)

.06–0.47 to 3.671.60–0.12 to 3.951.92–1.77 to 2.390.31306Pulse rate
(beats/minute)

.003–0.03 to 0.310.140.08 to 0.420.25–0.06 to 0.280.11309Total serum
cholesterol
(mmol/L)

.09–0.06 to 0.250.10–0.01 to 0.290.14–0.11 to 0.200.04271LDLb choles-
terol (mmol/L)

.59–0.03 to 0.070.02–0.03 to 0.060.01–0.04 to 0.050.01309HDLc choles-
terol (mmol/L)

.78–0.18 to 0.250.03–0.18 to 0.250.03–0.15 to 0.280.07309Triglycerides
(mmol/L)

.23–0.08 to 0.170.05–0.03 to 0.220.09–0.08 to 0.180.05271LDL to HDL
ratio

.86–0.14 to 0.210.03–0.14 to 0.200.03–0.17 to 0.170.00307Glucose
(mmol/L)

.89–2.02 to 2.530.25–1.78 to 2.710.46–2.07 to 2.500.21309Insulin (mIU/L)

.47–4.37 to 6.110.87–2.54 to 7.832.65–3.51 to 7.061.78301Physical func-
tioning (SF-36)

.94–4.72 to 6.260.77–5.38 to 5.480.05–4.83 to 6.260.72301Role physical
(SF-36)

.67–8.22 to 8.660.22–5.66 to 11.042.69–5.63 to 11.452.91300Bodily pain
(SF-36)

.03–0.84 to 6.822.990.45 to 8.044.24–2.63 to 5.131.25303General health
(SF-36)

.24–6.49 to 25.019.26–14.5 to 16.711.12–5.56 to 26.3210.38297Vitality (SF-36)
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Group effect

(P value)
Treatment group LSM (95% CIa)Total nVariable

Enhanced vs basicEnhanced vs controlBasic vs control

95% CIDifference95% CIDifference95% CIDifference

.68–4.26 to 8.071.90–4.02 to 8.132.05–6.07 to 6.360.15298Social function-
ing (SF-36)

.40–3.34 to 6.101.38–3.29 to 6.021.37–2.02 to 7.512.74303Role emotional
(SF-36)

.48–3.25 to 5.821.28–2.18 to 6.782.30–3.56 to 5.601.02299Mental health
(SF-36)

.72–568 to 1141286.8–661 to 1042190.3–776 to 969.496.51274Total physical

activity METd

(minutes/week)

.005–130 to 1707789339.3 to 21111225–485 to 1357436263Average step
count per day

<.001–0.36 to 1.400.520.72 to 2.431.570.16 to 1.931.05296Cognitive re-
straint scale

(TFEQ-R18)e

<.001–0.86 to 1.330.230.82 to 2.961.890.55 to 2.761.65302Uncontrolled
eating scale
(TFEQ-R18)

.30–0.35 to 0.600.13–0.16 to 0.770.30–0.30 to 0.650.18304Emotional eat-
ing score
(TFEQ-R18)

.03–304 to 1074385100 to 1463782–291 to 1084397304Total energy in-
take (kJ/day)

a Confidence interval.
b Low-density lipoprotein.
c High-density lipoprotein.
d Metabolic equivalent.
e Three-Factor Eating Questionnaire-R18.

There were significant between-group differences in the
proportions of participants who lost 5 to <10% (control: 3%,
basic: 18%, enhanced: 17%) or ≥10% of their baseline weight
(control: 0%, basic: 18%, enhanced: 28%), or gained weight
(control: 53%, basic: 22%, enhanced: 17%) (all P < .001).

Discussion

The primary aim of this study was to determine whether using
a commercial Web-based weight-loss program, with or without
enhanced online features including personalized e-feedback and
reminder calls, would lead to a greater reduction in BMI
compared with each other or with a wait-list control group. This
study demonstrated that participation in either version of the
12-week commercial Web-based weight-loss program (standard
or enhanced with feedback) resulted in statistically significant
and clinically important objectively measured weight loss. Many
desirable improvements in secondary risk markers for chronic
disease were achieved, irrespective of the program version used.
This suggests that the fundamental elements of the Web-based
program were the drivers of the behavior change. However, the
enhanced program version achieved a greater retention rate,
which in the longer term is critical for maximizing program
reach and opportunity to facilitate maintenance of lost weight.
There were advantages for those in the enhanced program group

related to the extent of improvements in several secondary
outcomes compared with the controls, including decreases in
waist circumference, plasma total cholesterol, blood pressure,
energy intake, and steps per day. Overall, both program versions
provided important reductions in several risk factors for
cardiovascular disease, as well as improvements in domains of
quality of life and eating behavior.

In the only previous RCT of a commercial Web-based
weight-loss program [11,12], the commercial Web-based
program was found to be less effective than a self-help manual
[11] and a more structured Web-based behavioral weight-loss
program [12]. The eDiets commercial Web-based program had
some similar program features to The Biggest Loser Club
program, such as weekly self-monitoring of weight, meal and
exercise plans, educational materials, and social support via a
discussion board. Although eDiets also offered alternative
sources of social support such as Web-based meetings and chat
rooms, it did not provide a tool for participants to monitor and
receive feedback on their dietary intake and physical activity,
nor were participants reminded to use the program, which differs
from the program in the current study. Therefore, we
hypothesized that the mean weight losses for the basic and
enhanced versions after 12 weeks in this study would be greater
than those from the 2004 RCT using eDiets (–0.9% after 16
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weeks) [11]. Interestingly, the 12-week weight loss in the current
study is similar to the results of a more recent RCT using eDiets,
which reported a mean weight loss of –3.6% after 6 months
[12], which may indicate that developments in online capabilities
facilitate program effectiveness.

This is the first RCT to examine the efficacy of a commercial
program that specifically sought to include enhanced features
(provision of additional personalized e-feedback, reminders,
and phone calls) compared with the basic commercial program
version without these features. We have shown that participants
using the enhanced program did not lose significantly more
weight after 12 weeks than did those in the basic program. This
finding is not consistent with previous RCTs comparing basic
versus enhanced versions of Web-based programs, as these have
typically demonstrated greater weight loss in the enhanced study
arm [12,23-27]. However, the basic programs in these previous
studies had fewer program features and typically did not include
all of the key components of Web-based interventions reported
to be essential, such as being based on a theoretical framework,
providing diet and physical activity feedback to participants,
and having interactive features [28,29]. For example, Rothert
et al’s basic Web-based program provided information only
[27], while the enhanced features in other studies commonly
used more human interventions, such as individualized human
e-feedback generated by a therapist [24-26] or Web-based chat
sessions conducted by a trained therapist [12]. The lack of
difference between the basic and enhanced program in the
current study, along with the magnitude of the weight lost after
12 weeks, suggests that either format of the program can produce
clinically important initial weight loss. However, it also suggests
that the enhanced program may require a greater number or
intensity of enhanced features to be more effective than the
basic version, or that the enhanced features provided are not
necessary for many participants.

Although no significant difference in weight loss between basic
and enhanced groups was observed, the enhanced group
achieved significantly greater improvements in waist
circumference than the basic group. They also demonstrated
greater improvements in blood pressure, plasma total cholesterol,
steps per day, measures of general health, and reduction in total
daily energy intake than the control group, whereas the basic
group did not. This suggests that the enhanced program offers
additional benefit to participants in terms of risk factor reduction
and in achieving behavior change that may assist with long-term
maintenance of lost weight. Furthermore, the basic group were
more likely to drop out of the study (25%) than the enhanced
group (15%). The impact of this should not be overlooked
because weight-loss success is associated with greater adherence
to the prescribed treatment plan, and retention within treatment
is the primary component of program adherence. Further
follow-up of these participants will determine whether greater
initial improvements in indicators of health status, quality of
life, dietary intake, and physical activity, as well as higher initial
retention, affect weight-loss outcomes in the long term and
whether improvements are sustained over time. This will be
important in evaluating the long-term efficacy of the basic
program compared with the enhanced program.

This is one of the first RCTs of a Web-based weight-loss
program to comprehensively assess secondary outcomes and
to capture the potential of the program to have significant health
benefits, irrespective of the weight loss achieved. To our
knowledge, no other RCT evaluating Web-based weight-loss
studies have assessed changes in lipids or insulin levels, and
only one has evaluated changes in glucose levels [26]. The
current study also demonstrated significantly greater reductions
in blood pressure (systolic and diastolic) among the enhanced
program users. Only two other RCTs evaluating Web-based
weight-loss programs have assessed changes in blood pressure
[30-32], with one of these finding greater reductions in systolic
blood pressure among male participants only. Also, these
improvements were demonstrated after 12 months [31], but not
after 3 or 6 months [32]. Therefore, this is the first Web-based
weight-loss RCT to demonstrate significant improvements in
plasma total cholesterol and blood pressure after 12 weeks via
participation in a Web-based weight-loss program that provides
comprehensive personalized feedback and reminders to engage
with the program.

Only a few Web-based weight-loss RCTs have reported changes
in dietary intake and physical activity, and assessed difference
in change across study arms [23-26,32-35]. To date, no study
has demonstrated significant differences in dietary intake or
physical activity change among participants of Web-based
weight-loss programs compared with control groups, other
treatment formats (eg, face-to-face), or enhanced Web-based
programs. The current study found significantly greater
reductions in mean total daily energy intake and increases in
steps per day in the enhanced program users, which suggests
that additional personalized feedback and reminders to use the
program had positive influences on food and physical activity
behaviors. However, further detailed investigation is needed to
examine how participants change their food and physical activity
behaviors in response to Web-based intervention. Further, no
previous Web-based weight-loss studies have measured
components of appetite and hunger using the TFEQ-R18. We
have demonstrated improvements in both intervention groups
compared with a control group in the domains of cognitive
restraint and uncontrolled eating, but no significant
improvements in emotional eating scores. Previous research
has highlighted the association between appropriate eating
patterns, such as higher dietary restraint and less emotional
eating, and long-term weight-loss maintenance [36], and
therefore this is an area where the current program could be
refined. Longer-term follow-up of participants will demonstrate
whether these initial improvements in eating patterns can be
sustained or improved, and whether this affects weight-loss
maintenance.

One other Web-based weight-loss study has measured quality
of life. McConnon and colleagues found significant
improvements in quality of life in Internet and usual-care groups
with no significant difference between groups [33]. Therefore,
the finding in the current study of significant improvements in
quality of life, namely the general health domain of the SF-36,
after 12 weeks’ participation in the enhanced version of the
program is important.
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A limitation of the current study is that all participants did
receive human contact when they attended the clinical research
center for clinical assessments. However, they were assessed
by blinded assessors. Further, we gave them no advice on how
to log in or engage with the program, other than giving them
their login details. This was to simulate real-world engagement
and use of the program, making the results generalizable to the
overweight population of adults using commercial weight-loss
programs. Due to the inclusion of a control group, the study
also did not consider the potential differential impact of the
Web-based programs as a result of participants’ varying levels
of website usage. Study strengths include the use of a control

group compared with two versions of the Web-based program,
as well as the robust study design and the use of predominantly
objective measures.

The results of this study demonstrate that Web-based weight
loss can be efficacious across a range of weight-related outcomes
and lifestyle behaviors, and that commercial providers can
deliver effective Web-based programs targeting this important
public health issue. Further study is needed to examine
longer-term outcomes and whether Web-based programs with
enhanced program features, including provision of personalized
feedback, can retain people in the long term and lead to a greater
treatment impact over time.
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Abstract

Background: Skin cancer incidence rates signify the need for effective programs for the prevention of skin cancer and for
helping skin cancer patients. Internet and computer tailored (CT) technology fosters the development of highly individualized
health communication messages. Yet, reactions to Internet CT programs may differ per level of involvement and education level
and remain understudied.

Objective: First, we identified perceptions concerning sunscreen use in Dutch adults and assessed differences in differences
between the general public and skin cancer patients, and between low and high educated respondents. Second, we assessed
program evaluations of these groups about a new Dutch CT Internet-based program promoting sunscreen use, and potential
differences between groups

Methods: A cross-sectional research design was used. In total, 387 respondents participated and filled out an online questionnaire
based on the I-Change Model assessing socio-demographics, history of skin cancer, sunscreen use, and beliefs about sunscreen
use. The responses were fed into a computer program that generated personal tailored feedback on screen; next we assessed their
program evaluations

Results: Of the 132 patients, 92 were female (69.7%) and 40 were male (30.3%). In the general population (N = 225), 139
(54.5%) respondents were female and 116 (45.5%) were male. Men (50.9 years) were 8 years older than women (43.1 years).
Most patients were diagnosed with basal cell carcinoma (N = 65; 49.2%), followed by melanoma (N = 28; 21.2%) and squamous
cell carcinoma (N = 10; 7.6%); 22% (N = 29) did not remember their skin cancer type. Patients had higher knowledge levels, felt
significantly more at risk, were more convinced of the pros of sunscreen, experienced more social support to use sunscreen, had
higher self-efficacy, and made more plans to use sunscreen than respondents without skin cancer (N=255; all P’s< .01). Low
(N=196) educated respondents scored lower on knowledge (P<.003) but made more action plans (P<.03) than higher educated
respondents (N=191). The CT feedback was evaluated positively by all respondents, and scored a 7.8 on a 10 point scale. Yet,
patients evaluated the CT program slightly more (P<.05) positive (8.1) than non-patients. (7.6). Lower educated respondents
were significantly (P<.05) more positive about the advantages of the program.

Conclusions: First, involvement with skin cancer was reflected in more positive beliefs toward sunscreen use in patients in
comparison with non-patients. Second, the CT Internet program was well accepted by both patients and non-patients, and low
and high educated respondents, perhaps because higher educated respondents were more knowledgeable about sunscreen use and
skin cancer. Third, a pro-active approach as conducted in our study is very well suited to reach various groups of people and is
more likely to be successful than a reactive approach
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Introduction

Background
The Internet offers vast possibilities for health-communication
efforts. Online health communication has the potential to reach
large audiences, it can be operational at all times, and costs per
visitor can remain low [1]. Internet access in the Netherlands
has grown substantially from 16% in 1998 to 93% in 2009 [2].
Internet provides the possibility for reaching many people in
the Netherlands [3]. Modern interactive techniques via the
Internet foster the delivery of highly interactive and
individualized interventions to large numbers of people [3].

Computer tailoring — developed even before the Internet period
— fosters the development of highly individualized health
communication messages that match each person’s unique
conditions, characteristics, motivational beliefs (such as
knowledge, attitudes, and self-efficacy), and intentions to change
and behavior [4]. Internet based, computer tailoring has shown
to be effective [5,6] because of working mechanisms such as
increasing personal relevance, interest, and frequency of
message reading [5,7,8]. Assessment of the reactions of
respondents to the CT messages is essential in order to
understand their effectiveness.

Rapidly rising skin cancer incidence rates signify the need for
effective Internet programs that can contribute to the prevention
of skin cancer as well as to education for skin cancer patients
[9]. Skin cancer will have a large impact on the demand for
health, health care costs and the workload for dermatologists
[9,10]. Effective Internet skin cancer programs are available
[11,12,13,14]. Assessment of the effects of these programs in
subgroups is important given the concerns of potential
differential impact of the Internet in groups differing in
characteristics such as education and levels of involvement, or
relevance of the topic. [1,15,16,17]. For instance, it is
conceivable that skin cancer patients are more involved in the
issue of skin protection and thus may judge an e-Health program
differently than the general population. Given the potential
impact of the digital divide, it is important to assess whether
Internet approaches are less accepted by groups with a lower
education, since this may contribute to increasing health
disparities between educational groups [15,16,17,18,19].
Furthermore, it is conceivable that prevention programs may
be less appealing to those not at risk. Hence, it is relevant to
know whether separate programs for skin cancer patients and
non-patients may be needed.

Objectives
In the present study, we first assessed program evaluations of
a new, Dutch, Internet CT program on skin cancer. We next
assessed potential differences in program reactions between
respondents with a high- and low-educational level, as well as
between patients and non-patients, by assessing perceived
advantages and disadvantages pertaining to items such as

relevance, completeness, and credibility of the CT messages
[8].

Methods

Design and Procedure
A cross-sectional research design was used, and data collection
took place in 2009 from May until August. Skin cancer patients
were recruited from a patient database from the Catharina
hospital in Eindhoven, the Netherlands. Ethical clearance was
provided by the Catharina Hospital in Eindhoven. Patients were
sent a letter to their home address with an invitation to
participate in this e-study on skin cancer prevention.
Additionally, recruitment took place via regional weekly
newspapers, social networking sites, and members of an Internet
panel. All respondents received a link to complete an online
questionnaire about skin protective behavior. Their responses
were directly fed into a computer program, which immediately
generated personal tailored feedback on-screen.

Questionnaire
In order to be able to receive CT advice on sunscreen a
questionnaire assessed several constructs.

Personal and predisposing factors were assessed by questions
including gender, year of birth, having children (yes/no), marital
status (partner/no partner), education level: low (primary school
and vocational education) = 1; high (college and university) =
2, income (above average/below average), and skin cancer
history (yes/no). Parental and child skin types were assessed by
asking participants to indicate whether they: burn very fast,
hardly tan (type 1); burn fast, tan slowly (type 2); do not burn
fast, tan easily (type 3); rarely burn, tan easily (type 4); hardly
ever burn, tan easily (type 5); or, never burn, easily tan (type
6) [24].

Suntanning behavior was measured by three questions. One
question measured how often someone goes outside to be in the
sun (1 = “never;” 5 = “as often as possible”). The second
question measured how long someone was outside on a day off
if the sun shone (1 = “never;” 3= “between one and three hours;”
5 = “as long as possible”). The third question measured on what
time people are usually exposed to the sun (1 = “never;” 5 =
“between 12 P.M. and 3 P.M.”).

Skin protective behavior assessed subjective skin protection
and objective skin protection. Subjective skin protection was
measured by two questions on a 5-point scale asking the
participants whether they think they protect themselves properly
on the beach or during outdoor activities. (1 = “I always protect
myself sufficiently”; 5 = “I never protect myself sufficiently”).
Objective skin protection was measured with three questions
concerning their suntanning behavior, three questions regarding
seeking shadow (“How often are you in the shade between 12
P.M. and 3 P.M.?”), wearing a hat or cap (“How often do you
wear a hat or cap on a sunny day?”), and wearing protective
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clothing (“How often do you wear protective clothing if the sun
shines?”). Respondents could answer these questions on a
5-point scale from 1 (“never”) to 5 (“always”).

Knowledge about skin protection, and skin protection, was
measured with six questions on a three-point scale (1 = “right,”
0 = “wrong” or “don’t know”). Two example questions are:
“To protect yourself sufficiently, it is enough to use sunscreen
once per day” and “you cannot burn in the shadow?”

Cues to action were measured by an index of two questions,
assessing: how often someone had seen, heard or read something
about skin cancer in the media in the past three months; and
how often someone had noticed a change on his or her skin of
which he or she thought it might be skin cancer. Both questions
used a 5-point answering scale (1 = “never,” 5 = “very often”).
Lastly, one question assessed whether the respondent knows
people that have or have had skin cancer (1 = “yes,” 2 = “no”).
Low reliability on these three questions assessing perceived
media messages about skin cancer, perceived skin changes and
experience/occurrence of skin cancer in respondents’ social
network precluded the formation of one scale.

Risk perception was assessed by three questions on a 5-point
scale, assessing perceived likelihood, perceived susceptibility,
and perceived severity of getting skin cancer. A sum score was
made with perceived likelihood and perceived susceptibility (α
=.75).

Attitude was assessed by 20 items using 5-point scales (1 =
“totally disagree”; 5 = “totally agree”); 10 items assessed the
perceived pros of sunscreen use (α =.85) and 10 items assessed
the perceived disadvantages of sunscreen use (α = .85).

Social influences were assessed by nine questions using 6-point
scales (α = .78) and assessed the norms about sunscreen use of
partner, family and friends, as well as their own sunscreen use
and support for sunscreen use.

Self-efficacy was assessed by twelve questions using 5-point
scales assessing situations in which they may have different
levels of confidence regarding the use of sunscreen (α = .75).

Action plans were measured with nine statements using a 5-point
scale to assess whether respondents made specific preparation
plans for sunscreen use (α = .83). Examples are: “I plan to bring
a sunscreen with SPF 50+ to places where I plan to stay in the
sun for a long time,” “I plan to bring a parasol to, or rent a
parasol at, places where I plan to stay in the sun for a long time,”
and “I plan to buy sufficient protective clothing and/or a hat or
cap.”

Intention was measured with three questions using a 5-point
scale, with answering categories ranging from 1 (“no, certainly
not”) to 5 (“yes, certainly”). The three questions asked whether
respondents intended to use sunscreen on a sunny day, use

sunscreen every two hours, and use sunscreen 30 minutes before
going outside in the sun (α = .86).

Program evaluation
Sixteen questions were used to evaluate the tailoring program
using strategies from previous studies [8] (also see the results
section for a list of all questions in the table). Respondents could
indicate their evaluation about the advices on a 5-point scale
ranging from 1 (“totally disagree”) to 5 (“totally agree”).
Examples of statements are: “the advices were relevant to me,”
“the advices stimulated me to improve my behavior,” “the
advices were confusing,” and “I missed information in the
advices.” Lastly, respondents were asked to give a school grade
for all advices ranging from 1 (“very bad”) to 10 (“excellent”).

CT program
A first pilot revealed that addressing three behaviors (protective
clothing, looking for shade, and sunscreen) would result in too
long of a program. This assessment revealed the need to focus
on sunscreen use. Next, we assessed the motivational beliefs
concerning sunscreen use in the general public and patients and
compared the two groups concerning their views regarding
sunscreen use. As well, we assessed the factors associated with
sunscreen use in both groups using a comprehensive social
cognitive model, the I-Change Model [8], postulating that
behavior (i.e. sunscreen use) is influenced by action factors
(action plans), motivational factors (attitudes, social influence
beliefs, self-efficacy), and awareness factors (knowledge, risk
perceptions and cues to action) (see Figure 1). The assessment
is needed to identify the most important educational needs for
program development [20,21].

The new CT program was based on the I-Change model to
identify the most important factors to address, and previously
conducted strategies and studies on other behaviors that yielded
the format that could be used to develop the program [8,25]:
such as the utilization of ipsative feedback (Dijkstra & De Vries,
1999), which items to address (van Osch et al., ), and how to
use action plans (De Vries et al., 2006;2008; Van Osch et al.,
2010). The program provided feedback on the following
constructs: sun exposure, sunscreen behavior, type of skin, risk
perception, attitudes, social support, self-efficacy, intention and
action plans (see Figure 2). A first version was developed and
piloted among 11 persons and patients, including one skin cancer
expert in order to identify various barriers, such as
inconsistencies, unnecessary jargon, and difficult framing. The
results were used to improve the final CT program that was
used in this study. Results from the pilot as well as from the
sample showed that completing the final tailoring program took
between 15–25 minutes, including time to read the advices. The
time needed did not differ significantly between low- and
highly-educated respondents. The process of the CT is
summarized in Figure 2, and examples of the CT advices are
provided in Table 1.
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Figure 1. The I-Change Model [8,22].
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Figure 2. Overview of the CT program.
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Table 1. Examples of feedback messages

“Your answers show that you are not often in the shade between 12 p.m. and 3p.m., and/or that you do not often wear a cap to
protect yourself against the sun. As your doctor may have told you, people with a type 1 skin have the largest risk of getting
sunburn. Burning of the skin can lead to getting skin cancer (again). Therefore it is important with your light skin type and
skin cancer diagnosis to protect yourself very well against the sun.”

Type of skin feed-
back

“You mentioned that you use sunblock with protection factor 4. This factor (SPF) indicates the protection against UVB-radiation
(sunburn). It is also important to know that SPF is universal. Two products with the same SPF (from whatever brand) will offer
the same protection. You mentioned before that you have skin type 1, which means that you use a sunblock with an insufficiently
protection factor. Did you know that there are sunblocks that protect you against UVB-radiation as well as UVA-radiation
(aging of the skin)? You can see this on the special logo on the label: A circle with the letters UVA in it.”

Sunscreen use feed-
back

“Your answers show that you see few advantages of protecting your skin. Perhaps you may not know all these advantage.
Studies show that if you use proper protection you burn less quickly, and you lower the chance of getting skin cancer. You also
lower the chance of getting skin cancer back, in case you have had skin cancer in the past. Furthermore, it slows down the aging
of your skin. You will therefore stay young looking for longer, which many people find pleasant.”

Attitude feedback

“Your answers show that you do not receive any social support from your family, because of their opinion and behavior. That
is unfortunate, because when people feel supported, it is easier for them to perform a certain behavior. Perhaps you can discuss
this topic with your family, so that they can see the benefits of responsible tanning.”

Social Support feed-
back

“Your answers show that you find it rather difficult to protect yourself when outside. This is understandable, and you are defi-
nitely not the only one! It is not always easy to protect yourself as well as possible in various situations. There will always be
situations in which it can be difficult to protect yourself. You can prepare yourself for these difficult situations. Some people
think about such situations and then come up with a plan to determine how they can protect themselves in these situations.
This helps them, and possibly you too? It never hurts to try! Good luck!”

Self-efficacy feed-
back

“You mention that you do not plan on applying sunscreen on a sunny day. Perhaps you find the use of sunblock awkward or
uncomfortable? Did you know that there are currently sunscreens on the market that are not sticky? If you really do not want
to use sunblock, you can also use different ways of protection, like staying in the shade as much as possible, or wearing protective
clothing and a cap. Perhaps you were already planning on this?”

Intention feedback

Statistical analyses
Descriptive statistics were calculated to identify the
characteristics of the respondents. T-tests, binomial tests, and
chi-squared tests were performed to analyze the demographical
differences between the patients and the general population.
Analysis of variance (ANOVA) was used to determine the
differences between the general population and the skin cancer
patients in the program evaluation, and for assessing differences
between respondents with a low- and high-level of education.
Logistic regression was used to investigate possible confounders
for education level and skin cancer history. Linear regression

analysis was used to assess the determinants of sunscreen use.
All analyses were performed with SPSS 15.0 for Windows.
Significant differences are reported when P < 0.05.

Results

Characteristics of the Sample
After excluding respondents with missing values (>10%), a
sample of 387 respondents remained. This sample contained
significantly less men (N = 156; 40.3%) than women (N = 231;

59.7%; x2= 14.535; df = 1; P < 0.001). The characteristics of
the overall sample and the subgroups are depicted in Table 2.
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Table 2. Demographic characteristics of the overall sample, skin cancer patients, general population, and education levels.

No skin cancer history
(N=255)

Skin cancer history
(N=132)

High education
(N=191)

Low education
(N=196)

Total group
(N=387)

116 (45.5)40 (30.3) c73 (38.2)c83 (42.3)a156 (40.3)cMaleGender

139 (54.5)92 (69.7)118 (61.8)113 (57.7)231 (59.7)Female

54 (21.2)c16 (12.1)c41 (21.5)c29 (14.8)c70 (18.1)cNo partnerMarital status

201 (78.8)116 (87.9)150 (78.5)167 (85.2)317 (81.9)Partner

160 (62.7)c105 (79.5)c108 (56.5)157 (80.1)c256 (68.5)cYesChildren

95 (37.3)27 (20.5)83 (43.5)39 (19.9)122 (31.5)No

--70 (36.6)c62 (31.6)c132 (34.1)cYesSkin cancer his-
tory

--121 (63.4)134 (68.4)255 (65.9)No

40 (15.7)c24 (18.2)c28 (14.7)c36 (18.4)64 (16.5)cDon’t
know

Income

65 (25.5)21 (15.9)35 (18.3)51 (26.0)86 (22.2)< Avg.

54 (21.2)30 (22.7)37 (19.4)47 (24.0)84 (21.7)Avg.

96 (37.6)57 (43.2)91 (47.6)62 (31.6)153 (39.5)> Avg.

46.246.343.249.246.2Age

a Significant at the .05 level
b Significant at the .01 level;
c Significant at the .001 level

Table 2 also shows that for the group of (former) patients 92 of
the respondents were female (69.7%) and 40 were male (30.3%).
In the general population 139 (54.5%) respondents were female
and 116 (45.5%) respondents were male. Men were on average
almost 8 years older than women (50.9 years for men; 43.1
years for women. In the group of (former) patients, most
respondents were diagnosed with basal cell carcinoma (N = 65;
49.2%), followed by melanoma (N = 28; 21.2%), and squamous
cell carcinoma (N = 10; 7.6%). Twenty-two percent of the
respondents (N = 29) did not remember which form of skin
cancer they had. Of the total sample, 196 respondents (51%)
reported to have a low education.

Program evaluation
Table 3 shows the overall program evaluation. Concerning the
potential advantages of the program, the respondents indicated
they find the program informative, complete, personally
relevant, that the feedback was well-readable, contributing them
to help them to improve their sunscreen behavior, providing
nicely arranged information, credible, and that the feedback
matched with the answers that they had given. We furthermore
assessed potential drawbacks of the program, which were also
acknowledged by the respondents, although to a lesser extent
than the positive outcomes. Yet, the respondents felt that
sometimes the information load was slightly too much and too
long, and that information was missing and confusing. Overall,
the ratings by all respondents were quite positive, resulting in
a 7.78.
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Table 3. Program evaluation based on education.

Sig.aHigh educationLow educationOverall sample

N=191N=196N=387

Advantagesb

<.0014.024.374.19Informative

<.0013.974.264.12Complete

.0013.974.254.11Personally relevant

.0104.064.254.16Well-readable and proper lay-out

.0113.693.933.81Stimulated to improve sunscreen use behavior

.0134.224.394.30Nicely arranged

.0153.633.863.75Helped to improve sunscreen use behavior

.0264.294.434.36Credible

.0513.954.124.03I agree with the advices

.2453.693.803.74Matched my given answers

Disadvantages b

.0362.352.112.22Too much information was given

.1552.462.272.36Too long

.1742.422.302.36Information was missing

.8492.002.012.01Confusing

.0017.587.987.78Grade (1-10)

a Covariate: age
b 1= totally disagree; 5= totally agree

Differences in Program Evaluation by Low- and
High-Educated Respondents
Table 4 depicts the differences between respondents with a low-
and high-level of education. Since the two groups differed in
their age, we corrected these scores for age. When comparing
the two educational groups, Table 2 reveals that respondents
with a low education level were significantly more positive
about the CT advice than respondents with a high-level of
education, resulting in overall scores of 7.98 and 7.58
respectively. Respondents with a low education level were also
more positive on most of the advantages of the CT feedback,
implying that they found the program more relevant, credible,
nicely arranged, informative, well-readable, and complete than
those with a higher education. Furthermore, lower educated

respondents were more convinced than their higher educated
peers that the CT feedback stimulated them to improve their
sunscreen behavior. Concerning the disadvantages respondents
with a high education level provided, they believed significantly
more so, than those with a low education level, that the feedback
provided too much information.

Program Evaluation by the General Public and Skin
Cancer Patients
The results of the evaluation of the CT advice by the general
public and skin cancer patients are presented in Table 4. Since
patients and the general public differed concerning their type
of skin and frequency of sun exposure, we corrected the process
evaluations for these differences.
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Table 4. Program evaluation based on skin cancer history.

Sig.aGeneral PopulationPatientsOverall sample

N=255N=132N=387

Advantagesb

<.0013.984.374.11Personally relevant

.0013.934.234.03I agree with the advices

.0044.294.494.36Credible

.0083.723.993.81Stimulated to improve sunscreen use behavior

.0164.094.294.16Well-readable and proper lay-out

.0273.673.903.75Helped to improve sunscreen use behavior

.0604.264.404.30Nicely arranged

.1013.693.853.74Matched my given answers

.2614.084.184.12Complete

.6764.184.224.19Informative

Disadvantagesb

<.0012.532.032.37Too long

<.0012.391.902.22Too much information was given

.0012.121.792.01Confusing

.2582.412.262.36Information was missing

<.0017.618.117.78Grade (1-10)

a Covariates: skin type and frequency in the sun
b 1= totally disagree; 5= totally agree

Table 4 shows that respondents with a history of skin cancer
were significantly more positive about the CT feedback advice
than those without a skin cancer history about the advice they
received for every single question, with overall scores of
respectively 8.11 and 7.61. Patients significantly evaluated the
advice more positively than those from the general population
for about 9 of the 15 evaluation items. Both groups found the
advice equal in terms of being informative, complete, that the
advice matched the given answers, and that the advice was
nicely arranged.

Discussion

Our results reveal that the CT feedback was evaluated positively
by all respondents, and evaluated the sunscreen CT feedback
as relevant, credible, nicely arranged, instructive, complete, felt
that the advices matched their answers, helpful, and that the
advices stimulated them to improve sunscreen use. The overall
score on a scale from 1 (“very bad”) to 10 (“excellent”) was 7.8
indicating a positive evaluation despite these comments made.
Suggestions concerning improvements pertained to the fact that
sometimes information could be more elaborate; but also that
the advices were quite long, and sometimes confusing. In-depth
process evaluations are therefore needed to find out which
particular program components needed to be improved; and
also how to deal with the conflict of adding information on the
one hand, and to shorten overall message length on the other
[12]. The positive evaluation results are congruent with those
reported earlier concerning other health behaviors [8,31,32].

One potential reason for these positive findings may be that
program development was based on a combination of
approaches implying the utilization of a broad, social cognitive
model and principles of communication theories [33,34] and
social marketing principles [35], implying that messages were
developed and piloted in the target group. Hence, as has been
noted before, it is important to acknowledge that besides these
positive evaluations, computer technology-based interventions
have many advantages when compared to human-delivered
interventions. These include lower cost to deliver, greater
intervention fidelity, and greater flexibility in dissemination
channels, which might include in person (for example, clinic
setting), mail, Internet, cell phones, or other delivery channels
[36]. CT online interventions utilize a great variety of options
for assessing individuals, creating and delivering customized
health messages, equipping individuals with the tools necessary
to maintain or change their behaviors, and keeping them engaged
in their own self-care [5]. Our results support that this strategy
is appreciated.

An encouraging finding was that fact that, in contrast to our
expectations, respondents of a low level of education evaluated
the CT feedback more positively than those with a high level
of education, although the latter group was also positive in their
evaluation. We would not have been surprised to have seen an
opposite result, because the CT feedback implied quite some
reading—given the concerns expressed by others concerning
Internet use by lower educated groups [15,16,17,35,36]. Yet,
the pilots of the program were aimed to identify passages that
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were difficult and unattractive to read, certainly for respondents
with a low level of education. Hence, our results of the program
evaluation suggest that this goal has been attained. In our other
programs about smoking cessation, physical activity, and
nutrition, we also did not find differences in evaluation between
the educational groups [8,31]. This suggests that CT feedback
can be a very attractive and effective way to reach both low-
and high-education level groups.

Patients evaluated the CT feedback slightly, but, significantly,
more positively than respondents with no history, who were
also very positive concerning the program evaluation. The more
positive finding is most likely due to the fact that the topic is
more salient to them because of their history of skin cancer.
Although they may have received already more information
about skin cancer and sunscreen use, they evaluated the feedback
very positively. Our findings do not suggest that two separate
programs for patients and non-patients are needed.

Limitations
Our results need to be interpreted with a certain level of caution.
First, it is not clear why the low education level group evaluated
the program more positively. More qualitative research is needed
to asses whether this occurred because the program provided
more new information for this group and whether the language
used was more adapted to this group. Yet, we did not receive
complaints from the high education level group concerning too
simply formulated messages. Second, it is difficult to assess
how representative the online sample is for the total populations.
We also had a relatively large group of highly educated
respondents. Yet, our main purpose was not to obtain a
representative sample, but to compare the differences in
evaluation between high- and low-educated groups. Third,

suggestions to shorten the messages were made by all subgroups.
These suggestions are relevant to take into account, also within
a context that revisits of Internet based programs have found to
be quite low, also resulting in high drop-out rates in research
studies up to 50% or sometimes higher [37]. A challenge will
be to find an optimal balance between length and the provision
of essential feedback. Fourth, Internet based methods can use
a large variety of behavior change techniques and
exposure-promoting elements. In order to enhance exposure,
peer and counselor support may result in a longer website visit
and that email/phone contact and updates of the website result
in more log-ins [3,38]. Recent notions about infodemiology
describe important factors related with the distribution and
determinants of information in an electronic medium, such as
analyzing how people search, navigate, and share information
that also yield important insights into health-related behavior
[40]. Hence, it is recommended to further extend interventions
with these elements. Lastly, an effect evaluation is still needed
using a randomized control trial to assess ultimate behavioral
effects, as well as analysis may be needed to assess potential
differences in program evaluation due to seasonal changes.

Conclusions
The most important lesson learned from this study is that CT
programs do not necessarily have to be less attractive for lower
educated groups. This is encouraging, since this may imply that
Internet based interventions can also reach lower educated
groups; provided that these interventions are tailored towards
the needs and characteristics of lower educated groups. A second
lesson learned was that the results of our program evaluation
did not suggest a need for the development of separate programs
for patients and non-patients.
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Abstract

Background: The development of a mobile telephone food record has the potential to ameliorate much of the burden associated
with current methods of dietary assessment. When using the mobile telephone food record, respondents capture an image of their
foods and beverages before and after eating. Methods of image analysis and volume estimation allow for automatic identification
and volume estimation of foods. To obtain a suitable image, all foods and beverages and a fiducial marker must be included in
the image.

Objective: To evaluate a defined set of skills among adolescents and adults when using the mobile telephone food record to
capture images and to compare the perceptions and preferences between adults and adolescents regarding their use of the mobile
telephone food record.

Methods: We recruited 135 volunteers (78 adolescents, 57 adults) to use the mobile telephone food record for one or two meals
under controlled conditions. Volunteers received instruction for using the mobile telephone food record prior to their first meal,
captured images of foods and beverages before and after eating, and participated in a feedback session. We used chi-square for
comparisons of the set of skills, preferences, and perceptions between the adults and adolescents, and McNemar test for comparisons
within the adolescents and adults.

Results: Adults were more likely than adolescents to include all foods and beverages in the before and after images, but both
age groups had difficulty including the entire fiducial marker. Compared with adolescents, significantly more adults had to capture
more than one image before (38% vs 58%, P = .03) and after (25% vs 50%, P = .008) meal session 1 to obtain a suitable image.
Despite being less efficient when using the mobile telephone food record, adults were more likely than adolescents to perceive
remembering to capture images as easy (P < .001).

Conclusions: A majority of both age groups were able to follow the defined set of skills; however, adults were less efficient
when using the mobile telephone food record. Additional interactive training will likely be necessary for all users to provide extra
practice in capturing images before entering a free-living situation. These results will inform age-specific development of the
mobile telephone food record that may translate to a more accurate method of dietary assessment.

(J Med Internet Res 2012;14(2):e58)   doi:10.2196/jmir.1967
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Introduction

Dietary intake is an important environmental exposure to
consider when evaluating an individual’s or population’s risk
for chronic disease. A link between diet and the development
of certain cancers, cardiovascular disease, liver disease, and
type 2 diabetes has been established. However, scientific
evidence linking diet and genetics to these diseases continues
to emerge [1]. The development of genome-wide association
studies has led to the identification of genetic variations
associated with risk for diseases such as type 2 diabetes [2],
atherosclerosis [3], and Crohn disease [4]. Diet and genetics
may play a shared role in the etiology of or protection from
many diseases. Methodological issues with dietary assessment,
however, have limited the ability to identify gene–nutrient
interactions.

Dietary assessment is difficult due to the increasing complexity
of the food supply and day-to-day variability in a person’s diet
[5]. Traditional self-report methods of dietary assessment,
including the 24-hour dietary recall, food record, and food
frequency questionnaire [6], rely on the respondent’s memory
and ability to estimate portion sizes. Both adults and adolescents
tend to underreport total energy intake by as much as 30%
[7-12]. Developing diet assessment methods that can be
incorporated into the lifestyle of adolescents is especially
difficult. Adolescents are in a rapid phase of growth requiring
increased energy, eat more frequently, and have more
unstructured eating events outside of the home [13]. There is
much day-to-day variability in the composition and timing of
their eating occasions, leading to forgetfulness and lack of
compliance in recording their dietary intake [14]. Adolescents
also report becoming irritated with their parents reminding them
to complete their food records [15]. Adults, on the other hand,
follow a more regular routine than adolescents. Senior adults
may have more consistent meal times, while working adults
may be more influenced by the demands and characteristics of
their working environment. However, all adults may encounter
occasions where their more structured routines are disrupted by
events that make accurate recording via the current assessment
methods more difficult. In addition to being burdensome to the
respondent, these methods can be expensive and labor intensive
for the researcher. The Genes, Environment and Health Initiative
of the National Institutes of Health in the United States is
attempting to address many of these shortcomings by supporting
the development of novel methods to assess diet and of
high-throughput methods to assess genetic profiles in individuals
and populations [16].

Researchers have been striving to harness the potential of new
digital technologies to improve the effectiveness of their work,
and researchers in the field of dietary assessment are no
different. The past 10 to 15 years has seen steadily increasing
usage of mobile communication devices [17]. Significant
advances in the capabilities of these devices have coincided
with mobile phones achieving the status of an essential
communication tool, so that mobile computing devices, such

as mobile telephones with cameras known as smart phones, are
now poised to realize their potential as a computing device with
specific health applications. Personal digital assistants (PDAs)
were the first generation of mobile computers used for data
collection [18,19]. However, some of the initial studies using
PDAs were not promising [20], as earlier PDAs used technology
that lacked user-friendly options, and backlit screens made their
content difficult to see. As a result of these limitations, early
investigators concluded that the technology was a barrier to
collecting accurate information.

However, with the rapid advancement in the capabilities of
mobile devices, researchers are now pursuing image-based
methods as a way of addressing the limitations of traditional
dietary assessment methods [21-23]. The use of mobile
applications to assist in the monitoring of diabetes, physical
activity, and smoking cessation has previously been discussed
in the literature [24-26] and has informed the use of these tools
for new diet assessment methods. The development of a mobile
telephone food record for adults and adolescents for use in a
new, image-based dietary assessment method, partially
supported by the Genes, Environment and Health Initiative, was
the subject of this study.

The design of the mobile telephone food record has been
described previously [27]. For all users, the task of recording
images of their food should be relatively quick and easy for it
to be acceptable. Briefly, participants would use the mobile
telephone food record application to capture images of their
foods and beverages before and after eating. Methods of image
analysis [28,29] are used to automatically identify the food in
the image. With the inclusion of a fiducial marker, an object of
known dimension and size, the volume of consumption can be
estimated. The information from image analysis and volume
estimation can be linked to a nutrient database to compute the
energy and nutrients consumed, so this method will not have
to rely on the respondent’s memory and ability to estimate
portion sizes. Additionally, real-time data collection eliminates
the need for researchers to enter and code food records. Ideally,
the ease of use of mobile telephone food record will result in
an accurate dietary assessment tool for both adults and
adolescents.

There are challenges related to using smart phones in this new
dietary assessment method. For example, for adolescents to use
the device, school administrators must accept its use on the
school campus, as young people are in school most days of the
week. Adults are often less facile than adolescents with using
new technology. Therefore, the mobile telephone food record
design needs to address these concerns.

Evidence-based development is a crucial step in designing the
mobile telephone food record for use by both adults and
adolescents [30]. The form of evidence-based development of
the mobile telephone food record is an interaction design, which
is the discipline of defining the characteristics of products that
a user can interact with in their everyday and working lives
[30]. The mobile telephone food record design process, when
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applying interaction design, is an iterative cycle of usability
testing in which the user feedback is applied to the next version
of the mobile telephone food record, which is tested again [27].
Using this process has allowed the design of the mobile
telephone food record to evolve from the perspective of the user
or client, resulting in a more positive experience for the user.

The objectives of this study were to evaluate a defined set of
user skills for both adults and adolescents—that is, successful
image capturing of an eating occasion, while using the mobile
telephone food record—and to compare the perceptions and
preferences between adults and adolescents regarding their use
of the mobile telephone food record. A priori, our hypothesis
was that statistically significant differences between adults and
adolescents would emerge that would need to be translated into
different mobile telephone food record designs to accommodate
lifestyles and abilities to use a new technology.

Methods

Study Design and Participant Recruitment
We collected data from two samples of adolescent participants
[27] and one sample of adult participants. The data collected
from the adolescent samples are combined in this analysis (n =
78). The study methods for all samples were approved by the
Purdue University Institutional Review Board. Informed assent
and consent were obtained from the adolescent participants and
their parents, respectively. The adults completed informed
consent prior to participation.

The first adolescent sample was drawn from summer camps for
adolescents, ages 11–18 years, taking place on the campus of
Purdue University in 2008. A total of 63 participants from these
camps used the mobile telephone food record for meal session
1, and 55 (87%) returned for meal session 2 the following day.
After using the mobile telephone food record for meal session

1, participants provided feedback and received additional
training during the postmeal 1 session. During this session, the
participants responded to a series of statements regarding their
perceptions of the mobile telephone food record and preferences
when using the mobile telephone food record. The advanced
interactive instruction included activities in which the
participants practiced taking images in potentially problematic
snacking scenarios.

The second adolescent sample was a convenience sample drawn
from the local community [31]. A total of 15 participants, ages
11–18 years, received all meals and snacks for a 24-hour period
while being monitored under controlled conditions. These
participants also took part in the feedback and advanced
interactive instruction session after using the mobile telephone
food record for meal session 1. Data from their first two meal
sessions during the 24-hour period are included in this analysis.
Figure 1 shows the data collection flow for the two samples of
adolescents.

The adult sample was a convenience sample drawn from the
campus of Purdue University and the local community during
the fall of 2008. A total of 57 participants, ages 21–65 years,
used the mobile telephone food record for meal session 1, and
24 (42%) returned for meal session 2 on a subsequent day
(Figure 1). During the premeal session, the participants provided
feedback regarding their perceptions of the mobile telephone
food record, as well as their current use of mobile telephones
and digital cameras, by responding to a series of statements and
questions. After using the mobile telephone food record in meal
session 1, the participants provided additional feedback during
the postmeal 1 session, during which they responded to a series
of statements regarding their perceptions of the mobile telephone
food record and preferences when using the mobile telephone
food record.

Figure 1. Study design, activities, and measures of participants using the mobile telephone food record. For 15 of the adolescent participants, meal
session 2 was later in the same day. For the remainder of participants, meal session 2 occurred on a different day. Adult participants were offered dessert
as a separate course. For meal session 1, 39 selected dessert, and for meal session 2, 15 selected dessert.
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Meal Sessions
The menus served to the adolescents have been described
previously [27]. For the adults, one breakfast menu and four
dinner menus were cycled between the sessions. Figure 2 shows
examples of meals served to adults and adolescents. Participants
received instruction for using the mobile telephone food record
during the premeal session (Figure 1). Use of the mobile
telephone food record involves recording images of a meal
before and after eating. Participants were instructed to include
two items in each image: (1) all food and beverage, and (2) the
entire fiducial marker (Figure 2). A fiducial marker is an object
of known dimensions and markings, which serves as a size
reference and must be included in the image [27]. The only
instruction provided to participants for placement of the fiducial
marker was to avoid placing it near beverages to prevent damage
to the object. The meal environment was set up to mimic a
restaurant dining atmosphere; however, participants were
instructed not to mix or share their foods. The participants took
an image of their meal prior to eating, saved the image, took an
image of their meal after eating, and saved the image.
Participants ate to satiation and, if they requested more, were
served a second meal. At three of the four adult dinner meals,
dessert was offered as a separate course. The process of
capturing images was repeated for these desserts and any
additional portions served.

We used HTC p4351 mobile telephones (HTC Corporation,
Taoyuan, Taiwan) running Windows Mobile 6.0 Professional
(2007; Microsoft Corporation, Redmond, WA, USA). The
software, described previously [28,29], guided the user to select
the meal occasion and capture an image of foods and beverages.
After capturing the image, the user was prompted to review the
image and was then given a choice to either retake or save the
image. Once the user was satisfied with the image, the mobile
telephone prompted the user to eat before proceeding to the next
screen. At the next screen, the user was prompted to take an
image of the place setting regardless of whether foods and
beverages remained. The final screen showed the before and
after images prior to exiting the program. If questions arose,
the participants were assisted during meals by trained nutrition
students. These students also recorded the number of
image-capturing attempts before and after meals, as well as the
number of images taken by each participant before capturing a
satisfactory image and whether participants sat or stood to take
images. Participants in the first adolescent sample were
compensated US $5 per meal. The second adolescent sample
participated for a 24-hour period and they were compensated
US $85 for their time. Participants in the adult sample were
compensated US $5 for the first meal session and US $15 for
the second meal session.

Figure 2. Images that demonstrate meeting two skills required for using the mobile telephone food record: included in the image are all foods and
beverages and the entire fiducial marker (checkerboard square).
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Image Evaluation: Skill Set
To assess the two skills of including all foods and beverages
and the entire fiducial marker in the image, the before and after
meal images were evaluated for the inclusion of these two
required items. When evaluating the inclusion of all foods and
beverages, the images were coded as yes if all of the foods and
beverages were visible in the image, no if any of the food or
beverage was not visible, or software programming error if the
image was unavailable due to software malfunction. When
evaluating for the inclusion of the entire fiducial marker, the
images were coded as yes if the entire fiducial marker was
visible in the image, no if a portion of the fiducial marker was
cut off, or software programming error. To evaluate the skill of
efficiently taking only one image, the number of images taken
by each participant before and after meal sessions was coded
as one image or greater than one image.

Feedback Session: Perceptions and Preferences
During the feedback sessions, we showed statements regarding
possible perceptions of the mobile telephone food record and
preferences when using the mobile telephone food record using
PowerPoint (Office 2007, PowerPoint 2007; Microsoft
Corporation). The participants responded to these statements
using a 5-category ordinal response scale (ie, strongly agree,
agree, neutral, disagree, and strongly disagree).

We showed the following five statements regarding perceptions
to all participants: (1) I think it would be easy to remember to
take an image before meals, (2) I think it would be easy to
remember to take an image after meals, (3) I think it would be
easy to remember to take an image before snacks, (4) I think it
would be easy to remember to take an image after snacks, and
(5) the software was easy to use.

We showed the following four statements regarding preferences
to all participants: (1) I think it would be easy to carry and use
a credit card-sized fiducial marker, (2) I think it would be easy
to carry and use a USB-sized fiducial marker (to denote size,
this was defined to participants as USB flash drive, USB
memory stick, USB jump drive, or USB thumb drive), (3) I
prefer to stand while taking an image, and (4) I prefer to sit
while taking an image.

The adolescents responded to these nine statements at the start
of the postmeal 1 session, followed by the advanced interactive
instruction. The adolescents’ responses were collected with the
eInstruction Classroom Performance System (eInstruction,
Cincinnati, OH, USA).

During the premeal session, participants in the adult sample
responded to perception statements 1–4. We asked the adults
questions to assess their previous experience capturing images
with digital cameras and mobile telephones. These were (1) Do
you own a digital camera? (2) How often have you taken
pictures with a digital camera? and (3) How often have you
taken pictures with a mobile telephone?

The response choices for these latter questions were frequently,
occasionally, and never or rarely. The adult participants
responded to the nine statements above in the postmeal 1
session. The adults recorded their responses on a paper form.

Statistical Analysis
We used data that we collected using the same methods among
the adults and the adolescents for statistical comparisons. To
further delineate differences by age, we divided the adolescent
sample into early and late adolescence: 11–14 years and 15–18
years, respectively. The adult sample was divided into early
and middle adulthood: 21–40 years and 41–65 years,
respectively. Descriptive analysis included frequencies and
percentages. Within both the adolescent and the adult samples,
we analyzed differences in age groups and gender using
chi-square. McNemar test was used for comparisons of the set
of skills for capturing images within the adolescents and within
the adults. For those comparisons, each skill (eg, all foods being
in image) was classified as yes (demonstrating the skill) or no
(not demonstrating the skill). Chi-square was used for
comparisons of the skill set between the adults and adolescents;
for these comparisons, we grouped no and software
programming error together. The 5-category ordinal response
scales used by the participants to provide their preferences and
perceptions were recoded as agree, neutral, or disagree. We
compared perceptions and preferences between adults and
adolescents using chi-square. For comparisons with an expected
cell count of less than 5, limiting the comparison to agree and
disagree eliminated the inadequate cell counts. We used SPSS
17.0 (IBM Corporation, Somers, NY, USA) for all statistical
analyses.

Results

A total of 135 participants (78 adolescents, 57 adults) used the
mobile telephone food record for meal session 1, and 94 (70
adolescents, 24 adults) returned to use the mobile telephone
food record for meal session 2. The descriptive characteristics
of both samples are in Table 1. The average meal duration was
14 minutes for adolescents and 20 minutes for adults. The
participants were of diverse ethnic backgrounds. Among the
adults, 87% (39/45) claimed to own a digital camera and almost
half (22/45, 49%) frequently used it to take pictures. All of the
adult participants owned a mobile telephone, but only 16%
(7/45) frequently took pictures with their mobile telephone.

Software programming errors occurred when saving the image
on the mobile telephone food record, making them unavailable
for the analysis. These errors resulted in partial loss of images,
either a before or an after image; however, no images were
available for only one adult participant, leaving 56 adults for
this analysis. Changes to the software were made after testing
it with the adolescents, which likely accounted for the reduction
in programming errors experienced by the adults. Table 2 shows
an evaluation of the participants’ ability to follow a defined set
of skills when capturing images with the mobile telephone food
record. The majority of adults (53/56, 95%) were able to include
all foods and beverages in both the before and after images for
meal session 1, while 96% (23/24) were able to do the same for
meal session 2. A statistically significantly lower proportion of
adolescents than adults were able to include all foods and
beverages in both the before and after images for meal session
1 (P = .008). This proportion improved to being similar to that
of the adults for meal session 2, as Table 2 shows.
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For both adults and adolescents, inclusion of the fiducial marker
in the image was more problematic than inclusion of all of the
foods and beverages (Table 2). There were no significant
differences between the adolescents and the adults. Among the
adult participants self-selecting desserts, the inclusion of all the
dessert and the fiducial marker was very high (Table 2). A
significantly higher proportion of adults than of adolescents had
to capture more than one image before (P = .03) and after (P =
.008) meal session 1 to obtain an image suitable for image
analysis (Table 3). This was also the case before and after meal
session 2 between adults and adolescents, although this
difference was not statistically significant. The adolescents
significantly improved their efficiency with capturing suitable
images from meal session 1 to meal session 2 (P = .04).

Table 4 shows perceptions of the mobile telephone food record
and preferences when using the mobile telephone food record.
The majority of both age groups (52/57, 91% of adults; 55/78,
71% of adolescents) agreed that the software was easy to use.

Although the adults needed to take more images, they still
perceived that capturing images with the mobile telephone food
record was easy; however, the proportion was not significantly
different from that of the adolescents. Compared with adults,
adolescents were less likely to agree that it would be easy to
take images before and after meals (P < .001).

Adolescents had a stronger preference than adults for the size
of the fiducial marker that they would be willing to use (Table
4). The majority of adolescents (55/71, 77%) and adults (52/57,
91%) reported being willing to use a credit card-sized fiducial
marker, but adolescents were less likely to prefer a USB-sized
fiducial marker (P = .002). Adolescents reported they would
prefer to stand while taking images (P < .001) while adults
preferred to sit (P = .002) while taking images. For all analyses
regarding skills, preferences, and perceptions, there were no
significant differences by gender, early adolescence and middle
adolescence, or early adulthood and middle adulthood.

Table 1. Characteristics of adults and adolescents testing the usability of the mobile telephone food record.

Adults

(n = 57)

n (%)

Adolescents

(n = 78),

n (%)

Characteristic

Gender

18 (32%)26 (33%)Male

39 (68%)52 (67%)Female

Age group (years)

NAa45 (58%)11–14

NA33 (42%)15–18

27 (47%)NA21–40

30 (53%)NA41–65

Ethnic group

4 (7%)1 (1%)Asian

0 (0%)7 (9%)Hispanic

45 (79%)55 (70%)Non-Hispanic white

2 (4%)10 (13%)Black/African American

6 (11%)5 (6%)Multiple

a Not applicable.
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Table 2. Evaluation of participants’ set of skills when capturing images with the mobile telephone food record.

Adults (n = 56)aAdolescents (n = 78)Skill

Software

error,

n (%)

No,

n (%)

Yes

n (%)

Software

errorb,

n (%)

No,

n (%)

Yes,

n (%)

All foods and beverages included in image

3 (5%)0 (0%)53 (95%)10 (13%)7 (9%)61 (78%)Meal session 1c

1 (4%)0 (0%)23 (96%)2 (3%)9 (13%)59 (84%)Meal session 2

0 (0%)0 (0%)39 (100%)NANANAeDessert session 1d

1 (7%)0 (0%)14 (93%)NANANADessert session 2d

Entire fiducial marker included in image

3 (5%)9 (16%)44 (79%)10 (13%)14 (18%)54 (69%)Meal session 1

1 (4%)5 (21%)18 (75%)2 (3%)15 (21%)53 (76%)Meal session 2

0 (0%)2 (5%)37 (95%)NANANADessert session 1d

1 (7%)3 (20%)11 (73%)NANANADessert session 2d

a Due to software programming error, n = 56 instead of 57.
b Paired images unavailable due to software programming errors.
c P = .008 using chi-square and comparing adolescents versus adults.
d Dessert was served as a separate course for adult participants. For meal session 1, 39 selected dessert, and for meal session 2, 15 selected dessert.
e Not applicable.
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Table 3. Comparisons between and within adolescents and adults of the number of images acquired prior to obtaining a suitable image.

Adults

(n = 56a meal session 1,

n = 24 meal session 2)

Adolescents

(n = 63 meal session 1,

n = 55 meal session 2)

Group

Data recording

errorb, n

>1 image,

n (%)

1 image,

n (%)

Data recording

errorb, n

>1 image,

n (%)

1 image,

n (%)

All participants

Meal session 1

629 (58%)21 (42%)223 (38%)38 (62%)Before imagec,d

625 (50%)25 (50%)415 (25%)44 (75%)After imagec,e

Meal session 2

29 (41%)13 (59%)412 (24%)39 (77%)Before image

06 (27%)16 (73%)411 (22%)40 (78%)After image

Matched participants f

Meal session 1

NA11 (55%)9 (45%)NAi20 (42%)g,h28 (58%)Before image

NA13 (65%)7 (35%)NA12 (25%)36 (75%)After imagec,j

Meal session 2

NA8 (40%)12 (60%)NA10 (21%)g,h38 (79%)Before image

NA6 (30%)14 (70%)NA11 (23%)37 (77%)After image

a Due to software programming errors, n = 56 instead of 57.
b Data recording error on the part of staff; therefore, numbers not included in percentages, which represent only users’ abilities.
c Comparison between adolescents and adults.
d P = .03.
e P = .008.
f Number of before and after meal images these participants took was recorded for both meal session 1 and meal session 2 (n = 48 session pairs for
adolescents; n = 20 session pairs for adults).
g Comparison between meal session 1 (before) and meal session 2 (before) within adolescents.
h P = .04
i Not applicable.
j P = .002.
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Table 4. Comparison of perceptions and preferences between adolescents and adults regarding use of the mobile telephone food recorda.

Adults (n = 57)Adolescents (n = 78)bPerceptions and preferences

Disagree,

n (%)

Neutral,

n (%)

Agree,

n (%)

Disagree,

n (%)

Neutral,

n (%)

Agree,

n (%)

Perceptions

4 (7%)1 (2%)52 (91%)6 (9%)9 (13%)55 (71%)The software was easy to use

5 (9%)5 (9%)47 (83%)22 (31%)22 (31%)26 (37%)I think it would be easy to remember to take

an image before mealsc

7 (12%)8 (14%)42 (74%)15 (21%)27 (38%)29 (41%)I think it would be easy to remember to take

an image after mealsc

30 (53%)12 (21%)15 (26%)46 (66%)16 (23%)8 (11%)I think it would be easy to remember to take
an image before snacks

25 (44%)13 (23%)19 (33%)37 (52%)19 (27%)15 (21%)I think it would be easy to remember to take
an image after snacks

Preferences

1 (2%)4 (7%)52 (91%)6 (8%)10 (14%)55 (77%)I think it would be easy to carry and use a
credit card-sized fiducial marker

4 (7%)15 (26%)38 (67%)22 (31%)19 (27%)30 (42%)I think it would be easy to carry and use a

USB-sized fiducial markerd

32 (56%)12 (21%)13 (23%)11 (16%)14 (21%)43 (63%)I prefer to stand while taking an imagec

10 (18%)8 (14%)39 (68%)23 (33%)21 (30%)25 (36%)I prefer to sit while taking an imaged

a Percentages do not add to 100% due to rounding.
b Missing values due to a malfunction of the eInstruction Classroom Performance System.
c P < .001 using chi-square and comparing adolescents versus adults.
d P = .002 using chi-square and comparing adolescents versus adults.

Discussion

This is the first study to systematically evaluate the abilities of
adolescents and adults to provide accurate images of an eating
occasion. A priori, we assumed that huge differences in skills
with technology between adolescents and adults would emerge;
however, other than number of images captured, nothing else
became obvious. The adolescents were more efficient: they took
fewer images than the adults. By the second meal, the
adolescents became even more efficient, whereas the adults
made insignificant gains. Also, by the second meal, the inclusion
of all foods in the images was the same between adults and
adolescents, whereas inclusion of the important nonedible item
(ie, the fiducial marker) was more problematic for both
adolescents and adults. These results support that the fiducial
marker was too large. As such, it was difficult to include in
images without being partially covered by a plate or utensil.
Evaluation of the images for the placement of the fiducial
marker revealed that the participants placed the fiducial marker
in various locations in the meal setting. Thus, work to reduce
the size of the fiducial marker is justified. For both age groups,
a notification from the device that the entire fiducial marker is
not in the camera’s field of view may be helpful in reminding
participants to include the entire fiducial marker when capturing
images. Clear instruction on the desired placement of the fiducial
marker may prevent the participant from spending time deciding
where to locate it in the meal setting, which might reduce the

burden of this task and translate to better cooperation with this
step.

We have also established that the perceptions and preferences
of adolescents and adults regarding use of the mobile telephone
food record were more disparate than their skill set. In particular,
adolescents were less likely than adults to agree that capturing
images of meals before and after would be easy. Adolescents
were more opinionated about preferring a credit card-sized
fiducial marker. The adolescents may have preferred a credit
card-sized fiducial marker because it could be easily carried in
a wallet. Finally, adolescents stated a preference to stand while
using the mobile telephone food record and adults preferred
sitting. This preference for standing is consistent with irregular
eating patterns and selecting snacks that are easily portable and
often eaten while standing [32,33].

Adolescents are typically the earlier and more eager adopters
of new technology [17]. Previous dietary assessment research
on adolescents showed that they preferred methods using
technology over typical paper or pencil methods [32]. In the
current study, adults were noticeably less confident than the
adolescents in using this new technology. Whereas the
adolescents were eager to use the mobile telephone food record
and quickly started taking images, the adults were much more
cautious and asked more questions prior to taking an image.
This could explain the adults being more likely to include all
foods and beverages in the image. However, the adolescents’
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skills matched the adults’after extensive training, a phenomenon
previously documented by Six and colleagues [27]. In all cases,
it is impossible to separate the participants’ skill in using the
mobile telephone food record from motivation to follow the
instructions given.

Despite the adolescents being observed as more confident and
comfortable when using the mobile telephone food record, they
were less likely to agree that it was easy to capture pre and post
meal images. This could be a result of differences in daily
schedules between the two age groups and may reflect
adolescents having more irregular meal times than adults
[14,15]. Alternatively, the adolescents may have higher
expectations of and demands from the technologies they use
[17].Therefore, for adolescents, improvements to the mobile
telephone food record might include more reminders throughout
the day to ensure that they capture both before and after meal
images. For all users, a reminder system, such as an alarm or
pop-up message, will likely be needed to remind participants
to record their snacks.

Based on the length of time between the before and after images,
the average meal duration was shorter for adolescents than for
adults. This information provides a basis for programming
age-specific software to start timing after the first meal image
is captured to initiate a reminder for taking the after image. Next
steps include testing the mobile telephone food record with
participants in a free-living environment to ascertain the true
level of burden, duration of cooperation, and accuracy of
recorded energy intake using a biomarker for energy, such as
doubly labeled water. There were minimal differences regarding
preferences, which will simplify the design process for the
mobile telephone food record for adults and adolescents.

Conclusions
The results of these studies will translate to minimal design
differences of the mobile telephone food record between

adolescents and adults. The majority of both adults and
adolescents were able to follow the defined set of skills when
capturing before and after images of their meals; however, these
results do provide evidence for the need for some age-specific
development of the mobile telephone food record, such as
reminder programming. The adults were more cautious than
the adolescents when taking images and as a result were more
likely to include all food and the fiducial marker, which are
necessary to capture an image suitable for image analysis.
However, adults had to take more images than adolescents
before capturing satisfactory ones. Although they were less
efficient, the adults perceived that remembering to capture
images with the mobile telephone food record would be easy.
Additional use of the mobile telephone food record improved
adolescents’perceptions and set of skills when capturing images.
Additional interactive training will likely be necessary for all
users to provide extra practice in taking images before entering
a free-living situation. The adolescents had a stronger opinion
about the size of the fiducial marker than the adults, suggesting
that the fiducial marker design needs to accommodate
adolescents over adults. Software improvements between the
adolescent and adult meal sessions greatly reduced the number
of software programming errors. Some problems will likely
never be entirely eliminated due to low battery power and other
software-related difficulties, but advances in technology will
ensure that these errors will become less frequent.

A more accurate method of dietary assessment will help
strengthen the ability of researchers to identify diet–disease and
diet–gene relationships. The data generated from a tool such as
the mobile telephone food record could be combined with
measures of the built environment to inform public policy and
assist in the development of nutrition interventions. Further,
novel dietary assessment methods will contribute to the growth
of mobile applications to enhance self-monitoring for diabetes,
weight control, and other diet-related diseases.
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Abstract

Background: For youth living with human immunodeficiency virus (HIV)/acquired immunodeficiency syndrome (AIDS),
nonadherence to antiretroviral therapy (ART) can lead to poor health outcomes and significantly decreased life expectancy.

Objective: To evaluate the feasability, acceptability, and preliminary efficacy of short message service (SMS) or text message
reminders to improve adherence to ART for youth living with HIV/AIDS.

Methods: We conducted this prospective pilot study using a pre–post design from 2009 to 2010 at a community-based health
center providing clinical services to youth living with HIV/AIDS. Eligibility criteria included HIV-positive serostatus, age 14–29
years, use of a personal cell phone, English-speaking, and being on ART with documented poor adherence. During the 24-week
study period, participants received personalized daily SMS reminders and a follow-up message 1 hour later assessing whether
they took the medication, and asking participants to respond via text message with the number 1 if they took the medication and
2 if they did not. Outcome measures were feasibility, acceptability, and adherence. Self-reported adherence was determined using
the visual analog scale (VAS) and AIDS Clinical Trial Group (ACTG) questionnaire 4-day recall. Viral load and CD4 cell count
were followed as biomarkers of adherence and disease progression at 0, 12, and 24 weeks.

Results: Participants (N = 25) were mean age 23 (range 14–29) years, 92% (n = 23) male, 60% (n = 15) black, and 84% (n =
21) infected through unprotected sex. Mean VAS scores significantly increased at 12 and 24 weeks in comparison with baseline
(week 0: 74.7, week 12: 93.3, P < .001; week 24: 93.1, P < .001). ACTG questionnaire 4-day recall also improved (week 0: 2.33,
week 12: 3.24, P = .002; week 24: 3.19, P = .005). There was no significant difference in CD4 cell count or viral load between
baseline and 12- or 24-week follow-up, although there was a trend toward improvement of these biomarkers and a small to
moderate standardized effect size (range of Cohen d: –0.51 to 0.22). Of 25 participants, 21 (84%) were retained, and 20 of the
21 (95%) participants who completed the study found the intervention helpful to avoid missing doses.

Conclusions: In this pilot study, personalized, interactive, daily SMS reminders were feasible and acceptable, and they significantly
improved self-reported adherence. Larger controlled studies are needed to determine the impact of this intervention on ART
adherence and other related health outcomes for youth living with HIV/AIDS.

(J Med Internet Res 2012;14(2):e51)   doi:10.2196/jmir.2015
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Introduction

Over one million people in the United States are living with
human immunodeficiency virus (HIV)/acquired
immunodeficiency syndrome (AIDS). Youth aged 12–29 years
account for more than a third of the approximately 50,000 new
HIV infections each year [1,2]. Nonadherence to antiretroviral
therapy (ART) can lead to poor health outcomes and
significantly decreased life expectancy, and it may increase the
risk of secondary transmission and the development of resistant
viral strains [3-7]. Challenges to adherence include pill burden,
dosing schedule, food restrictions, and side effects [8-11].
However, forgetting is the most commonly cited reason for
missing doses [12]. A range of strategies to improve adherence
to ART have been shown to be helpful for youth living with
HIV/AIDS, including directly observed therapy, reminder
devices, counseling, and telephone calls, but many of these
strategies are expensive, time consuming, and potentially
intrusive [13-17].

With over 230 million cell phones in use and 7 billion text
messages sent every month in the United States, text messaging
or short message service (SMS) has become a common mode
of communication among youth, including those who are
economically disadvantaged [18]. This low-cost, convenient
technology has provided benefit in a variety of health care
settings and has been shown to be an effective tool for behavior
change [19,20]. Evidence suggests that text messaging
interventions may increase medication adherence among
children and adolescents living with other chronic diseases such
as asthma and diabetes [21-25]. Several studies have used both
daily and weekly unidirectional, standardized SMS medication
reminders for HIV-positive individuals in low-resource settings,
but no published data have evaluated SMS medication reminders
among youth living with HIV/AIDS in the United States [26-28].

In particular, text messaging is well suited as a vehicle for
ecological momentary interventions; that is, mobile technology
can provide treatment to patients in real time and in their natural
environments [29]. Additionally, recent reviews of the literature
on text messaging interventions for health behavior change have
identified key characteristics for success, including interactivity
and tailoring of messages, which were associated with higher
retention rates in multiple studies [30].

The purpose of this pilot study was to evaluate the feasability,
acceptability, and preliminary efficacy of an interactive text
message reminder intervention for HIV-positive youth aged
14–29 years with demonstrated poor ART adherence. In
particular, we sought to establish the feasibility of using personal
cell phones for the intervention and our ability to retain youth
living with HIV/AIDS as participants over the study period.
We chose to pilot this intervention among youth with difficulty
adhering to ART, since they could potentially benefit most from
the reminders. We did not include a control condition given the
lack of any pilot data to support this approach; therefore, the

aims of this study were largely exploratory and meant to assess
initial efficacy for a larger controlled trial.

Methods

Eligibility criteria included HIV-positive serostatus, age 14–29
years, use of personal cell phone, English-speaking, and being
on ART with poor adherence. We defined poor adherence as
(1) missing more than 3 medication doses in the last month, or
(2) missing any doses in the last month and not achieving viral
supression after 24 weeks of an appropriate regimen, or (3)
being referred from a clinician who documented poor adherence
in the medical record defined by a report of any missed doses
to any member of the care team or not achieving viral supression
in the expected time period on an appropriate regimen. Possible
participants were recruited primarily from a multidisciplinary
program providing medical care and other support services to
youth living with HIV/AIDS, located at a lesbian, gay, bisexual,
and transgender-focused health center, and serving mainly young
men who have sex with men of color who have acquired HIV
through sexual activity. In this convenience sample, participants
were recruited and enrolled consecutively from June to
November 2009 and agreed to receive text messages over a
24-week study period. Participants received a US $40 incentive
at each visit to compensate for time, transportation costs, and
any additional charges incurred from the daily text messages.

At baseline, we collected demographic information and screened
participants for depression and substance abuse, as these have
been identified as factors affecting adherence [10,31]. We
collaborated with Intelecare, a Health Insurance Portability and
Accountability Act- and Health Information Technology for
Economic and Clinical Health Act-compliant vendor of SMS
health-related reminder services. At the time of enrollment,
patients worked with the study coordinator to design their own
personalized SMS reminder messages, which were programmed
through Intelecare’s website to be delivered daily at the time(s)
specified. Participants also designed a personalized follow-up
message 1 hour later assessing whether they took the medication,
and asking participants to respond via text message with the
number 1 if they took the medication and 2 if they did not.
Patients were encouraged to consider developing messages that
would respect their privacy if they did not want to disclose their
HIV diagnosis. Participants were able to contact the study
coordinator to change the message at any time throughout the
study period, and patients were asked to contact the study
coordinator to reprogram the message if at any time their mobile
service was interrupted.

Follow-up visits at 6, 12, 18, and 24 weeks included assessments
of adherence by visual analog scale (VAS) and the AIDS
Clinical Trials Group (ACTG) adherence questionnaire and
satisfaction surveys. The VAS prompts participants to rate
adherence in the last 4 weeks on a scale of 0% to 100%. The
VAS correlates highly with unannounced pill counts, 3-day
adherence recall, and viral load (ie, r > .7) [32,33]. Additionally,
participants responded to the following question from the ACTG
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adherence questionnaire (on a scale of 0 = never to 4 = all the
time): “Over the past 4 days, how closely did you follow your
specific medication schedule?” Viral load (HIV type 1
ribonucleic acid quantification) and CD4 cell count (absolute
and percentage) were abstracted from the patient’s chart at
baseline and at 12 and 24 weeks. See Figure 1 for details of the
study design and Multimedia Appendix 1 for screenshots of the
Intelecare platform used to send, recieve, and manage text
message data. Study completion was defined as attendance at
all study visits; responding daily to text messages was
encouraged but not required for study completion.

Descriptive and distributional analyses were performed to
describe the sample. Pre–post comparison of mean values and
related effect sizes (standardized and unstandardized) were used
to evaluate outcomes of interest. This pilot study was not
powered to detect statistically significant differences. For
assessment of pre–post changes in adherence levels and
biomarkers, we compared scores using a t test for paired
samples, with a significance level set at P ≤ .05 (2-tailed test),
with Cohen d calculated as a standardized measure of effect
size (controlling for dependency in paired values).

Figure 1. Study design. ACTG = AIDS Clinical Trials Group; Labs = laboratory tests; meds = medications; VAS = visual analog scale.

Results

Participants were primarily male and of racial ethnic minorities,
and had acquired HIV through unprotected sex (see Table 1).
The main outcome of interest was change in adherence at the
12- and 24-week follow-ups (in comparison with baseline) as
measured on the VAS. Mean VAS scores and responses on the
ACTG 4-day adherence recall significantly increased at the 12-
and 24-week follow-ups in comparison with baseline (see Table
2 and Table 3). On average, participants increased from a

baseline value of 74.7 on the VAS to over 90.0 at both the 12-
and 24-week follow-ups, with a standardized effects size (Cohen
d) greater than 1.0 at both follow-up points. Improvements in
adherence measures were seen as early as 6 weeks and sustained
throughout the 24-week study period. There was no significant
difference in CD4 cell count or viral load between baseline and
the 12- or 24-week follow-ups, although there was a trend
toward improvement of these biomarkers and a small to
moderate standardized effect size (range of Cohen d: –0.51 to
0.22).

J Med Internet Res 2012 | vol. 14 | iss. 2 | e51 | p.146http://www.jmir.org/2012/2/e51/
(page number not for citation purposes)

Dowshen et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


Table 1. Participants’ demographics characteristics (n = 25).

RangeSD or %Mean or nCharacteristic

14–293.0823Age (years), mean (SD)

7–18043.4b41Time since diagnosis (months), mean (SD)

1–24059.4b37Time since starting current ARTa regimen (months), mean (SD)

Gender, n (%)

92%23Male

8%2Female

Race/ethnicity, n (%)

60%15Black

8%2White

24%6Latino

8%2Multiracial

Mode of transmission, n (%)

12%3Perinatal

84%21Sexual contact

4%1Unsure

Medication regimen frequency, n (%)

80%20Daily

20%5Twice daily

a Antiretroviral therapy.
b Time on ART longer than time since diagnosis reflects delayed disclosure of diagnosis to perinatally infected youth.

Table 2. Baseline and follow-up adherence and biomarker outcomes (n = 21 of 25).

24 weeks12 weeksBaselineOutcome measure

P valueSDMeanP valueSDMeanSDMean

<.0017.793.1<.0016.693.316.574.7Adherence (VASa)

.0050.93.19.0020.43.241.12.33Prior 4-day adherence (ACTGb)

.2347.528.5.26521.1240.58930.82750.2Viral load

.37228.7544.8.12234.3552.8239.2501.5CD4 cell count

a Visual analog scale.
b AIDS Clinical Trials Group. Response scale: 0 = never, 4 = all the time.
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Table 3. Effect sizes and changes in adherence and biomarker outcomes from baseline to 12 and 24 weeks (n = 21 of 25).

24 weeks12 weeksOutcome mea-
sure

Effect size
(Cohen d)

P value95% CIChangeEffect size
(Cohen d)

P value95% CIaChange

1.13<.00110.5–26.518.51.18<.00110.4–27.018.6Adherence

(VASb)

0.73.0050.3–1.40.90.87.0020.4–1.40.9Prior 4-day
adherence

(ACTGc)

–0.51.23–7306.7 to 1863.3–2721.7–0.41.26–7067.0 to 2047.6–2509.7Viral loadd

0.22.37–56.3 to 142.943.30.4.12–15.05 to 117.651.3CD4 cell

countd

a Confidence interval.
b Visual analog scale.
c AIDS Clinical Trials Group. Response scale: 0 = never, 4 = all the time.
d Sample size n = 17 for viral load and CD4 cell count due to additional missing participants at 24 weeks.

Enrollment and retention of the study population was feasible
with 25 participants enrolled over a 6-month period
(approximately 4 participants enrolled per month), and with 23
of 25 (92%) and 21 of 25 (84%) of participants completing all
visits at 12 and 24 weeks, respectively (see Table 4). Of the 4
participants who did not complete the study, only 3 were lost
to follow-up; 1 had to be removed because of cell phone service
incompatibility with Intelecare technology. Of note, several
participants experienced a lapse in cell phone service (some due
to change in phone number, failure of payment, or a lost phone,
and 1 patient had the mobile phone stolen during an assault),
and none reported it directly to the study coordinator, but all
reported the interruption to their medical provider or case
manager during routine care, and the study coordinator was then
notified and messages were reprogrammed.

The intervention was rated highly on indicators of satisfaction:
at the 24-week follow-up, 17 of 21 (81%) participants who
completed the study said they would like to continue to receive

text messages after the end of the study, and 20 of 21 (95%)
participants indicated that the text messages helped them “very
much” to miss fewer doses of medication. Reasons why
participants did not find reminders helpful included being at
work during the day when they received the text message and
wanting to take their medications but not being able to check
messages; not having medications on hand; living temporarily
at a friend’s house where they were unable to store medications;
and being in a public place where they felt uncomfortable taking
their medications. Of note, all participants who completed the
study (n = 21) felt that the intervention would have been helpful
when they first started taking medication.

During the study period 15,387 messages were sent and received
through the Intelecare platform. Of the outgoing messages sent
1167 messages were not delivered and 14,220 messages were
successfully sent. Of the 7110 messages requesting a response,
3414 (48.02%) text message replies were sent by participants
indicating whether they took their medications.

Table 4. Feasibility and acceptability of the study intervention.

%n

Feasibility (n = 25)

84%21Rate of study completion

Acceptability (n = 21)

95%20Helpful to avoid missed doses?

76%16Helpful to remember refills?

71%15Helpful to remember medical appointments?

100%21Messages respected privacy?

81%17Received all messages?

81%17Would like to continue to receive reminders?

100%21Reminders would have been helpful when starting medications?
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Discussion

In this sample of 25 HIV-positive youth with previous difficulty
adhering to ART, personalized, daily text messaging
significantly improved self-reported adherence from baseline
to 12 and 24 weeks. Retention in the study was excellent,
participants reported high levels of satisfaction, and the vast
majority wanted to continue receiving reminders after the
24-week study period was completed. The lack of a significant
difference in biomarkers (CD4 cell count and viral load) was
likely due to the small sample size.

Major limitations of the study include absence of a control group
and lack of long-term follow-up after completion of the
intervention. However, given the paucity of data showing any
effective intervention to improve adherence among youth living
with HIV/AIDS, the pre–post difference reported in this study
is an important finding. In one study that did show improvement
with weekly text reminders and no improvement with daily
reminders among poorly adherent adults living with HIV/AIDS,
patients in the control group had worse virologic and
self-reported adherence than at baseline [26]. In the present
study, rates of self-reported adherence and virologic suppression
improved beginning at 6 weeks and were sustained over the
24-week study period, in contrast to Pop-Eleches and colleagues’
study, where standardized weekly and daily texts had a waning
effect on self-reported adherence and treatment interruptions
over time [26]. A recent randomized controlled trial of 19 adults
living with HIV with poor adherence showed a similar
improvement in adherence by self-report for those participants
randomly assigned to text message reminders personalized by
topic versus no change in adherence for those randomly assigned

to a reminder beep on a pager [34]. This study followed patients
for 6 weeks and did not include any biomarkers for adherence.
The similar rates of improved self-reported adherence sustained
over a longer period in our study, along with a trend toward
improvement and a moderate standardized effect size for the
difference in viral load from baseline to 24 weeks, further
support the possible utility of this intervention.

Additionally, previous studies of text messaging interventions
to improve adherence have used an interactive function and
tailored messages, but none have included a daily, real-time
interactive feature, and messages were not created individually
by participants. This study showed that it is feasible to employ
this intervention for a difficult-to-reach population using their
own mobile phones. The unique, interactive feature of this
intervention may provide additional information about timing
of missed doses and help to uncover barriers to adherence, other
than simply forgetting, that medical providers could use to
problem solve with patients. For example, algorithms could be
programmed so that if a patient did not respond for a certain
number of days the provider and patient could be alerted to
contact each other and address any issues in real time as opposed
to waiting for the next routine clinic visit.

In summary, this pilot study demonstrates that a daily,
interactive, personalized text message reminder intervention is
both feasable and acceptable and shows promise as a tool to
help HIV-positive youth adhere to ART. Larger controlled
studies are needed to determine the potential of this intervention,
not only to improve adherence to ART, but also to affect a broad
range of related health outcomes for youth living with
HIV/AIDS.
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Abstract

Background: Website-delivered physical activity interventions are successful in producing short-term behavior change. However,
problems with engagement and retention of participants in these programs prevent long-term behavior change. New ways of
accessing online content (eg, via smartphones) may enhance engagement in these interventions, which in turn may improve the
effectiveness of the programs.

Objective: To measure the potential of a newly developed smartphone application to improve health behaviors in existing
members of a website-delivered physical activity program (10,000 Steps, Australia). The aims of the study were to (1) examine
the effect of the smartphone application on self-monitoring and self-reported physical activity levels, (2) measure the perceived
usefulness and usability of the application, and (3) examine the relationship between the perceived usefulness and usability of
the application and its actual use.

Methods: All participants were existing members of the 10,000 Steps program. We recruited the intervention group (n = 50)
via email and instructed them to install the application on their smartphone and use it for 3 months. Participants in this group
were able to log their steps by using either the smartphone application or the 10,000 Steps website. Following the study, the
intervention group completed an online questionnaire assessing perceived usability and usefulness of the smartphone application.
We selected control group participants (n = 150), matched for age, gender, level of self-monitoring, preintervention physical
activity level, and length of membership in the 10,000 Steps program, after the intervention was completed. We collected website
and smartphone usage statistics during the entire intervention period.

Results: Over the study period (90 days), the intervention group logged steps on an average of 62 days, compared with 41 days
in the matched group. Intervention participants used the application 71.22% (2210/3103) of the time to log their steps. Logistic
regression analyses revealed that use of the application was associated with an increased likelihood to log steps daily during the
intervention period compared with those not using the application (odds ratio 3.56, 95% confidence interval 1.72–7.39). Additionally,
use of the application was associated with an increased likelihood to log greater than 10,000 steps on each entry (odds ratio 20.64,
95% confidence interval 9.19–46.39). Linear regression analysis revealed a nonsignificant relationship between perceived usability
(r = .216, P = .21) and usefulness (r = .229, P = .17) of the application and frequency of logging steps in the intervention group.

Conclusion: Using a smartphone application as an additional delivery method to a website-delivered physical activity intervention
may assist in maintaining participant engagement and behavior change. However, due to study design limitations, these outcomes
should be interpreted with caution. More research, using larger samples and longer follow-up periods, is needed to replicate the
findings of this study.

(J Med Internet Res 2012;14(2):e55)   doi:10.2196/jmir.1950
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Introduction

Physical inactivity has been identified as the fourth-leading risk
factor for global mortality, causing an estimated 3.2 million
deaths annually worldwide [1]. Regardless of the widespread
understanding of the benefits of a physically active lifestyle,
globally 60% of the population are considered insufficiently
active to receive any health benefits [2]. In an attempt to reduce
rates of physical inactivity, many behavioral modification
programs have been developed [3-5]. Health promotion
researchers have been quick to capitalize on the exponential
growth of the Internet, and over the past decade an increasing
number of interventions have been delivered online [6-11].
There is substantial evidence that online physical activity
promotion programs are successful in producing short-term
behavior change [12-14]. However, problems with engagement
and retention of participants in online physical activity programs
have been cited as an important issue preventing long-term
behavior change [15]. In a review of website-delivered physical
activity interventions, attrition ranged from 7% to 69%, with 9
of the 15 studies having an attrition of greater than 20% [15].
Several studies in this review also reported low exposure to
intervention materials, due to a decline in website logins as the
intervention progressed [15]. For example, in one study, website
visits significantly declined over the intervention; 77% of all
hits on the website were recorded in the first 2 weeks of the
8-week intervention [16]. It has been suggested that adjunctive
delivery modes may enhance engagement in online physical
activity interventions, which in turn may improve the
effectiveness of the programs [17,18]. For example, the use of
mobile phones in addition to an intervention website might be
beneficial, as phones offer additional convenience and flexibility
for the user, which may increase exposure to intervention
materials [19].

Over the past two decades, mobile phones have evolved
dramatically in both design and function, from simple call and
text devices to the more sophisticated mini-personal computers
known as smartphones. Mobile phones are more prevalent than
computers or Internet access across the globe [20,21], with
smartphones the fastest growing segment of the mobile handset
market [22]. Unlike traditional mobile phones, smartphones
allow individual users to install, configure, and run specialized
applications of their choosing. At the end of 2010, over 17,000
smartphone health applications were available for consumers
to download in major application stores [23]. It is estimated that
500 million people globally, out of a total of 1.4 billion
smartphone users, will be using health-related smartphone
applications by 2015 [23]. Despite the plethora of health- and
fitness-related smartphone applications available, there is limited
research into the effectiveness of these applications to promote
health behavior change [24,25]. It should be noted, however,
that technologies [26-28] relating to the self-monitoring of
physical activity show promise, but these applications have yet
to establish efficacy in terms of health behavior change. With
consumers estimated to spend approximately a cumulative of

80 minutes per day using smartphone applications [29], there
is a great potential for these devices to assist in health behavior
change.

Some online physical activity programs have successfully
included strategies to engage participants in self-monitoring
behaviors as a means of increasing and maintaining activity
levels [30-32]. One such program is 10,000 Steps
(www.10000steps.org.au). 10,000 Steps is a freely accessible,
ongoing, nonprofit, online physical activity health promotion
program that encourages the use of step-counting pedometers
to monitor daily physical activity levels [33,34]. With over
143,500 members [35] the 10,000 Steps program offers members
multiple online interactive features to encourage participants
to be active. One of the most prominent features of the website
is the Step Log, where participants can record and monitor their
daily physical activity levels [36]. The Step Log function on
the 10,000 Steps website is the catalyst for members to record
and monitor their activity levels. Evidence indicates that 10,000
Steps members engage with the website for approximately 44
days on average over their membership period [37]. Providing
an alternative tool to log steps for the 10,000 Steps members,
such as a smartphone application, may increase the duration of
engagement in the intervention, due to the increased convenience
such applications provide in eliminating the need to be at a
computer to log steps. This may be important, as there is
substantial evidence that the more frequently individuals engage
with an online health intervention, the more likely they are to
improve or maintain health-related behaviors [38]. To our
knowledge this remains untested in regard to the self-monitoring
of physical activity using both smartphone and website
platforms.

Thus, the purpose of this study was to measure the effectiveness
of a smartphone application, the iStepLog, to improve health
behaviors in existing members of an online physical activity
program (10,000 Steps, Australia). The aims of the study were
to (1) examine the effect of the smartphone application on
self-monitoring and self-reported physical activity levels, (2)
measure the perceived usefulness and usability of the
application, and (3) examine the relationship between the
perceived usefulness and usability of the application and its
actual use.

Methods

Participants
In a first step to test the potential of the iStepLog, we recruited
intervention participants from the 10,000 Steps program, via
an email (n = 6067) to members who had remained engaged
with the intervention over a period of time (logged steps on at
least one occasion in the 3 months preintervention). A total of
91 individuals responded, of whom 50 (24 women) met the
inclusion criteria of having access to an iPhone or iPod touch
for the duration of the study, as the iStepLog application was
designed for the Apple platform. The study design was a 2-arm
matched case–control trial. Intervention participants were
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matched to a control group (n = 150) of current 10,000 Steps
members who were comparable in age, gender, length of
membership, and average number and frequency of steps logged
for the 3 months immediately preintervention. We specifically
chose these matching characteristics, as they are potential
confounding variables when comparing the two groups.

Application
The iStepLog application was designed to allow members of
the 10,000 Steps program to record their daily physical activity
levels on their mobile device and synchronize this information
with their online Step Log (see Figure 1). Built-in tracking

software was integrated into the application to allow researchers
to monitor how much time participants spent using the
application, how often they used the application to log steps,
and which features of the application were most popular. Prior
to this research, 10,000 Steps staff conducted a laboratory-based
usability study using qualitative and quantitative measures to
systematically improve the usability of the design of the
iStepLog application. The outcomes of this research revealed
that improvements to the iStepLog application in both aesthetic
design and functionality resulted in increased performance of
the application, in terms of both efficiency of use and a
decreased number of problems experienced by users.

Figure 1. Design of iStepLog application. Top, left to right: login screen, step log screen, enter steps screen. Bottom, left to right: review steps screen,
sync to Web screen, syncing screen.

J Med Internet Res 2012 | vol. 14 | iss. 2 | e55 | p.154http://www.jmir.org/2012/2/e55/
(page number not for citation purposes)

Kirwan et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


Procedures
After providing informed consent, the intervention group
received the iStepLog application, to use on their own iPhone
or iPod touch for 3 months. Participants in the intervention
group were emailed an attachment with the iStepLog application,
with instructions on how to install it on their smartphone. Over
the course of the 3-month intervention (August to October
2009), these participants were able to log their steps either by
using the iStepLog application on their device or by using the
10,000 Steps website (see Figure 2). Intervention participants
were free to use either technology as they preferred; we did not
require participants to continue to use the website during the
intervention. Immediately following the study, we asked the
intervention participants to complete a 10-item questionnaire
concerning the usability and usefulness of the iStepLog
application (see Table 1).

We selected matched group participants retrospectively, with
the primary investigator blinded to the study period data and a
strict protocol adopted. The matching procedure was performed
for each intervention participant. The protocol followed was to

first identify those individuals comparable in age (within 1 year
either side) and of the same gender of the intervention
participant. Of these individuals, we then isolated a cohort of
possible matches. Possible matches had to be comparable for
the number of steps logged each month (within 1000 steps either
side) for the 3 months preintervention, as well as the frequency
at which steps were logged each month (within one entry either
side). From this selection, we chose the 3 individuals who most
closely matched the length of time the intervention participant
had been a member of 10,000 Steps. Matched group participants
did not have access to the iSteplog application until after the
completion of the study, when the application was officially
launched in November 2009 and became available for dowload
in Apple's online store (as of March 2012, more than 20,000
downloads of the application have been registered by Apple
iTunes). On joining the 10,000 Steps program, the matched
group participants had provided consent for their data to be used
for research purposes. Ethics approval was gained from
CQUniversity Human Research Ethics Committee prior to
commencement.

Figure 2. Procedure for intervention participants to upload their daily steps to the 10,000 Steps Web server.

Measures
Data concerning participants’usage of the iStepLog application
and 10,000 Steps website were collected. This information
included total number of steps logged over the period of the
intervention; total number of days steps were logged; total
number of days steps were logged via the application compared
with a Web browser; and time spent using the iStepLog
application on each occasion over the intervention period. As
the iStepLog was not designed to automatically monitor steps,
participants self-reported their step count and may have used a

10,000 Steps-supported pedometer (Yamax Digiwalker; Yamasa
Tokei Keiki Co, Ltd, Tokyo, Japan), which is known to have
high reliability [39] and validity [40], or they may have used a
pedometer of another brand; we did not know the participants’
choice of pedometer.

When completing the usability and usefulness questionnaire,
intervention participants rated their experience using a 5-point
Likert scale (ranging from 1, strongly disagree to 5, strongly
agree). The questions were based on a similar survey from a
study evaluating the usability of the 10,000 Steps website [41].
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Statistical Analysis
We calculated descriptive statistics and means for all variables.
The continuous variable of total number of days on which steps
were logged was dichotomized to those participants who logged
steps every day and those who did not log steps every day,
regardless of the device used to log steps (computer or
smartphone). We selected this dichotomization because it has
been suggested that the daily monitoring of physical activity
levels alone may be enough to facilitate a change in behavior
[42]. Logistic regression analyses were conducted to calculate
the odds ratios and 95% confidence intervals of the intervention
group logging steps on a daily basis and recording over 10,000
steps on each entry, compared with the matched group.
Measured by Likert scale data, subjective usability and

usefulness survey items from the intervention group were
reverse scored so that higher values represented more favorable
responses to the questions. We performed factor analysis using
principal components analysis and varimax rotation on the
overall scale to identify factors within the overall scale. Factor
analysis provided two definable factors with eigenvalues over
1.0, and all items had factor loadings of at least 0.5; both factors
contained five questions each. One item (question 6) displayed
significant cross-loading on both factors, and we determined
that from a theoretical perspective this item aligns more closely
with the second factor; we therefore included this item on the
second factor for all subsequent analysis. Table 1 lists questions
included in the first factor, defined as usability (questions 1 to
5). We defined the second factor (questions 6 to 10) as
usefulness.

Table 1. Outcomes of the usability and usefulness questionnaire (n = 44), rated on a scale from 1 (strongly disagree) to 5 (strongly agree).

Agree or strongly

agree, n (%)

Rating,

mean (SD)

Questionnaire item

Usability

91% (40/44)4.45 (0.66)I think the iStepLog application is user-friendly1

89% (39/44)4.24 (0.66)I like the overall presentation and layout of the iStepLog application2

95% (42/44)4.48 (0.59)I was able to easily find my way around the iStepLog application3

91% (40/44)4.39 (0.65)I was able to easily enter and edit my steps in the application4

80% (35/44)4.21 (0.81)I was able to easily sync my steps to the 10,000 Steps website5

89% (39/44)4.35 (0.67)Scale average of questions 1 to 5

Usefulness

89% (39/44)4.50 (0.70)It was convenient for me to use the iStepLog application6

84% (37/44)4.35 (0.75)I prefer to use the iStepLog application rather than go to the 10,000 Steps website
to enter my steps

7

80% (35/44)4.00 (0.83)The iStepLog encouraged me to log my steps more often than before it was
available

8

84% (37/44)4.33 (0.76)I didn’t visit the 10,000 Steps website as often because I used the iStepLog appli-
cation

9

89% (39/44)4.47 (0.70)I would like to continue using the iStepLog application10

84% (36.8/44)4.33 (0.75)Scale average of questions 6 to 10

Usability and usefulness scores were calculated as the mean of
scale items. We used separate linear regression models to
examine the relationship between use of the application
(dependent variable), in terms of total number of days
participants logged steps, and the perceived usability and
usefulness of the application (independent variables). We used
PASW version 18.0 (IBM Corporation, Somers, NY, USA),
with the significance level being set at alpha =.05.

Results

Table 2 outlines the variables matched for both groups. The
average age of intervention group participants was 39.3 (SD
12.8) years and covered a wide age range (17 to 64 years); and
48% (n = 24) were women. As the intervention sample was
matched with 10,000 Steps participants with similar
demographics, the average age in the matched group was 40.1
(SD 12.1) years and 48% (n = 72) were also women.

Intervention and matched participants were matched on the
amount of time they had been members of the 10,000 Steps
program, ranging from 40 to 820 days. An independent t test
revealed no significant difference in the duration of membership
(t198 = 0.779, P = .44) between the intervention and matched
participants.

Table 3 outlines the findings concerning use of the iStepLog
application of the 10,000 Steps program. Over the study period,
the frequency with which participants logged steps declined
significantly in the matched group (61 days preintervention, 41
days intervention), compared with the intervention group, which
maintained their frequency of logging (61 days preintervention,
62 days intervention). In the 3 months preintervention, both
groups were logging on average 10,000 steps on each occasion.
During the study period the intervention group maintained their
step count, but the matched group logged a significantly lower
number (mean 6274.73, SD 2106.11 steps, P < .001). Logistic
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regression analyses revealed that use of the application was
associated with an increased likelihood to log steps on a daily
basis during the intervention period compared with those not
using the application (odds ratio 3.56, 95% confidence interval
1.72–7.39). Additionally, we found that the use of the
application was associated with an increased likelihood to log

greater than 10,000 steps on each entry (odds ratio 20.64, 95%
confidence interval 9.19–46.39). Further analysis revealed that
that the intervention group used the iStepLog application 71.22%
(2210/3103) of the time to log steps when compared with a
traditional Web browser (893/3103, 28.8%). Participants spent
approximately 9 seconds using the application on each occasion.

Table 2. Matched variables for the intervention and matched groups.

P valueMatched

(n = 150)

Intervention

(n =50)

.9740.1 (12.1)39.3 (12.8)Age (years), mean (SD)

72 (48%)24 (48%)Gender (female), n (%)

.44430.31 (389.24)426.79 (373.18)Length of membership (days), mean (SD)

.6710635.43 (3987.20)10980.33 (3308.36)Steps logged per day in the 3 months preintervention, mean (SD)

.9461.30 (10.06)60.90 (11.02)Total days steps logged 3 months preintervention, mean (SD)

Table 3. Self-monitoring results for the intervention and matched groups over the 3-month intervention period.

Matched

(n = 150)

Intervention

(n = 50)

41.36 (12.25)*62.06 (12.48)Total days steps logged, mean (SD)

6274.73 (2106.11)*11140.22 (4121.33)Daily steps logged across study period, mean (SD)

NAa2210/3103 (71.22%)Ratio of steps logged using iStepLog application, n (%)

NAa11.1 (3.74)Total time iStepLog application used per participant (minutes over intervention
period), mean (SD)

NAa9.33 (3.21)Time per usage (seconds), mean (SD)

a Not applicable.

Table 1 shows the mean scores for the 10 usefulness and
usability questionnaire items. In the intervention group, 6
participants did not complete the final questionnaire. Over 80%
of respondents reported either agreeing or strongly agreeing
with each item, which resulted in a high mean overall score for
usefulness (mean 4.33, SD 0.75) and usability (mean 4.35, SD
0.67). Internal consistency (Cronbach alpha) for the usability
(alpha = .88) and usefulness questionnaire items (alpha = .88)
was high, indicating acceptable reliability of the measure. Linear
regression analysis on both factors revealed a nonsignificant
relationship between perceived usability (r = .216, P = .21) and
usefulness (r = .229, P = .17) of the application and frequency
of logging steps within the intervention group.

Discussion

This study examined the effectiveness of a smartphone
application in increasing the frequency of self-monitoring of
physical activity in active members of the online-delivered
10,000 Steps program. There is limited research measuring the
usage of a health-related smartphone application and its effect
on the behavior of users. The majority of health applications
available for consumers are funded by commercial
organizations, which are disinclined to distribute their usage
information in a competitive market.

The iStepLog application was developed as an additional mode
of delivery, to supplement the existing online method of
interaction with the 10,000 Steps program. This research
revealed that the iStepLog application assisted participants in
maintaining engagement with the program. This is in contrast
to the matched group, which had a significant decline in the
frequency and number of steps logged over the intervention
period. The difference in average daily steps between the groups
is important from a health perspective because, according to
established guidelines [43], the intervention group was
considered to be active before the intervention and maintained
this level of physical activity during the intervention period.
Similarly, the matched group was considered to be active prior
to the study period; however, this group declined to a level
considered as somewhat active. The finding that the intervention
group maintained their frequency of logging steps and the
amount of activity over the study period is encouraging, as there
is substantial evidence that the more frequently individuals
engage with an online health intervention, the more likely they
are to improve or maintain health-related behaviors [38].
Glasgow and colleagues [44] measured usage patterns of their
diabetes self-management website and found that greater use
of the website, and especially engagement in self-monitoring,
was related to greater improvement in physical activity. Over
the 4-month intervention period (112 days), diabetes patients
logged their activity levels on average 53% of the time (59
days). In comparison, our study, conducted over 3 months (90
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days), found that intervention participants logged their activity
levels 69% of the time (62 days). The frequency with which
participants logged steps was much higher in our study, and
this may be attributed to the addition of the iStepLog application.
Further research needs to be conducted to evaluate the long-term
impact on health outcomes, incorporating objective measures
of physical activity.

The high usage frequency (average of 40 times during the study
period) and proportion of time (71% smartphone vs 29%
website) the iStepLog application was used, and the high
usability and usefulness scores suggest that intervention
participants not only liked the design of the application, but also
found it convenient and used it frequently. In our research,
usability and usefulness of the iStepLog application were not
significantly correlated with usage. This is likely due to the high
usability and usefulness scores recorded across all intervention
participants; this ceiling effect limits the variability in the scores
to enable such a correlation.

Usage of the iStepLog application was high, when compared
with a recent survey conducted by the Consumer Health
Information Corporation, which found that smartphone
applications have a high rate of dropouts, with 26% being used
only once and 74% being discontinued by the 10th use [45].
This is encouraging, as it is established that for a user to adopt
and frequently use a smartphone application they must consider
it both usable and useful [46]. Considering that lack of usability
and usefulness are top reasons for users to discontinue
smartphone application usage [45], our findings illustrate how
important it is not only to measure uptake and usage of
smartphone applications, but also to consider measuring
usability and usefulness, as this influences long-term adoption
[47]. The average time spent using the application on each
occasion in this study (9.3 seconds) is at the lower end of the
range reported by others, ranging from 10 to 250 seconds [48].
In light of the intent of the iStepLog application to log steps
and of the high usability scores in this study, we do not view
this as a negative; rather it is consistent with the intent and
design of the application to provide participants with a
time-efficient mode of logging steps.

The effectiveness of smartphone applications to improve health
behaviors is an emerging field of research. Abroms and
colleagues [49] have examined the quality of the content
provided in smoking cessation smartphone applications. They
found that the 47 applications had low levels of adherence to
established guidelines for smoking cessation [49]. Abroms and
colleagues recommended that current applications be revised
and all future applications be developed around evidence-based
practices. With no current regulation of the health advice
provided in smartphone applications, their recommendations

are pertinent. Quality control is definitely a concern and very
relevant considering the plethora of health applications (17,000)
available for smartphone users [23]. Companies such as Apple
have established guidelines for smartphone applications
development, but these guiding principles relate solely to
aesthetic design and functionality, and not to content. As
Abroms and colleagues’ [49] research highlighted, many
health-related smartphone applications are providing
misinformation. Further research needs to be conducted to
establish both the quality of information provided and the
efficacy of these applications in improving consumer health.

Several limitations of this study should be noted. This study
design was a matched case–control trial of short duration with
a small sample size, and this limits the generalizability of the
findings. Due to the low response rate and eligibility criteria
(being a 10,000 Steps member and owning an iPhone),
intervention group participants were not representative of the
wider population. The intervention group was also self-selected
and may have been more motivated than the matched group;
however, we attempted to limit this by matching this group on
key demographic variables. A further limitation is that
intervention participants knew they were part of a research study
and were given an innovative self-monitoring tool, and this may
have influenced their behavior, whereas this was not the case
in the control group. Concomitantly the matched group did not
receive a stimulus, and this may explain their lack of
engagement and interaction with the 10,000 Steps program over
the study period. Despite these limitations, this research
contributes to a paucity of work concerning smartphone
applications and their use as a health promotion tool. The results
of this study highlight the importance of continuing to evaluate
the effectiveness of smartphone applications to influence health
behaviors.

The outcomes of this study suggest that the use of a smartphone
application to self-monitor physical activity may assist in
maintaining an active lifestyle. Further, providing a smartphone
application as an adjunct tool for the delivery of an online
physical activity promotion program may assist with maintaining
participant engagement. From this study we have gained insight
into the potential of smartphone applications to improve health
behaviors. However, due to study design limitations, the
outcomes should be interpreted with caution. More research is
needed to determine the long-term outcomes of adopting this
third generation of wireless technology as a tool in health
promotion. In particular, examining the effectiveness of the
iStepLog application among new users not previously exposed
to a physical activity intervention could provide important
insight into the effectiveness of this technology in supporting
behavior change.
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Abstract

Background: Crowdsourced health research studies are the nexus of three contemporary trends: 1) citizen science
(non-professionally trained individuals conducting science-related activities); 2) crowdsourcing (use of web-based technologies
to recruit project participants); and 3) medicine 2.0 / health 2.0 (active participation of individuals in their health care particularly
using web 2.0 technologies). Crowdsourced health research studies have arisen as a natural extension of the activities of health
social networks (online health interest communities), and can be researcher-organized or participant-organized. In the last few
years, professional researchers have been crowdsourcing cohorts from health social networks for the conduct of traditional studies.
Participants have also begun to organize their own research studies through health social networks and health collaboration
communities created especially for the purpose of self-experimentation and the investigation of health-related concerns.

Objective: The objective of this analysis is to undertake a comprehensive narrative review of crowdsourced health research
studies. This review will assess the status, impact, and prospects of crowdsourced health research studies.

Methods: Crowdsourced health research studies were identified through a search of literature published from 2000 to 2011 and
informal interviews conducted 2008-2011. Keyword terms related to crowdsourcing were sought in Medline/PubMed. Papers
that presented results from human health studies that included crowdsourced populations were selected for inclusion. Crowdsourced
health research studies not published in the scientific literature were identified by attending industry conferences and events,
interviewing attendees, and reviewing related websites.

Results: Participatory health is a growing area with individuals using health social networks, crowdsourced studies, smartphone
health applications, and personal health records to achieve positive outcomes for a variety of health conditions. PatientsLikeMe
and 23andMe are the leading operators of researcher-organized, crowdsourced health research studies. These operators have
published findings in the areas of disease research, drug response, user experience in crowdsourced studies, and genetic association.
Quantified Self, Genomera, and DIYgenomics are communities of participant-organized health research studies where individuals
conduct self-experimentation and group studies. Crowdsourced health research studies have a diversity of intended outcomes
and levels of scientific rigor.

Conclusions: Participatory health initiatives are becoming part of the public health ecosystem and their rapid growth is facilitated
by Internet and social networking influences. Large-scale parameter-stratified cohorts have potential to facilitate a next-generation
understanding of disease and drug response. Not only is the large size of crowdsourced cohorts an asset to medical discovery,
too is the near-immediate speed at which medical findings might be tested and applied. Participatory health initiatives are expanding
the scope of medicine from a traditional focus on disease cure to a personalized preventive approach. Crowdsourced health
research studies are a promising complement and extension to traditional clinical trials as a model for the conduct of health
research.

(J Med Internet Res 2012;14(2):e46)   doi:10.2196/jmir.1988
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Introduction

Crowdsourced health research studies are the nexus of three
contemporary trends: citizen science (non-professionally trained
individuals conducting science-related activities), crowdsourcing
(use of web-based technologies to recruit project participants),
and medicine 2.0 / health 2.0 (active participation of individuals
in their health care particularly using web 2.0 technologies).
Crowdsourced health research studies have arisen as a natural
extension of the activities of online health social networks and
communities. Studies may be researcher-organized or
participant-organized. Professional researchers crowdsource
cohorts from health social networks for the conduct of traditional
studies. In contrast, participants organize their own health
research studies through health social networks and health
collaboration communities; these communities are created for
the purpose of self-experimentation and for the investigation
of shared health concerns together in groups. Before embarking
on a narrative overview of crowdsourced research studies, I will
first consider the definition of citizen science, crowdsourcing,
medicine 2.0 / health 2.0, and crowdsourced health research
studies. I will then provide an overview of crowdsourced health
research studies that have been conducted by professional
researchers and/or participants. Finally, I will discuss the
limitations of these methods, and offer conclusions.

Citizen Science
Citizen science is the conduct of science-related activities by
individuals who have no formal training in a field specific to
the topic of investigation. Citizen science practitioners may
include laypersons, scientists, or professionals trained in other
fields. Citizen science projects have been in existence for
hundreds of years; the professional scientist is a relatively recent
incarnation. One prominent example of citizen science is the
National Audubon Society’s annual Christmas bird watch, in
its 112th year with tens of thousands of participants in 2011 [1].
Another high-profile project is Galaxy Zoo, where over 250,000
individuals have annotated astronomical data from the Sloan
Digital Sky Survey, surprising project organizers by completing
50 million images in the first year as opposed to an anticipated
1 million [2]. A citizen science referral and advocacy website,
SciStarter [3], listed 340 projects for participation as of January
2012 in 20 areas ranging from the environment to health. The
Citizen Science Alliance [4] is another industry group which
supports citizen science and coordinates Galaxy Zoo and other
astronomy-related projects.

Crowdsourcing
Crowdsoucing is the practice of obtaining participants, services,
ideas, or content by soliciting contributions from a large group
of people, especially via the Internet [5]. Canvasing vast
numbers of individuals through an open call facilitates
self-selection. In particular, there is potential for crowdsourcing
to capitalize on the input of interested and fit individuals who
have the best ideas and bring a diverse set of skills and

backgrounds to bear on the current task. Some notable examples
of successfully crowdsourced projects are discussed in The
Wisdom of Crowds [6] and Wikinomics [7].

Medicine 2.0 / Health 2.0 and Participatory Medicine
Some of the early definitional discussions of medicine 2.0 /
health 2.0 (which are largely used synonymously [8]) occurred
in 2008 and focused on the deployment of social media in the
health context; that is, that medicine 2.0 / health 2.0 is the use
of web 2.0 tools (eg, blogs, podcasts, tagging, search, wikis,
video) by health care actors to improve collaboration and
personalize health care [8,9]. In 2010, a related concept,
participatory medicine, was introduced to emphasize the active
participation of individuals: “This new definition devised by
the board of the Society of Participatory Medicine is a
movement in which networked patients shift from being mere
passengers to responsible drivers of their health, and in which
providers encourage and value them as full partners [10].”

These definitions have helped to undergird the medicine 2.0 /
health 2.0 and participatory medicine movement. A Pew Internet
study found that 27% of US Internet users had tracked health
data online and 18% had sought to locate others with similar
health concerns via the Internet [11]. At present, individuals
have the opportunity to self-manage their health using web 2.0
tools, smartphone health applications, online personal health
records, and health social networks. Health social networks,
essentially Facebook or LinkedIn for health interest areas, are
online communities where individuals may find and discuss
information about conditions, symptoms, and treatments;
provide and receive support; enter and monitor data; and join
health studies [12]. Health social networks exemplify the
predicted progression of engagement in online communities,
escalating in three stages from information-sharing, to
cooperating, to participating in collaborative action [13]. As of
January 2012, some of the largest health social networks for
patients are MedHelp (claiming over 12 million monthly
visitors), PatientsLikeMe, DailyStrength, Tudiabetes,
CureTogether, and Asthmapolis; and for physicians, Sermo,
Ozmosis, and RadRounds [14].

Crowdsourced Health Research Studies
The nexus of these trends—citizen science, crowdsourcing, and
medicine 2.0 / health 2.0—is crowdsourced health research
studies. One indication of the relative newness, growth, and
interest in this area is the exponential rise in recent Internet
activity in crowdsourced health research. In 2011, 1,920,000
results were returned for a Google search of the terms
‘crowdsourcing and health’; in 2010 and 2009 the comparative
figure was 669,000 and 318,000 respectively. In January 2012,
the term ‘crowdsourcing’ in a PubMed search yielded 16
publications, 13 of which were published in 2011.

Crowdsourced health research studies may be a blend of
crowdsourcing and citizen science. In addition, these terms are
often used interchangeably. This lack of precision in language
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is an artifact of the relative newness of these concepts that are
being defined through use. Within crowdsourced studies,
participants are recruited via crowdsourcing (eg, recruited online
with a website or an open call to a large potential audience using
Internet-related technologies). In crowdsourced studies
participants could be subjects not performing any science-related
activities themselves, and therefore would not be considered
citizen scientists. The use of the term ‘citizen scientist’ denotes
the conduct of science-related activities by participants.
Examples are citizen scientists being crowdsourced to annotate
astronomical data in the Galaxy Zoo projects, or when an online
crowd analyzed scientific images of cells in a tuberculosis study
[15]. There may be many other permutations. Citizen scientists
might be crowdsourced for idea generation and hypothesis
formation, data collection, results analysis, results dissemination,
and/or study funding (‘crowdfunding’).

In addition to opportunity for participant engagement,
crowdsourced research may be different to traditional studies
in other ways. First, crowdsourced research provides opportunity
for more levels of openness and privacy, as participants decide
what data to share with whom. One potential result is that there
is less regulated protection of research subjects. Instead
individuals take responsibility for informing themselves
(possibly in consultation with physicians) about
self-experimentation or study participation. Second, within
crowdsourced research the rewards may accrue more directly
to study participants and health communities as opposed to
study funders in the more traditional model. Third, funding may
come from alternative sources such as academia, industry,
patient advocacy groups, research foundations, social venture
capital, crowdfunding, and self-funding.

In this article, the term ‘crowdsourced health research studies’
is used to indicate that health study participants are recruited
with crowdsourcing (eg, Internet-based) techniques. Study
participants may or may not be acting as citizen scientists (ie,
conducting science-related activities).

Participant Motivations and Expectations
Individuals have a variety of motivations for participating in
crowdsourced health research studies. On a personal level, they

may be drawn by natural curiosity, wanting to tinker and test
hypotheses in a health interest area. Individuals taking a broader
societal perspective may wish to participate in, contribute to,
impact on, and at times conduct, projects that are outside the
scope of traditional research. Another dimension of the broader
societal perspective is how individuals may view themselves
in relation to society. There is a developing notion of
biocitizenry: that being a citizen scientist, and sharing personal
health information, or using it as a currency for gaining access
to studies could be considered acts of citizenship [16,17].

The direct and personal connection that individuals have to
health makes crowdsourced health research distinct from other
crowdsourced studies. Perhaps due to this personal connection,
and the ease of self-tracking and experimenting with
interventions, the role of the participant is expanding more
quickly in health compared to other citizen science areas. In
particular, the participant is engaging not just as a provider of
outsourced data collection, but also helping with data analysis,
and possibly the design and conduct of studies. Participant
expectations of their engagement in crowdsourced studies are
also different as they make demands on study organizers to
return study data, provide interpretive personalized
recommendations, and want the ability to communicate with
other study participants [18].

Types and Methods of Crowdsourced Health Research
Studies
Crowdsourced health research studies can be
researcher-organized or participant-organized.
Researcher-organized studies are typically traditional studies
organized by institutionally-trained researchers using
crowdsourced health social network cohorts or crowdsourced
data as the input or research focus; for example, studies
organized by PatientsLikeMe [19] and 23andMe [20].
Participant-organized studies are usually designed and operated
by citizen scientists; for example, those conducted by
PatientsLikeMe patients, DIYgenomics citizen scientists [21],
and Quantified Self individual experimenters [22].

The research methods available in crowdsourced health research
studies are detailed in Table 1.

Table 1. Research methods employed to date in crowdsourced health research studies.

Research methods and types of data availableStudy organizer

Researcher-organized studies

Self-reported data, survey questionnairesPatientsLikeMe

Genotyping data, survey questionnaires23andMe

Participant-organized studies

Genotyping data, blood test result PDF files, self-reported data, survey
questionnaires

Genomera, Althea Health, DIYgenomics

Self-tracking device data (eg, myZeo, FitBit, TelCare, etc.), self-reported
data (manually collected)

Quantified Self

Principal Aim of This Study
The principal aim of this analysis is to provide an overview of
crowdsourced health research studies. The narrative will

characterize the nature of current activity and highlight
differences between crowdsourcing and traditional
methodologies.
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Methods

An analysis of crowdsourced health research studies was
undertaken through a literature search and interviews. The
literature review consisted of first generating a list of potential
published studies for inclusion by searching the keyword terms
‘crowdsourcing, crowdsourced, patient-organized, participatory,
self-experimentation, PatientsLikeMe, and 23andMe’ in
Medline/PubMed, ISI Web of Science, and Google Scholar.
Further searches in the same engines were then conducted for
other papers by authors of the publications found in the initial
search. Additional papers were also selected from the
bibliographies of initially retrieved articles. Searches were
conducted of papers published from 2000 to 2011. The inclusion
criteria were that papers needed to report on (1) a human health
study, (2) a study conducted on a crowdsourced population, and
(3) a study with protocol details and results. Crowdsourced
health research studies not published in the scientific literature
were identified by attending 5 larger conferences (Medicine 2.0
congress, also known as the World Congress on Social Media,
Mobile Apps, and Web 2.0 in Health and Medicine [23],
Quantified Self, HealthCamp [24]) and over twenty Quantified
Self meetups [22] in different cities from 2008 to 2011.
Discussions and follow-up discussions were held with event
participants, and related websites were reviewed (Medicine 2.0
[23], Quantified Self [22], Genomera [25], Althea Health [26],
and DIYgenomics).

Results

Researcher-Organized Studies: PatientsLikeMe,
23andMe

PatientsLikeMe Crowdsourced Studies
PatientsLikeMe (PLM) is currently the largest operator of
crowdsourced health research studies with one of the largest
open patient registries and online health social networks (more
than 125,000 members in 1000 condition-based communities
as of January 2012). Amongst other initiatives, the company
aims to connect 1 million rare disease patients by the end of
2012 [27]. Members may enter demographic information and

track their treatments, symptoms, and outcomes, and find other
patients like themselves matched by demographic and clinical
characteristics (see Figure 1). Over 25 PLM-authored papers
have been published in peer-reviewed journals such as the
Journal of Medical Internet Research, Nature Biotechnology,
the Proceedings of the National Academy of Sciences, and
recognized neurology journals, many of which present the results
of researcher-organized crowdsourced studies.

One of the best known PLM studies is the lithium study [28],
which is also an interesting model of how patient-organized
crowdsourced studies, researcher-organized crowdsourced
studies, and traditional randomized controlled trials (RCTs)
may be complementary phases in the overall investigatory
process. In one of the first reported cases of patient-organized
studies, a PLM community member with amyotrophic lateral
sclerosis (ALS) found a small blinded Italian study (16 cases
and 28 controls) [29] where lithium was found to slow disease
progression in ALS patients, but which also warned that the
model might not be applicable in other circumstances. The PLM
community member convinced others to collaborate in a
participative study where patients would apply the published
findings in the Italian study to themselves. Initially, 348 PLM
patients began the off-label use of lithium, overseen by their
physicians. At the end of the study, self-reported data were
available for 149 patients who took lithium for at least two
months, and 78 patients who took lithium for 12 months.
Ultimately, lithium was found not to have a positive impact in
slowing disease progression in ALS patients in three tiers of
study: initially through PLM patient self-experimentation, then
through an observational study conducted by PLM researchers
by comparing the 149 cases with 447 controls based on disease
progression, and later in traditional randomized studies [30,31].
The distinguishing feature of the patient-organized portion of
the study that characterizes it as citizen science was the
instigative role of the patients in identifying and applying the
study to themselves, self-collecting and reporting data, and
seeking the drug directly rather than having it sponsored by a
drug company. In the future, self-experimentation in citizen
science cohorts might act as a real-time sensor network or
barometer for early indications that could be later confirmed in
more structured studies or RCTs.
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Figure 1. Charts comprising the personal profile of a user on PatientsLikeMe (Image Source: Frost & Massagli, Journal of Medical Internet Research
[74], licensed under Creative Commons Attribution License 2.0).

Amyotrophic Lateral Sclerosis (ALS)-Specific Research

ALS is PLM’s flagship community and a key research area. A
recent study used questionnaires to investigate a potential
connection between the physical use of a limb and disease onset,
and found that there was concordance for handedness but not
footedness in the limb onset of ALS in 343 patients. The study
found that this could be due to 1 arm typically dominating in
upper-body activities but both limbs being used equally in
lower-body activities such as standing and walking. Cortical
factors could also be related [32]. Another study used
questionnaires, taking the standardized disease measurement
scale for ALS as a starting point for improving the lack of
detailed measures of patient function sensitivity in advanced
ALS. Of 10 new items investigated, 3 were suggested for
inclusion in the scale: the ability to use fingers to manipulate
devices, show emotional expression in the face, and get around
inside the home [33]. Other work employed questionnaires to
determine some of the reasons for low participation in ALS
studies, and found patients are not being invited to enroll, have
concerns about the cost of participation, and are confused over
aspects of the studies [34].

One benefit of the new crowdsourced methodologies, having
over 1000 conditions on the PLM platform for example, is the
ability to conduct comparative research. One study identified
that the tendency towards pathological gambling in Parkinson’s

disease patients also may exist in ALS patients, although to a
lesser degree (13% versus 3% respectively) [35].

Health Social Network Findings Related to Prescription
Drug Use

Health social networks can be a useful resource for investigating
drug-related activity such as off-label use, side effects, product
safety, and patient sentiment. Off-label drug use is commonplace
(21% of US prescriptions) as physicians may use a side effect
as a main effect. However, scientific evidence for off-label drug
use is lacking for 73% of cases, and wasteful or harmful
treatment may occur [36]. Additionally, prescribers may not
have enough cases or appropriate experimental processes to
establish statistically meaningful off-label use. The larger
numbers of patients available in health social networks can help
in a more systematic investigation of off-label drug use. In one
study, PLM analyzed off-label drug use for amitriptyline and
modafinil, respectively approved for treating depression, and
narcolepsy or sleep apnea. The study found that 91% (n = 1089)
of amitriptyline users took the drug for an off-label use, as did
99% (n = 1737) of modafinil users. The off-label use was
specific to disease conditions and showed a benefit. Taking
advantage of a normally unpleasant dry mouth side effect, 40%
of amitriptyline users with ALS reported a reduction in
unwanted excess saliva. Likewise, 36% of
wakefulness-promoting agent modafinil users with multiple
sclerosis (MS) and Parkinson’s disease reported an improvement
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in combating the general fatigue of the conditions. It was
concluded that patient-reported outcomes could provide a new
source of evidence about secondary uses for drugs and
potentially identify targets for further study in RCTs.

In another PLM study, information reported online by the MS
community was used to develop a survey for quantifying
medication adherence, a known challenge particularly with MS
[37]. Of the 36% of the PLM MS community that participated
in the survey, 16% to 51% (depending on the treatment) of
patients reported missing at least one dose of medication in the
last 28 days. User-reported information like this could be used
to develop more effective medication regimens based on user
behavior by being more reflective of disease cycles and the
daily rhythms of patients. Regarding perceptions of product
safety, another study found that patient sentiment (per PLM
forum discussion) remained positive for the MS drug Tysabri
(natalizumab) even after it was linked to 3 cases of progressive
multifocal leukoencephalopathy in 2008 [38].

Experience of Individuals Participating in Health Social
Networks

In addition to the conduct of condition-related research, PLM
examines the ongoing user experience of health social network
participation. In one study, 19% of PLM community members
responded to a survey, and when queried, overwhelmingly
reported having had a positive experience with health social
networking. Members used the site to learn about symptoms,
understand treatments and their side effects, and make decisions
about treatments (for example to start or stop treatments or
change a dosage). Members also reported increased comfort in
sharing personal health information [39].

Another study reports on the benefits of obtaining information
about disease peers in health social networks. Benefits include
the ability for patients to know how well they are doing in
comparison to others and if they are receiving the most
successful treatments [40]. Other studies discussed some of the
next steps for improving the quality of information derived from
health social networks, for example, having appropriate means
of interpreting unstructured information, managing churning
community populations, and confirming the accuracy of
self-reported data. An effort should be made to determine
whether health social network participation improves real-world
outcomes, and to identify new tools that could further empower
patients in managing their health [38]. One such tool would be
expanding the functionality of health social network platforms
to facilitate patient-organized studies like the lithium study [36].

23andMe Genome Association Studies
23andMe is the largest personal genotyping community, and as
of June 2011 had over 100,000 genome service subscribers. A
handful of research studies have been published in
peer-reviewed journals such as PLoS Genetics and PLoS One.
Over 75% of the 23andMe community has indicated a
willingness to participate in research studies organized by the
company [41,42]. One study was the largest case-control
genome-wide association examination of Parkinson’s disease
conducted on a single collection of individuals (3426 cases and
29,624 controls). The study replicated 20 previously discovered

genetic associations and discovered 2 new ones (rs6812193 near
lysosome protein-related SCARB2, and rs11868035 near sterol
regulation-related SREBF1/RAI1) [43].

Another study addressed the problem of collecting phenotypic
data for large cohorts. 23andMe community members were
asked to complete questionnaires, and 20,000 individuals
reported data on 50 medical phenotypes. One hundred and eighty
previously reported associations (curated by the National Human
Genome Research Institute) were replicated for conditions such
as type 2 diabetes, prostate cancer, cholesterol levels, and
multiple sclerosis. These were, however, only 75% of expected
associations [44], underlining the challenges of applied genetics
[45] and suggesting the potential value of large-cohort follow-on
studies.

An earlier study validated self-reported data in health social
networks, focusing on non-disease conditions. Existing genetic
associations were replicated for hair color, eye color, and
freckling, and novel associations were found for hair
morphology, freckling, smell detection, and sneeze reflex [46].
In addition to targeted studies, 23andMe has a community
research effort, 23andWe, with ongoing open-enrollment via
their website for a variety of conditions such as Parkinson's
disease, sarcoma, and myeloproliferative neoplasms [47].

Participant-Organized Studies: Quantified Self,
Genomera, and DIYgenomics
Self-experimentation and participant-organized studies may
arise naturally through health social networks like the PLM
lithium study, and also through communities that have been
created expressly for the purpose of conducting experiments in
individuals and groups. One such example is the Quantified
Self community, a collaboration of users and toolmakers who
share an interest in personalized knowledge through self-tracking
[48]. The initial meeting of the group was on September 10,
2008 in San Francisco, California with 28 attendees. Just 3 years
later, as of January 2012, 5524 members were listed in 42
worldwide meetup groups [22]. Numerous self-tracking projects
have been shared at ‘Show and Tell’ meetings and
approximately 20 posters were presented at the group’s
inaugural conference held in Silicon Valley in May 2011 [49].
Another self-tracking community is being convened at an
Association for the Advancement of Artificial Intelligence
meeting entitled Self-tracking and Collective Intelligence for
Personal Wellness, in March 2012 [50], with the conceptual
framing of citizen scientists comprising a new form of
intelligence, ‘community computing.’

Quantified self-experimentation has produced at least two
peer-reviewed journal articles that provide examples of a robust
and limitation-cognizant framework for self-experimentation
in the areas of sleep, mood, health, and weight [51,52].
Specifically, an individual was able to reduce early awakening
by avoiding breakfast and spending more time during the day
standing, to improve mood by seeing faces in the morning, and
to lose weight by drinking sugar water [51].

For a design school thesis project that was published online but
not peer-reviewed, another quantified self-tracker measured
several aspects of daily life and presented data visualizations
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of a year of food consumption [53]. Most quantified self-projects
to date have focused on experimentation in n = 1 studies, but
group studies are also emerging. One example is the Butter
Mind study, which was conducted with the advice of a scientist
but not independently reviewed. The results were presented in
a blog entry [54]. The randomized experiment had 45
individuals, took place from October 23 to November 12, 2010
and found that eating 2 ounces (56.7 grams) of butter per day
resulted in improved arithmetic speed. There were limitations,
including no clear articulation of method, a small sample size
with limited statistical power, and results that did not control
for IQ or education levels. Another crowdsourced group study,
the Blueberry Study, has been running since 1999 with hundreds
of participants investigating a potential link between blueberry
consumption and enhanced mental performance. In 2011, study
organizers reported that a 1% improvement in memory
performance (as measured by online word recall exercises)
occurred within a 1-year period. Results appear to be unreviewed
and are reported in conference posters and online [55].

Group studies are also being conducted by DIYgenomics. The
organization is attempting to realize preventive medicine by
organizing studies according to the generalized hypothesis that
one or more genetic polymorphisms may lead to out-of-bounds
phenotypic biomarker levels, and that these may be ameliorated
through personalized intervention. The methodology and results
of a pilot study were published in the Journal of Participatory
Medicine [56]. In the pilot study, conducted from June to
December 2010, a crowdsourced cohort examined the potential
role of methylenetetrahydrofolate reductase (MTHFR)
polymorphisms in vitamin B deficiency and homocysteine
levels, and tested a series of supplement interventions. The study
found that 57% (n = 4) of the healthy cohort members already
had higher-than-recommended homocysteine levels at baseline,
and that personalized vitamin supplementation strategies quickly
helped to bring these levels back into recommended ranges,
particularly for those that were vegan or vegetarian and had one
or more genetic polymorphisms. The best intervention for 5
individuals was the regular B vitamin, and for the 2 remaining
individuals was the active form of B-9 (folate). The study was
unique in that participants were also investigators, acting in
collaboration with each other to determine all aspects of the
study including protocol design and results interpretation. In
this case, participants wished to be, and were identified publicly
by name. Advice on the study protocol was gained from 2
independent experts in the field. The study is ongoing, with
open enrollment; there are 24 participants as of January 2012
[57].

DIYgenomics currently has 6 other studies in open enrollment,
covering a range of conditions including vitamin deficiency,
aging, mental performance, and epistemology. One study
concerns memory filtering and is in collaboration with the
University of Geneva [58].

Study Operation Platforms
The Butter Mind study and the DIYgenomics studies were run
on the Genomera personal health collaboration platform.
Genomera is conceptually an ‘eBay for health science
experiments,’ where any community member (professional

researchers and citizen scientists alike) may post a study in an
area of interest and attempt to crowdsource participants. As of
January 2012, there were 20 studies listed on the site, with
enrolled participants ranging from 10 to 60 per study, and over
300 community members volunteering to participate in
crowdsourced studies by providing genotypic and phenotypic
information. Individuals may participate at different levels with
accompanying security protections, for example as a community
member, study discussion participant, study data participant,
or study organizer. Althea Health is a similar platform for the
operation of crowdsourced longitudinal health research studies
[26].

Self-Tracking Tools
In addition to Internet-based platforms for the automated
operation of crowdsourced health research studies, self-tracking
tools and their validation and calibration are essential for
accurate data collection. The Quantified Self website lists over
400 such tools [59]. Zeo, the provider of a low-cost sleep
tracking wireless system, commissioned a study with 29 subjects
that validated data collection with their device as compared to
traditional sleep laboratory measurements with
polysomnography and actigraphy [60]. As widespread low-cost
access to automated data collection tools grows, the number of
individuals self-tracking and monitoring their health behavior
could increase substantially. Continuously collected data from
wireless sensors, accelerometers, gyroscopes, and
pressure-sensitive textiles could be transmitted via smartphone
or home WiFi networks and interpreted into personalized
recommendations via the Internet with machine-learning
algorithms [61]. Self-tracking data may be useful both to
individuals for health self-management, and in clinical trials to
convey a richer and less artificial picture of real-life activities.

Discussion

Principal Results
Different kinds of crowdsourced health research studies have
been conducted. PatientsLikeMe and 23andMe are the leading
operators of crowdsourced health research studies and have
published results in peer-reviewed journals. Research findings
have been in the areas of improving the characterization and
measurement of disease, investigating aspects of prescription
drug use (off-label use, medication adherence, and patient
sentiment), exploring health social network user experience,
and establishing disease and trait-based genetic associations.
Quantified Self, Genomera, and DIYgenomics are the largest
communities of participant-organized health research studies.

Results have been published in peer-reviewed journals, but more
often in unreviewed gray literature. Self-experimentation studies
have focused on optimizing physical and mental performance,
improving alertness, mood, and weight loss, visualizing food
consumption, and validating a consumer sleep-tracking device.
Collaborative group studies have targeted mental performance,
vitamin deficiency, and aging.
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Limitations of Crowdsourced Health Research Studies
and Their Critiques
Two dimensions of limitations are considered here. First,
limitations in the evidence base (study methods, study design,
regulation, and oversight), and second, limitations in critiques
made of the field (degree of novel findings, citizen science as
a pseudo-science, and overstating of impact). Current
practitioner responses and potential future solutions to these
limitations will be discussed.

Methodological Shortcomings: Self-Reported Data
There are limitations in the methods currently used by
researchers in crowdsourced health research studies. Much of
the available information is self-reported, and it cannot be
verified whether the participant actually has the condition,
engaged in the intervention(s), and/or reported accurate outcome
data. In addition, disease patients may not be sufficiently reliable
to diagnose and report on their own conditions [62]. Study
organizers have managed these challenges by conducting
in-house calculations to see how results would differ if some
of the controls were really cases and vice versa [62], collecting
(but not verifying) attending physician information [30],
pointing out that it would be time-consuming and without
ostensible benefit to participants to falsify data [30], and asking
study participants to submit externally-validated data (such as
blood test results via PDF forms) [56]. Encouragingly, 1 study
found that crowdsourced data was at least as good or better than
traditionally collected samples [63]. In the future, statistical
analysis and automated data checks could be developed to
confirm prescription activity with diagnosing physicians and
otherwise validate data, perhaps similar to anomaly detection,
credit-scoring, and fraud detection algorithms.

Study Design Shortcomings: Protocol, Self-Selection
Bias, and Funding
Limitations are also apparent in study design employed in
crowdsourced health research studies in the areas of protocol,
self-selection bias, and funding. Crowdsourced health research
studies do not always follow the rigorous protocols of
randomized blinded controlled studies. A variety of alternative
designs are the norm in crowdsourced health research; these
designs enable costs to remain relatively low and increase
feasibility of conducting studies. Designs used include
observational studies, crossover studies, and adaptive studies.
Some studies are without blinding and/or do not include a
placebo arm. Concerns have been raised that differences may
be observed when participants are subjects who knowingly
collect and report their own data. Therefore, such biases may
be particularly pronounced in participant-organized studies;
especially where protocols are unclear.

Another protocol limitation has been that, thus far, the only
form of study conducted by professional researchers in
crowdsourced cohorts has been retrospective, non-interventional
user questionnaires. There is, therefore, an opportunity for
professional researchers to pursue intervention-based studies
in crowdsourced cohorts.

Within crowdsourced studies there is the potential for
self-selection bias. Crowdsourced study members are

like-minded participants that are perhaps not representative of
the target population [62]. This can result in cohort populations
that are too homogenous or too heterogeneous, and cohorts that
have high intra-individual variance, small sample sizes, and
results that are not statistically significant. Self-selection bias
could be improved both through alternative study design
protocols, for example in the case of genetic studies using a
complementary genome-wide association study (GWAS)
approach to validate results [62], and through funded
collaborations with patient advocacy groups to help recruit
larger, more representative cohorts [56].

A criticism has arisen that crowdsourced health research study
findings may not be fully accepted if studies are
industry-financed; this critique is also made of more traditional
studies. The greater transparency available in crowdsourced
health research studies could be an asset in the validation of
study results as any interested independent party could view
study results (both positive and negative) publicly. Cost is a
barrier to widespread participation in crowdsourced studies, so
standard models for funding that do not influence the integrity
of study results need to be established. Overall crowdsourced
health research studies could be viewed as complementary to
RCTs, offering a fresh perspective and allowing different types
of research questions to be asked.

Regulation and Oversight
A limitation of crowdsourced health research studies has been
that they do not always conform to generally accepted industry
practices of research conduct. Recommendations have been
made regarding institutional review board approval, consenting
processes, data use policies, and communications to potential
participants [64,65]. The process for obtaining informed consent
should follow standard legal requirements. For example,
information provided to participants should be non-technical
and easy to understand, and should make clear which data will
be published and in what format (eg, de-identified, aggregated).
Many crowdsourced health research studies have been
attempting to follow these recommendations. However, other
studies specifically point out the practical impossibility of
traditional compliance mechanisms and have participants
consent to their acknowledgement of this. For example, the
Harvard Medical School’s Personal Genome Project (PGP) has
participants agree to a more open stance on privacy and data
use: “the data that you provide as part of the PGP may be used
… to identify you as a participant in otherwise confidential
genetic research [66].”

Another research standard is that institutional review board
(IRB) approval is required and should be obtained before studies
begin. This is a potential limitation in crowdsourced studies as
it may not allow for the natural adaptation that can occur in
self-experimentation studies. Alternative models that provide
the same functions of IRBs could evolve as crowdsourced health
research studies become more prominent. The roles and
responsibilities of IRBs could be disintermediated and fulfilled
by separate parties. For example, independent oversight could
be preserved through external expert review. Blanket IRB
approval could allow broad adaptive investigative research in
an area with overall safeguards and restrictions in place.
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Financial liability could be grounded in group insurance policies
for health collaboration communities [18].

‘Novel Findings Do Not Necessarily Flow From Novel
Crowdsourced Methodologies’
Crowdsourced health research study methods are novel in
several ways. First, the research uses Internet-based technologies
to contact large numbers of potential study participants. Second,
data is often available publicly (or to the study community)
such that anyone can search the longitudinally-tracked real-time
information in pre-aggregated patient communities; this
openness is rarely (if ever) seen in more traditional studies.
Although, while crowdsourced research methodologies are
novel, it does not necessarily follow that they always beget
novel discovery. Some critics argue that the same findings might
have occurred with traditional methods. However,
crowdsourcing provides a cheaper and faster alternative. In
addition, crowdsourced studies can potentially draw on a much
larger and more committed base of potential participants.
Crowdsourcing studies may be useful in many dimensions
including developing novel methods, discovering novel findings,
and replicating existing findings in larger groups with more
permutations. The key point is that valid scientific findings can
occur with crowdsourcing techniques.

‘Citizen Science Is Not Real Science’
In self-experimentation and participant-organized studies citizen
scientists may be engaging in science-related activity but their
activity (according to formal definitions) might not be regarded
as science. The established scientific steps of creating
well-formed falsifiable hypotheses, collecting and analyzing
data, and publishing peer-reviewed results may not be followed
in every project (nor need be followed in every project). The
motivations behind individual crowdsourced projects can be
different, and projects vary in the quality of crowdsourced
science. This variation extends from professional researchers
conducting large-scale peer-reviewed studies to individuals
engaging in self-experimentation projects for personal
knowledge and benefit. While all levels of crowdsourced activity
may be useful, some argue that the term science should not be
applied to projects unless the whole scientific process is
followed. One of the benefits of new models like crowdsourcing
is enabling a much broader audience to participate in
science-related activities. This could help to dispel elitism [67]
where science is “a closed society organized into fiefdoms of
highly trained specialists” where “only a few minds engage
with any problem [68].” Early successes in citizen science have
shown “the potential to alter the landscape of science in
important ways, harnessing countless able brains to do work
that was once the province of a few overwhelmed experts [68].”

‘Overstating the Impact of Crowdsourced Health
Research Studies’
The area of crowdsourced health research is charged with
overstating the potential growth and impact of participatory
health initiatives. Critics argue that not all individuals are
interested in health; instead they perceive it as the responsibility
of physicians. The interest of individuals could further be
undermined by health privacy concerns that impact on

crowdsourced health research studies. These barriers currently
mean that few individuals engage in health action-taking unless
it is easy, automated, and (possibly) accompanied by financial
incentives.

‘There Are More Pressing Public Health Challenges
Requiring Attention’
Crowdsourced health research studies may seem like an
unimportant detail in the overall public health landscape where
there is more urgency of focus on the near-term challenges of
budget shortfalls, rising health care costs, anticipated physician
shortages, aging populations, and the exorbitant cost of bringing
new drugs to market (currently estimated at $1.3 billion [69]).
However, participatory health initiatives might be able to help
in addressing these challenges. They facilitate the realization
of a new sensibility of health self-management through
crowdsourced projects that could lead to healthier and more
engaged populations, and have enduring benefits for both
individuals and public health systems.

Conclusions

Growth of Participatory Health
Participatory health initiatives (self-tracking devices, smartphone
applications, online personal health records, health social
networks, and crowdsourced health research studies) are
growing quickly; growth is facilitated by Internet and social
networking influences. Individuals are joining
researcher-organized studies, and designing and operating
studies of their own. It is becoming easier to experiment with
the launch of self-monitoring gadgets and smartphone
applications, decreasing costs of genomic sequencing,
availability of low-cost direct-to-consumer blood tests for testing
interventions, increased access to online bioinformatics tools
for data interpretation, and the advent of local DIYbio
(do-it-yourself biology) labs [67] with facilities for education
and experimental projects. Crowdsourced health research studies
are emerging as an important new means of investigation in a
multi-tier ecosystem that could include self-experimentation,
participant-organized crowdsourced studies, and
researcher-organized crowdsourced studies that are a
complement and precursor to traditional RCTs. Over time, there
could be greater convergence between citizen scientists and the
established research enterprise. There are exciting opportunities
for researcher-organized study activity in health social networks
to move beyond survey-based methods towards active
intervention-testing.

The Bigger Context of Crowdsourcing and Participatory
Health: Preventive Medicine
Crowdsourcing has cost and speed benefits; it may allow science
to be conducted at scales of magnitude greater than before
(thousands recruited in months versus years [43,70] and billions
of data points per person [71]), potential novel discovery in the
patterns of large data sets [72,73], and the possibility of near
real-time testing and application of new medical findings. Larger
cohorts and more granular data could enable investigation in a
much more detailed range of parameter-stratified sub-cohorts.
Crowdsourced participatory health research efforts are helping
to expand the conceptual scope of medicine from the traditional
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focus on disease cure to the personalized preventive medicine of the future.
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Abstract

Background: Increasingly, consumers are accessing the Internet seeking health information. Consumers are also using online
doctor review websites to help select their physician. Such websites tally numerical ratings and comments from past patients. To
our knowledge, no study has previously analyzed whether doctors with positive online reputations on doctor review websites
actually deliver higher quality of care typically associated with better clinical outcomes and better safety records.

Objective: For a number of procedures, surgeons who perform more procedures have better clinical outcomes and safety records
than those who perform fewer procedures. Our objective was to determine if surgeon volume, as a proxy for clinical outcomes
and patient safety, correlates with online reputation.

Methods: We investigated the numerical ratings and comments on 9 online review websites for high- and low-volume surgeons
for three procedures: lumbar surgery, total knee replacement, and bariatric surgery. High-volume surgeons were randomly selected
from the group within the highest quartile of claims submitted for reimbursement using the procedures’ relevant current procedural
terminology (CPT) codes. Low-volume surgeons were randomly selected from the lowest quartile of submitted claims for the
procedures’ relevant CPT codes. Claims were collated within the Normative Health Information Database, covering multiple
payers for more than 25 million insured patients.

Results: Numerical ratings were found for the majority of physicians in our sample (547/600, 91.2%) and comments were found
for 385/600 (64.2%) of the physicians. We found that high-volume (HV) surgeons could be differentiated from low-volume (LV)
surgeons independently by analyzing: (1) the total number of numerical ratings per website (HV: mean = 5.85; LV: mean = 4.87,
P<.001); (2) the total number of text comments per website (HV: mean = 2.74; LV: mean = 2.30, P=.05); (3) the proportion of
glowing praise/total comments about quality of care (HV: mean = 0.64; LV: mean = 0.51, P=.002); and (4) the proportion of
scathing criticism/total comments about quality of care (HV: mean = 0.14; LV: mean = 0.23, P= .005). Even when these features
were combined, the effect size, although significant, was still weak. The results revealed that one could accurately identify a
physician’s patient volume via discriminant and classification analysis 61.6% of the time. We also found that high-volume
surgeons could not be differentiated from low-volume surgeons by analyzing (1) standardized z score numerical ratings (HV:
mean = 0.07; LV: mean = 0, P=.27); (2) proportion of glowing praise/total comments about customer service (HV: mean = 0.24;
LV: mean = 0.22, P=.52); and (3) proportion of scathing criticism/total comments about customer service (HV: mean = 0.19;
LV: mean = 0.21, P=.48).

Conclusions: Online review websites provide a rich source of data that may be able to track quality of care, although the effect
size is weak and not consistent for all review website metrics.

(J Med Internet Res 2012;14(2):e50)   doi:10.2196/jmir.2005
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Introduction

Every day a patient somewhere will ask: “Is Dr. X a good
doctor?”

By itself, such a statement is meaningless. The patient is really
asking if Dr. X is a good doctor for a particular end. For
example, is Dr. X a good doctor to address a particular symptom
or to perform a defined treatment?

As an analogy, the question is as unspecific as “Is this a good
car?” Better questions are: “Is this a good car for the gas
mileage?” or “Is this a good car for value?” or “Is this a good
car for accelerating quickly?” Each question delivers a different
answer.

Patients access the Internet seeking an answer to the question
“Is Dr. X a good doctor?” but they are really asking if Dr. X is
a good doctor for a particular end. Is Dr. X a good diagnostician?
Or is he compassionate with excellent listening skills? Or is she
a doctor who has treated over 1000 patients with Chiari
malformation? A typical doctor review website rarely makes
that type of distinction with sufficient clarity.

Our hypothesis is that isolated doctor review websites may not
be good proxies for what patients truly care about—namely
clinical outcomes and safety. Doctor review websites measure
whether patients like their doctor. These websites also measure
subjective responses. Does the doctor communicate well? Does
the doctor listen? How did they experience a procedure? These
measures are important as clinical outcomes depend upon the
collaborative role a patient plays in terms of decision making
and compliance. Such measures could be complemented by
more objective communication measures such as a doctor’s
ability to consistently transmit information about risks, benefits,
and options (eg, of various treatments) to patients with a broad
range of medical literacy. Other complementary objective
metrics include clinical outcomes and safety. To the extent clear
online metrics of an individual doctor’s outcomes or safety
record exist [1], they are not currently collated by the popular
doctor review websites.

The medical literature supports the idea that for some surgical
procedures, surgeon volume correlates with clinical outcomes
[2-11]. In other words, for specific procedures, high-volume
(HV) surgeons have better results than low-volume (LV)
surgeons. It is unclear why this is the case: perhaps practice
makes perfect—or the more successful doctors get more
referrals. But, online information about a surgeon’s volume is
also hard to find—if available at all.

The question we posed was whether posts on online doctor
review websites, in aggregate, correlate with surgeon volume,
as a proxy for quality, for three distinct procedures. We targeted
surgical procedures where this correlation has been previously
suggested: lumbar surgery [12], total knee replacement [13-14],
and bariatric surgery [15-18]. In other words, are high-volume
surgeons, in aggregate, more likely to have positive posts (and
fewer negative posts) than low-volume surgeons, in aggregate?
In doing so, we hope to better understand whether high-volume
doctors (who have better clinical track records overall)
collectively have better online reputations.

Methods

Physicians
Surgeons who perform lumbar surgery, total knee replacement,
and bariatric surgery were selected for study because there are
data supporting a correlation between surgeon volume and
clinical outcome/patient safety for each of these procedures.
Further, these procedures are more likely to be considered
“elective” and affect a younger demographic than vascular or
oncologic procedures (for which there are also data correlating
surgeon volume and clinical outcome/patient safety). We
believed that “younger” patients considering an “elective”
procedure would be more likely to access an online review
website to help guide their decision on surgeon selection.

Current procedural terminology (CPT) codes for bariatric
surgery, lumbar surgery, and total knee replacement, were
identified and selected (Table 1). Although there are other codes
used to label these three surgeries, the codes presented in Table
1 identify the vast majority of the patients who have had bariatric
surgery, lumbar surgery, or total knee replacement.
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Table 1. Procedure codes and selection criteria for bariatric surgery, lumbar surgery, and total knee replacement.

DescriptionCodeProcedure

LP GSTR RSTRCIV PRC;GSTR BYPS & ROUX-EN Y43644Bariatric surgerya

LAP GASTRIC BYPASS/ROUX-EN-Y43644

LP GSTR RSTRCIV PRC;GSTR BYPS&SM INTST R43645

LAP GASTR BYPASS INCL SMALL INTESTINE43645

LAP PLACE GASTR ADJ DEVICE43770

UNKNOWN PROCEDURE43770

LAPS GSTR RSTCV PX PLMT BAND43770

V-BAND GASTROPLASTY43842

GASTROPLASTY FOR OBESITY43842

GASTROPLASTY W/O V-BAND43843

GASTROPLASTY FOR OBESITY43843

GASTRIC BYPASS FOR OBESITY43846

GASTRIC BYPASS FOR OBESITY43846

GAST RESTRIC W/BYP; SHORT ROUX-EN-Y43846

GASTRIC BYPASS INCL SMALL INTESTINE43847

GASTRIC BYPASS FOR OBESITY43847

LUMBAR SPINE FUSION22558Lumbar spinal fusionb

LUMBAR SPINE FUSION22612

LUMBAR SPINE FUSION22630

OTH EXPL&DECOMPRS SPINAL CANAL0309

SPINAL CANAL EXPLOR NEC0309

LOW BACK DISK SURGERY63030

SPINAL DISK SURGERY ADDON63035

ADDED SPINAL DISK SURGERY63035

LAMINOTOMY, SINGLE LUMBAR63042

LOW BACK DISK SURGERY63042

HEMILAMINECTOMY W NERVE RT DEC63044

LAMINOTOMY, ADDL LUMBAR63044

REMOVAL OF SPINAL LAMINA63047

REMOVAL OF SPINAL LAMINA63048

REMOVE SPINAL LAMINA ADD-ON63048

DECOMPRESS SPINAL CORD63056

DECOMPRESS SPINE CORD ADD-ON63057

DECOMPRESS SPINAL CORD63057

POSTERIOR LUMBAR FUSION8108

LUMB LUMBOSAC FUS ANT COL POST TECH8108

REVISION OF KNEE JOINT27445Total knee replacementc

TOTAL KNEE ARTHROPLASTY27447

TOTAL KNEE REPLACEMENT27447

TOTAL KNEE REPLACEMENT8154

a CPT-4 procedure codes
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b Mix of CPT-4 and International Classification of Diseases, 9th Revision (ICD-9) procedure codes
c Mix of CPT-4 and ICD-9 procedure codes

Physician names were obtained from OptumInsight’s Normative
Health Information database (NHI), a national database
maintained by one of the largest aggregate insurance companies
in the United States. NHI contains multi-payer, Health Insurance
Portability and Accountability Act (HIPAA)-compliant

transaction-level claims for more than 25 million insured
patients. The Lewin Group searched the database and created
a list of physicians who submitted bills at least once in
2009-2010 for the CPT codes listed for the three surgical
procedures (Table 2).

Table 2. Number of unique physicians submitting a bill at least once to a Normative Health Insurance (NHI) carrier for relevant CPT/ICD9 procedure

codes in 2009-2010a.

Number of physiciansType of surgery

1992Bariatric surgery

10,195Lumbar spinal fusion

13,628Total knee replacement

a Database from January 1, 2010 to December 31, 2010

Our sample consisted of 600 physicians with practices in
bariatric surgery (n = 200), lumbar surgery (n = 200), and total
knee replacement (n = 200). From the quartile of physicians
who submitted the most claims for reimbursement for each
CPT/ICD9-coded target procedure, 100 physicians were
randomly selected to represent “high-volume” physicians and
100 “low-volume” physicians were randomly selected from the
lowest quartile of physicians (who submitted the fewest
CPT/ICD9 procedure codes for reimbursement for the target
procedure in 2009-2010). Low-volume surgeons submitted at

least one CPT/ICD9 procedure code for the relevant procedure.
The median numbers of relevant surgeries for each of the three
categories performed by high- and low-volume surgeons in
2009-2010 submitting bills to a NHI carrier are reported in
Table 3. The underlying supposition was that patients intending
to have bariatric surgery, lumbar surgery, or total knee
replacement would search the Internet for information about
physicians who have the experience to perform such procedures
(and submit a bill for reimbursement to an insurance company).

Table 3. Median number of surgical procedures performed by high- and low-volume surgeonsa.

Median surgical proceduresType of surgery

Low-volume surgeonsHigh-volume surgeons

316Bariatric surgery

640Lumbar spinal fusion

313Total knee replacement

a As determined by bills submitted to NHI carrier in database from January 1, 2010 to December 31, 2010.

Data Collection
The authors were blinded as to which doctors were high-volume
surgeons and which were low-volume surgeons.

Physician evaluations in the form of numerical ratings and
comments were collected from 9 different heavily trafficked
websites: 1 review website limits its focus to doctors and

lawyers (Avvo); 3 websites limit their focus to doctors
(HealthGrades, RateMDs, and Vitals); and 5 websites review
a broad array of businesses and services including doctors
(Citysearch, InsiderPages, Yahoo! Local, Google Maps, and
Yelp). Ranking of traffic in the United States by Alexa
(www.alexa.com) for the websites is presented in Table 4. Alexa
is a leading provider of global web metrics, such as traffic.
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Table 4. Alexa traffic rank in the United States for selected review websites [19].

Alexa US traffic rankURLWebsite nameType of website

Doctor-specific

1613www.avvo.comAvvoa

570www.healthgrades.comHealthGrades

6320www.ratemds.comRateMDs

2029www.vitals.comVitals

Broad review

341www.citysearch.comCitysearch

1430www.insiderpages.comInsiderPages

4www.local.yahoo.comYahoo! Local

1www.maps.google.comGoogle Maps

43www.yelp.comYelp

a Reviews lawyers also

A rating is a numerical metric defined by the patient’s subjective
impression. For example, on a scale of 1-5, how does the patient
rate the doctor’s overall quality, timeliness, ability to
communicate, etc. Each website had different measures, but
most asked at least one general question similar to: “Overall,
how would you rate the doctor?”

We searched each website using the name and location of each
physician in our sample. We recorded the number of ratings
and the “overall” rating reported for each physician. On websites
that allowed ratings on multiple dimensions (eg, communication,
trust, punctuality, and time spent with patient), the averages of
all numerical ratings were also recorded.

A comment is a free text description of the patient’s subjective
experience. For example, “Dr. X was very compassionate and
listened to each and every one of my concerns.”

We recorded the number of comments posted about each
physician. One of three independent judges, also blinded to the
volume of a physician’s practice, reviewed each post and
categorized it as containing glowing praise or scathing criticism
and whether the glowing praise or scathing criticism addressed
quality of care/safety or customer service. A single post could
include comments about both quality of care and customer
service. If so, it was included in both counts. Comments that
were neither glowing nor scathing were recorded in the total
number of posts, but not in the glowing/scathing tallies. A
prototypical example of a glowing quality of care/safety
comment is “Dr. X gave me back my life.” In comparison, a
scathing quality of care/safety comment is “Dr. X was a
butcher.” A prototypical example of a glowing customer service
comment is “Dr. X returned my call late at night and gave me
all the time I needed.” In comparison, a scathing customer
service comment is “Dr. X was dismissive, arrogant, and never
listened.” One of the websites, HealthGrades, does not allow
posting of comments.

Since many consumers may not do an exhaustive search for
physician information, we recorded whether a link to any of the
study websites was among the first 20 retrieved in a Google

search for each physician in the lumbar and total knee
replacement samples. A Google search was performed on each
doctor in each of three formats:

1. “Dr. First_Name Last_Name” + “City, State”

2. “First_Name Last_Name, D.O.” + “City, State”

3. “Dr. First_Name Last_Name, M.D.” + “City, State”

Separate analyses were performed using only data retrieved in
this abbreviated search. The first 20 links correlate with the first
2 webpages retrieved in a typical search as the default setting
for a Google search is 10 results per page. [20]

Once the data was captured from the online review websites,
the spreadsheet was sent to the Lewin Group. They added a
field indicating whether a doctor was high volume or low
volume. All other physician-identifying information was
subsequently stripped and the rows were shuffled. The database
was then returned to the authors for analysis.

Analytic Approach
Do ratings and comments posted on physician review websites
provide valid information regarding surgical volume, a proxy
for clinical outcomes/safety? We answered this by comparing
the information available on high- and low-volume physicians,
controlling for surgical practice in a 2 × 3 analysis of variance.
Our analysis also considered whether the differences between
high- and low-volume physicians were consistent across
bariatric, lumbar, and total knee replacement surgical practices.

Analyses were performed using the mean number of ratings per
website (on which each physician was rated at least once).
Additional analyses were performed for each physician’s overall
rating, averaged across websites. Analyses using physicians’
overall ratings tracked averages that included ratings of specific
physician characteristics (average of multidimensional numerical
ratings) very closely (all r > .85), so only analyses using the
overall rating are presented. The Vitals website uses a different
rating scale (1-4) than the other websites (1-5); therefore, ratings
from each website were standardized using a z test (converting
each physician’s score into a value expressed as the number of
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standard deviations from the mean on each website). The z
score, or standard score, allowed for averaging ratings across
websites.

Analyses were performed using the average number of
comments per physician on websites with at least one posted
comment. Additional analyses were performed identifying the
proportions of comments that were glowing and scathing broken
down by whether they concerned the physicians’quality of care
or customer service.

Results

First, we report the results of these analyses using all available
data for each physician. Second, we report analyses restricted
to data available in the first 20 links of a Google search for each
physician in the lumbar surgery and total knee replacement
samples. Finally, we present the results of an analysis that
explores the incremental validity of using data from both ratings
and posted comments to distinguish high- and low-volume
physicians.

Table 5 presents the numbers of physicians in our sample with
ratings and comments posted on each of the study websites.

Table 5. Numbers of surgeons with ratings and comments posted on a study website.

Surgeons with comments (N = 385)Surgeons with ratings (N = 547)

TotalKnee

(n = 137)

Lumbar

(n = 147)

Bariatric

(n = 101)

TotalKnee

(n = 195)

Lumbar

(n = 182)

Bariatric

(n = 170)

Website

2739810768372137134101Vitals

455165161129HealthGrades

201748740212779144RateMDs

291397392151141100InsiderPages

63216321Avvo

4619171048201711Yahoo! Local

205141316169Google Maps

512210352Citysearch

84138413Yelp

5882172391321534566568400Total

All Available Data
Numerical ratings were found for the majority (547/600, 91.2%)
of the physicians in our sample; comments were found for 385
(64.2%) of the physicians. The average physician had ratings
on 3 of the 9 websites (range: 1-7) and comments on 1 website
(range: 1-5). Preliminary analysis noted the correlation between
rank orders of physicians’ total number of ratings aggregated
across all websites and total number of ratings per website was
r = .86, (P < .001). Additional preliminary analyses revealed
that high-volume physicians had more total ratings across all
websites and ratings on more websites than did low-volume
physicians. Our analyses focus on average number of ratings
per website on which a physician is rated—based on an
assumption that a typical consumer may not do an exhaustive
review of all available ratings on many websites but be satisfied
upon finding one website with information on his or her
physician.

Table 6 presents results of analyses of all available physician
data. High-volume physicians had significantly more ratings
per website compared to low-volume physicians for every type
of practice (P < .001) and there was no evidence that this effect
differed among physician groups (P = .15). However, the
standardized numerical ratings assigned to high-volume
physicians were not significantly different from those assigned

to low-volume physicians (P = .27), nor was this null finding
different across physician groups (P = .48). Table 6 also shows
that high-volume physicians had more comments per website
than did low-volume physicians for each type of practice (P =
.05). Again, there was no evidence this differed among physician
groups (P = .74).

Table 7 shows that only comments related to quality of care
seem to distinguish high- and low-volume physicians;
high-volume physicians had a significantly greater proportion
of glowing comments (P = .002) and a significantly lower
proportion of scathing comments regarding quality of care than
low-volume physicians (P = .005). Again, we observe these
patterns for each surgical practice and our analyses offer no
basis for inferring that it’s more true for one group than another
(P = .70 for glowing; P = .41 for scathing). We also observed
that there were far more glowing than scathing comments
overall, even for low-volume physicians. In general, we
observed that high-volume physicians tend to have almost 64%
glowing comments (versus 51% for low-volume physicians)
regarding quality of care. Proportion of glowing/scathing
comments related to customer service did not differentiate
between high- versus low-volume physicians overall (P = .52
for glowing; P = .48 for scathing) nor was there evidence that
this null finding differed across physician groups (P = .92 for
glowing; P = .20 for scathing).
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Table 6. Analysis of ratings and comments for high- and low-volume surgeons.

Analysis of varianceSurgeon volumes

InteractioncProcedurebVolumeaKneeLumbarBariatricAll

PFPFPFLVHVLVHVLVHVLVHV

Surgeons with ratings

F 2,541F 2,541F 1,541195182170547N=

.151.88<.00120.73<.00118.334.63
(3.02)

5.60
(3.58)

5.39
(3.97)

7.49
(4.29)

3.70
(2.53)

4.40
(3.22)

4.57
(3.29)

5.85
(3.92)

Mean ratings/

websited (SD)

.480.74<.00111.98.271.21-0.07
(0.77)

0.03
(0.69)

-0.10
(0.85)

-0.14
(0.75)

0.19
(0.90)

0.35
(0.68)

-0.00
(0.84)

0.07
(0.74)

Overall rating

scoree

Surgeons with comments

F 2,379F 2,379F 1,379137147101385N=

.740.30.0017.72.053.822.25
(2.01)

2.87
(2.15)

2.74
(2.44)

3.07
(2.00)

1.78
(1.36)

2.03
(1.30)

2.30
(2.05)

2.74
(1.95)

Mean com-
ments/

websited (SD)

a Comparing high- versus low-volume surgeons
b Comparing bariatric, lumbar, and knee surgeons
c Comparing high- versus low-volume surgeons across surgeon categories
d Only includes individual websites on which doctor had at least one rating/comment
e z score
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Table 7. Analysis of scathing and glowing comments for high- and low-volume surgeons.

Analysis of varianceSurgeon types

InteractioncProcedurebVolumeaKnee

(n = 137)

Lumbar

(n =147)

Bariatric

(n = 101)

All

(N = 385)

PF 2,379PF 2,379PF 1,379LVHVLVHVLVHVLVHV

Quality of care comments

.890.11<.00111.59.0029.431.35
(1.76)

1.89
(1.81)

1.55
(1.50)

2.06
(1.50)

0.73
(0.64)

1.09
(0.98)

1.25
(1.46)

1.76
(1.56)

Glowing

mean (SD)

.700.36.014.57.0029.870.53
(0.40)

0.64
(0.36)

0.55
(0.34)

0.70
(0.30)

0.44
(0.41)

0.53
(0.38)

0.51
(0.38)

0.64
(0.35)

Glowing

% (SD)

.660.42.062.80.161.980.38
(0.53)

0.35
(0.59)

0.57
(0.61)

0.40
(0.79)

0.34
(0.57)

0.26
(0.49)

0.44
(0.57)

0.35
(0.65)

Scathing

mean (SD)

.410.90.760.28.0058.010.23
(0.35)

0.15
(0.27)

0.27
(0.33)

0.12
(0.22)

0.19
(0.35)

0.15
(0.30)

0.23
(0.34)

0.14
(0.26)

Scathing

% (SD)

Customer service comments

.480.74<.00117.83.201.650.74
(0.93)

1.00
(1.16)

0.57
(1.02)

0.60
(0.72)

0.17
(0.42)

0.23
(0.41)

0.52
(0.89)

0.65
(0.90)

Glowing

mean (SD)

.920.09<.00118.93.520.410.32
(0.35)

0.36
(0.33)

0.22
(0.31)

0.22
(0.27)

0.09
(0.26)

0.11
(0.23)

0.22
(0.32)

0.24
(0.30)

Glowing

% (SD)

.890.12<.0019.29.320.970.56
(0.80)

0.60
(0.92)

0.67
(0.93)

0.73
(0.93)

0.18
(0.42)

0.32
(0.60)

0.49
(0.79)

0.58
(0.87)

Scathing

mean (SD)

.201.60.0016.78.480.490.26
(0.36)

0.19
(0.26)

0.26
(0.32)

0.22
(0.27)

0.08
(0.21)

0.14
(0.28)

0.21
(0.32)

0.19
(0.27)

Scathing

% (SD)

a Comparing high- versus low-volume surgeons
b Comparing bariatric, lumbar, and knee surgeons
c Comparing high- versus low-volume surgeons across surgeon categories

First 20 Links
We conducted a reanalysis of the physician data restricted to
review websites within the first 20 links returned by a Google
search of a physician’s name (Table 8). These searches returned
links to some or all of our sample doctor review websites
enabling access to the majority (896/1134, 79%) of webpages
where doctors had at least one rating and of the webpages where
doctors had at least one comment (347/456, 76%). This analysis
was restricted to lumbar and total knee replacement samples.
We excluded bariatric surgery from this subanalysis because
the number of reviews and comments accessible via the first 20

links for that category was inadequate to draw meaningful
conclusions. The analyses in Table 9 parallel those reported in
Table 7 using the full available data.

Again, we find that high-volume physicians had greater numbers
of ratings and comments per linked website than did low-volume
physicians. The numerical ratings given to high- and low-volume
physicians did not differ. And high-volume physicians had
greater proportions of glowing (and lower proportions of
scathing) comments about quality of care than did low-volume
physicians. There were no differences in proportions of
comments concerning customer service.
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Table 8. Analysis of ratings and comments for high- and low-volume surgeons on first 20 websites (excluding bariatric surgery).

Analysis of varianceSurgeon volumes

InteractioncProcedurebVolumeaKnee (n = 193)Lumbar (n = 181)All (N = 374)

PF 1,370PF 1,370PF 1,370LVHVLVHVLVHV

Ratings

.430.62.00111.30.0048.214.93
(3.78)

5.85
(3.76)

6.08
(5.24)

7.70
(4.39)

5.47
(4.55)

6.76
(4.18)

Mean ratings/

websited (SD)

.540.38.330.96.640.220.04
(0.81)

0.05
(0.76)

0.01
(0.85)

-0.08
(0.80)

0.02
(0.83)

-0.01
(0.78)

Overall rating

scoree (SD)

Comments

Analysis of varianceSurgeon volumes

InteractioncProcedurebVolumeaKnee (n = 128)Lumbar (n = 138)All (N = 266)a

PF 1,262PF 1,262PF 1,262LVHVLVHVLVHV

.720.13.320.98.034.782.32
(2.03)

3.06
(2.51)

2.71
(2.60)

3.24
(2.24)

2.51
(2.32)

3.16
(2.36)

Mean com-
ments/

websited (SD)

a Comparing high- versus low-volume surgeons
b Comparing lumbar and knee surgeons
c Comparing high- versus low-volume surgeons across surgeon categories
d Only includes individual websites on which doctor had at least one rating/comment
e z score
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Table 9. Analysis of scathing and glowing comments for high- and low-volume surgeons on first 20 websites (excluding bariatric surgeons).

Analysis of varianceSurgeon volumes

InteractioncProcedurebVolumeaKnee

(n = 126)

Lumbar

(n = 138)

All

(N = 266)

PF 1,262PF 1,262PF 1,262LVHVLVHVLVHV

Quality of care comments

.990.00.480.51.0058.111.36
(1.77)

1.98
(1.92)

1.52
(1.67)

2.13
(1.59)

1.44 (1.72)2.06
(1.74)

Glowing

mean (SD)

.730.12.380.78.00110.760.52
(0.42)

0.65
(0.36)

0.55
(0.38)

0.71
(0.30)

0.53 (0.40)0.68
(0.33)

Glowing

% (SD)

.640.22.271.24.840.040.37
(0.57)

0.39
(0.89)

0.52
(0.62)

0.45
(0.87)

0.44 (0.60)0.43
(0.88)

Scathing

mean (SD)

.390.74.390.76.0077.340.19
(0.33)

0.12
(0.24)

0.25
(0.35)

0.12
(0.22)

0.22 (0.34)0.12
(0.23)

Scathing

% (SD)

Customer service comments

.530.397.0058.13.490.480.87
(1.00)

1.03
(1.13)

0.59
(1.09)

0.60
(0.81)

0.73 (1.05)0.80
(0.99)

Glowing

mean (SD)

.850.04<.00113.93.940.010.38
(0.39)

0.38
(0.34)

0.23
(0.32)

0.22
(0.29)

0.31 (0.36)0.29
(0.32)

Glowing

% (SD)

.860.03.142.24.440.610.53
(0.82)

0.60
(1.10)

0.69
(0.98)

0.81
(1.04)

0.61 (0.90)0.71
(1.07)

Scathing

mean (SD)

.690.16.241.38.152.130.23
(0.35)

0.16
(0.24)

0.26
(0.32)

0.22
(0.27)

0.24 (0.33)0.19
(0.26)

Scathing

% (SD)

a Comparing high- versus low-volume surgeons
b Comparing lumbar and knee surgeons
c Comparing high- versus low-volume surgeons across surgeon categories

Additional Analyses
The preceding analyses suggest that high- and low-volume
surgeons could be identified based on the (1) number of ratings;
(2) number of comments; (3) proportion of glowing comments
about quality of care; and (4) proportion of scathing comments
about quality of care. Next, we attempted to establish the
practical usefulness of these various pieces of information for
distinguishing high- and low-volume physicians. The
(discriminant) analysis develops a function that maximally
distinguishes study groups from each other. Function
coefficients (see Table 10) are the weights that support this
discrimination; higher absolute weights indicate greater
contribution of the variable to differentiating groups from each
other. As illustrated in the table, discriminant analysis suggests
that ratings per website, and proportion of glowing comments
about quality of care are the two most differentiating pieces of

information (highest absolute weights), followed by proportion
of scathing comments about quality of care. The number of
comments per website, while providing some information when
examined alone, provides little additive information (beyond
the other measures).

As a follow-up, we also performed a classification analysis
wherein physicians’ surgical volume (high or low) was
“predicted” by the number of ratings and comments they
received as well as the proportion of glowing and scathing
comments about quality of care (using the discriminant
function). The results revealed that one could accurately identify
a physicians’ surgical volume 61.6% of the time. An
examination of the resulting discriminant function revealed that
the number of ratings per website and proportion of glowing
postings seemed most central to the discrimination, followed
by proportion of scathing comments. Number of comments was
largely redundant to these other measures.
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Table 10. Discriminant function analysis results.

Standardized function coefficients

0.57Ratings per website

0.08Comments per website

0.46Proportion glowing (quality of care)

-0.35Proportion scathing (quality of care)

Discriminant function is significant ( = 21.4, P < .001)

Discussion

Our study found there is evidence that online doctor review
websites can be used to identify high-volume surgeons
performing targeted procedures—a proxy which correlates with
higher quality care. Patients naturally want to identify, and be
treated by, the best practitioners. And they seek such information
online. The importance of the Internet in determining patients’
health care choices in the United States should not be
underestimated. A recent study by The Pew Internet and
American Life Project noted that 59% of adults have looked
online for information on 15 health topics such as a specific
disease or treatment [21]. And they are looking for information
about health care providers too; 12% of adults have consulted
online rankings or reviews of doctors or other providers.

Online review websites track patient sentiment. Recent advances
even allow for automating the classification of patient comments
by sentiment. Xia et al [22] described a multistep sentiment
classifier for patient opinion mining that, in principle, could
analyze large collections of data, online or otherwise, to assign
sentiment scores to patient reviews. While patient sentiment is
helpful, to our knowledge, our study is the first to tackle the
connection between patient reviews, patient sentiment, and a
proxy for clinical outcomes.

Defining quality in healthcare is difficult. From a patient’s
perspective, soft measures (eg, communication skills and ability
to listen) are important for issues such as decision making and
compliance—issues which impact outcomes. More objectively,
quality often distils to patient safety and clinical outcomes. Such
metrics include morbidity and mortality rates, length of stay in
hospital, blood loss, time to return to work, and the like. This
detailed information tracking of individual practitioners is not
readily available online for patients to analyze.

The medical literature suggests that, for a number of surgical
procedures, the volume of cases performed annually by an
individual surgeon correlates with patient safety and clinical
outcome metrics. In other words, for specific procedures,
high-volume surgeons have better results than low-volume
surgeons do.

We targeted three surgical procedures where this correlation
has been shown previously: lumbar surgery [12], total knee
replacement [13-14], and bariatric surgery [15-18]. To our
knowledge, our analysis is the first to tackle the question of
whether online reviews can identify the more successful
surgeons using a proxy for clinical outcomes and safety. We
posed the following hypothetical question: Do quantity and

character of posts on online doctor review websites, in
aggregate, correlate with surgeon volume, as a proxy for quality,
for these three distinct procedures?

Our findings provide evidence that the following data aggregated
from 9 doctor review websites can distinguish high-volume
from low-volume surgeons: total number of numerical reviews;
total number of text comments; proportion of glowing positive
comments; and proportion of scathing negative comments.
Analysis of the actual numerical ratings did not distinguish
between high- and low-volume surgeons. The same conclusions
were noted when limited to doctor review websites from the
first 20 links of a Google search for the doctor’s name.

While our analysis provides evidence that data from doctor
review websites can help consumers identify higher quality
doctors, the effect size is weak. From the patient’s perspective,
a far better way to determine whether a surgeon performs a high
volume of procedures is to ask the doctor. Or the doctor could
preemptively provide such information on the various review
websites.

One surprising result was while the total number of reviews
correlated with surgeon volume, the actual rating value did not.
Also, it is unclear why the total number of reviews and
comments are associated with surgeon volume. Perhaps
high-volume surgeons are more comfortable with their
skills/results and are more likely to ask their patients for
feedback—internally or on the Internet. In any event, such
observations deserve further study.

Our analyses also supported a finding previously reported by
others [23]; namely, on online review websites, the single metric
(overall rating) correlated highly with more granular,
multidimensional numerical ratings. In our analyses, this
correlation was between overall rating and the average of all
multidimensional ratings (all r > .85). Accordingly, analyzing
patient responses to the question “Overall, how would you rate
this doctor?” predicts positive and negative sentiment from
more detailed questions.

Even with these findings, it is still an open question whether
consumers should rely heavily on the websites partly because
the websites have limited data. Among the 600 doctors, on
websites where the doctor was rated, the average doctor had
between 4 and 6 ratings and between 2 and 3 comments. As the
websites accumulate more data, our conclusions may change.

Our study identified at least one rating for 91% of doctors in
our sample. This contrasts with the study by Lagu et al [24]
where 70% of their physician sample did not have a single
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review on any of the 33 websites they looked at. This study
captured data limited to Boston generalists and undefined
subspecialists in the spring of 2009. Our study captured data
for specific categories of surgeons across the country in the
summer of 2011. The experience a patient has with a surgeon
is arguably different from the experience one has with a
generalist or many types of subspecialists. The surgical
experience is typically a “once-off.” The experience with a
generalist and many types of subspecialists is typically longer
term. Patients may be more inclined to post ratings and
comments based on a single (more emotionally charged)
experience with a surgeon compared with a routine long-term
experience with a generalist. But, the threshold of a doctor
converting from no reviews on any website to at least one review
on a website is low. The average doctor sees over 1000 patients
per year. If just one patient takes the effort to post a review, that
threshold is crossed. As our data was gathered two years after
that of Lagu et al, this suggests that although the number of
online reviews per doctor is still limited, the trend is for more
reviews for more doctors.

Our study was limited to a sample of targeted surgical
procedures. Within that dataset, there may be high-volume
surgeons who have poor clinical outcomes/patient safety records.
And there may be low-volume surgeons with excellent clinical
outcomes/patient safety records. Our study only attempted to
track a proxy for clinical quality—surgical volume—and not
clinical quality itself. Also, our sample makes no conclusions

about surgeons who perform procedures other than those
analyzed or any conclusions about non-surgical practitioners.

Another limitation is that the NHI database used to identify
low- and high-volume surgeons, while extensive, only covered
CPT/ICD9 procedure codes submitted to private insurance
carriers. The NHI database does not reflect data submitted to
Medicare. In surveying the literature correlating surgeon volume
with quality of care, we intentionally selected three surgical
procedures that were more likely than others to be performed
on a younger demographic, hoping to minimize whatever effect
the absence of Medicare data might have on our analysis.

One further limitation is that our classification of comments
into the categories of quality of care and customer service as
glowing praise or scathing criticism required human judgment,
making it susceptible to potential inter-reviewer variance. While
it is unlikely different reviewers would classify words such as
“butcher” and “life saver” differently, new technologies [22]
may help automate the review process for greater consistency.

Online doctor review websites provide a growing collection of
data for consumers to use. These websites provide fertile ground
for future studies on whether its data can help patients reliably
differentiate doctors who provide better clinical outcomes and
patient safety.

In summary, online review websites provide a rich source of
data that may be able to track quality of care, though the effect
size is weak and not consistent for all review website metrics.
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Abstract

Background: The feasibility and acceptability of Internet-based sexually transmitted infection (STI) testing have been
demonstrated; however, few programs have included testing for human immunodeficiency virus (HIV). In British Columbia,
Canada, a new initiative will offer online access to chlamydia, gonorrhea, syphilis, and HIV testing, integrated with existing
clinic-based services. We presented the model to gay men and other men who have sex with men (MSM) and existing clinic
clients through a series of focus groups.

Objective: To identify perceived benefits, concerns, and expectations of a new model for Internet-based STI and HIV testing
among potential end users.

Methods: Participants were recruited through email invitations, online classifieds, and flyers in STI clinics. A structured interview
guide was used. Focus groups were audio recorded, and an observer took detailed field notes. Analysts then listened to audio
recordings to validate field notes. Data were coded and analyzed using a scissor-and-sort technique.

Results: In total, 39 people participated in six focus groups. Most were MSM, and all were active Internet users and experienced
with STI/HIV testing. Perceived benefits of Internet-based STI testing included anonymity, convenience, and client-centered
control. Salient concerns were reluctance to provide personal information online, distrust of security of data provided online, and
the need for comprehensive pretest information and support for those receiving positive results, particularly for HIV. Suggestions
emerged for mitigation of these concerns: provide up-front and detailed information about the model, ask only the minimal
information required for testing, give positive results only by phone or in person, and ensure that those testing positive are referred
for counseling and support. End users expected Internet testing to offer continuous online service delivery, from booking
appointments, to transmitting information to the laboratory, to getting prescriptions. Most participants said they would use the
service or recommend it to others. Those who indicated they would be unlikely to use it generally either lived near an STI clinic
or routinely saw a family doctor with whom they were comfortable testing. Participants expected that the service would provide
the greatest benefit to individuals who do not already have access to sensitive sexual health services, are reluctant to test due to
stigma, or want to take immediate action (eg, because of a recent potential STI/HIV exposure).

Conclusions: Internet-based STI/HIV testing has the potential to reduce barriers to testing, as a complement to existing
clinic-based services. Trust in the new online service, however, is a prerequisite to client uptake and may be engendered by
transparency of information about the model, and by accounting for concerns related to confidentiality, data usage, and provision
of positive (especially HIV) results. Ongoing evaluation of this new model will be essential to its success and to the confidence
of its users.
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Introduction

Several jurisdictions have implemented Internet-based sexually
transmitted infection (STI) testing programs, with good uptake
and reach into untested populations [1-11]. This approach is
consistent with broader efforts to complement existing
face-to-face sexual health services with online interventions
[12]. Various models for publicly funded Internet-based STI
testing have been explored. Most initially engage clients through
a website. Specimen collection may then be facilitated either
by mail, in which case samples are self-collected at home [5,11],
or by providing a requisition that can be presented at designated
specimen collection sites or laboratories [7,8]. Some programs
continue to deliver results by telephone or face to face [1,4];
however, the feasibility and acceptability of online result
delivery, particularly for chlamydia and gonorrhea, has been
demonstrated [6,10,13]. The majority of online testing services
implemented to date are broad, population screening
interventions for chlamydia, predominantly targeting youth
[4,10,11,14-16]. Notably, few programs have incorporated
testing for human immunodeficiency virus (HIV), and few have
targeted gay men and other men who have sex with men (MSM)
[7,8].

In British Columbia, Canada, a new program is under
development at the BC Centre for Disease Control (BCCDC)
to provide online access to chlamydia, gonorrhea, syphilis, and
HIV testing, through a model integrated with existing
clinic-based services. This program will initially be offered in
a pilot phase to clients attending two urban STI clinics—where
approximately 10,000 clients are screened annually—and
additionally to MSM in Vancouver. After evaluating the results
of the pilot phase, this service is intended to expand to other
parts of the province, with further targeted promotion to groups
that experience high rates of STI and HIV. The goals are to
increase test uptake and frequency and to ease demand on
clinic-based testing services. The current model invites
prospective users to visit a secure website where they will create
an account, review pretest information, answer a series of
questions (related to, for example, symptoms, recent exposure
to STI/HIV, recent sexual behaviors, and history of STI
diagnosis), and then print a laboratory requisition. Clients will
present to designated specimen collection sites to give blood
and urine samples; in the Vancouver area, these sites offer
greater flexibility in hours and locations than existing STI
clinics. Those who test positive will be contacted by a nurse,
who will deliver results by phone or in person, consistent with
current clinical practice at the BCCDC. Negative results will
be viewable online via the same secure website. Prior to using
the service, clients will review an overview of the testing
process, including methods for results delivery, on the website.
The service will be free of cost for all clients, though cost
recovery mechanisms (eg, through the provincial public medical
service billing system) will be explored as the service expands.

The importance of formative evaluation to provide end-user
input at early stages in the development of novel eHealth
interventions is well established [17-19]. Research related to
the development of Internet-based preventive care management
systems in sexual health as well as other domains (eg, diabetes,
arthritis) has illustrated the need first to identify the right group
of users for a new online intervention, then to ensure that
features of the new service are well tailored to the intended user
group and mindful of their most significant concerns—for
example, confidentiality in the case of sexual health [5,20,21].
While the acceptability of some Internet-based STI testing
models has been demonstrated elsewhere [5,6], we anticipated
concerns that may be unique to the British Columbia setting
(eg, within the context of a publicly funded health care system)
and model, which includes multiple infections—notably
HIV—and is integrated with clinic-based services. Anonymous
HIV testing is not available in British Columbia, though to
afford additional protection of privacy, clients seeking HIV
testing have the option to suppress their name and address when
a positive result is reported to public health; some STI clinics
in the province furthermore allow clients to test using
pseudonyms [22]. With respect to delivery of results, clients of
the Provincial STI Clinic at BCCDC are contacted by a nurse
if any result is positive but may otherwise telephone the clinic
to receive their test results. Awareness and utilization of these
existing testing options may influence expectations of the online
testing service.

Recent in-depth interviews with youth 15–24 years of age in
British Columbia have suggested that this population appreciates
online sexual health services for the convenience and privacy
they afford; however, youth had low tolerance for technologies
perceived to be outdated, such as the requirement to print a
laboratory requisition form [23]. The current study expands on
these findings through formative research with adult MSM and
STI clinic clients in Vancouver. We conducted a series of focus
groups to gauge initial reactions to the British Columbia
Internet-based STI/HIV testing model, identify components of
the model that require modification, and describe end users’
overall perception of and intention to use the service. Based on
other studies and formative work with community-based
organizations in British Columbia, we sought to understand
particular concerns related to confidentiality and provision of
results, as well as ways to create and maintain trust in the
service.

Methods

Participants
Focus group attendees were MSM and clients already accessing
in-clinic STI testing services (ie, members of target populations
to be included in the pilot phase of the British Columbia Internet
testing service). MSM were recruited into one of three focus
groups through online classifieds and gay news site advertising
(6/20, 30%), community agency email lists (5/20, 25%), posters
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at gay community organizations and businesses (4/20, 20%),
and word of mouth (5/20, 25%). Clinic clients were recruited
into a further three focus groups through in-clinic flyers (2/19,
11%), emails to clients who had previously consented to be
contacted for research (14/19, 74%), and word of mouth (3/19,
16%). All participants were 19 years of age or older, resided in
the greater Vancouver area, and gave written informed consent.
This study was approved by the Research Ethics Board of the
University of British Columbia.

Procedures
Focus groups were audio recorded and lasted 1.5 to 2 hours;
they were conducted at the BCCDC in private meeting rooms
with one moderator and one observer who took detailed field
notes. Upon arriving participants completed a brief, anonymous

questionnaire. Prior to discussion participants were reminded
to respect the confidentiality of their peers, and participants
were never asked to share their name in front of the group. At
the start of each focus group, participants discussed their Internet
use and past experiences with accessing STI and HIV testing.
They were then given a brief (<5 minutes) description of the
model (Figure 1), after which the moderator answered clarifying
questions. A structured interview guide was used to address the
following domains throughout the remaining discussion:
willingness to provide personal information online, ways to
engender trust in the service, comfort with different ways of
delivering results, interest in specific features, appeal of the
service, and willingness to use the service. Participants received
a $25 cash honorarium.

Figure 1. Proposed British Columbia Internet-based sexually transmitted infection (STI)/human immunodeficiency virus testing model, as presented
to focus group participants.

Analysis
An analyst first reviewed the audio recordings and field notes
from each focus group to ensure that every statement was
captured; this analyst was distinct from the observer who took
notes for that particular group. A consensus-based coding
scheme was initially developed based on a literature review and
subsequently modified to reflect new concepts that emerged
throughout the analysis period. Two team members
independently reviewed field notes to apply codes from the
scheme. They then jointly used a scissor-and-sort technique to
analyze the data: printed and coded field notes were cut so that

individual statements could be sorted and re-sorted to explore
common themes [24]. Analysis was iterative, covering all codes
from the scheme and ultimately giving analysts a sense of
frequency or extensiveness of each theme. Analysts returned to
audio recordings to transcribe quotations of illustrative
comments. Except where noted, results reported here include
themes identified across two or more focus groups. Results also
include descriptions of connections across concepts based on
salient themes that we identified as the analysis progressed.
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Results

Participant Characteristics
A total of 39 people participated in six focus groups (4–9
participants each) between February 25 and May 5, 2011. Most
were men (32, 82%) who identified as gay (19, 49% of total
sample), bisexual (4, 10%), or two-spirit (2, 5%). A total of 28
(72%) reported having postsecondary education. All participants

had experience with HIV or STI testing, and nearly all were
active Internet users: most reported being online 15–40 hours
per week, and some described themselves as “[an] Internet
addict” and “permanently wired in.” None of the participants
were familiar with the British Columbia Internet-based STI/HIV
testing initiative prior to attending, and few had heard of
Internet-based testing services offered elsewhere. Table 1
describes additional participant characteristics.

Table 1. Sociodemographic characteristics, testing behaviors, and access to relevant technology among focus group participants (N = 39).a

%nVariable

Age range ( years )

26%1020–29

13%530–39

36%1440–49

26%10≥50

Gender

82%32Male

8%3Two-spirit

10%4Female

Country of birth

87%34Canada

Sexual orientation

49%19Gay

10%4Bisexual

5%2Two-spirit

31%12Straight

5%2Unknown

Highest level of education completed

3%1Elementary school

26%10High school

59%23University

13%5Graduate school

Testing history

97%38Ever tested for HIVb

92%36Ever tested for STIc (other than HIV)

74%29Tested for HIV or STI in past year

Access to technology

100%39Private Internet-connected computer

79%31Printer that can be used to print personal information

a Based on self-report through anonymous questionnaire.
b Human immunodeficiency virus.
c Sexually transmitted infection.
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Current Barriers to In-Clinic Testing
Participants articulated numerous barriers to in-clinic STI/HIV
testing (Table 2). The most common were embarrassment and
stigma. Embarrassment was often described as discomfort with
talking to a clinician about sex, sexuality, or STI and HIV tests.
Stigma was a broader, more complex issue that permeated most
topics of discussion and was raised in every focus group. Stigma
was described in terms of perceived judgment, not only from
the provider but also from those who might see them or know
they were going to get tested. While most participants had
recently accessed testing themselves, they recounted past
experience or knowledge of friends’ experiences in expressing
how broader social stigma leads to avoidance of testing. As one
middle-aged man explained, “I’ve been in situations with the
clinic before where you get this judgment and this fear factor
built up and you just don’t want to talk to them anymore and
you end up just not going back.” Others discussed frustration
with in-person testing, citing long wait times—both to get an
appointment and to be seen after arriving at the clinic—and
difficulty returning to the clinic for results. Finally, limited
access to competent or sensitive sexual health services was
another barrier discussed. This may include not having a family
doctor or dissatisfaction with a family doctor; for example, some
expressed concern that their doctor may not know the right tests
to offer. One participant told of a family doctor who was
reluctant, even uncomfortable, to offer an HIV test: “I went to
my family doctor and told him I wanted an HIV test and he was
like ‘why?, you’re not gay,’ and um obviously, well, yah I am
and I do...I had to go to a hospital to go get tested.” Participants
were also mindful of those who live in rural areas or far from
the city center, who may not have access to nonjudgmental or
gay/lesbian/bisexual/transgender-friendly STI clinics as an
alternative to going to see a family doctor.

Perceived Benefits of Internet Testing
In this context, Internet-based testing was thought to offer the
potential to circumvent some of these existing barriers through
anonymity, access, convenience, and control (Table 2).
Participants repeatedly described anonymity, or the “faceless
experience,” as perhaps the greatest promise of the Internet in
relation to sexual health services. By ordering tests online,
participants felt that they would avert some of the
aforementioned worries about someone seeing them walk into
an STI clinic:

This is definitely a service I would use, not only for
the convenience factor but I mean, no matter how old

we are, it’s still an embarrassing issue for a lot of
people. Like he was saying, there’s the STI clinic, and
so what I do is look around and see what traffic is on
the road...because it’s embarrassing for me.

The facelessness of the Internet may further facilitate clients’
comfort with providing personal information. As one young
woman observed:

I’d be definitely more comfortable doing it [answering
questions about sexual behaviors] online because I
think people have a tendency to underestimate when
in person, because I think as you said the fear, or it’s
embarrassing when you’re asked how many sexual
partners you’ve had, people will tend to go on the
low end, you know, it’s just human nature, so I’d
rather do it online probably.

The ability to access Internet testing any time of the day or night
was also emphasized as a key benefit. In light of the problems
some individuals had with getting to the clinic during business
hours to retrieve results, online access to test results offers a
striking advantage. One clinic client explained that “being able
to get a negative test result by logging in and saying oh there it
is, really provides a lot of convenience...the easier you make it
to get a negative test result, the more people will be tempted to
use the service.” A 20-something-year-old gay man highlighted
the client-centered control of Internet-based services as a major
appeal:

I can’t speak for all people, but certainly for a lot of
people in my generation, well our generation,
certainly, it’s just um easier. You get to, it’s the email
thing, your results are ready, you check it, and then
you can call someone...I prefer it because...it sort of
gives me agency over my own health care in a way,
like, in the sense that here’s the information, I can do
with it what I choose, rather than relying on some
doctor or some nurse that I may not know to sort of
decide how they’re going to do it and sort of be in
that emotional space, you know. I can then decide
how I approach it.

Using the Internet to offer testing was furthermore thought to
be beneficial for both the client and the provider, in that it will
standardize the service clients receive—taking away some of
the variability encountered when seeking in-clinic
testing—while allowing providers to focus their time on
delivering results, treatment, and follow-up, with the potential
to also reduce costs.

Table 2. Barriers to in-clinic sexually transmitted infection and human immunodeficiency virus testing, and corresponding benefits of Internet-based
testing, as expressed by participants.

Perceived benefits of Internet-based testingExisting barriers to testing

Anonymity or faceless experience of ordering tests onlineEmbarrassment of talking to a clinician about sexual health concerns; and
stigma or perceived judgment associated with seeking testing

Immediate access to websiteLong wait times at the clinic

24-hour availability of Internet; extended/flexible hours of specimen col-
lection (laboratory) sites

Difficulty getting to sexually transmitted infection clinic during business
hours

Standardized service, controlled by the clientDissatisfaction with/lack of family doctor

J Med Internet Res 2012 | vol. 14 | iss. 2 | e41 | p.193http://www.jmir.org/2012/2/e41/
(page number not for citation purposes)

Hottes et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


Building Trust
When participants were presented with the Internet testing model
(Figure 1), many initially expressed some hesitation or confusion
(Table 3). While some of the previously mentioned
anonymity-related concerns may be mitigated by an online
platform, new misgivings about the provision of personal
information were heightened with the use of the Internet:

I think dealing with people’s fears around this is a
critical component of it. And anonymity is going to
be kind of a position people will start from, and then
they’ll sort of move to a point of being more
comfortable.

For some this reluctance to provide personal information was
traced to fears about security; one participant explained that “I
would say, first of all, you know, I wouldn’t be comfortable
putting any personal information into a website like this where
I know someone could hack into it or something.” Others wanted
to know what the service provider would be doing with their
information, where it would be stored, and why it was being
collected. In response, however, participants offered suggestions
to allay these concerns about sharing personal information, as
illustrated by the following quotes and further outlined in Table
3.

If you’re going to use an email address to register,
you may want to say something like go to Gmail or
Hotmail and create a new, anonymous email account
that you only use for this, if you want to have more
privacy, if you don’t feel comfortable using your own
personal email account.

For people who obviously want to do this
confidentially...I’m assuming people are going to be
using it because they don’t want people to see them
going to a clinic...when you refresh the page, and
someone comes by and someone is being snoopy, ‘why
were you on that website?,’ you know kind of thing,
I don’t know if there’s computer technology for back
browsing or to clear the cache so when you leave that
site there’s no way to tell them you were on that site.

A few participants expressed concern that someone might
maliciously enter another person’s name or email address when
creating an account. Participants consequently suggested that
email addresses be verified by sending a confirmation email
and requiring a response before activating the account. Most
participants were ultimately willing to give information required
for STI/HIV testing but not more than is absolutely necessary.
They also expected to be told why they were being asked for
each piece of information, repeatedly suggesting that a
description of the use and purpose of all data collected be clearly

described for prospective clients up front, in advance of
registering for the service.

Other concerns with the model related to lived or perceived
experiences with positive test results, particularly for HIV; these
concerns were more prevalent in the focus groups with gay men
and other MSM. A few participants worried that testing online
would mean that clients would not receive all of the pretest
information they thought they needed:

How do you know somebody has actually read all the
information? I click agree to the conditions, right,
like when you order software or whatever. Nobody
reads all those things, but you have to click it to get
through.

There was also frequent concern for what it would be like to
get a positive result using the Internet testing service, and
participants were eager to suggest extra measures to protect
those receiving positive results. One person suggested that all
clients be required to receive all four tests (ie, chlamydia,
gonorrhea, syphilis, and HIV) so that if they are notified that a
result is positive they wouldn’t know for certain that it was their
HIV result. This suggestion was liked by some participants as
a way to reduce anxiety for testers but disliked by others because
it was regarded as contrary to the otherwise client-centered
nature of the model. To remedy this, many participants
suggested providing positive HIV results in person or by phone
only, and providing Web links to other care and support,
including community-based peer services and counseling:

I think one of the things that could be offered through
Internet resources is uh immediate access for people
who are getting devastating results. Where do you go
next? What do you do? In the first 48 hours you need
critical care for these people.

Participants also talked about the anxiety experienced while
waiting for a test result and worried that such anxiety could be
exacerbated when testing online; thus, many participants urged
that resources and referrals be provided at the time of testing
(via the website or laboratory requisition form), as well as at
the time of diagnosis.

When asked how trust in the service might be gained,
participants noted the importance of professionalism and of
adhering to standardized guidelines. As outlined above,
transparency of information and practices is key. Three
participants, across multiple focus groups, inquired about
whether evaluation or research would be done to ensure the
service is meeting its goals and is acceptable to users.
Additionally, the legitimacy of the organization sponsoring the
program was noted to be relevant in gaining trust in the new
service (eg, BCCDC as a government organization).
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Table 3. Concerns with Internet-based sexually transmitted infection/human immunodeficiency virus (HIV) testing and corresponding strategies for
mitigation expressed by participants.

Suggestions for mitigationConcern

Reluctance to provide personal information online • Ask only for information required for testing
• Explain rationale for other data collected
• Validate email address when creating a new account

Distrust of security of data provided online • Describe security measures of website up front
• Explain additional measures client can take (eg, private browsing, clear cache/history)

Ensuring comprehensive pretest counseling • Remind clients of the option of coming to a clinic for face-to-face pretest discussions
• Include detailed pretest information on the website

Support for those waiting for results and receiving
positive results, particularly for HIV

• Do not provide any positive results online
• Provide links to referrals, including counseling and support services in community, at time

of testing (via website)

Expectations of the Service
In general, most participants expected that the Internet testing
service would offer features similar to other commonly used
Web-based services and in particular would provide continuous
online service delivery. This included a strong interest in
booking in-clinic appointments and getting prescriptions for
STI treatments online. When presented with the model, several
people noted the requirement to print a laboratory form and
suggested that the requisition data instead be sent electronically,
either to the client’s smart phone or directly to the laboratory
itself:

What if you were provided with a verification code,
say to my iPhone, to my email address, that I could
just take to [the lab], show them the code, and they
would have the information in their system?...it could
go direct to their forms.

Nearly all participants were interested in receiving result
notifications (ie, messages indicating that results are ready) and
testing reminders, either by email or by text message, though
many emphasized that clients should be able to control when
and how such notifications are sent, bearing in mind the potential
for breaches in confidentiality, through email especially.
Repeatedly participants stated that they would like to have
options with regard to nearly every aspect of using the service,
and in particular when receiving communications:

[Regarding how would you like to be notified of
results] I’d rather it just be like, either or, check
online, and maybe click something if you prefer to be
notified by phone...but certainly there should be the
option as well for people who just want to be notified
over the Internet, on their own terms.

Participants also believed that standards of service for online
testing should be similar to those in the clinic, and where they
differ (eg, for particular STI tests not being offered online),
clients expect to be given referrals to other places for testing.
Likewise, when asked what questions they would expect to be
asked before testing online, participants responded that they
would expect to see the same questions they would be asked in
a clinic. As one participant explained:

I’d say with regard to the risk assessment though
there would be no reason to have it any different than
the questions they ask you when you come in here
[STI clinic], you know like how many partners, the
whole thing they go through.

In response, another participant noted that “when you give
answers here [at the BCCDC] they type them into a computer
database anyway.”

Barriers to Use of Online Testing Service
Across focus group discussions, a few noteworthy barriers to
use of the Internet testing service were elicited. These limitations
predominantly reflected concerns over levels of technical or
English-language literacy. Although 79% of participants
reported access to a printer where they could print confidential
information, many raised the lack of a personal printer and the
expense and hassle of obtaining ink and printer paper as barriers
to using this service. A middle-aged heterosexual male
participant elicited agreement from several others in his focus
group when he described a typical situation:

My only printer is at work. [moderator: What would
it be like to print a requisition like this at work?] It’s
easy, but I mean, mine’s a group printer. There’s
eight of us using one printer, and if I’m not up and
at that printer, they’re going to look at it and ask,
‘what the hell is this?’

When asked whether this would ultimately dissuade them from
using the service, most acknowledged that it would not, though
it would likely be perceived by some as an annoyance. Beyond
the concerns with printing, others noted varying levels of
comfort with computers and with the Internet as potential
barriers. Focus group attendees furthermore highlighted limited
English-language skills, among both native and nonnative
speakers, suggesting that instructions and information on the
site be written in a style mindful of those with more basic levels
of language literacy and health literacy.

Uptake
Most participants said they would use the Internet testing service
or recommend it to others. Those who indicated they would be
unlikely to use it generally lived near an STI clinic and therefore
had convenient access to testing, or routinely saw a family
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doctor with whom they were comfortable testing (eg,
HIV-positive individuals who were regularly receiving screening
and other care and treatment services through a primary care
provider). Some also suggested that Internet testing may not be
well suited for people such as first-time testers, who may have
heightened anxiety or questions that are best handled face to
face.

Participants expected that the service would provide the greatest
benefit to individuals who do not have access to sensitive sexual
health services (for example, those living outside the city center
or in rural or remote areas), are reluctant to test due to stigma
(eg, youth or non-gay-identified MSM), want to start the process
of testing immediately (eg, those who had a recent possible
exposure to an STI/HIV), or may simply forget or put off going
for routine testing. As one participant expressed, “I’m someone
who procrastinates a bit, and this would remind me to get going,
get tested every...however often.”

Discussion

This study of gay, bisexual, and two-spirit men and STI clinic
clients in Vancouver, Canada revealed generally high levels of
enthusiasm for Internet-based STI/HIV testing. Focus group
attendees started from a point of reluctance toward the Internet
testing concept, raising concerns related to confidentiality, data
usage, and provision of positive (especially HIV) results, but
gradually moved to a point of confidence and comfort after
seeing that these concerns were accounted for in the present
model. Trust in the service is thus a prerequisite to client uptake
and may be engendered through transparency of information
about the model, by providing positive test results preferably
in person (in the case of HIV) or by phone, and by ensuring that
provisions are in place to link those testing positive or waiting
for results with referrals for care, including counseling and
community-based support services. Notably, for each of the
most prevalent concerns elicited, participants themselves
identified a mitigation strategy (Table 3). Other suggestions
generated from this study—for example, inclusion of online
prescriptions—may not be feasible for the pilot phase of the
service but are useful in long-term strategic planning for
program expansion.

The proposed Internet-based service was described by potential
users through a discussion of tensions and trade-offs. Losing
the face-to-face interaction of traditional clinic settings was
welcomed when it meant a gain in anonymity but was
questioned in terms of the ability to provide support for those
receiving positive test results. Generally, clients expected that
the online service would take care of them, offering the quality
of care equivalent to that provided in a clinic; however, they
wanted to see justification for all questions asked of clients via
the website and resisted the collection of extraneous personal
data. Likewise, some participants expressed a desire for
paternalistic features (eg, requiring all clients to test for all four
infections), while others demanded a more client-centered model
where they could test and receive results in a way of their
choosing. These trade-offs suggest that Internet testing for STI
and HIV requires careful balancing to respect divergent
viewpoints. Ultimately this service cannot accommodate all

client preferences, though we may heed these requests by
providing options where possible. For example, while clients
will not be able to choose to receive positive results online, they
may be able to opt in or out of email notifications concerning
negative results.

Our findings were generally consistent with those of others who
have assessed the acceptability of online STI screening services
[5,6,23]. Concerns over confidentiality and data usage are
common in relation to sexual health services [25-27] and perhaps
not surprising given the stigma and shame associated with STI
and HIV, as articulated by our participants themselves. Privacy-
and health data-related concerns have been heightened in recent
years in British Columbia, in response to an initiative to both
centralize and expand access to electronic medical records in
the province [28], as well as increasing criminal cases for HIV
nondisclosure [29]. As found in qualitative studies of British
Columbia youth [23], the adults sampled in our study expressed
an expectation that online services be totally online and balked
at the requirement to print a form to use the service. Unlike
most other Internet testing models that have been described in
published research, ours includes the option to test for HIV.
Participants in our focus groups praised the increased
accessibility to HIV testing afforded by this model but also
raised concerns with the experience of testing for HIV in a new
setting, particularly one that does not include a face-to-face
consultation. A disproportionate amount of the anxiety around
provision of results was centered on the HIV test, especially
among gay and bisexual men and other MSM. This was a
noteworthy concern but not an irreconcilable one, and various
strategies for mitigation were elicited, as already noted.

Soliciting input from end users through formative research is
recommended at early stages of development of novel,
Internet-based health services [17,18], though there are
compelling challenges to achieving this in the setting of
understaffed and underfunded small governmental projects. Our
study demonstrates how such qualitative research can
nonetheless provide valuable results through the use of efficient
methods such as field notes (in lieu of full data transcription)
and scissor-and-sort analysis techniques. Such methods preclude
detailed analysis of themes that may be pursued in traditional
qualitative research but allow for rapid cycles of recruitment,
interview or focus group conduct, analysis, and interpretation,
the rehearsal of which is essential to the success of programs
like ours. We have thereby been able to incorporate the key
findings highlighted above—and in particular the mitigation
strategies outlined in Table 3—into the British Columbia
Internet testing model in real time.

The participants in this study were largely Internet-savvy, highly
educated, urban gay men who were already experienced with
testing. Thus, our findings are helpful in tailoring this
intervention for the more limited pilot phase but may not be
generalizable to other groups—notably those that are not
currently testing for STI/HIV, a population that will be of keen
interest during the provincial expansion of the program and that
may have particular concerns when first testing through an
online platform. Participants themselves noted that Internet
testing likely holds the greatest benefit for those living outside
the city center, who have limited access to sensitive sexual
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health services. Further focus groups with traditionally
underserved and marginalized populations are planned and will
aid in the development and scale-up of this service.

As illustrated by the data presented here, Internet-based STI/HIV
testing is a potentially powerful complement to existing
clinic-based services. Despite the rapid growth in online testing
programs globally, these services remain unfamiliar to most
target users in British Columbia. In light of its differences from

traditional testing services, fully understanding the needs and
expectations of prospective clients is imperative, as is providing
them with clear, up-front information about the new model,
along with justification for its particular functions and features.
Much of the research on Internet testing has explored feasibility
and acceptability [30]; more data are now needed to determine
its effectiveness in relation to other outcomes such as frequency
of testing, uptake among those not already testing, and uptake
among those most at risk of infection.
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Abstract

Background: The Web offers unprecedented access to the experience of people with dementia and their care partners, but data
gathered online need to be validated to be useful.

Objective: To test the construct validity of an informant Web-based data collection to assess dementia symptoms in relation to
the 15-point Dependence Scale (DS).

Methods: In an online survey posted on the DementiaGuide website, care partners of people with dementia built individualized
profiles from the 60-item SymptomGuide and completed a questionnaire, which included the DS and a staging tool.

Results: In the 250 profilees (155, 62% women, mean age 77 years), increasing dependence was associated with a greater
chance of institutionalization. For example, no one at the lowest levels of dependence (DS score < 5, n = 33) was in long-term

care, compared with half (13/25) of the profilees at the highest levels of dependence (DS score > 12) being in institutions (χ2
4 =

27.9, P < .001). The Web-based DS was correlated with the number of symptoms: higher DS scores were associated with a higher
stage of dementia (F > 50, P < .001).

Conclusion: In an online survey, the Web-based DS showed good construct validity, potentially demonstrating how the Web
can be used to learn more about dementia progression and how it relates to symptoms experienced by patients across the course
of dementing illnesses. Even so, caution is needed to assure the validity of data collected online.

(J Med Internet Res 2012;14(2):e42)   doi:10.2196/jmir.1941

KEYWORDS

Dementia; online survey; symptoms; Dependence Scale; staging; cognitive impairment not dementia; mild cognitive impairment;
validation; World Wide Web

Introduction

Dementia is a progressive disorder that affects memory,
thinking, language, judgment, and behavior. This high
dimensionality challenges measurement of the myriad effects
of progressive neurocognitive illnesses. Our group has aimed

to understand dementia by focusing on a few symptoms of
greatest importance to each patient [1]. This focus on how
patients experience dementia is achieved through an
individualized approach, in which each patient–care partner
dyad focuses on just a few symptoms (typically 3–6) of most
importance to them. Individualization is feasible in clinical
trials. It offers a means of evaluating medications by how well
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they work on dementia symptoms, and not just on how much
they improve scores on standardized tests [2,3].

A more common—and complementary—way to reduce
dimensionality in dementia and achieve some sort of quantitative
understanding of a patient’s overall disease course is by means
of staging the dementia. This can be done from
semi-individualized clinical interviews, or by focusing on
functional disability as a means of understanding the impact of
dementia. Instruments such as the Functional Assessment
Staging Tool describe impairment in self-care needs and
instrumental activities; such disability is highly correlated with
the other 10 axes (including memory, orientation, language,
praxis, and behavior) of the Brief Cognitive Rating Scale [4].
Staging of dementia severity also typically reflects increasing
dependence on others—not just for disability, but also because
impaired judgment can pose risks. As a complement to classic
staging instruments, the Dependence Scale (DS) was developed
to measure the amount of care required by dementia patients
[5]. Longitudinal studies of change in DS scores have
demonstrated its validity and reliability in reflecting increased
impairment with dementia progression [6].

Dependence is also well understood by those who care for
people with dementia, making it a potentially useful construct
in surveys. Such surveys offer some important potential in
helping to bridge the gap between the lived experience of
dementia and its measurement in clinical research, especially
clinical trials, where the issue of clinical relevance can be
fraught [2,7]. The popularity of the World Wide Web enables
patients and their caregivers to conveniently access the Internet,
and many do, especially adults caring for aging parents [8]. A
2011 survey found that 59% of American adults reported looking
for health information online; this included 88% of self-reported
caregivers. Overall, 17% of all Internet users reported looking
online for information about memory loss, dementia, or
Alzheimer disease [9]. Even so, how to make best use of this
access remains unclear. If it unifies understanding of disease
progression, the concept of progressive dependence might help
translate from the clinical endpoints employed in trials to better
understand the clinical meaningfulness of what historically
appear to be small changes in neuropsychological test scores.
To do so, it is important to be able to evaluate the information
provided by respondents online. Here, our primary aim was to
test the construct validity of Web-based symptom profiles. We
compared these profiles with a responder-completed assessment
of a patient’s level of dementia using the DS and an
informant-reported staging tool. In particular, we expected to
see more symptoms at higher levels of dependence, and to see
more symptoms in those in institutions than otherwise. In
addition, we examined patterns among the symptoms that
patients targeted and their DS score, expecting to see more
behavioral symptoms and functional dependence symptoms
with increasing levels of the DS.

Methods

Setting
This is an online survey of visitors to the DementiaGuide
website [10]. That site’s SymptomGuide is a Web-based tool

for persons with dementia and their caregivers to identify the
symptoms they are exhibiting and track how the symptoms
change over time [1]. The 60 dementia symptoms in the online
symptom library (Multimedia Appendix 1) and the
corresponding hundreds of plain-language descriptors are easily
understood by families and caregivers, who for the most part
are the chief users of the site. For each symptom, information
is available about its definition and descriptions, the typical
stage of dementia at which it occurs, and common management
strategies. These are accessed by clicking on tabs visible on
each symptom, a tab providing standard advice from a physician
about the typical challenges and course related to that problem,
and another tab (“What’s happening in the Brain?”) that
describes the pathophysiology in lay terms.

In an open survey, participants were sampled from website
visitors who visited the site long enough to view its symptom
library. Participants who completed the survey were offered a
free subscription to the website for their participation. An
announcement of the survey was posted on the DementiaGuide
homepage and sent to registered site users via email. There was
no other advertising for the survey.

Measures
Visitors (caregivers) to the DementiaGuide website [10] were
invited to complete a 3-part care survey. The survey was
developed from existing measures, as follows. First, we asked
basic information related to caregivers and the person they care
for, such as age, gender, type of dementia, and living
arrangements. The second part listed the 13 questions of the DS
[5,6] to assess the level of care. The DS questions were exactly
as they appeared in the print version of the questionnaire. The
final part provided specific information about the 60 symptoms,
from which people noted which symptoms were present in the
person for whom they cared, and so provided an individualized
symptoms profile. In addition, they staged dementia
qualitatively, using the grades very mild, mild, moderate, severe,
and very severe (Multimedia Appendix 2). After completing
the symptom profiles, caregivers assayed the stage of the person
whom they were profiling using these descriptors.

In addition to cognitive symptoms (eg, impaired recent and
remote memory, expressive language, naming, understanding,
attention, and orientation to time and place) SymptomGuide
symptoms included disability in instrumental and personal
activities of daily living (ADLs), and behavioral and
psychological symptoms of dementia (BPSD). SymptomGuide
tracks other common symptoms, typically related to a general
construct of function, which often go unmeasured in clinical
trials (eg, looking after grandchildren, operating appliances,
hobbies, leisure activities, planning, and social engagement).
Note that, in contrast to typical use of the SymptomGuide, where
only those symptoms targeted for treatment are selected as part
of a patient profile, here we asked users to note any symptoms
that were problems in relation to the person for whom they
cared.

The DS was described in 1994 [5]. It is based on the notion that
patient dependence and the need for supervision is a means of
unifying disease progression from the cognitive, functional, and
behavioral standpoints [5,11,12]. It is scored by an algorithm
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that counts responses to 13 questions about patient dependence
and need for care and supervision. The DS score ranges from
0 to 15, with higher scores indicating a higher care burden. It
has been cross-validated in several clinical settings [6,13-16],
including in a prospective longitudinal study [5]. The DS’s
interrater reliability was high (intraclass correlation coefficient
= .90) as was the internal consistency (eg, Cronbach alpha of
.66–.93, depending on the subscales). Although it has not been
validated in an online environment, its apparent ease of use, as
well as its measurement properties, makes it an attractive way
to provide a standardized description of people with dementia
who might be the object of dementia surveys. All 13 items on
the DS questionnaire [5,6] could be represented by similar
symptoms in the SymptomGuide.

The survey was displayed over 3 screen pages. Completeness
checks were done for each individual page, with unanswered
questions highlighted for the participant, with completion
prompted before going to the next page or submitting the survey.
Respondents could hit the back browser button if they wished
to edit a previous response page. The Internet protocol address
of study participants was captured, and duplicates were filtered
in the analysis, with only data from the first completed survey
used. No cookies were used. A timestamp was captured after
the first page was completed, but no time cut-off was used.
Survey functionality was tested on a development site before
moving to the live site.

Analysis
Given a 95% completion rate (below), we analyzed only
completed questionnaires. Validity was assessed chiefly by
construct validation as follows. As the DS represents increasing
dependence, we compared it against the proportion of people
institutionalized by DS group; the hypothesis was that as the
DS increased, so did the chance of being in assisted living or
in institutional long-term care. DS scores were plotted against
the severity reported on the SymptomGuide, operationalized as
the number of symptoms endorsed. (Again, we expected a
positive relationship.) The data distribution was first inspected
for linearity; if linear, a regression analysis was performed;
otherwise analysis of variance (ANOVA) was used to measure
group mean differences.

To compare DS scores by user-rated grades of severity, we
constructed a box-and-whiskers plot. A Spearman rank-order
correlation was used to assess the values of the DS in relation
to the 5 severity levels. We conducted separate ANOVAs for
increasing dependence in instrumental and personal ADLs and
in BPSD.

To analyze the relationships between the DS score and dementia
stages identified by the participants as very mild, mild,
moderate, severe, and very severe (based on symptom profiles
and function, Multimedia Appendix 2), we calculated the
distributions of people by the DS for each severity group. The
numbers of profilees at a given DS score were cross-tabulated
with the stage of dementia that was assigned by each profilee’s
caregiver. These distributions were smoothed using a moving
average and indicate the probabilities for an individual with a
given DS score to belong to any given severity group. We
calculated empirically derived crossovers of overlapping

distributions from the ratios of probabilities (likelihoods) to
define cut points for each DS severity interval. ANOVA was
conducted to assess associations between the DS scores and the
stages of dementia.

Ethics
All respondents to the survey consented by checking their
agreement to the terms and conditions of DementiaGuide, which
includes their consent to the use of anonymized data. No
personal information was collected that could identify the survey
participant. All responses are stored on a secure server.

Results

From January 27, 2010 to August 24, 2010, of 514 unique
visitors who viewed the symptom library, 264 started the
questionnaire and 250 respondents completed the online survey
(completion rate 94.7%; net response rate 48.6%). All were care
partners, completing information about symptoms in patients
(profilees). Of the 250 care partner respondents, most were
women (203, 81.2%), 208 (83.2%) and were less than 65 years
old, usually with adult children (125, 50.0%) or spouses (71,
28%). Most care partners lived in the same household (115,
46.0%) or saw the person with dementia at least 5 days a week
(46, 18%) although 18 (7%) saw the person less than weekly.
Most care partners came from the United States (113, 45.2%),
Canada (82, 33%), or the United Kingdom (22, 9%). The mean
age of the patients being profiled was 77.1 years (SD 11.1) and
155 (62%) were women. Most (198, 79.2%) were community
dwelling, with the remainder (52, 21%) in assisted living or
nursing home care. DS scores ranged from 0 to 14, with a mode
of 8.

With respect to patient residence (community versus institution),
none of the 33 people profiled at the lowest levels of dependence
(DS score < 5) lived in a long-term care facility, whereas of the
25 profilees at the highest level of dependence (DS score > 12)

13 (52%) were resident in a long-term care facility (χ2
4 = 27.9,

P < .001).

Profilees who experienced more symptoms tended to be more
dependent in general (Figure 1). The number of the
SymptomGuide symptoms and the DS score were highly
correlated (r = .73, P < .001). Likewise, as the DS score
increased, so did the number of instrumental and personal ADL
symptoms and the number of BPSD (F4 = 76, F4 = 54, and F4

= 14, P < .001; Figure 2). Note that the personal ADL and BPSD
types of symptoms were especially uncommon at DS scores <5.
The mean number of targeted instrumental ADL symptoms
increased from 1 at DS scores < 2 to 8 at DS scores > 10.

The DS score also increased as the user-based severity staging
score increased (r = .85, P < .001; Figure 3). ANOVA confirmed
a significant difference in the association of the DS score by
severity groups (F4 = 148, P < .001; Figure 3).

We discerned 5 empirically derived cut points at ≤5, ≤8, ≤11,
≤13, and >13; the modes increased with increasing values of
the DS (Figure 4) as did the median values (ie, ≤5, median
proportion value of the DS; ≤8; ≤11; ≤13; >13). We chose the
cut points by using the crossovers between the neighboring
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distributions as indicated in the legend of Figure 4. The
distributions are not normal (at least on the extremes, the
medians are deviate from the means); the crossover’s location,
however, indicates that on the right from the crossover, the
probability of the right distribution is higher than that on the
left. It could be said that the cut points were chosen in
accordance with the maximum likelihood of belonging to one
or the other group. Note that when the DS score was <2,

profilees were almost all in the stage of very mild dementia.
When the DS score was between 2 and 8, most profilees were
in the mild dementia stage. Profilees identified as having
moderate dementia had a DS score varying from 6 to 12. When
the DS score was >10, the profilees were predominantly at the
severe or very severe stage of dementia, and no one remained
in the mild stage.

Figure 1. Mean number of dementia symptoms as a function of the Dependence Scale score. Circles show the means and bars show the standard errors.
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Figure 2. Mean number of dementia symptoms: instrumental activities of daily living (blue), activities of daily living (red), and behavioral and
psychological symptoms (black). Given that only 5 people had a Dependance Scale score of 0 or 1, these states are combined here.
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Figure 3. Dependence Scale score by grade of severity as a box-and-whiskers plot. The boxes show medians (red lines), edges at the quartiles Q1 and
Q3; the whiskers show the boundary for the outliers.
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Figure 4. Probability distribution of the Dependence Scale score by dementia stage. Arrows indicate crossovers between the neighboring distributions
and thus represent the the cut points to distinguish between the stages.

Discussion

This study used an online survey of dementia caregivers and
compared how they scored the DS with how they completed a
checklist of 60 dementia symptoms and how they staged
dementia severity. Most respondents came from the United
States, Canada, and the United Kingdom and were women
profiling people with dementia, chiefly parents and spouses.
Several analyses (correlation of the DS score with the total
number of symptoms and those specific to functional
dependency and BPSD; comparison of proportions of patients
receiving institutional care by DS grade; and comparison with
a staging instrument) suggest construct validity in online use
of the DS.

Our data must be interpreted with caution. Consistency of like
measures is an important aspect of construct validity. Even so,
it does not guarantee that the profiles portrayed here are what
an independent observer would find. This potential weakness
is shared with other self-report data and not just those collected
online. On the other hand, to the extent that care partner reports
tap an aspect of dementia profiles that are comparatively
understudied, this may be a necessary trade-off to gather more
data on the views of caregivers and what is important to them.
For example, many people who use the website set goals in
relation to repetitive questioning, as they did in clinical trials
in which this option was available to them [17-19]. Even so,

this problem receives almost no attention in the current clinical
trial environment. What is more, informant-based reports have
a long history in understanding dementia staging in
epidemiological surveys, leading to a call for their use in
electronic formats [20]. Building on this experience with
self-report in standardized instruments, the World Wide Web
offers a means for care partners to draw attention to what is
important to them, as a way of sensitizing researchers about the
lived experience of dementia. At the same time, it must be
remembered that the Web tends to be used less by older people,
people with lower socioeconomic status, and those with lower
levels of education, who are less likely to participate in
Web-based medical programs [21]. In addition, a comparatively
high proportion (21%) of the people described here were in
assisted living or nursing homes, with correspondingly higher
levels of dependence. Given such considerations, we underscore
that this cannot be seen as a representative survey, which is why
we have been careful not to make any such claim. Still, it is
interesting to note that our respondents, in being women, usually
spouses or adult daughters, living with or near the person with
dementia, are not in these ways dissimilar to typical dementia
caregivers in Western countries [22].

In addition, this approach is relatively new, so it is not clear
where the magnitude of the correlations—which are moderate
to high by traditional standards—fits in the online environment.
We also cannot be sure that the respondents were describing
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real cases, although this would be true also for postal or
telephone surveys, so that the same cautions as exist with these
better-accepted forms of data collection would need to apply
here. For example, we cannot make prevalence estimates,
although it remains possible to study associations between
variables.

Our data potentially contribute to understanding how the Web
might be used to gather information about dementia. At present,
the Internet is being used in several contexts in dementia. For
example, it is used to elicit opinions about issues related to
Alzheimer disease (such as the merit in screening for it) [23]
and to collect data about the burden of care [24,25]. The Internet
is also being used to deliver care interventions [26-28] and to
provide educational programs to formal care providers [29].
Note too that, while several of the interventions or surveys are
targeted to particular groups, more widespread uses include the
identification of people who might be at an increased risk of
dementia [30]. Recently, too, the Web has been used as a means
of doing experiments, such as testing whether people who took
up cognitive training in the form of video games showed
improved cognitive functioning on tests related to the items
practiced in the games [31]. Such potential obliges designers
to maximize the usability of their sites, and in particular to
clearly identify the source of their information [32].

The information here is also more than just correlation. For
example, the mismatch between DS scores and caregiver
impressions of staging in relation to a DS score of 9,where 70%

(23/33) were given a moderate stage by the caregiver, 6% (2/33)
severe, 3% (1/33) very severe, 9% (3/33)very mild, and 12%
(4/33) mild, illustrates a potential problem with the DS. In
getting data on the views, if not of patients themselves, then of
people involved with them on a frequent basis, who were asked
to consider which symptoms they displayed, we are helping to
meet a gap in understanding. From a time when people with
dementia were not considered able to contribute to descriptions
of the syndrome because of the nature of their illness, it became
clear that their perspective was particularly important to
understanding how people with dementia cope [33].

That this perspective is important is clear if we consider that,
although the literature on the lived experience of dementia is
rich [34,35] it has had comparatively little direct impact in the
clinical trials literature on the meaningfulness of dementia
treatment [36]. The perspective of individuals on how they cope
has a clear impact on the response to psychosocial therapy [37].
This has led to calls for a better understanding of how both
pharmacological and nonpharmacological treatments might
have an impact in ways that are evident to patients and their
care partners [38,39]. This will be especially important in the
longer trials needed to evaluate the impact of potentially
disease-modifying therapies, as these cover a span in which
patients’ perceptions of quality of life can change [1,40]. How
symptoms change over time from the perspective of care
partners is an important concern that is motivating additional
inquires by our group.
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Abstract

Background: In the United States, primary and secondary online schools are institutions that deliver online curricula for children
enrolled in kindergarten through 12th grade (K-12). These institutions commonly provide opportunities for online instruction in
conjunction with local schools for students who may need remediation, have advanced needs, encounter unqualified local
instructors, or experience scheduling conflicts. Internet-based online schooling may potentially help children from populations
known to have educational and health disadvantages, such as those from certain racial or ethnic backgrounds, those of low
socioeconomic status, and children with special health care needs (CSHCN).

Objective: To describe the basic and applied demographics of US online-school users and to compare student achievement in
traditional versus online schooling environments.

Methods: We performed a brief parental survey in three states examining basic demographics and educational history of the
child and parents, the child’s health status as measured by the CSHCN Screener, and their experiences and educational achievement
with online schools and class(es). Results were compared with state public-school demographics and statistical analyses controlled
for state-specific independence.

Results: We analyzed responses from 1971 parents with a response rate of 14.7% (1971/13,384). Parents of online-school
participants were more likely to report having a bachelor’s degree or higher than were parents of students statewide in traditional
schools, and more of their children were white and female. Most notably, the prevalence of CSHCN was high (476/1971, 24.6%)
in online schooling. Children who were male, black, or had special health care needs reported significantly lower grades in both
traditional and online schools. However, when we controlled for age, gender, race, and parental education, parents of CSHCN
or black children reported significantly lower grades in online than in traditional schooling (adjusted odds ratio [aOR] 1.45, 95%
confidence interval [CI] 1.29–1.62 for CSHCN, P < .001; aOR 2.73, 95% CI 2.11–3.53 for black children, P < .001.) In contrast,
parents with a bachelor’s degree or higher reported significantly higher online-school grades than traditional-school grades for
their children (aOR 1.45, 95% CI 1.15–1.82, P < .001).

Conclusions: The demographics of children attending online schools do not mirror those of the state-specific school populations.
CSHCN seem to opt into online schools at a higher rate. While parents report equivalent educational achievement in online and
traditional classrooms, controlling for known achievement risks suggests that CSHCN and black children have lower performance
in online than in traditional schools. Given the millions of students now in online schools, future studies must test whether direct
assistance in online schools, such as taking individualized education plans into consideration, will narrow known disparities in
educational success. Only then can online schools emerge as a true educational alternative for at-risk populations.

(J Med Internet Res 2012;14(3):e62)   doi:10.2196/jmir.1947
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Introduction

Asking about educational attainment in the primary care setting
is common, since educational success is a culmination of
children’s health and well-being. However, while much has
been written, research and clinical interventions have not
consistently narrowed educational disparities [1-6], mostly
because there are few resources by which to quantitatively
measure education as a health outcome. Educational outcomes
for health are often relegated only to school days missed or
appropriate grade level for age [7,8]. A relatively new
educational innovation in the United States, kindergarten to
12th grade (K-12) online schooling, constitutes an online means
by which children can maintain or further their educational
progress. This Internet-based educational opportunity is ideally
situated to providing an opportunity for improved educational
and health outcomes and would allow for a centralized means
to measure both health and educational progress.

The phenomenon of online schooling is not limited to the United
States, although its definition and approach lack uniformity
both internationally and across US states. For example, a variety
of terms are used to describe online learning, including distance
education, online schools, online learning, e-learning, and
electronic learning. In general, however, the common
understanding is that this type of learning simply takes place
over the Internet [9]. Over a million US students participate,
choosing online classes for a variety of reasons, including credit
recovery, advanced preparation, schedule conflicts, home
schooling supplementation, and the lack of local qualified
instructors. Originating in the United States in 1995,
state-funded online K-12 education now exists in 44 states
[10,11]. Although school administrators, policy makers, parents,
and students have questioned the effectiveness of K-12 online
schooling compared with traditional, face-to-face schooling
[12,13], numerous studies have documented evidence of their
educational equivalence [14,15].

International efforts have developed similarly. In a recent survey
of online education practices in 50 different countries, nearly
60% of respondents reported government funding for online
programs at the primary and secondary school levels (5–18
years of age). Examples of growth and adoption include China’s
online-schooling initiative, which has expanded from 1
institution in 1996 to more than 200 online schools, with
enrollments exceeding 600,000 students. In British Columbia,
Canada, approximately 12% of the student population
participates in some form of online learning [9]. While
more-developed nations (Australia, China, Denmark, Mexico,
Canada, and the United Kingdom, for example) have
more-advanced programs, online programs are emerging or
have emerged in Africa (Egypt), Asia (Indonesia, Malaysia,
Singapore, and Uzbekistan), Europe (Belgium, Finland, France,
Germany, and Italy), Eastern Europe (Slovenia, Albania,
Romania, and Serbia), the Middle East (Turkey and Israel), and
South America (Argentina, Peru, and Uruguay) [9].

Both nationally and internationally, online schools have adopted
many different models for course delivery to primary and
secondary education students. Some offer the opportunity for
students to earn a diploma and take all of their coursework
online. Others only supplement traditional face-to-face schools.
Course format also varies; some institutions allow students to
self-pace, meaning the student is required to complete a requisite
amount of work to earn credit for the course. Whether the
student is able to do so in 6 weeks or 6 months is entirely up to
the student. Other institutions may offer a format that is more
traditional, in which the student has a fixed time during each
school day to work through curricular content. It remains
unknown, however, how online schooling may serve children
from populations known to have health and educational
challenges, such as those from certain racial or ethnic
backgrounds, those with socioeconomic disadvantages, and
children with special health care needs (CSHCN) [12,13,16,17].
Nonetheless, the potential advantages of online schools are
substantial, with self-pacing and class attendance from home
or even a hospital bed.

Given these potential advantages and the current popularity of
online schooling, the purpose of this study was to describe and
quantify who uses online schools and why. Drawing from
parental survey results from three states, this study aimed to
clarify four goals: (1) to establish a knowledge of the basic
demographics of online-school users, (2) to gain an
understanding of the educational background and success of
online-school students, (3) to determine whether there is a high
prevalence of CSHCN enrolled in online schooling, and (4) to
determine how children perform in online schooling compared
with their prior experiences in traditional school. Online schools
may potentially allow US students known to have both
educational and health challenges, such as those from certain
racial or ethnic backgrounds, those with socioeconomic
disadvantages, and CSHCN, to better succeed.

Methods

Survey Participants
We performed an observational study in three of the states that
have established state-led online-school programs, all of which
are in the southeastern region of the United States. A
multidisciplinary team from the University of Florida, Colleges
of Education and Medicine, contacted parents via email, with
three sequential invitations, to participate in a brief, online
survey that could be accessed via an embedded link. The three
participant states and their state-led online schools were invited
to participate from the 21 state participants in the Virtual School
Clearinghouse [18], “a collaborative research project sponsored
by the AT&T Foundation” that provides state-led online schools
“with data analysis tools and metrics vital for school
improvement.” Unlike cyber-charter schools or school
district-oriented programs, state-led online schools are associated
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with state departments of education, which provides some
similarity in the scope and nature of their operations.

The three participating state-led online schools were required
to supply email contact information for the parents of enrolled
students. Using only these email addresses, this study achieved
a response rate of 14.73% (1971/13,384) (state ranges
10.1%–20.3%). This response rate is in keeping with other
parent-oriented email-based surveys, and, coupled with its lack
of incentive for participation, is within an acceptable range for
this population [19]. As Figure 1 illustrates, of the 13,384
individuals solicited, 740 had email addresses on record that

were no longer in use or invalid. A small number (n = 142)
chose to opt out of the survey using an embedded link within
the email solicitation to remove their name and email address
from the mailing list. There were 20 respondents who were
contacted inappropriately (in a majority of cases these were a
school counselor listed as a child’s contact) and 2 who did not
want to complete the survey online. Five more recipients had
technical difficulties precluding their ability to fill out the
survey. We excluded an additional 23 respondents, as they filled
out the survey but stated that they were not the parent of the
child or that their child had not yet taken an online course.

Figure 1. Progress of participants through the study.

Survey Design and Measures
All members of the study team contributed to the design and
pilot testing of this survey for parents that would take about 5
minutes to complete. The survey was constructed with the
following domains: basic demographics and educational history
of the child, parental education, the CSHCN Screener [20], and
the child’s experiences and educational achievement with online
class(es). We purposefully chose the CSHCN Screener to bridge
medical and educational outcomes. Traditionally, educationally
based screeners cite disabilities that reflect those conditions that
will directly require adaptive learning tools, such as learning
disabilities, emotional disturbances, or speech and language
impairments [17]. The CSHCN Screener uses a comprehensive
approach to health and is a well-validated and reliable tool aimed

at discriminating those children who have an ongoing health
need [21,22]. Although brief, the self-administered CSHCN
Screener consists of five consequences-based questions that
identify children with chronic or special health care needs [22].
These health consequences are summed into three nonexclusive
definitional domains: dependency on prescription medications,
service use above that considered usual or routine, and
functional limitations [22]. As a reference, roughly 15% of the
general public and 20.7% of those enrolled in Medicaid screen
positive using this screener [23]. We conducted all univariate,
bivariate, and multivariate analyses with Stata version 9.2
(StataCorp LP, College Station, TX, USA). The accepted level
of significance was P < .05.
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Results

Demographics of Participants in Online Schooling
This survey reports on 1971 parents of any students of online
schools in three US states. Table 1 shows demographic
comparisons of survey participants and available data from
face-to-face public-school classrooms in each state. The students
were overwhelmingly older adolescents (86.90%), ages 15–18
years. There was also a high prevalence of CSHCN (476/1971,
24.6% overall, range 21.0%–29.9%), which is significantly
greater than in the general population (15.0%–15.4%; see also
Table 2) [23]. Overall and within each state, online-school
parents participating in this survey were more likely than parents

of students statewide in traditional schools to report having a
bachelor’s degree or higher, and more of them reported that
their child was female (1138/1971, 57.88%) or white
(1397/1971, 70.88%). While there was variation by state, overall
there were fewer black and Hispanic students and more children
of other or mixed races and ethnicities than in traditional
schools. Parents of online-school students rated their child’s
educational success as “very good” or “excellent” 62.9%
(846/1971) of the time, yet there was a wide range by state
(52.7%–70.0%). Importantly, there was no difference in the
distribution of reported grades (recorded as A, B, C, D, or
failing) between their child’s online-school grade and their usual
grades from traditional school.

Table 1. Demographics of students in online school and traditional school according to parental report.

State 3State 2State 1TotalCharacteristic

Traditional

school

population

Online

school

population

(n = 593)

Traditional

school

population

Online

school

population

(n = 831)

Traditional

school

population

Online

school

population

(n = 553)

Online

school

population

(n = 1971)

Gender

NA323 (54.6%)NA503 (61.2%)NAa312 (56.4%)1138
(57.88%)

Female, n (%)

Age distribution (years), n (%)

NA41 (7%)NA114 (13.8%)NA40 (7%)195 (9.9%)≤14

NA534 (90.1%)NA704 (85.4%)NA473 (85.7%)1711
(86.90%)

15–18

NA18 (3%)NA6 (1%)NA39 (7%)63 (3%)19+

Race/ethnicity, n (%)

53.9%b463 (78.1%)55.7%b607 (73.4%)46.5%b327 (59.1%)1397
(70.88%)

White

4.6%b11 (2%)9.3%b34 (4%)1.7%b5 (1%)50 (3%)Hispanic

39.8%b90 (15%)28.3%b89 (11%)50.8%b188 (34.0%)367 (18.6%)Black

1.7%b29 (5%)3.6%b95 (12%)1.0%b33 (6%)157 (8.0%)Other/mixed

Health, n (%)

15.2%d173 (29.9%)15.4%d193 (23.2%)15.0%d116 (21.0%)476 (24.6%)Child with a special health

care needc

Parental education, n (%)

22.6%e273 (53.8%)25.6%e440 (53.8%)25.6%e254 (46.0%)967 (49.3%)Bachelor’s degree or high-
er

Educational success in past 6 months, n (%)

NA291 (52.7%)NA555 (70.0%)NA607 (59.5%)846 (62.9%)Very good/excellent

NA261 (47.3%)NA238 (30.0%)NA215 (40.5%)499 (37.1%)Poor/fair/good

a Not available.
b Data from Schooldatadirect.org, an online service of the State Education Data Center, an initiative of the Counsel of Chief State School Officers,
funded by the Bill and Melinda Gates Foundation.
c Children with a special health care need were defined using the CSHCN Screener.2.
d Child and Adolescent Health Measurement Initiative. 2005/2006 National Survey of Children with Special Health Care Needs, Data Resource Center
for Child and Adolescent Health website. Retrieved November 3, 2009 from www.cshcndata.org.
e Adults aged 25 years or older. Data from http://www.census.gov/population/www/socdemo/education/cps2006.html.
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Table 2. Domains of the Children with Special Health Care Needs (CSHCN) Screener.

Total online school

population (n = 1971)

Domain

476 (24.6%)Overall: having a special health care needa

Definitional domains

400 (21.7%)Dependency on prescription medications

211 (10.8%)Service use above that considered usual or routine

119 (6.2%)Functional limitations

a The domains are not mutually exclusive categories, as a child identified by the CSHCN Screener can qualify on one or more definitional domains
[16].

Parents reported diverse reasons why their children took online
classes. The majority (377/497, 76.0%) took online classes
because their school did not offer the class, they wanted to
augment their education, or they had scheduling difficulties.
Only 16% (78/497) took classes because of disciplinary concerns
or credit recovery. Only a small portion (41/497, 8%) cited
health or significant social concerns as the reason for taking
online classes.

Educational Success in Online Compared With
Traditional Schools
Matching a child’s reported online-school grade with their usual
grade in a traditional class was possible in 61.09% of all study

participants (1204 parents report their child’s grades, since not
all had completed the course or could predict their child’s grade).
When comparing reported grades from traditional or online
schools, certain populations consistently reported low
performance. Boys, black children, and CSHCN had
significantly lower grades (as demonstrated by nonoverlapping
confidence intervals of grades compared with girls; white,
Hispanic, and others; and healthy children, respectively; Table
3). Comparisons between traditional and online schools yielded
no differences, even within subgroups. Online schools and
traditional schools seem to have similar success rates within
populations in straight, unadjusted comparisons.

Table 3. Parental report of gradesa in traditional and online school by demographic characteristics.

Online school grade

(n = 1207)

Traditional school grade

(n = 1386)

Characteristic

95% CIMean95% CIbMean

3.28–3.413.343.32–3.413.37Female

2.99–3.173.082.87–3.012.93Malec

Race/ethnicity

3.23–3.363.303.19–3.293.24White

2.70–2.962.822.74–2.942.84Blackc

2.99–3.633.313.09–3.573.33Hispanic

3.26–3.583.423.29–3.573.43Other/mixed

2.91–3.143.022.83–3.022.93Children with special health care needsc

3.24–3.353.303.22–3.313.27No special health care needs

a Grade point average equivalences: A = 4.0; B = 3.0; C = 2.0; D = 1.0.
b Confidence interval.
c Significantly different reported grades (P < .0001) between males and females, blacks and all others, and children with special health care needs and
those without within traditional or online-school classes. No significant differences in this relationship are seen between traditional and online grades.

However, multivariate regression techniques that adjust for
known educational performance factors further clarified these
univariate trends to help decipher the question of whether
children in high-risk groups performed better in online or in
traditional classes. Controlling for age, gender, race, and parental
education, CSHCN and black children were significantly more
likely to have lower grades in online classes than their usual
grades in traditional classrooms (adjusted odds ratio [aOR] 1.45,
95% confidence interval [CI] 1.29–1.62 for CSHCN, P < .001;

aOR 2.73, 95% CI 2.11–3.53 for black children, P < .001). In
contrast, children whose parents had a bachelor’s degree or
higher were more likely to perform better in online schools
(aOR 1.45, 95% CI 1.15–1.82, P < .001).

Discussion

Child health care providers frequently encounter children who
fall behind in their education because of health, behavioral, or
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situational concerns that may inhibit their ability to learn in a
traditional classroom setting [7,24]. Outside of individualized
education programs or 504 plan adaptations [6], United States
physicians are generally without tools to support families with
struggling children. Online schooling offers a unique means
with which to maintain educational progress in order to satisfy
the myriad needs that children may have. This study, even using
parent-reported grades, supports previous work demonstrating
that online schools offer an equivalent educational experience.
As such, providers might choose to recommend online schools,
since they can provide an educational choice for medically or
socially challenged children instead of traditional schools with
strict rules such as attendance requirements [12,25,26]. This
study confirms that significantly more students who have special
health care needs are opting into this online educational
opportunity. Importantly, however, while there are diverse
students attending online schools, their demographics do not
mirror those of the general population, an observation that
requires attention from the administrators of online schools.
Further, despite the potential of online schools to address
specific needs, this study confirms through adjusted analyses
that children at high risk for poor health and educational
outcomes do not improve their poor educational performance
in online schools.

Few studies have linked health and educational outcomes [27],
likely due to the few means of measurement, as well as the
different functional definitions of “at risk” that each discipline
uses. Students who meet definitions for needing special
education may or may not screen positive in the CSHCN
Screener (as demonstrated in the distribution of positive findings
in the screener; Table 2). This study highlights this research
gap for health and education, and underscores the need to
develop linked, efficiently defined, and codependent health and
education outcomes, given that many social forces affect both
health and education, such as poverty and family structure
[24,28]. To achieve educational success, children must have
sufficient health to learn, and, in the reverse, children with
educational failures may well experience poorer health.

This study leads to the hypothesis that improvements in health
outcomes may result from educational success, especially
through novel educational opportunities and modalities like
online schools. Few studies have examined the intertwined
relationship between health and educational achievement,
although the parallel sources of literature reveal the same
populations having poor outcomes [24,27-30]. The most
informative studies have prospectively followed medically
complex birth cohorts (such as cancer survivors or prematurely
born infants) and have monitored intellectual progress [3,31].
There are otherwise few opportunities to link medically oriented
pediatric datasets, such as vital statistics, to those collected by
the US Department of Education. Other studies use more readily
available intermediate outcomes, such as the number of school
days missed or school-related quality-of-life indicators, as
reported through the PedsQL, to measure the impact of health
on daily functioning [32]. These indicators, although important,
lack any assessment of educational success itself. Future studies
may seek to identify the crossover between the term disability
as commonly used in education and a designation used in

clinical settings such as “having a special health care need.”
Based on this large population of CSHCN who seek online
schools and the equivalent education that online schooling can
offer, online schools may carry the dual role of enhancing
educational progress and improving health outcomes if designed
to maximize opportunities for child with special needs.

This study confirms that, while online schools may provide
equivalent education, it does not help at-risk populations. More
comprehensive screening measures for children who participate
in online-schooling courses may be necessary to confirm the
presence of individuals with special health care needs. Indeed,
success factors associated with online schooling built by
Cavanaugh [33] and others and adapted by Black et al [34]
suggest that a student’s abilities and disabilities predict
online-schooling success. However, in these studies and others,
students’ abilities and disabilities were conceptualized from a
cognitive perspective rather than from a physical health
perspective [17]. Predictive screening has been proposed by
Roblyer et al [35] and supported by Black et al [34] as a means
of identifying individuals who may need more academic
attention. As yet, a valid and reliable tool for assessment has
not been developed.

Not only do online schools maintain educational achievement
gaps in certain populations known to have both poor health and
educational outcomes [4,36], they may also cause further
disparities in these populations. The multivariate regressions
imply that these students perform significantly worse
academically in online schools than white, healthy students.
That these disparities persist in an online world where teachers
may not know any physical characteristics of their students
suggests that these disparities are complex and will not be
remedied by simplistic solutions. Many online courses, similar
to other forms of online content [37], are typically not built with
accessibility standards in mind. In fact, few US K-12 online
schools have protocols in place to accurately identify students
with differing abilities [38]. Future research can, however, use
these two divergent settings (online and traditional classrooms)
to perform comparative-effectiveness research techniques to
seek methods that may reduce health and educational disparities
[39]. In addition, directly recruiting children from special
populations (such as those with special heath care needs) into
online schooling will provide the opportunity to measure
whether, with direct assistance, they can gain higher educational
progress. It is possible that designing courses that are compliant
with the Americans with Disabilities Act guidelines will offer
benefit to students with special health care needs. To this end,
Repetto et al [16] offer several pedagogical strategies to assist
individuals with specific needs in online courses, including
being flexible with assignments and learning modalities;
connecting content with real-world examples that would be
salient to the student’s specific context; mentoring; and offering
professional development for online instructors. Health and
education are linked, codependent outcomes. Studies of
international comparisons of online-school systems or measures
of online-school integration into traditional schools may provide
additional methods to calculate the achievement of high-risk
populations.
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This study has several limitations that merit comment. First,
our surveys experienced low response rates in each state. That
said, Internet-based research is emerging as a powerful means
to communicate with parents, and we believe this response rate
is sufficient to provide a meaningful summary of their points
of view, and we feel that any incentive for response may have
its own inherent bias [19]. Second, the generalizability of the
sample is unclear given the high proportion of highly educated
parents. We do not know whether a non-Internet-based survey
would attract a more representative sample of parents, although
other forums such as parent–teacher meetings have a notoriously
skewed sample of parents. Finally, the achievement data used
in this study presented a limitation. We used parent-reported
grade data, which is subject to recall and social desirability bias.
In addition, we used course grades as a measure of student
achievement. Course grades are a subjective, nonstandardized
means of assessing student performance. Further, we did not
stratify grade data based on course subject matter. Finally, the
population of students who use online schools may actually be

biased toward the higher-educated families, requiring these
schools to better market their opportunities in all school settings.

Health care providers need to be aware of the technological and
pedagogical advances during the past 10 years that have enabled
primary and secondary students through state-accredited online
schools the opportunities for “any time, any place, any pace”
learning. Online schooling is an equivalent and novel means
with which to maintain educational progress. However, it also
provides an unmet opportunity to narrow the achievement gap
for CSHCN and children in high-risk populations such as racial
and ethnic minorities. As online-schooling programs become
more prominent, accepted, and popular, it is imperative to adapt
online instruction to populations known to experience less
educational success, such as racial and ethnic minorities and
those with special health care needs. Given the affordances of
online schools and the potential to follow children in the long
term with health conditions through school, the health,
well-being, and long-term successes for children who are at
high risk for poor educational and health outcomes may yet be
improved.
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Abstract

Background: A previous study among Antwerp college and university students showed that more male (10.2%–11.1%) than
female (1.8%–6.2%) students are at risk for problematic alcohol use. The current literature shows promising results in terms of
feasibility and effectiveness for the use of brief electronic interventions to address this health problem in college and university
students. We evaluated this type of intervention and cite existing literature on the topic.

Objective: To develop a website, www.eentjeteveel.be, to motivate college and university students with problematic alcohol
use to reduce alcohol consumption and increase their willingness to seek help.

Method: The website contained a questionnaire (Alcohol Use Disorders Identification Test [AUDIT]) for students to test their
alcohol use. According to their answers, the students immediately received personalized feedback (personal AUDIT score and
additional information on risks associated with alcohol use) and a suggestion for further action. Afterward, students could send
an email to a student counselor for questions, guidance, or advice. To obtain in-depth qualitative information on the opinions and
experiences of students, we held 5 focus group discussions. The topics were publicity, experiences, impressions, and effects of
the website. We analyzed the quantitative results of the online test in SPSS 15.0.

Results: More than 3500 students visited www.eentjeteveel.be; over half were men (55.0%). A total of 34 students participated
in the focus group discussions. The mixture of quantitative and qualitative methods to evaluate the intervention allowed a thorough
analysis and provided complementary results. The intervention was well received by the student population. However, some
minor aspects should be reconsidered, such as website publicity and providing students with options that were added after
intermediate evaluation. The intervention increased the motivation of students to think about their alcohol use but could not
stimulate them to change their behavior. The website attracted relatively more male than female students and more students in
the high-risk group than in the low-risk group. The high-risk group was more inclined to seek advice or guidance (23/400, 6%;

χ2
2 = 32.4, P < .001) than the low-risk group (34/1714, 2%; χ2

2 = 32.4, P < .001).

Conclusions: We gained unique insight into students’ experiences, opinions, and perceptions with regard to the intervention.
The results show that the intervention was positively received in the population, and the willingness to seek help was increased.
However, real behavior change needs further research. The results of this study can assist health providers and researchers in
better understanding college and university students’ perceptions of eHealth initiatives.

(J Med Internet Res 2012;14(2):e56)   doi:10.2196/jmir.1869
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Introduction

The Internet is an ever-present and increasingly important aspect
of modern society. Therefore, online interventions are becoming
a more important way of approaching young people on health
issues. Young people see the Internet as an acceptable and
credible source of health information. College and university
students are often reluctant to participate in face-to-face
motivational counseling on their alcohol use. Students at high
risk for problematic alcohol use are rarely interested in attending
individual treatment or group programs [1] and prefer self-help
interventions without therapeutic involvement to address their
problem drinking [2]. Previous research has shown that students
tend to prefer electronic counseling and feedback over
face-to-face contact with professional counselors concerning
their alcohol use [3].

A recent systematic review of the drinking patterns of European
university students concluded that alcohol is consumed by a
large group of students, which increases the risk of problematic
drinking, making it an important issue for prevention [4]. More
specifically, heavy drinkers, who are frequently targeted in
prevention campaigns are also often not eager to seek help
because they don’t consider their drinking behavior problematic
and, moreover, drinking is even seen as normal student behavior
[4-6]. When heavy drinkers do seek help, they prefer
low-threshold interventions such as computer-based
interventions [7]. An electronic screening and brief intervention
tool can offer several options for constructing such a
computer-based intervention with a low threshold. In a search
of the current literature, we found a variety of examples of
interventions using email [8,9], a computer in a community
health center [10], or a website [9,11-16] as key elements.
Compared with the other options, Internet interventions present
few barriers and keep the threshold for participation low.

Additionally, research indicates that male students are more at
risk than women for harmful alcohol use (drinking larger
quantities and on more occasions) [4], and women are more
willing than men to seek help [17]. Therefore, developing an
intervention that takes into account this gender issue presents
an additional challenge.

Aside from lowering the participation threshold for
interventions, electronic interventions offer several other
advantages. They are perceived as more anonymous than
face-to-face contact and create a safer environment for the user,
thus minimizing the bias of giving socially acceptable answers
[12]. Because of this advantage, electronic interventions are
suitable for target populations with limited insight into their
own problematic behavior and for people who do not seek help
due to stigmatization [18,19]. Furthermore, online interventions
are suitable for people who are not highly motivated to live a
healthy lifestyle [19]. Also, previous research has shown that
an electronic screening and brief intervention tool in particular
can effectively increase the motivation of high-risk student
drinkers to change their drinking behavior [9]. In general, online

interventions that target alcohol consumption can be especially
beneficial for at-risk drinkers and young people [20]. Current
technologies make it possible to extend the intervention with
movies, games, or simulations. In this way, an electronic
intervention can become more attractive to young people.
Moreover, the Internet makes it possible to reach a large sample
of people in a relatively easy way and in a short period of time.
Perhaps the biggest disadvantage of this approach (universal
prevention) is the lack of personal contact, making verbal
communication impossible (on such a large scale) [21].

The literature shows that a brief electronic intervention is
significantly more effective in altering drinking behavior than
no intervention at all [12,21]. Most of the existing initiatives
consist of websites that provide a screening instrument and
personalized feedback. The effectiveness of this type of
intervention is independent of the feedback delivery mode (email
or personal contact) [12,15]. The content or type of feedback
differs: blood alcohol concentration, risk factors for
alcohol-related harm, negative consequences of alcohol use,
impact on surroundings, impact on sex life, or pointers for
becoming a moderate drinker [15]. Another option is to offer
personalized feedback on drinking norms, which appears to be
effective and feasible [9] but needs further investigation [12,22].

Electronic interventions are positively experienced overall
within a student population [9,12]. Various randomized
controlled trials show that electronic interventions aimed at
students in higher education can decrease the negative effects
of alcohol use within this population [1,10,12-14,23]. Several
other studies have shown a decrease in weekly alcohol
consumption [24-26], heavy drinking [25,27], or average alcohol
consumption [28] after implementation of an electronic
intervention. This variety of outcome measures in research
evaluating the effect of electronic screening and brief
intervention tools does not, however, allow general statements
to be made [20]. Although these results on the effectiveness of
these tools are positive, more research is needed. Several
literature reviews address the need for more methodological
rigor to underpin statements about the effectiveness of electronic
screening and brief intervention tools [29], online interventions
[2,20], or computer-based interventions in general [21,25].

Next to differences in outcome measurements, another
methodological issue is the lack of long-term follow-up
measurements [20]. Moreira et al [22] reached a similar
conclusion in a Cochrane review of the use of the social norms
approach to reducing alcohol use in a student population. In a
qualitative review, Elliot et al [21] advocated more studies over
a longer stretch of time, assessing the influence of psychological
factors on the effectiveness of e-interventions. The general
results of these reviews were, however, in favor of electronically
delivered interventions.

We designed an electronic screening and brief intervention to
screen students with hazardous or problematic alcohol use. The
aim of the intervention was to motivate students to reduce their
alcohol consumption and to increase their willingness to seek
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help. In this study, we assessed the following research questions.
How is an electronic intervention received in a student
population? Which group of students is reached by the
intervention? What are students’ experiences with the
intervention? How can the intervention motivate students at
risk for problematic alcohol use to think about their alcohol use
and to change their drinking behavior?

Methods

Development of the Intervention
We developed a website (www.eentjeteveel.be in Dutch, “one
too many” in English) to spread the intervention throughout the
student population in Antwerp (the university and all institutions
for higher education). The website comprised two major parts:
an information section and the screening tool. The information
section informed the visitors of the prevalence of alcohol use
among students, the risks of alcohol use, contact details for
further help or advice, the background of the screening tool,
and the organizing research team.

Students were also provided with some pointers to help friends
who are at risk for hazardous or problematic alcohol use. This
part briefly pointed out different ways to recognize possible
problematic drinking behaviour and how to respond. Frequently
asked questions and existing misperceptions surrounding
sexuality and alcohol use were also discussed. To determine
the reach of this intervention, we asked visitors to respond to
the following questions. “Is this the first time you have visited
the website? (Yes/No).” In this way, we could record repeat
visits. “Are you a student in Antwerp? (Yes/No).” We also asked
visitors to fill in their age and gender. The screening tool
assessed drinking behavior and included the 10 questions of the
Alcohol Use Disorders Identification Test (AUDIT) [30]. This
validated screening instrument has been identified as a useful
and reliable tool for detecting alcohol abuse and dependence
among college students [31]. Subsequently, we asked students
to fill in the number of standard drinks (defined as 10 g
ethanol/drink, as in European standards [32]) they consumed
per day in a normal week. According to the sensible drinking
guidelines from the British Medical Association (BMA), harmful
drinking can be assessed in terms of the fact that more than 21
standard drinks per week for males (210 g ethanol or 26.5 units
in the United Kingdom) and 14 standard drinks for females (140
g ethanol or 17.5 units) can cause physical damage due to
alcohol intake. In total, the tool consisted of 16 questions as
described above (including gender, age, and student campus).

Immediately after finishing the test, respondents were shown
their personalized feedback. This feedback consisted of the
respondent’s personal AUDIT score and a standard AUDIT
score table [33]. According to this personal score, additional
information was added to inform the respondents about the risks
of their alcohol intake. Respondents who scored 8 or more on
the AUDIT or who exceeded the weekly standard guidelines as
set out by the BMA were shown a table with health-related risks
due to alcohol intake.

Specifically for the student visitors, we offered 5 options for
further follow-up, based on the theoretical model of change

[34]. Students who were not ready for follow-up or dropped out
from the change model could stop the test and were referred
back to the homepage. Students who wanted more information
on alcohol use and the related risks were referred to the
information section of the website. If students were ready to
take further action, they could choose among the following
options. “Where can I get some more advice?” “Can I talk to a
student counselor?” “I’m ready to stop drinking/reduce my
drinking; can I get some guidance from a student counselor?”

Students who wanted to take further action were referred to
another webpage where a fill-in form was shown. This form
gave them the chance to ask a more specific question directed
at a student counselor of their choice. Student counselors, mostly
psychologists, provide specific counseling and guidance on
mental health and specific study problems. A list was shown of
all student counselors on all college and university campuses
(a picture of every student counselor and all contact details were
shown). Additionally, an option was added to send the feedback
to their personal email address, to the student counselor of their
choice, or both. The first option gave the students the
opportunity to take further action later. A copy of the feedback
was sent to their personal mailbox with a link back to the
website. Personal data (email addresses and names) were treated
with discretion and were not stored on the Web server, due to
privacy concerns expressed by the participating university and
colleges for higher education. The questions posed by the
students who chose to contact a student counselor, the name of
the selected student counselor, and the personalized feedback
were recorded in the data file. No consent was required for
entrance to the website (which was freely available).

We informed students about the website and the intervention
through a range of different channels: posters and flyers,
messages on the digital platforms (websites that require a login
used for offering students information on the courses of their
study subject, eg, slides, and exams or other student activities),
websites of student clubs and student counseling services,
messages in student magazines, person-to-person, and direct
referrals from counselors to the website. In addition to these
ongoing promotion initiatives, two reminders were sent at the
beginning and in the middle of the academic year, by sending
messages to all student email addresses provided by the colleges
and university for every student.

The intervention was evaluated after being online for 1 year
(April 2008 to April 2009). We made important adjustments
after an intermediate evaluation in October 2008. A list with
contact details (including pictures) of all student counselors was
added and the option was given to forward the personalized
feedback to an email address of choice. These adjustments aimed
to lower the threshold for students to contact a student counselor
for help or advice.

Evaluation Method
The intervention was evaluated in two different ways intended
to be complementary. First, we analyzed the data that were
recorded in the online screening tool as students filled in the
questionnaire. These quantitative data were obtained in Excel
(Microsoft Corporation, Redmond, WA, USA) and descriptive
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analyses (frequencies and cross-tabulations) were performed in
SPSS 15.0 (IBM Corporation, Somers, NY, USA).

Second, we explored in depth the experiences, opinions, and
perspectives of college and university students on the
appearance, content, and effect of the intervention, which had
not previously been explored.

Focus Group Discussion Method
Focus group discussions are a highly appreciated and valuable
method for exploring the complex composition of experiences,
opinions, and perspectives [35-37]. Research has shown that
people are more inclined to discuss their experiences in a group
than in a face-to-face approach [38]. All focus group discussions
were moderated by an experienced moderator with thorough
knowledge of motivational interviewing. The ability of the
moderator to stimulate discussion and to guide the conversation
in the right direction is essential in focus group discussions [38].

A semistructured interview guide of open questions was used
to carefully elicit the experiences, opinions, and perspectives
of the participants and to stimulate discussion. The interview
guide consisted of an introduction (where confidentiality issues
were explained), transitional questions, key questions, and
subquestions (see Multimedia Appendix 1). The key question
of the interview guide for the focus group discussions was “How
did the intervention help you think about your alcohol use and
change it?” This question was not used in the focus group
discussions as such (see further details in Multimedia Appendix
1). Most themes were set out beforehand in the interview guide
and concerned the general evaluation aspects of the
interventions: knowledge of and participation in the website,
positive and negative experiences with the website, and general
results of the intervention relating to alcohol use among college
and university students. Some other themes that emerged during
the first focus group discussions (as suggested by the
participants) were added to the script and used in the following
focus group discussions (see Multimedia Appendix 1).

The composition of the discussion groups needs to meet the
criterion of homogeneity. During the discussion, participants
need to feel that they are among equals to be able to speak freely
about their personal experiences. We randomly invited college
and university students from Antwerp who were in the first 3
years of their educational program based on their willingness
to participate in the discussion group (by email or personal
invitation). Previous studies have shown that this younger group
of students is more at risk for problematic alcohol use [39,40].
Convenience sampling was applied [37]. Another criterion for
inclusion was participation in the intervention (visited the

website and took the test), and we strived for an equal
distribution by gender and study subject in the focus group
discussions. We set a minimum of 4 and maximum of 10
participants for the focus group discussions. The number of
focus group discussions is determined by saturation of the data
(no new results can be obtained by adding a focus group
discussion), which is usually reached after 4 or 5 focus group
discussions. Representativeness of the participants is not a
criterion in focus group discussions [38].

All the focus group discussions were audiorecorded digitally
and transcribed verbatim. JF and BV independently coded all
transcripts. Through an iterative process of constant comparison
and reflection, we obtained a frame of codes giving insight into
and explaining the perception of students regarding the
electronic screening and brief intervention tool and the questions
in the script. The applied method was inductive content analysis,
which is commonly used in qualitative research [37]. In this
paper we present a selection of the most important themes (a
complete report in Dutch can be obtained from the
corresponding author). Results of the analysis are illustrated
with relevant quotes from the students in the focus group
discussions.

Results

Quantitative Evaluation
Between April 7, 2008 and April 6, 2009, a total of 5664 people
visited the website, 62.29% (n = 3528) of them students in
Antwerp. More than half of the students who visited the website
were male (n = 1936, 54.88%). The majority visited the website
only once (n = 3395, 96.23%). The mean age was 21 (SD 3.8)
years with a minimum age of 15 years and a maximum of 58
years. The mean age of all Flemish (from Flanders, the northern
Dutch-speaking part of Belgium; Antwerp is situated in the
center of Flanders) college and university students in the
academic year 2007–2008 was 21 years, with a minimum age
of 16 years and a maximum of 73 years [40]. In this study we
obtained a representative sample of college and university
students with regard to age.

On average, 10.39% of the students per participating institution
for higher education visited the website at least once (3395
student visitors/33,222 students in the participating institutions).
The proportion of males to females (54.55% and 45.45%,
respectively) in the sample differed from the proportion in the
population of Antwerp students (45.83% and 54.17%,
respectively) (see Table 1). Thus, we reached proportionally
more male than female students.
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Table 1. Gender division for total number of college and university students in Antwerp and the students who visited the website www.eentjeteveel.be.

Total number of college and

university students in Antwerp

Number of visitors

to the website

Gender

%n%n

45.83%15,22654.55%1852Male

54.17%17,99645.45%1543Female

100.00%33,222100.00%3395Total

0%03.8%133Missinga

a These students did not fill in the question on gender (missing data not in total count).

Of the 3213 students who participated in the intervention,
41.15% (n = 1322) were at low risk for problematic alcohol use
(score of 0–7 on the AUDIT), 40.34% (n = 1296) were at
medium risk (score of 8–15 on the AUDIT), 9.7% (n = 311)
were at high risk (score of 16–19 on the AUDIT), and 8.8% (n
= 284) were at very high risk (AUDIT score of 20 or more)
[30]. More male (481/1767, 27.3%) than female students

(114/1446, 8.0%) were at high to very high risk (see Table 2).
A relationship is observed between AUDIT scores and the
results from the BMA guidelines. The results show that, when
the threshold amount for hazardous drinking is exceeded,
students have a high risk of problematic alcohol use (score of
16–40 on the AUDIT).

Table 2. Alcohol Use Disorders Identification Test (AUDIT) score versus gender.

All studentsFemale studentsMale studentsAUDIT

score range %n%n%n

41.15%132260.6%87625.2%4460–7a

40.34%129631.5%45647.5%8408–15a

9.7%3114%5714.4%25416–19a

8.8%2844%5712.9%22720–40a

9.2%2970%00%0Missingb

100.00%3213100.00%1446100.00%1767Total

a Statistically significant for χ2
3 = 452.6, P < .0001.

b These students did not complete the test (missing data not in total count).

Of the students who did the test more than once, a larger
proportion reported a higher risk for problematic alcohol use

(score of 16–40 on the AUDIT) (n = 36, 29%; χ2
1 = 9.5, P <

.0001) than during their first visit (n = 559, 18.1%; χ2
1 = 9.5, P

< .0001) (see Table 3).

Table 3. Alcohol Use Disorders Identification Test (AUDIT) score for college and university students during their first or repeat visit to the website
www.eentjeteveel.be.

Total visitsRepeat visitbFirst visitaAUDIT

score range
%n%n%n

74.21%261871%8881.90%25300–15c

16.9%59529%3618.1%55916–40c

8.9%3150%00%0Missingd

100.00%3528100.0%124100.00%3089Total

a Counts all records with answer of yes to the question “Is this the first time you have visited the website? (Yes/No).”
b Counts all records with answer of no to the question “Is this the first time you have visited the website? (Yes/No).”
c Statistically significant for χ2

1 = 9.5, P < .002.
g These students did not complete the test.

Of 2114 students who completed the test and chose 1 of the
follow-up options, 82.73% (n = 1749) chose to return to the

homepage and quit the intervention. Almost 15% of the students
(n = 308, 14.6%) preferred to look for more information on their
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alcohol use and 3% (n = 57) chose a follow-up action (advice,
appointment, or guidance) (see Table 4). In total, 3 students
sent an email to 1 of the student counselors. Of these, 2 wanted
to receive guidance in reducing drinking and 1 student asked
to make an appointment with a professional. The researcher
consulted the student counselors who were contacted by the

students to verify whether a follow-up took place after the
student counselor received an email from the student through
the website (the student’s privacy was ensured during this
process). All 3 students received a request for an appointment
from the student counselor, as described by the standard
procedures. In none of the cases was further follow-up achieved.

Table 4. Alcohol Use Disorders Identification Test (AUDIT) score for college and university students vs. choices for follow-up.

All studentsAUDIT score rangeChoice

16–400–15

%n%n%n

82.73%174974.3%29784.71%1452Stop the testa

14.6%30820%8013.3%228More informa-

tiona

3%576%232%34Further ac-

tiona

11170%00%0Missing (no

action)b

100.00%2114100.0%400100.0%1714Total

a Statistically significant for χ2
2 = 32.4, P < .001.

b These students did not choose 1 of the follow-up options, but did finish the test (not in total count).

There was an association between AUDIT scores and the choices
for follow-up. Most of the students (1452/1714, 84.71%) in the
low-risk group (score of 0–15 for the AUDIT) chose to stop the
test. Proportionally fewer students (297/400, 74.3%) from the
high-risk group (score of 16–40 for the AUDIT) also chose to
stop the test. More students from the high-risk group (n = 80,
20.0%) than the low-risk group (n = 228, 13.3%) chose to get
more information on their alcohol use. The outcome was similar
for the follow-up actions: 6% (n = 23) of the high-risk group
and 2% (n = 34) from the low-risk group chose a follow-up
action (advice, appointment, or guidance) (see Table 4).

Qualitative Evaluation
In February and March 2009 (during the final phase of the online
intervention), we carried out 5 focus group discussions with 17

male and 17 female students between 18 and 23 years old, with
a mean age of 19. All participants were enrolled as bachelor’s
students at the Antwerp University or at one of the six
participating institutions for higher education in the city of
Antwerp. They were invited to visit the website before
participating in 1 of the focus group discussions. Students in
the focus group discussions indicated a mean alcohol intake of
7 standard drinks per week. A total of 4 students reported no
drinking, 4 female students reported an average of 7 to 14
standard drinks per week, and no female students reported an
average of more than 14 alcoholic beverages per week. Among
the male students, 8 drank on average between 7 and 21 standard
drinks per week, and only 1 reported an average of more than
21 alcoholic beverages per week (see Table 5).
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Table 5. Characteristics of participants in the focus group discussions.

Study subjectStandard

drinks/week

Age

(years)

GenderFocus

group

Nautical sciences820Male1

Nautical sciences218Male

Nautical sciences118Female

Nautical sciences018Male

Nautical sciences1519Male

Nautical sciences620Male

Nautical sciences2019Male

Nautical sciences319Male

Social studies821Male2

Social studies6–1023Female

Social studies7–1419Female

Social studies1719Male

Social studies022Female

Social studies619Female

Social studies5–823Female

Social studies6–1022Female

Social studies021Male3

Social studies3021Male

Social studies2022Male

Social studies519Female

Social studies820Male

Social studies722Male

Social studies721Female

Veterinary medicine1420Female4

Veterinary medicine6–719Female

Veterinary medicine1–219Female

Veterinary medicine2–320Female

Applied psychology2–318Female5

Applied psychology018Male

Applied psychology418Female

Applied psychology420Male

Applied psychology318Female

Applied psychology618Female

Applied psychology319Male

General Experiences With the Website
Generally, students in the focus group discussions experienced
their visit to the website as positive. According to the students,
the website offered clear information about their alcohol use,
as illustrated in the following quotes (Q).

Q1: The name of the website is well chosen, it sounds
nonjudgmental.

Q2: I found the pointers for friends very useful. This
way, the website aims not only at people with an
alcohol problem, but also at people surrounding them.
That can be useful.

Q3: I’ve found some references for further help.
That’s a positive thing.
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Evaluation of Alcohol Use and Related Risks
This theme emerged spontaneously during the focus group
discussions when exploring the experiences of the students with
the website. Most students found it difficult to evaluate their
own alcohol intake and related risks (Q4). Some felt that they
had a realistic idea of their own drinking habits (Q5). However,
they generally underestimated their drinking behavior (Q6, Q7).
Indeed, when receiving the personal feedback, some students
did not believe the results that were shown (Q7).

Q4: You think to yourself “I don’t drink too much”
and “it causes no harm,” but then it appears that it
does...

Q5: I think everyone can evaluate his own drinking
behavior; at least I can.

Q6: I found the results of the test interesting because
I had a score of 7. A score of 8 would have put me in
the second risk category. That made me think for a
second: “maybe I should be aware...” Because I
expected a lower score.

Q7: When I saw my results, I thought “Oh, I did
something wrong, this can’t be right.”

Students also underestimated the general risks of excessive
alcohol use (Q8, Q9).

Q8: Maybe I drink 35 units on Friday and Saturday,
and zero units the rest of the week. That’s not
addictive behavior in my opinion, or is it?

Q9: The possible consequences seem so far away,
you can’t see them...

Perceived Goal and Target Group of the Website
In general, students did not feel that the intervention was
addressing them. The website can be useful only for people who
have doubts about the amount of their own alcohol intake and
people who are already planning to seek help or advice (Q10).
The website cannot help people who are not aware of any
existing alcohol-related problems, according to the students
(Q11).

Q10: For someone who has the feeling “maybe it’s
getting to be a bit too much,” the website can have
an impact maybe.

Q11: The people with the biggest problem—the ones
who don’t care but are not aware of the problem—are
the most difficult ones to get on the website.

Usefulness of the Website for Others
Mostly, the students reflected on possible negative consequences
of alcohol use for others rather than for themselves. They
spontaneously mentioned the importance of their own role as
a friend in dealing with problematic alcohol use in their friends
(Q12, Q13). Additionally, the website could provide useful
information for friends, parents, and youth workers (Q14).

Q12: You have to be honest with your friends about
their alcohol use.

Q13: If one of your friends comes up to you and says
”I have a drinking problem”...yeah, I would refer
her, I think.

Q14: ...you can fill in the test with leaders from youth
movements, people who work with young people, so
they can sensitize young people in their own context.

Motivation to Change
Most of the students said that the intervention did not motivate
them to change their alcohol use, as a second step in behavioral
change (Q15). However, when their test results were more
alarming, they would be stimulated to think about it, as a first
step in behavioral change (Q16).

Q15: Now, when I start my fourth drink, I think “Ow,
in fact, maybe four drinks is a bit too much,” but I
don’t think [my drinking behavior] can change
because of the website...

Q16: I had a score of 8 on the test and I drink a glass
of wine every night with dinner. If my score had been
higher, I would consider drinking less. Just realizing
that all sorts of bad things can happen to your liver...

The students in the focus group discussions generally considered
their own alcohol use not to be problematic, although at least
one student did show risk for harmful alcohol use according to
the BMA guidelines (see Table 5). They were stimulated to
think about the alcohol use of their friends more than about their
own alcohol use (Q17). A few students would consider talking
about their alcohol use after visiting the website (Q18).

Q17: [The score] worried me, especially for my
friends. Because I’m not a heavy drinker myself, and
when I saw my score, I thought “Wow, my friends, if
they did this test, they would score even higher!”

Q18: You could talk with your parents about it, using
the information from the website.

Discussion

An electronic screening and brief intervention was developed,
aimed at Antwerp college and university students, to test their
alcohol use and to gain insight into their drinking behavior by
offering an easily accessible tool. This is the only existing
electronic screening and brief intervention tool in Flanders and
Belgium specifically focusing on college and university students.

Although on average 10.39% of the students per participating
institution for higher education in Antwerp visited the website,
publicity for the website is a rather weak point. The sample of
students that we obtained in the online intervention was
representative according to age; however, we did not consider
other dimensions for representativeness. During the focus group
discussions, students stressed the lack of publicity initiatives
for the website. We set up two major campaigns to reach
students during the college year. These initiatives had a positive
influence. However, we saw a steep decline in visitor numbers
between and shortly after these initiatives. More persistent and
repeated actions are needed to maintain students’ attention, for
example, advertising on social network sites such as Facebook
and LinkedIn.
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Only 3 students took further action and sent an email to a student
counselor. We cannot know how many students approached the
listed student counselors by personal or telephone contact
following a visit to the website. After visiting the website,
students could have approached other health services outside
the possibilities offered in this intervention; however, it was
not our intention to assess this.

Additionally, possibly relevant data were missed by not
recording the number of times that students had personal
feedback sent to their own email address. These results could
inform us about the students and their intention to change their
drinking behavior.

Although this study has some limitations, our results can offer
social scientists and health workers insight into the experiences
and attitudes of students toward an electronic screening and
brief intervention aimed at reducing alcohol drinking among
those with problematic or hazardous drinking behavior. Until
now, this was an unexplored topic.

The results of the study show that students in high-risk groups
are more inclined than those in low-risk groups to seek help or
advice. This is confirmed in the qualitative research, where
students indicated that they would be more motivated to take
further action when the feedback showed alarming results. Also,
more students from the high-risk group repeatedly visited the
website. We can therefore conclude that students were motivated
to think about their alcohol use after participating in the
intervention and that this motivation was even increased when
the risk for problematic alcohol use increased. These findings
are in accordance with several other studies [9,12,20]. However,
more research on the nature of this relationship is needed.

A previous study among Antwerp students showed that more
male (10.2%–11.1%) than female (1.8%–6.2%) students are at
risk for problematic alcohol use [16]. A recent study among
Antwerp and Ghent students showed the same results (11.1%
male and 1.7% female problematic alcohol users) [40]. A review
on drinking in European universities found similar results [4].
Moreover, women are more willing than men to seek help [17].
In the quantitative analysis we found that more male than female
students visited the website. Also, the proportion of students in
high-risk groups was higher than in the previous study by Van
Hal et al [39]. Therefore, the intervention succeeded in meeting
the challenge to reach more men than women and more students
at high risk than at low risk for problematic alcohol use.
However, the selection of the cut-off points in the AUDIT score
and the BMA standard to determine different risk groups is
influenced by national and cultural standards, which are also
determined by maximum consumption allowances [30]. In the
United Kingdom, the cut-off point for the number of weekly
standard drinks is 110.6 g (7.9 g × 14 drinks) of ethanol per
week for women and 165.9 g (7.9 g × 21 drinks) or ethanol for
men, compared with 140 g and 210 g, respectively, in Belgium.
The results in this study, therefore, may imply an
underestimation compared with harmful drinking in the United
Kingdom.

With regard to the average alcohol intake per week reported by
the participating students, we unintentionally gathered a mixed
group of drinkers in every discussion group. Although it was
not the intention of the study to gather a representative group
of students with regard to alcohol intake, this can be considered
a strength of the study. Heavy drinkers as well as abstainers
participated in the focus group discussions and shared their
opinions in the discussion. However, this can also be seen as a
weakness of the study. The intervention aimed to address
especially high-risk drinkers, and the group of participants in
the focus group discussions was mixed with regard to alcohol
use.

The role of friends in the management of alcohol use is
important. Students were more likely to overestimate the alcohol
intake of other students and to underestimate their own alcohol
use, creating a situation where students are at risk for excessive
alcohol intake. Previous research has indicated that perceived
social norms are a realistic predictor of future behavior in
students [41-44] regardless of gender [45]. Misperceptions can
be tackled by correcting the perceived social norms
[23,43,44,46-48]. Adding extra information to the personalized
feedback in the intervention according to the social norms
approach can address these misperceptions in the future.

The combined use of both quantitative and qualitative methods
makes the current study highly valuable and rare within this
subject area. On the one hand, the quantitative evaluation gives
a good overview of the participation of the student population
in the intervention and can show us trends in the status of
alcohol use among the student population who participated in
the intervention. On the other hand, the exploratory method of
focus group discussions gives us a unique insight into the
experiences, opinions, and perceptions of the same population
on the intervention, which cannot be obtained in any other
scientifically justified manner.

Conclusion
Recent studies have shown the effectiveness of freely available
and anonymous online interventions in reducing alcohol use in
student populations. To demonstrate the effectiveness of our
intervention, a follow-up study needs to be performed with one
or more control groups and one intervention group. However,
this study shows that qualitative methods can be used in a
pragmatic and a scientifically rigorous manner simultaneously.
The results show that the intervention was well received in the
student population, although most students did not feel addressed
by it. It reached more male than female students and also more
students in high-risk groups. The results show that the
willingness to seek help increases when the risk for problematic
alcohol use increases. However, the impact of the website on
real behavior change needs further research. We were able to
gain highly valuable information that deepens the knowledge
base on the feasibility of an eHealth brief intervention tool for
alcohol use aimed at college and university students. The results
of this study can assist health providers and researchers in better
understanding the perceptions of college and university students
with regard to eHealth interventions.
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Abstract

Background: The introduction of Web-based education and open universities has seen an increase in access to professional
development within the health professional education marketplace. Economic efficiencies of Web-based education and traditional
face-to-face educational approaches have not been compared under randomized controlled trial conditions.

Objective: To compare costs and effects of Web-based and face-to-face short courses in falls prevention education for health
professionals.

Methods: We designed two short courses to improve the clinical performance of health professionals in exercise prescription
for falls prevention. One was developed for delivery in face-to-face mode and the other for online learning. Data were collected
on learning outcomes including participation, satisfaction, knowledge acquisition, and change in practice, and combined with
costs, savings, and benefits, to enable a break-even analysis from the perspective of the provider, cost-effectiveness analysis from
the perspective of the health service, and cost-benefit analysis from the perspective of the participant.

Results: Face-to-face and Web-based delivery modalities produced comparable outcomes for participation, satisfaction,
knowledge acquisition, and change in practice. Break-even analysis identified the Web-based educational approach to be robustly
superior to face-to-face education, requiring a lower number of enrollments for the program to reach its break-even point.
Cost-effectiveness analyses from the perspective of the health service and cost-benefit analysis from the perspective of the
participant favored face-to-face education, although the outcomes were contingent on the sensitivity analysis applied (eg, the fee
structure used).

Conclusions: The Web-based educational approach was clearly more efficient from the perspective of the education provider.
In the presence of relatively equivocal results for comparisons from other stakeholder perspectives, it is likely that providers
would prefer to deliver education via a Web-based medium.

Trial Registration: Australian New Zealand Clinical Trials Registry (ACTRN): 12610000135011;
http://www.anzctr.org.au/trial_view.aspx?id=335135 (Archived by WebCite at http://www.webcitation.org/668POww4L)
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Introduction

Continuing professional development for health professionals
can change clinician behavior, affect patient outcomes, and
influence the health of communities [1-3]. The availability of
high-quality educational resources is not enough to ensure its
uptake by clinicians or its delivery by educational institutions.
Uptake is affected by the quality and sustainability of the
product, and the accessibility and acceptability of its delivery
[4].

Traditional delivery of continuing professional development
has used live modalities such as lectures, tutorials, seminars,
and conferences [5]. Emerging technologies enabling interactive
Web-based learning environments have introduced further
choice for both the provider and recipient [6]. Web-based
coursework holds great promise for overcoming the key barriers
of time and cost associated with the professional isolation often
experienced by practitioners in rural and remote regions [7].
Evaluation of costs relative to effects would provide an
important metric in assessing the value of educational resources.

In the context of the education of health professionals, there are
costs associated with developing and delivering a course.
Product success is determined by participant satisfaction and
achievement of the defined learning targets [8]. No trials have
compared the relative costs, benefits, and effectiveness of
Web-based and face-to-face educational approaches for health
professionals in a randomized controlled trial (RCT).

Evidence may be lacking due to the rapid expansion in the
availability and acceptability of information and communication
technologies used in Web-based education [9]. Furthermore,
contrasting findings from economic analyses of Web-based
education are often confounded by change in the assumptions
that underlie the analyses, caused by changes in social
expectations of access to such technologies. This creates the
need to update costing models in line with any changes in social
expectations—for example, some of the costs once borne by
providers in providing Internet access are now paid by users
who rent access to the Internet [10].

The cost effectiveness of Web-based versus face-to-face
education for improving the practical skills of health
professionals has not been previously reported [9-12]. This
study examined the economic efficiency of Web-based versus
face-to-face short-course delivery modalities in the context of
falls prevention education for health professionals. The
outcomes enable educational providers, health services, and
health professional learners to make informed decisions about
this type of investment in health professional education.

Methods

Design
The economic evaluation was conducted as part of an RCT
comparing the educational outcomes of two short courses
constructed for the education of health professionals in the skill
of exercise prescription for falls prevention [13]. We conducted
three analyses: (1) break-even analysis from the perspective of
the education provider, (2) cost-effectiveness analysis from the
perspective of the health service (the employer of the health
professional), and (3) cost-benefit analysis from the perspective
of the participant. We included sensitivity analyses, displaying
different permutations of the variables that construct the results,
to tailor the findings to different educational or workplace
settings.

Participants and Setting
Participants were eligible to enroll if they held a minimum
qualification of a bachelor’s degree in any health science. We
included physiotherapists, occupational therapists, nurses, and
exercise physiologists working in Victoria, Australia.
Participants were invited to take part in the study via the
Victorian Department of Health email distribution channels.

Measurements

Measurements of Cost
The Web-based arm of the RCT was offered as an ongoing
educational product by the delivering university after the initial
RCT was completed. The course was developed over four
iterations, shown in Figure 1. The alpha version of the program
was informed by research scoping activities and delivered to
representative consumers who volunteered to participate,
including content specialists, educational specialists, and
community members. Course version beta was delivered to
practitioners who held a bachelor’s degree in a health science,
forming the RCT phase and the collection of data on learning
outcomes and willingness to pay. Course version gamma was
a fee-paying version of the course delivered to postgraduate
clinicians, allowing validation of willingness to pay data. Course
version delta was based on the modeled data, most closely
simulating a realistic and ongoing short-course program.

Data on the labor and capital required to provide the traditional
and face-to-face education programs were collected either
concurrently with the RCT or modeled afterward. Table 1
describes the approach to measuring these costs and the
subsequent cost analyses [14,15]. We used market prices where
known to reflect real-life costs of providing the program.
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Table 1. Method and analysis of cost items.

Relevant analysisDetermination of valueMeasurementDelivery approachItem

CBAdCEAcBEAbActual cost

from RCTa
ModelWeb-basedFace-to-

face

YesNoNoInternet costs were valued by adding the course learning
materials download data size (in megabytes) to the mean

NoYesYesNoInternet

data size of student uploads, totaling 800 MB. We select-
ed an existing Telstra broadband plan (accessed October
6, 2010) to cover this data cost over a 1-month period
excluding set-up costs. The data limit and plan would
enable the participant sufficient bandwidth and down-
load/upload capacity to view all learning resources,
complete the learning tasks, and contribute to discussion
rooms over the 4-week course schedule. As some remote
participants may use satellite-based Internet access, this
cost was also sourced to be included in the relevant
sensitivity analysis.

YesNoNoThe most common mode of transportation for partici-
pants was by car. We estimated fuel costs based on the

NoNoNoYesTransport

average distance participants travelled to face-to-face
course venues. The average distance travelled was based
on post-code data volunteered in electronic survey un-
dertaken by RCT participants.

YesYesNoWith wage rate providing a proxy for the opportunity
cost of leisure time, we calculated a value for the partic-

NoYesYesYesOpportuni-
ty cost of

ipants’ time commitment by taking the mean numberfree time
forgone of hours participants required to complete the course

multiplied by the hourly wage of the participant [14,15].
An hourly rate of AUD $45 an hour was used to reflect
an early career physiotherapist (grade 2, year 1, Victori-
an Award), the largest representative group within the
study demographics. In sensitivity analysis scenarios
involving course participation outside of regular business
hours, the wage rate was supplemented with time-and-
a-half loading as would typically be experienced for
clinical work outside of regular scheduled hours, ie, the
weekend. These rates included 1.6 additional hours of
course time for the Web-based group, as participants in
this group were found within the RCT to spend signifi-
cantly greater time engaged with further learning re-
sources. Scenarios from the perspective of the health
service include 17% on-costs, whereas on-costs were
excluded for the CBA, as they are costs carried by the
organization and not relevant from the participant’s
perspective.

NoNoYesVenues were valued from current market prices experi-
enced in delivering the interventions in the RCT. We

YesNoNoYesVenue
rental

set venue capacity at 20 participants for both program
delivery approaches to reflect the real-life limitations
of supervision and feedback time that a single tutor
could provide within the practical skills practice seg-
ments of the program.

NoNoYesPresentation equipment included rental of a laptop
computer and digital projector. Costs were valued from

YesNoNoYesPresenta-
tion equip-
ment current market prices experienced in delivering the in-

terventions in the RCT.
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Relevant analysisDetermination of valueMeasurementDelivery approachItem

CBAdCEAcBEAbActual cost

from RCTa
ModelWeb-basedFace-to-

face

NoNoYesWe based remuneration for the facilitator’s time in the
face-to-face program delivery on the current Monash
University enterprise bargaining agreement (accessed
August 1, 2011) hourly sessional rate, excluding on-
costs, for “repeat tutoring with a doctoral qualification.”
The rate was applied to the course duration of 8 hours.
Alternatives of 12 hours and 16 hours were considered
in the sensitivity analysis to reflect allowances for
transportation and accommodation as may be experi-
enced with the presenter attending courses set in rural
or remote locations. We based the remuneration rate for
the Web-based facilitator on the tutoring Monash Uni-
versity sessional rate, excluding on-costs, for “repeat
tutoring without doctoral qualifications.” The reduced
rate for the Web-based facilitator reflected the alterna-
tive role of the Web-based facilitator, who is required
to monitor and facilitate class activity, while the content
is delivered by prerecorded video vignettes of a more
highly qualified presenter. The Web-based facilitator
was contracted for 16 hours to account for time associ-
ated with Web-based orientation enquiries from partici-
pants and accessing Web-based video submissions for
feedback, which is commonly less efficient than live
observation.

NoYesYesYesFacilitator
remunera-
tion

NoNoYesCosts involved in the operational support of the learning
platform Moodle and live presenter ICT support were
not directly measured and were obtained via an internal
Monash University quotation of service.

NoYesYesYesICTe sup-
port

NoNoYesThe Web-based learning system Moodle that we used
in the RCT has no current or anticipated license fees
and uses open-source code.

YesNoYesNoICT licens-
ing fees

NoNoYesCosts were valued from current market prices experi-
enced in delivering the interventions in the RCT.

YesNoNoYesPractical
tutor assis-
tant

NoNoYesTaken from RCT face-to-face delivery costs, averaged
across the three face-to-face delivery venues.

YesNoNoYesCatering

NoNoYesCosts were valued from current market prices experi-
enced in delivering the interventions in the RCT.

YesNoYesYesOffice and
stationery
consum-
ables

NoNoYesCosts were valued from current market prices experi-
enced in delivering the interventions in the RCT.

YesNoYesYesCourse
support
DVDs

NoNoYesAdministrative staff support was used by both delivery
approaches for tasks such as processing enrollments,
and mailing student materials and certificates. Costs
were valued at 12 hours of Monash University Profes-
sional Staff award rate of HEW3, level 7.

NoYesYesYesAdministra-
tive sup-
port

a Randomized controlled trial.
b Break-even analysis.
c Cost-effectiveness analysis.
d Cost-benefit analysis.
e Information and communication technology.
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Figure 1. Strategy for development of the Web-based course and measurements used in the refinement and modeling of an acceptable cost framework.
RCT = randomized controlled trial; WTP = willingness to pay.

Measurements of Outcome
We derived the measure of effectiveness used in the
cost-effectiveness analysis from the mark awarded for the
assignment and the examination score. An assessor, blind to
group allocations, marked the course assignments. Examinations
comprised multiple-choice questions that were automatically
graded by the software that delivered the examinations.

Mean maximum willingness to pay for the short course (beta
version) was evaluated in the RCT. Participant responses were
collected using an open response format and used as a proxy
measure for benefit in the cost-benefit analysis [16,17].
Participants were given the option to answer a question in an
anonymous Web-based questionnaire: “If this short course had
not been a trial, what would be the maximum you would have
been willing to pay for this course in Australian dollars (AUD)?”
We asked this question in the context of four scenarios: (1) “If
the course was not recognized as professional development
(ongoing learning) points,” (2) “If the course had been
subsidized 50% by your employer (you are indicating the

presubsidized total cost),” (3) “If the course was recognized by
your profession as professional development (ongoing learning)
points,” (4) “If the course was recognized as prior learning (of
approximately 5%–10%) toward a university postgraduate
qualification, eg, master’s degree.”

Procedure
The RCT included concealed allocation and outcome assessment
by a blinded assessor for comparing face-to-face versus
Web-based educational interventions.

Further details on the trial design, participants, setting, and
interventions can be found in the accompanying paper of the
original RCT [13].

The trial was registered with the Australian New Zealand
Clinical Trials Registry, ACTRN12610000135011. We obtained
ethics approval through both the Southern Health Ethics
Committee and the Monash University Human Research Ethics
Committee.
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Analysis

Break-even Analysis
The break-even analysis, from the perspective of the education
provider, estimated the minimum number of participants
required for the course to operate without loss to the provider.
The break-even point (Q: the number of participants required)
is calculated by the point where the fixed costs (FC: costs that
do not vary with participant numbers) and variable costs (VC:
costs that vary with the number of participants) for each mode
of program delivery are equaled by the savings (S) generated
by participant fees, as represented by the equation Q = FC/(S
– VC).

Table 1 presents the costs considered and how they were valued.
We conducted 1-way sensitivity analyses to account for possible
variation in costs and savings depending on the resources and
fee structure used by the education provider. Sensitivity analyses
were (1) the number of hours paid for a course facilitator, (2)
variation in the hourly remuneration of the facilitator, (3) class
capacity (the number of students able to undertake the course
at one time), (4) variation in the enrollment fee, and (5) variation
in all associated costs combined.

Cost-Effectiveness Analysis
Health care providers often pay for their staff to attend
professional development opportunities. A cost-effectiveness
analysis, from the perspective of the health service, compared
the relative impact of the two programs in clinical units—that
is, the costs of increasing the number of trained clinicians and
their measured level of clinical competence.

We calculated the cost effectiveness for each course delivery
method by first determining the quality of students’ education
with each method, or quality-adjusted students educated
(QASE), using the formula QASE = number of students
educated × the group’s average grade. In this approach, average
grade is used as a surrogate for measuring the improved ability
of the staff member. To account for attrition, people who did
not complete the course were given a zero in this weighting
calculation. This is the measurement of effect in the incremental
cost-effectiveness analysis. The incremental cost per QASE
was calculated using the equation in Figure 2, resulting in an
incremental cost-effectiveness ratio. Table 1 lists the costs
considered in the cost-effectiveness analysis.

We conducted a sensitivity analysis for the following scenarios:
(1) participant attendance occurring during regular working
hours, (2) participant attendance occurring during unpaid leave,
(3) participant attendance occurring during participant leisure
time, (4) an alternative fee structure based on profit relative to
costs, and (5) whether student attrition was equivalent between
the two educational approaches.

Figure 2. Equation for calculating cost per quality-adjusted students
educated (QASE) ratio. Cost F2F = cost to the health service of the
face-to-face program; Cost Web-based = cost to the health service of the
Web-based program; QASE F2F = number of quality-adjusted students
educated with the face-to-face program; QASE Web-based = number of
quality-adjusted students educated with the Web-based program.

Cost-Benefit Analysis
A cost-benefit analysis, from the perspective of the participant,
considered costs and benefits associated with the education
relevant to the participant in monetary terms to enable a direct
comparison.

Cost-benefit analysis requires the itemized costs experienced
by each course participant along with the number of participants
successfully completing the program. Net benefit, weighing the
total expected costs against the total expected benefits, used the
following equation: net benefit = (mean benefit face-to-face –
mean cost face-to-face) – (mean benefit Web-based – mean cost
Web-based), where mean benefit face-to-face is the benefit to
the participant from the face-to-face method measured by the
willingness-to-pay question; mean cost face-to-face is the cost
to the participant to participate in the face-to-face method; mean
benefit Web-based is the benefit to the participant from the
Web-based method measured by the willingness-to-pay
question; and mean cost Web-based is the cost to the participant
in the Web-based method.

Benefit was valued in monetary terms using the participant’s
willingness to pay. Sensitivity analyses included the following
variables: (1) whether the participant or health service paid for
enrollment, and (2) whether the course occurred including during
work hours or during leisure time. To test the construct validity
of the willingness to pay values obtained from RCT participants,
we compared the values obtained for the course contexts with
Likert ratings of overall course satisfaction using Spearman rho.
In this, we hypothesized that willingness to pay values should
be associated with course satisfaction ratings if the willingness
to pay values reflect the construct of the benefit from
participation in the program [18].

Results

Demographics
Participant demographics (Table 2) indicate a relatively even
distribution of baseline characteristics between the face-to-face
and Web-based mode participants.

J Med Internet Res 2012 | vol. 14 | iss. 2 | e47 | p.236http://www.jmir.org/2012/2/e47/
(page number not for citation purposes)

Maloney et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


Table 2. Chi-square test outcomes for binary data and 2-sample t test outcomes for years since qualification.

P valueFace-to-face (n = 39)Web-based (n = 46)Demographic item

.437 (18%)10 (22%)Male gender, n (%)

.185 (13%)2 (4%)Previous falls research participation, n (%)

.350 (0%)1 (2%)Previous falls publication, n (%)

.8510 (25%)11 (23%)Previous falls professional development, n (%)

Profession, n (%)

.973 (8%)5 (11%)Occupational therapy

.9320 (51%)26 (57%)Physical therapy

.9511 (28%)10 (22%)Nursing

.964 (9%)4 (9%)Exercise physiology

.664.15 (1.56)4.17 (1.75)Years since qualification, mean (SD)

Randomized Trial
The RCT results indicated that there were no differences in
outcomes between groups, except that Web-based education
participants reported spending significantly more time (median,
interquartile range of 1.0, 0.8–2.0 hours compared with 0.0,
0.0–1.0 hours) engaged with the additional learning materials
than the face-to-face group (rank sum P = .002). The mean (SD)
mark (used for calculating QASE in the cost-effectiveness
analysis) for the combined examination and practical assignment
grades was Web-based, 83.2% (9.9), and face-to-face, 81.6%
(9.5).

Break-Even Analysis
Figure 3 presents the relationship between the costs and savings,
for the primary scenario for face-to-face and Web-based

delivery. Table 3 presents the fixed and variable costs considered
in this analysis. Table 4 presents a sensitivity analysis, exploring
the impact of variations in costs and savings. The break-even
point for the primary Web-based scenario was obtained at 7
participants, whereas the primary scenario with the face-to-face
delivery returned multiple break-even points (Table 5). Multiple
break-even points occur in some of the sensitivity analyses when
recurring fixed costs are incurred as a class reaches its
enrollment capacity, causing the course to once again run at a
loss until the new break-even point is reached as enrollments
increase. This particular relationship, with the creation of
multiple break-even points, is presented graphically for the
face-to-face delivery approach in Figure 3.

Table 3. Fixed and variable costs (AUD $) for Web-based and face-to-face course delivery, for a maximum class size of 20.

Face-to-face deliveryWeb-based deliveryItem

Variable (per

participant)

Fixed (per course

delivered)

Variable (per

participant)

Fixed (per

annum)

1000Venue

500Presentation equipment rental

810840Facilitator remuneration

500500Faculty ICTa support fee

250250Administrative support

25Catering

53Stationary consumables

55Delivery support DVD

35306081590Total

a Information and communication technology.
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Table 4. Break-even and sensitivity analyses for Web-based course delivery mode.

Number of break-even

point(s), up to

60 enrollmentsa

VariableVariable

manipulated

Scenario
number

Enrollment

fee (AUD $)

Variable

costs

Other

fixed costs

Maximum

capacity

Presenter level

($/hour)

Contracted

facilitator

hours

725087502060141b

5250875020608Facilitator hours2

11–20, >222508750206032Facilitator hours3

13–20, >272508750206040Facilitator hours4

15–20, 30–40, 45–602508750206048Facilitator hours5

52508750203514Presenter level6

82508750209014Presenter level7

1025087502012014Presenter level8

15–20, 30–40, 45–6025087502020014Presenter level9

72508750106014Class capacity10

72508750306014Class capacity11

72508750406014Class capacity12

72508750506014Class capacity13

72508750606014Class capacity14

17–20, 35–40, 52–601008750206014Fee15

82008750206014Fee16

44008750206014Fee17

36008750206014Fee18

28008750206014Fee19

210008750206014Fee20

14–20, >28250100% increase in all associated costs (based
on scenario 1)

All costs21

Doesn’t break even250200% increase in all associated costs (based
on scenario 1)

All costs22

Doesn’t break even250300% increase in all associated costs (based
on scenario 1)

All costs23

325050% decrease in all associated costs (based
on scenario 1)

All costs24

a Break-even points are presented as a range when multiple break-even points are relevant to the analysis. Multiple break-even points occur in some of
the analyses when the new fixed costs that are incurred when a class reaches its enrollment capacity once again lift the costs above the savings. This
relationship is also presented for the face-to-face program in Figure 3.
b Primary analysis scenario.
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Table 5. Break-even and sensitivity analyses for the face-to-face course delivery mode.

Number of break-even

point, up to

60 enrollmentsa

VariableVariable

manipulated

Scenario
number

Enrollment

fee (AUD $)

Variable

costs

(AUD $)

Other

fixed costs

(AUD $)

Maximum

capacity

Presenter level

($/hour)

Contracted

facilitator

hours

14–20, 29–40, 43–60250352250209091b

16–20, 31–40, 47–60250352250209012Facilitator hours2

18–20, 35–40, 52–60250352250209016Facilitator hours3

12–20, >2425035225020359Presenter level4

14–20, >2625035225020609Presenter level5

16–20, 31–40, 47–60250352250201209Presenter level6

19–20, 38–40, 57–60250352250202009Presenter level7

Doesn’t break even25035225010909Class capacity8

1525035225030909Class capacity9

1525035225040909Class capacity10

1525035225060909Class capacity11

Doesn’t break even10035225020909Fee12

19–20, 38–40, 57–6020035225020909Fee13

840035225020909Fee14

560035225020909Fee15

480035225020909Fee16

3100035225020909Fee17

Doesn’t break even250100% increase in all associated costs (based
on scenario 1

All costs18

Doesn’t break even250200% increase in all associated costs (based
on scenario 1)

All costs19

Doesn’t break even250300% increase in all associated costs (based
on scenario 1)

All costs20

725050% decrease in all associated costs (based
on scenario 1)

All costs21

a Break-even points are presented as a range when multiple break-even points are relevant to the analysis.
b Primary analysis scenario.
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Figure 3. Savings versus costs for enrollment, with savings set at AUD $250 per participant and maximum class size of 20 participants.

Cost-Effectiveness Analysis
The face-to-face educational approach, in course iteration beta,
began with 68 participants, with 49 students completing the
summative assessments with an average grade of 81.6%, or
38.98 QASE. Of the 67 participants who began the Web-based
delivery, 44 completed the program with an average grade of
83.2%, or 35.78 QASE.

Through maintaining this attrition rate and mean grade for each
delivery method, for a full class of 20 enrollments, the
incremental cost-effectiveness ratio from the perspective of the
health service for the primary analysis (scenario 1, Table 6)
yields an incremental cost-effectiveness ratio of zero, therefore
making face-to-face education more preferable from the health
service perspective due to the higher rate of QASE.
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Table 6. Sensitivity analysis of incremental cost per quality-adjusted students educated (QASE) (D$/DQASE) for Web-based (Web) and face-to-face
(F2F) course delivery.

ICERb per

participant (AUD $)

Costs(AUD $)QASENumber of

completers

Number

registered

BackfillWagesaEnrollment

fee

Time

WebF2FWebF2FWebF2F

0 (F2F preferred due
to higher QASE)

5000500011.6311.42131420YesYesNoLeisure time

(weekend)c

0 (F2F preferred due
to higher QASE)

0011.6311.42131420YesYesYes

–271.6225,21621,84811.6311.42131420NoNoNoWorking hours

–271.6220,21616,84811.6311.42131420NoNoYes

–135.8115,10813,42411.6311.42131420NoYesNoUnpaid study
leave

–135.8110,108842411.6311.42131420NoYesYes

0 (Online preferred
due to higher QASE)

5000500011.6311.42141420Conditions of scenario 1 repeated with attrition equal
at 14 completers (F2F QASE = 11.42, Web-based
11.63)

443.50500010,50011.6311.42131420Conditions of scenario 1 repeated with alternative fee
of AUD $525 applied to F2F enrollments

a Wages for the participant and backfill or replacement staff include 17% on-costs. Transport and Internet download costs are incurred by the participant.
Negative dollar value indicates the value is in favor of face-to-face education.
b Incremental cost-effectiveness ratio.
c The primary scenario (scenario 1).

Table 6 shows a sensitivity analysis. The scenarios include
manipulations of the costs carried by the health service,
including the impact of the timing of course delivery. The
analyses include an alternative course fee structure to account
for a provider business model that calculates the fee as a
percentage of profit above costs, increasing the enrollment fee
for face-to-face participants. The relationship (difference in
gradients) between face-to-face and Web-based costs for the
primary scenarios (Figure 3) yields an inflation factor of 2.1;
therefore, we adjusted the alternative face-to-face fee to AUD
$525.00. The sensitivity analysis also includes a scenario of
equal attrition rates between the face-to-face and Web-based
approaches.

Cost-Benefit Analysis
Table 7 presents estimated costs incurred by the participant,
along with a sensitivity analysis. Net benefit to the individual
participant was calculated as AUD $60.88 in favor of the
face-to-face program delivery, meaning that the Web-based
program would need to cost $60.88 less than the face-to-face
program to create equivalent benefit for the consumer. Table 8
presents willingness to pay for each mode of program delivery.
Table 9 presents sensitivity analyses of the net benefit.

Table 9 presents the values of the cost-benefit analysis. The
aforementioned alternative fee structure was applied in these
analyses.
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Table 7. Primary analysis and sensitivity analyses of participant expenses (in AUD $) for Web-based versus face-to-face course delivery modes.

Face-to-faceWeb-basedParticipant expenses

Primary analysis

0.0020.00Downloadsa

20.000.00Transport

250.00250.00Fees

540.00648.00Time

810.00918.00Total

Sensitivity analysis

810.001043.00With 50% increase in fees

935.001168.00With 100% increase in fees

1060.001418.00With 200% increase in fees

1310.00793.00With 50% decrease in fees

685.001147.50With 25% increase in all associated costs

1012.501377.00With 50% increase in all associated costs

1215.00688.50With 25% decrease in all associated costs

607.50459.00With 50% decrease in all associated costs

Not applicable923.00With satellite-sourced Internet

a Download costs were calculated based on a user requiring a 1 GB data upload/download to complete the learning activities over 1 month. Costs were
calculated from minimum Telstra broadband rates accessed on October 5, 2010, excluding set-up costs.

Table 8. Participant willingness to pay for Web-based versus face-to-face course delivery modes.

Correlation with

overall course

satisfaction:

Spearman rho

(P value)

P valuebFace-to-faceWeb-basedContext description

for willingness to pay

Context

Mean (SD)namean (SD)na

.46 (.001).41129.17 (117.25)2496.33 (56.37)30If course not recognized for pro-
fessional development points

1

.43 (.001).46192.26 (201.46)31165.57 (102.16)35If course is 50% subsidized by
an employer

2

.53 (.001).39199 (260.83)30159.72 (103.61)36If course contributes toward pro-
fessional development points

3

.45 (.001).61314.14 (423.01)29190.94 (131.40)32If coursework is recognized as
prior-learning credit (5%) toward
postgraduate qualification

4

a Numbers vary due to some participants not completing all fields of the survey questions.
bP values between delivery methods obtained using single-sample mean comparison t test.
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Table 9. Cost-benefit analysis results from the participant’s perspective considering varying scenarios for Web-based (Web) versus face-to-face (F2F)
course delivery modes.

Alternative fee

structure (F2F

vs Web; AUD $)a

Net benefit

(F2F vs Web;

AUD $)a

Benefit

(willingness

to pay)

Opportunity

cost of lost

work

Enrollment feeTimePayerScenario

Not applicable60.88NoYesYesWorking hoursHealth service1b

Not applicable168.25NoNoYesLeisure time
(weekend)

2

–106.3760.88NoYesNoWorking hoursParticipant3

1.63168.88NoNoNoLeisure time
(weekend)

4

a Positive values indicate more benefit in favor of face-to-face delivery mode.
b The primary scenario.

Discussion

Economic evaluation of face-to-face versus Web-based delivery
has shown that the outcome depends on the stakeholder’s
perspective and the conditions applied to the analysis.
Web-based education is the superior approach in the break-even
analysis from the perspective of the education provider. The
increased costs of face-to-face delivery create increased risk of
financial loss if enrollment numbers are low. This is supported
by what is seen in practice, where educational institutions are
reluctant to run short courses in regional or remote areas where
potential enrollments are lower. This barrier supports the notion
that Web-based education has the potential to be more accessible
and less discriminatory [4,19]. Cost-effectiveness analysis from
the perspective of the health service favors face-to-face
education, but the relatively small difference in quality of the
clinicians’ knowledge obtained from face-to-face and
Web-based education means that the preference for an
educational approach largely depends on when the course is
undertaken and its impact on covering service delivery.
Cost-benefit analysis, from the perspective of the participant,
produced the most participant benefit from face-to-face
education. Aside from the strong cost-minimization advantages
to the education provider, the other analyses are contingent on
the unique conditions and sensitivity analysis applied. This
further highlights the novel methods used in this study,
demonstrating the strong relationship between the provider, the
health service, and the participant.

Economic analysis for health education has primarily focused
on telemedicine technology or medical reviews by remote
physicians, or has been concerned with the cost effectiveness
of modalities for patient education [20,21] rather than upgrading
the health professional’s skills. To our knowledge this is the
first economic evaluation of competing approaches to providing
continuing professional development with tested educational
equivalence in an RCT including the outcomes of satisfaction,
knowledge construction, and self-reported change in practice.
It is possible that the findings may be somewhat context specific
in terms of the content area and nature of the health disciplines
involved, the specific subject of the educational materials, and
the quality of the educational materials presented in the chosen
medium. However, as the principles of Web-based and

face-to-face education that we investigated could be transferred
to other disciplines and settings, this report provides a model
that can be applied to different scenarios, modified with
associated unique assumptions.

This study has highlighted the precarious balance that exists
between the various stakeholders involved in education
programs. Our break-even analysis highlighted that using the
same fee structure for both Web-based and face-to-face
modalities would lead to substantially greater profits for a
Web-based course assuming equal enrollments; however, this
would result in lower levels of benefits to the participants in
the program. However, if the university were to choose to
maintain the same relative profit ratio for Web-based and
face-to-face courses, they would be able to offer the Web-based
course at a lower cost to gain equivalent educational outcomes
and participant benefit; society would therefore gain a greater
volume of skilled professionals for a lower cost.

Potential miscellaneous benefits from each delivery method
were excluded from the analysis due to the difficulty in
quantifying them. For example, it is hypothesized that
face-to-face education may foster stronger feelings of an
education community, socialization, and networking
opportunities [22], whereas Web-based education may provide
better maintenance of corporate knowledge that is often lost
with key personnel in short-course training and lost to the
profession in situations such as retirement or maternity leave
[23].

Other limitations that may have affected the findings of the
analysis relate to the original RCT, the modeling of data, and
underlying assumptions in the analysis formulas. The RCT
measured the learning outcomes and change in practice behavior
approximately 1 week following the conclusion of the training
program. We do not know whether the effect of the training
would have been different if the effects had been measured over
a longer time frame. We also do not know whether the change
in clinician practice behavior will result in real change in patient
outcomes over time. We modeled data for the analysis on the
fourth iteration of the training program, excluding costs involved
in constructing the programs and additional expenses from
“teething errors” in delivering the course with unfamiliar staff.
These issues are particularly relevant to the introduction of the
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Web-based modality. Phelps et al [11] recognized that setting
up a Web-based course, or converting an existing course to a
Web-based modality, requires a large human capital investment.
Our experience in creating the course resources for the RCT
reflected this sentiment, but we also found that this argument
was true of beginning a face-to-face program. Audiovisual
resources for the Web-based course were ideally created for
both course delivery methods, but rather than being used as
direct student resources in the face-to-face delivery, they were
used as a way of training face-to-face presenters and maintaining
corporate knowledge. We anticipate this to be cost prohibitive
for many organizations without significant information and
communication technology (ICT) infrastructure or with staff
unfamiliar with using basic computers and software to
commence a Web-based course [9,10], particularly with the
expectation of making short-term savings.

Each formula used in the analysis involves calculations based
on assumptions. These assumptions may be invalid depending
on the context of the analysis or variation in reader perspective.
Wells [24], Phelps et al [11], and Rumble [12] all reported that
the shifting assumptions in information communication
technologies affect the ability to contrast studies investigating
the use of these technologies in education, such as who pays
for what costs, the existing ICT infrastructure, and the degree
of assumed user ICT literacy. For example, Rumble’s [12]
investigation required the university to supply computers to all
students involved in the study. It could be argued that students
are now assumed to have access to their own personal computer
or readily accessible university or workplace computer facilities.
In our study we required students to have their own access to a
computer and the Internet.

The issue of who pays for what costs will naturally affect the
economic evaluations. Our cost-benefit analysis assumed that
students who did not complete the program did not obtain
benefit from the small portion of the program that they may
have completed. We averaged transport costs among the study
cohort and limited them to transport by car. In reality,
participants would have experienced a significant range of
transport costs, which naturally depend on the location of the
face-to-face delivery venue. The formulas used to calculate cost
benefit and cost effectiveness require data on participant attrition
in each delivery method. Participants were enrolled in the
training program of the RCT at no cost. This lack of financial
commitment to the program is likely to have negatively affected
student attrition. This factor may have applied more to the
Web-based education intervention, as it required a prolonged
time commitment from students in its delivery over a 4-week
period.

Although we do not know the true generalizability of the
findings, the transparency of this analysis will assist decision
makers to tailor the findings to their area of interest and delivery
setting, whether it is undergraduate or postgraduate education.
Key factors in this decision making would include the ICT
capabilities of the provider, similarity of their desired course to
the constructivist pedagogy used in the practical skill-teaching
methods of this analysis, and other particular circumstances or
resources of the provider.

We used willingness to pay as a proxy for determining
participants’ perceived benefit of participating in the program.
Willingness to pay may have been underreported if participants
considered that their responses might potentially influence the
cost of education in a market in which they are the consumer.
We expect that this bias would have minimal impact on the
analysis between the two interventions, as the effect is likely
to be equal between the two groups. Another potential bias
influencing the willingness to pay values, and therefore the
benefit and cost effectiveness of the delivery methods, is a
possible perception that Web-based education produces greater
savings for the educational institution, and that these savings
should be passed on to the participant via savings in course fees
[25]. Drummond et al [18] noted that it is often impossible to
validate willingness to pay values within economic analyses
due to the modeling of data being commonly based on
theoretical or hypothetical products or services. This study was
able to provide values based on programs purposefully designed
for equivalent content delivery and experienced by the
participants who provided the willingness to pay values.
Construct validity of the willingness to pay values obtained was
demonstrated through the moderate degree of correlation
between the willingness to pay values and the participants’
ratings of overall satisfaction (Table 9). Furthermore, the fee
(AUD $250) used as the primary scenario in the economic
evaluations was used in the fee-paying gamma version course
iterations, a course that reached its full enrollment capacity (20
participants), indicating that this fee was a viable real-life fee
structure and is comparable with fees for other Web-based
professional development programs of equivalent length on the
market.

QASE as represented in the cost-effectiveness analysis assumes
that the health care service costs are the same for each delivery
group. This may be debated depending on whether the
participant requires study leave to complete the course or
completes the course out of work hours. QASE and cost per
QASE (Δ$/ΔQASE) is also grounded in the assumption that a
clinician with better skills in falls risk client management will
be a greater asset to the health service, producing better health
outcomes for the clients.

Education providers vary in their opinion as to what practical
class enrollment capacity is manageable in a face-to-face
delivery environment. An increase in class capacity will often
result in an overall decrease in fixed costs, affecting the result
of a break-even analysis [26]. This is also true of Web-based
education, although given the asynchronous nature of the student
and teacher interaction, Web-based education is arguably less
restricted by the course duration in providing supervision and
feedback on participant practice, and in turn in producing greater
flexibility in discerning the maximum class capacity.

We have highlighted several areas for further research in
exploring the economics of delivery approaches to continuing
professional development. These include further investigation
into the attrition rates when contrasting free versus full fee
paying. Investigating the allocation of costs in continuing
professional development for health care professionals,
particularly the contribution to the course fee between the
participant and the health service, would allow greater insights
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into the underlying assumptions in analyses. More broadly, we
would encourage research into using this approach (ie,
break-even analysis from the perspective of the provider,
cost-effectiveness analysis from the perspective of the health
service, and cost-benefit analysis from the perspective of the
participant) to explore other educational approaches. Ultimately,
an RCT would be conducted to investigate what may be the
largest assumption in this study, that a more highly skilled
clinician can affect health outcomes. For example, does the
educational program to increase clinicians’ management of
falls-risk clientele, studied in this evaluation, have the ability
to reduce falls in the community?

Conclusions
Economic analysis of Web-based versus face-to-face training
for improving the clinical performance of health professionals

varies depending on the type of analysis and stakeholder
perspective undertaken. The Web-based educational approach
was clearly more efficient from the perspective of the education
provider. In the presence of equivocal results for comparisons
from other stakeholder perspectives, it is likely that providers
will seek to deliver education via a Web-based medium in
preference to an alternative face-to-face approach.

With both Web-based and face-to-face delivery modalities
offering their own unique strengths and weaknesses, it is
important for decision makers to consider the application of
these findings to their goals, their risk management capabilities,
and their role in the delivery of high-quality health care to the
community through the effective and efficient education of
health service clinicians.
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Abstract

Background: Ubiquitous computing technology, sensor networks, wireless communication and the latest developments of the
Internet have enabled the rise of a new concept—pervasive health—which takes place in an open, unsecure, and highly dynamic
environment (ie, in the information space). To be successful, pervasive health requires implementable principles for privacy and
trustworthiness.

Objective: This research has two interconnected objectives. The first is to define pervasive health as a system and to understand
its trust and privacy challenges. The second goal is to build a conceptual model for pervasive health and use it to develop principles
and polices which can make pervasive health trustworthy.

Methods: In this study, a five-step system analysis method is used. Pervasive health is defined using a metaphor of digital
bubbles. A conceptual framework model focused on trustworthiness and privacy is then developed for pervasive health. On that
model, principles and rules for trusted information management in pervasive health are defined.

Results: In the first phase of this study, a new definition of pervasive health was created. Using this model, differences between
pervasive health and health care are stated. Reviewed publications demonstrate that the widely used principles of predefined and
static trust cannot guarantee trustworthiness and privacy in pervasive health. Instead, such an environment requires personal
dynamic and context-aware policies, awareness, and transparency. A conceptual framework model focused on information
processing in pervasive health is developed. Using features of pervasive health and relations from the framework model, new
principles for trusted pervasive health have been developed. The principles propose that personal health data should be under
control of the data subject. The person shall have the right to verify the level of trust of any system which collects or processes
his or her health information. Principles require that any stakeholder or system collecting or processing health data must support
transparency and shall publish its trust and privacy attributes and even its domain specific policies.

Conclusions: The developed principles enable trustworthiness and guarantee privacy in pervasive health. The implementation
of principles requires new infrastructural services such as trust verification and policy conflict resolution. After implementation,
the accuracy and usability of principles should be analyzed.

(J Med Internet Res 2012;14(2):e52)   doi:10.2196/jmir.1972

KEYWORDS

pervasive health; ubiquitous computing; privacy; trustworthiness; digital bubbles; conceptual modeling

J Med Internet Res 2012 | vol. 14 | iss. 2 | e52 | p.247http://www.jmir.org/2012/2/e52/
(page number not for citation purposes)

Ruotsalainen et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

mailto:pekka.ruotsalainen@thl.fi
http://dx.doi.org/10.2196/jmir.1972
http://www.w3.org/Style/XSL
http://www.renderx.com/


Introduction

Health is a wider concept than absence of disease or poor
functionality. Broadly, health covers a person’s physical and
mental, as well as economic and social, well-being. Therefore,
health is not only a state determined by health care professionals
and related authorities, but also an individually experienced
state with many determinants, such as lifestyle, environment,
social, and cultural aspects.

Traditionally, health care is an institutionalized and regulated
system that occurs in controlled environments. The availability
of information and communication technologies (ICT),
ubiquitous computing, ambient intelligence, motes, sensors,
and sensor networks is changing health care. New service
models, such as personalized health care and personal health
systems (PHS), are developing [1-2]. Ubiquitous health care is
another new paradigm, which is closely related to biomedical
engineering, health informatics, and ubiquitous computing [3].
It uses ubiquitous technology for continuously monitoring
patients anywhere, for proactive prevention and early detection
of diseases, and for ubiquitous access to medical data [4-6].

Ubiquitous computing technology, sensor networks, and ambient
intelligence have initiated the birth of pervasive health.
Pervasive health and health care are separate concepts with
many overlapping goals (ie, making services available to
everyone). They are not distinguished by the information
technology or information used. Both can collect and deploy
any kind of personal health data and environmental information
(eg, genomic, phenomic, epigenetic, and geospatial information).

Trust and Information Privacy
Trust is a relativistic, complex, and dynamic concept. From the
information-processing point of view, trust defines the
individual’s expectations in the context of collection, processing,
communication, and use of personal information [7]. It allows
acceptance of risk and balances privacy needs against benefits.
Trust can be based on knowledge and experiences of an entity
about actors and processes involved in personal data, on
regulations established for ruling actors’behavior and processes,
and on legislation binding actors and enforcing processes (law
enforcement).

In the case of health information, trust defines the data subject’s
(DS) confidence that his or her personal health information is
processed and communicated in such a way that privacy and
security are guaranteed and the data processing follows
regulations, ethical rules, fair information practices, and the
DS’s personal preferences.

Privacy is a multifaceted, relativistic, and context-dependent
concept [8]. It has been defined by Westlin as the “claim of
individuals, groups, and institutions to determine for themselves
when, how, and to what extent information about them is
communicated to others” [9]. This paper focuses on the
following privacy dimensions: right of informational
self-determination and information privacy including privacy
of personal behavior, freedom from surveillance, communication
privacy, and data privacy [9-12]. Information privacy refers to
a person’s self-determination by respecting their wishes and

demands regarding collection, processing, and communication
of personal information, thereby preventing harm from
disclosure.

Both information privacy and trust are related to the conditions
demanded or expected in the collection, processing,
communication, and use of personal information. Privacy
policies, such as a patient’s consent statement, explicitly express
the DS’s privacy requirements, while trust tackles them
implicitly. Both privacy and trust relate to the information
subject and include knowledge or assumptions about involved
entities. Data disclosure means loss of privacy, but an increased
level of trustworthiness reduces the need for privacy. The
interest of the DS is to minimize loss of privacy at an acceptable
level of trust.

Prior Work
In health care, internationally adopted principles and good
practice rules—such as The United Nations (UN) Universal
Declaration of Human Rights, the Organization for Economic
Co-operation and Development (OECD) Guidelines for the
Security of Information Systems and Networks, the European
Directive 95/46/EC known as the Data Protection Directive
(DPD), and ethical guidelines and codes published by The World
Medical Association and the International Medical Informatics
Association (IMIA)—together approved the high-level
frameworks for ethics and privacy protection [13-16].
International standardization organizations are also developing
standards targeting secure processing of health information,
such as the International Organization for Standardization’s
(ISO) Health informatics TC 215 standard [17,18]. Wassernaar
reported that the following privacy principles are widely used:
the principle of existence of privacy, the principle of
withholding, the principle of trusted usage, and the principle of
controlled dissemination [12]. Langheinrich has proposed the
following principles for privacy-aware ubiquitous systems:
notice, choice and consent, proximity and locality, anonymity
and pseudonymity, security access, and recourse [19]. His first
principle, notice, is a subset of the awareness principle. Those
documents and proposals stress that high-level policies such as
withholding, trusted usage, controlled dissemination, legitimate
grounds of processing, responsibilities of data processors, and
purpose-based limitation are cornerstones in trusted information
processing.

Researchers have recognized weaknesses and challenges in
current privacy solutions. Coiera and Clark declared traditional
access control systems inefficient because they are not content
and context aware [20]. Anciaux et al identified that traditional
electronic health records (EHR) have no security guarantee
outside the health care service domain [21]. Ruotsalainen has
pointed out that the patient has limited rights to control the use
of EHRs [22]. Pallapa et al argued that systems using ubiquitous
computing have no mechanism for people to reflect their
intentions [23]. Mitseva et al noted that protection of privacy
in sensor networks must support daily private life [24]. Hu and
Weaver called current security and privacy solutions (based on
a static role-based access control model) application dependent
because they do not address new generations of eHealth
requirements [25]. According to Joshi et al, security-based
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authentication and role-based approaches are not sufficient in
open systems [26]. Kim et al pointed out that informed consent
is not possible in environments with a large amount of sensors
[27].

New approaches have been proposed. Ball and Gold suggested
that the individual should have control of their personal health
record (PHR) and should be able to know who has entered which
data into the record [28]. Kendall has proposed a
patient-controlled EHR for the Information Age [29]. Kim et
al recommended that data collection be under the sole control
of the patient [27]. Haas et al proposed that the access and
disclosure of EHRs be controlled by privacy policies [30]. They
also stated that patients must be able to check how principles
are implemented. Brown and Adams stated that the access to
information should be under the control of the patient or the
patient’s guardian [31].

New principles and models have also been proposed. Solove
pointed out that protection of privacy in the Information Age
requires social design and an architectural solution [10]. Shankar
et al stated that systems in a ubiquitous environment need
dynamic- and context-based trust [32]. Kim et al recommended
the use of a security policy that includes the following rules and
principles: data collection must be under the sole control of the
patient, a principle of disclosure, and principles of limitation
and necessity [27]. Bhatti and Bhatti et al have pointed out that
existing risks and the lack of common privacy and trust rules,
regulations, and norms indicate that dynamic privacy rules are
needed to make ubiquitous health care trusted [33,34]. Mandl
et al and Huda et al have recommended personally controlled
health records [35,36]. Shabo developed models for
“patient-held records” with principles of personal control [37].
Coiera and Clarke developed models for e-Consent. One of
those models is an active e-Consent system that can act as a
gatekeeper [20]. Anonymization is proposed by Huda et al as
a privacy tool [36]. Roger-France has developed a model of
special gatekeepers that control the use of EHRs [38].

Not only researchers, but also international organizations and
governments, have addressed the need for new rules. In a 2010
report to the president of the United States and to Congress,
experts noted that current policies, such as the Health Insurance
Portability and Accountability Act (HIPAA), leave many details
vague. They also stated that tools and technologies are needed
to empower individuals to manage their own health and that the
definition for a formal privacy model is necessary [39]. The
report also argued that current privacy policies and regulations
are poorly specified and ineffective, and new mechanisms for
trust management are needed. The American Medical
Informatics Association (AMIA) has requested that every person
have control over their own PHR (ie, all secondary uses of PHR
data must be controlled by the person except as required by law)
[40].

Although none of the proposal is targeted directly to pervasive
health, they have addressed common aspects such as
trustworthiness, awareness, and patient-/person-controlled use
of the EHR/PHR.

Until now, pervasive health lacks a common definition, and
principles—which can make it trusted—do not exist. In this

paper, pervasive health is defined as a system. Principles, rules,
and policies that guarantee the DS’s privacy and information
autonomy at the same time and make pervasive health trusted
are proposed.

Methods

System analysis focuses on understanding a proposed system,
identifying the problems, and recommending improvements.
In this paper, “system” is understood as a group of independent
elements that act together in a collective effort to achieve a goal.
Pervasive health can be seen as a soft system because it involves
social and cultural elements. In this study, a five-step system
analysis method is used (similar steps can be found in the Soft
Systems Methodology) to define pervasive health as a system
and to develop privacy principles presented in this paper. The
following steps were performed:

1. Defining the system in question (ie, pervasive health)

2. Identifying features and expressing problems of interest (eg,
privacy and trustworthiness)

3. Discovering privacy risks and challenges in trustworthiness

4. Building a conceptual model for pervasive health

5. Developing improvements (ie, principles for trusted pervasive
health)

Pervasive health is defined using the model (metaphor) of linked
digital bubbles. The idea of digital bubbles was originally
developed for pervasive environments and personal spaces [41].
A bubble is a digital territory and information walls between
bubbles are virtual. A bubble includes one or more systems,
their stakeholders, and the environment. Inside a bubble, systems
have common privacy regulations and rules. The created
high-level graphical model illustrates relations of bubbles in
the information space. Features of pervasive health are derived
from this model.

A conceptual model for pervasive health is developed using the
recommended practice for architectural description of
software-intensive systems created by the Institute of Electrical
and Electronics Engineers (IEEE). The short name for this
standard is IEEE 1471 [42]. Architecture in IEEE 1471 is the
fundamental organization (eg, concepts and principles) of a
system, its components, and their relationships. Using this
method, a graphical framework model that describes trust- and
privacy-related concepts and their relationships in pervasive
health is developed.

In the final step of system analysis, principles for trusted
pervasive health are developed by combining previously defined
features of pervasive health, identified risks, selected high-level
privacy principles, and their relationships described within the
conceptual framework model.

Results

Definition of Pervasive Health
Figure 1 displays the developed graphical model for pervasive
health. In this model, the information space is an open and
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dynamic environment, which is characterized by the use of
ubiquitous computing and by relations between bubbles. Its
bubbles can be dynamically linked together, and information
collecting and processing is poorly regulated (eg, privacy rules
in bubbles are often unknown). In the case where a bubble
includes many systems, they can have different business
objectives, but they should have the same privacy regulations
and rules.

Pervasive health is defined as a dynamic network of bubbles
that offers health services to the person. In the information
space, the person (DS) creates dynamically personal health
networks and selects both systems that belong to the network
and services used. The DS also defines what information is
shared between bubbles and their systems. This means that
pervasive health is a controlled (cybernetic) meta-system in the
information space.

The current health care system can be understood as a bubble
where public and private service providers offer health care
services. In principle, those health care services which the DS
uses outside the controlled health care environment can be part

of the DS’s pervasive health. Even so, the DS controls the use
of those services and related data processing, except as required
by law.

Despite the technology used and the available information,
health care services are still defined, provided, and controlled
by health professionals targeting the patient [4]. Contrary to
this, services of pervasive health and related data processing
are controlled by the DS and the target is a person who can
select, tailor, and combine autonomously their own health
service portfolio with the help of intelligent services of the
network.

In health care, security and privacy rules are regulated by
domain-specific laws and norms, which is not the case in
pervasive health. Furthermore, in pervasive health personal
health data is not stored in institutionalized EHRs as we will
discuss subsequently.

In the information space are also other systems which are not
members of the DS’s pervasive health network, but which are
interested in using DS’s health information (Figure 1). Those
systems are called secondary users.

Figure 1. Pervasive health in the information space.

Information Processing and Storing in Pervasive
Health
In the information space and in pervasive health, autonomous
programs and computer systems can collect and process personal

information invisible to the DS [19]. In pervasive health, both
the information content and how it is collected, processed, and
stored differ radically from current practice in health care. In
the latter, patient data is recorded and used by health care
professionals and typically managed by a service provider
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organization in the form of the EHR [43]. In health care, the
EHR can be used by professionals participating in the care of
an individual, or by entities for purposes defined in legislation
[22].

In pervasive health, those rules do not apply and health
care-specific legislation will not regulate how health data is
processed. In pervasive health, any kind of personal information
(including behaviors and social activities) covering the person’s
entire life is collected and processed. The use of health data is
not limited to patient care, treatments, public health, or clinical
research. Systems of pervasive health can process and exchange
personal health information using their own rules. The data
content coming from multiple sources exceeds what is used in
current health care (and what EHRs contain). The authors use
the term “lifelong personal wellness record” (LPWR) for this
information. Personal health record (PHR) is an alternative term.
Unfortunately, there is no consensus about the concept of a
PHR, and some writers see it as an extension of the regulated
EHR [44]. Another proposal is that the PHR and the EHR should
be integrated [45]. In this paper, the LPWR is defined as an
independent repository, and the authors claim that the legal
EHR does not replace either the PHR or the LPWR [46].

Privacy Threats in Ubiquitous Computing and in
Pervasive Health
The information space and ubiquitous computing generate many
privacy threats. The following are typical as stated in the
literature [10,35,47]:

• Multiple systems and authorities can collect, process, and
share personal information. Their number is unknown in
advance and it changes regularly [20].

• There is no predefined trust between systems.
• Information can be collected, processed, and shared in such

a way that the DS cannot be aware of it.

• Rich contextual metadata is collected and used, both
violating the DS’s privacy interests.

• Privacy can be breached if authorization is made without
contextual information.

• It is difficult (or even impossible) to destroy data stored in
the information space.

Pervasive health creates additional trustworthiness and privacy
challenges:

• The business objectives, trust features, and regulations
systems applied can be unknown.

• It is not possible to know in advance the characteristics,
rules, and regulations of secondary users.

• Processing of the LPWR takes place in various contexts
(situations).

• Objects of the LPWR can have different,
situation-dependent sensitivity.

It is evident that, in pervasive health, the DS should be protected
against the previously discussed risks and threats.

A Conceptual Model for Pervasive Health
The conceptual framework model developed is shown in Figure
2. The model links the key concepts of the authors’ approach
to pervasive health in the context of the research questions of
data processing trustworthiness and information privacy.

Key concepts in the model are information space, pervasive
health, trust, systems, stakeholders’ interest/concerns,
environment, and privacy. Environmental features in the model
include regulatory issues. Features of the information space and
its systems impact the existing level of trust. To be acceptable
and effective, the pervasive health network requires that the
level of trust that the DS needs, and what systems and
stakeholders offer, be balanced.
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Figure 2. Conceptual framework for pervasive health.

Stakeholders and Interests
Typical stakeholders (or actors) in pervasive health are the DS,
wellness service providers, and data processing organizations.
Stakeholders have different concerns or interests and viewpoints
(eg, looking to meeting their business objectives, information
availability, and usability). The DS’s main interests are benefits

of services, trustworthiness, and privacy and information
autonomy. Also, conflicting interests can occur. For example,
other systems in the information space, which are not members
of the pervasive health array, might have interest in the DS’s
health information [48]. They collect and deploy health
information for different kinds of secondary use, as
demonstrated in Table 1.

Table 1. Typical primary and secondary uses of health data.

Secondary usePrimary use

Surveillance and continuous monitoringDirect care and treatment

Research and statisticsDisease management

Drug developmentMedication management

Public health managementManagement of physical and social functionality for delaying of their
weakening

Business application developmentProactive prediction of patient’s health problems and prevention of diseases

Hindering behaviors not accepted by controllers (or authorities) or by so-
ciety in general

Management of patient’s health status

Those secondary users are third parties such as public
authorities, private organizations, community care providers,
public health planners, communication vendors, employers,
insurance institutes, researchers, and even homeland security
organizations.

Principles for Trusted Pervasive Health
Trustworthiness in pervasive health means that the whole
network of systems is trusted; the DS’s privacy has been
protected; and data is processed ethically, legally, and in line
with the rules set by the DS. The resulting principles must offer
protection against risks of ubiquitous technologies, facilitate
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trustworthiness, and support the DS’s information autonomy.
As previously mentioned, the fact that there are no predefined
common rules for privacy and trustworthiness in pervasive
health should be also considered. Becker stated that specification
documents, in real life, are unclear, ambiguous, and incomplete
[49]. Therefore, principles should be more detailed and
implementable than the previously discussed high-level
principles.

From those privacy principles, the authors have selected trusted
use and controlled dissemination, withholding, transparency,
awareness, and the data processor’s responsibility together with
the principle of context-aware personal privacy as the basis for
new principles and rules. This implies that the DS acts as a data
controller and determines where, by whom, why, how, in which
context, and to what extent, his or her personal health
information is used and communicated (ie, the DS can define
personal preferences and policies).

The following requirements have been derived from
relationships in the framework model (Figure 2):

• All systems should fulfill the mission (ie, trustworthiness
and privacy) and, therefore, they should accept common
rules.

• Pervasive health requires trust. This implies the need for
trust verification.

• Trust needs privacy rules.

The conceptual model also implies that the environment impacts
the rules, and systems can use different rules. From the dynamic
nature of the information space follows that the DS cannot be
informed in advance which secondary users are using the
LPWR.

The principles developed (named in this paper as principles for
Trusted eHealth and eWelfare Space - ie, THEWS principles)
are derived by combining selected principles and identified
requirements. The THEWS principles state that the DS shall
have the right to [50]:

• Dynamically verify the trustworthiness of the pervasive
health network she has created.

• Verify the trustworthiness of any system in the information
space that requires or uses the DS’s personal health data
for secondary purposes.

• Control the processing of personal health information, both
inside systems and between them.

• Be aware of all events, situations, and contexts where the
DS’s health data is collected, processed, stored, and
disclosed.

• Define situation-specific, context-aware, and granular
personal privacy and trust policies, which regulate how his
or her health data is collected, processed, disclosed, shared,
stored, or destroyed.

Systems and stakeholders have the responsibility to ensure:

• Trust verification by publishing their privacy policies,
environmental, and contextual features.

• Openness of their interest, business needs, and policies as
well as their relationships with other systems in the
information space.

• Transparency of data processing.

The THEWS principles imply that, in pervasive health, the
entity DS is a person without an a priori assigned role as a
patient or object of care. The DS should not only be aware of
the use of his or her personal health data, but the DS also has
to be able to verify trust and to control how data is collected,
used, processed, and shared. Tables 2-4 demonstrate how the
THEWS principles are related to high-level principles, and
against which risks they offer protection.

Advance verification of trust is a prerequisite and it should be
seen as a mandatory requirement, as shown in Table 2. For this
purpose, all systems in the information space must publish their
trust and privacy attributes or, even better, their policies.

Table 2. Principles of trust verification.

High-level privacy principleTHEWS principlePrivacy and trust risksa

Right to use trust verificationUnknown stakeholders’business needs, interest,
purposes, and policies

Trusted use of dataMandatory to publish systems’ trust parameters
and policies

No predefined trust to any system

Trust level calculationUnknown secondary users

Untrusted systems and users cannot participate
in the DS’s health network

Invisible ubiquitous infrastructure

a in the information space and in pervasive health

More closely, any system that collects health data or processes
it shall publish the following information:

• Relevant regulations and ethical rules;
• Identification of all stakeholders who are participating to

the data processing;
• Security and privacy features of computer systems and

applications that can process the LPWR; and

• Agreements made between the system’s stakeholders and
other systems.

The principle of context-aware personal policy implies that the
DS has the right to define dynamic personal privacy and security
policies (thereby setting own privileges and obligations) for all
systems and stakeholders regarding the collection, processing,
and disclosure of its health data, as shown in Table 3. The DS
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can also define to what extent the content of the LPWR can be
accessed by third parties and deployed for secondary uses. This
principle is close to the theory of individual preference [49].
The principle of withholding is one dimension of the personal
policy. Withholding means that the DS can modify, update, and
delete any object in his or her LPWR at any time and from any
place. Also, the “principle of acceptable reason” used in health
care is part of the personal policy.

In pervasive health, the DS defines which reasons are acceptable
for a situation in question. Therefore, reasons are a part of the
policy. The DS’s policy defines contexts and situations where
the data can be processed; there is no necessity to use a separate
concept of relationship (ie, the patient–doctor relationship).
Furthermore, the “need to know” principle used in health care
is not needed because permissions to use data are defined in the
personal policy. The proposed model of personal policy also
supports the following widely accepted privacy features:
limitations of access, secrecy, control over personal information,
personhood, and intimacy. Policies can be used to trigger
situation-dependent acts such as anonymization of data and
federation of access control. The principle of controlled data
creation, processing, and disclosure is old. The new feature is

that the DS’s control is dynamic, context-aware, and linked to
awareness and verification services.

In pervasive health, need for transparency is not limited to the
processing of the LPWR, as shown in Table 4. It covers
situations where data is collected or used as well as all
contextual metadata. Furthermore, transparency means that a
person should be aware of regulations, security features, and
policies of systems and the organizations and computer
applications that process, request, disclose, store, or destroy the
DS’s health data.

Awareness covers activities such as browsing, mining and
drilling, linking, and merging data at the granular level. Finally,
the DS should be aware of all events where a conflict between
his or her personal policy and the stakeholders’ policy exists.

The THEWS principles are a paradigm shift from traditional
static protection and risk-based thinking to dynamic management
of trust and privacy. The principles offer new rights and power
to the DS and, therefore, empower the DS’s information
autonomy. The principles also set new responsibilities to systems
in the information space.

Table 3. Principles of personal policies.

High-level privacy principleTHEWS principlePrivacy and trust risksa

Right to control the use of dataPersonal dynamic context-aware policies rule
the collection, processing, storing, sharing, and
destroying of data

The DS cannot control what health data is col-
lected and by whom

Possibility to control any secondary use of the
LPWR and its metadata

The DS cannot control the use of the LPWR and
its metadata

WithholdingPolicy defines rules for data linking and destroy-
ing as well as situations where the LPWR can
be processed

No control over data linking, unknown sec-
ondary use of data, and the information space
has unlimited memory

a in the information space and in pervasive health

Table 4. Principles of awareness.

High-level privacy principleTHEWS principlePrivacy and trust risksa

Awareness and transparency is defined by the
DS’s policy

Invisible data collection, processing, preserva-
tion, and sharing

TransparencyStakeholders and systems shall publish their trust
parameters and relations to other systems

No need to inform the DS the level of trust and
of relations between systems

Notification of conflicting interest and policiesNo need to notify the DS of policy conflicts

a in the information space and in pervasive health

Discussion

In this paper, pervasive health is defined as a system that takes
part in the information space. The trustworthiness and privacy
challenges of pervasive health are analyzed. A conceptual model
is built, and principles and rules, which can make pervasive
health trustworthy, are proposed. Principles give the DS the
right to use personal polices and the right to verify trust. Full
transparency and awareness give the DS power that currently
does not exist. The THEWS principles protect the DS’s health
information against new, fast-developing technologies such as

data mining, drilling, and browsing as well as against
multidimensional profiling and re-identification. The use of
dynamic policies makes it possible to balance on-the-fly access
requester’s purposes and the DS’s personal preferences and
policies. The authors’ solution falls in line with modern policy
and context-enabled security and privacy protection models
developed for ubiquitous data processing [51].

The model of personal polices means that every person can have
their own dynamic and context-dependent policies. This makes
it difficult to manage policies and to automatically resolve their
conflicts. A solution to this problem is the use of common
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privacy ontology and terminology. On that basis, it is possible
to develop a set of policy profiles from where the DS can select
the most suitable. It is also possible to allow the DS to simulate
different policies and their impacts in advance. Policy conflicts
between personal and local policies can be solved with the help
of negotiation and conflict resolution services. A challenge is
how the DS can make informed decisions to balance personal
benefits with privacy and trust needs. One solution to this
problem is the use of a software mediator between the DS and
the access requestor or the health service provider [27].

A political challenge is getting the THEWS principles accepted
by companies, governments, and health care organizations. The
idea that the whole LPWR is under personal control of the DS
in all situations may not be accepted by all stakeholders and
systems automatically. Reasons for this include that it will make
ICT systems expensive, complicated, and difficult to develop;
it can cause problems for proactive prevention and make public
health monitoring difficult; and it restricts governments’ and
bureaucrats’ ability to monitor and control peoples’ lifestyle

and unwanted behaviors [19]. The THEWS principles also
strengthen the person’s autonomy and weaken common
paternalism of current health care. Therefore, some health
professionals will be resistant to these principles.

It is unclear whether all data subjects have reasonable interest
or capacity to manage their personal security and privacy
policies actively, or if some people will need a personal trust
assistant to work on their behalf. From the regulatory viewpoint,
there is a need to balance personal privacy and information
autonomy against other interests and values, such as public and
business benefits and secondary use of health data. New privacy
regulations are also essential to trusted information space
[52,53].

Implementing the THEWS principles requires services that do
not exist currently. Both new infrastructural privacy services
and a new data model for the LPWR are needed. The developed
principles should be validated after implementation and their
accuracy and usability should be analyzed.
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Abstract

Background: The current “Millennial Generation” of college students majoring in the health professions has unprecedented
access to the Internet. Although some research has been initiated among medical professionals to investigate the cognitive basis
for health information searches on the Internet, little is known about Internet search practices among health and medical professional
students.

Objective: To systematically identify health professional college student perspectives of personal eHealth search practices.

Methods: Q methodology was used to examine subjective perspectives regarding personal eHealth search practices among
allied health students majoring in a health education degree program. Thirteen (n = 13) undergraduate students were interviewed
about their attitudes and experiences conducting eHealth searches. From the interviews, 36 statements were used in a structured
ranking task to identify clusters and determine which specific perceptions of eHealth search practices discriminated students into
different groups. Scores on an objective measure of eHealth literacy were used to help categorize participant perspectives.

Results: Q-technique factor analysis of the rankings identified 3 clusters of respondents with differing views on eHealth searches
that generally coincided with participants’ objective eHealth literacy scores. The proficient resourceful students (pattern/structure
coefficient range 0.56-0.80) described themselves as using multiple resources to obtain eHealth information, as opposed to simply
relying on Internet search engines. The intermediate reluctant students (pattern/structure coefficient range 0.75-0.90) reported
engaging only Internet search engines to locate eHealth information, citing undeveloped evaluation skills when considering
sources of information located on the Internet. Both groups of advanced students reported not knowing how to use Boolean
operators to conduct Internet health searches. The basic hubristic students (pattern/structure coefficient range 0.54-0.76) described
themselves as independent procrastinators when searching for eHealth information. Interestingly, basic hubristic students
represented the only cluster of participants to describe themselves as (1) having received instruction on using the Internet to
conduct eHealth searches, and (2) possessing relative confidence when completing a search task.

Conclusions: Subjective perspectives of eHealth search practices differed among students possessing different levels of eHealth
literacy. These multiple perspectives present both challenges and opportunities for empowering college students in the health
professions to use the Internet to obtain and appraise evidence-based health information using the Internet.

(J Med Internet Res 2012;14(2):e60)   doi:10.2196/jmir.1969
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Introduction

The Internet continues to be widely used to facilitate research
and learning for health and medical information. Eight out of
10 Internet users look online for health information, making it
the third most popular Web activity next to checking email and
using search engines [1]. The pervasiveness of the Internet and
the continued evolution of devices that employ Web-based
technologies makes obtaining, processing, and understanding
health information a critical competency area for medical
professionals in training. Among medical professionals around
the world, mobile information and communication technologies
(eg, smartphones, iPads, and notebook computers) enable
frequent Web 2.0 searches for health information [2-5]. Recent
studies have highlighted limitations in measuring and evaluating
the interchangeable and interrelated skills necessary for
information gathering in the highly social Web 2.0 environment
[6-8]. The ability to conduct an effective Internet search to locate
health information is particularly important for health and
medical professional students who represent an especially
“plugged in” subgroup of the future public health workforce.
Approximately 76% of college students use the Internet
frequently for research or homework, while 86% report spending
at least some time on social networking sites each week [9].
Given the wealth of health and medical information that exists
on the Internet, implementing evidence-based health and medical
Internet searches becomes far more complex than simply
entering a medical condition or health term into an Internet
search engine (eg, Google or Bing) and clicking on the most
prominent search result within the selected Web browser.

Obtaining health information using the Internet involves a
variety of competencies that health information seekers generally
lack [10,11], such as: (1) conducting both basic and advanced
information searches; (2) applying Boolean operators to limit
Internet search results; (3) differentiating between scholarly
documents, authoritative sources, periodicals, and primary
versus secondary sources of health information; and (4)
comprehending ambiguous eHealth terminology.

Increasingly, health and medical professionals must use at least
basic eHealth literacy skills to perform their job-related
responsibilities [4,5]. “eHealth literacy” refers to the ability of
individuals to seek, understand, and evaluate health information
from electronic resources and apply such knowledge to
addressing or solving a health problem [12]. The construct
reflects the composite of both analytic and context-specific
skills that require cognitive-behavioral capabilities to work with
technology, critically think about issues of media and science,
and navigate through online decision-making resources. The
literature has established the need to begin unraveling the basis
for cognitive Internet search tasks among medical professionals,
especially tasks that may be repeated over long periods of time
[4,5,13]. Medical professionals are aware of the need to make
evidence-based decisions using eHealth resources [4]; yet, they
rarely make evaluative judgments regarding the sources of health
and/or medical information they are consuming and habitually
visit websites that are perceived to represent high levels of
information quality, where cognitive authority is presumed to
be high [13].

College students who are professionally trained in the health
and medical professions should be taught the knowledge and
skills necessary to conduct advanced eHealth information
searches on the Internet. These search tasks are complemented
by critical appraisals of both the information content and source
[14]. The medical education community has recognized the
important responsibility of fostering the use of eHealth
technologies among future health professionals who will
continue to work in the Internet age [15]. Although college
students do not encounter the environmental, physical, and
resource-related barriers associated with surfing the Internet
[8], this population still reports an inability to find desired
materials in the digital age [16]. Recent investigations have
examined eHealth literacy among college students [14,17].
Stellefson and colleagues [14] conducted a systematic literature
review of studies assessing eHealth literacy among college
students and found that college students generally lack eHealth
literacy skills. Few studies have examined the unique patterns
and underlying reasons for college students’ health information
search behaviors on the Internet [18], which has led to an
incomplete understanding of these tasks. The limited current
understanding of eHealth literacy is especially disconcerting
when considering the importance of Internet search capabilities
among young people studying to become future health and
medical professionals.

Hanik and Stellefson [17] attempted to fill the gap in this
literature by investigating perceived and actual eHealth literacy
among undergraduate health education students studying to
become allied health professionals. Participants were asked to
complete the Research Readiness Self-Assessment-Health
(RRSA-h) [19] online assessment, which measures
knowledge/skill sets necessary for performing eHealth searches
on specific health and medical topics. The multi-part eHealth
search task was operationally defined as: (1) making a
determination into possible sources of quality health
information; (2) conducting an actual health information search
on the Internet; (3) evaluating the quality of the health
information retrieved; and (4) answering questions following
the analysis of health information that was located and
evaluated. A total of 77 undergraduate students (88% female)
completed this online assessment and earned subpar actual
eHealth literacy test scores (mean overall ability score = 42.6%)
[17] as compared to results from a previous study in a similar
population [19]. However, it was noted that more advanced
students (eg, juniors and seniors) had higher overall eHealth
literacy than their younger counterparts did. Although the more
senior level students exhibited higher levels of eHealth literacy,
it could not be determined whether specific eHealth search
attributes were qualitatively different among students possessing
high versus low eHealth literacy. It was determined, however,
that actual eHealth literacy was markedly inferior to ratings of
perceived eHealth literacy [17].

In light of these preliminary research findings, it is important
to better understand how personal eHealth search practices are
perceived among health and medical professional students.
These insights may provide a context for determining the types
of characteristics that predict and explain eHealth literacy
achievement within this population. The purpose of the current
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research study was to systematically identify health professional
college student perspectives of eHealth search practices. The
current study addressed three research questions in hopes of
achieving this research aim:

1. How many clusters of health professional college students
exist, given information about perceptions of personal eHealth
search practices?

2. Which college students belong to the eHealth search clusters
that emerge?

3. Which specific perceptions of personal eHealth search
practices provide the basis for differentiating the clusters that
emerge?

Methods

To systematically identify health professional college students’
perspectives of their own eHealth search practices, Q
methodology [20] was employed. The Q method is a systematic
way to study subjectivity and it can be used to reveal various
social perspectives that exist on a given topic [20-22]. The Q
method fits under the broad umbrella of discourse analysis
techniques, which constitutes a large category of research
methods that systematically analyzes text-based statements in
order to determine underlying patterns or meaning [22]. Within
this analysis, individuals are clustered into different typologies
based on how they describe themselves [23]. This method of
inquiry can provide exceptional insight into how many types
of people there are, which people belong to different groups,
and which particular variables best differentiate types of people
[24]. It also enables researchers to systematically explore a
variety of perspectives about an issue to identify important areas
that may overlap or differ among unique populations [25]. This
methodology has been applied in various disciplines including
general nursing research [26], clinical decision making among
nurses [27,28], and health care informatics [29].

In Q-method research, participants are the independent variables
and the text-based statements they are asked to evaluate are the
subject of analysis. Participants are asked to systematically
order (or “Q sort”) text-based statements presented to them
according to how those statements fit into their own belief
system regarding how they believe themselves to be. After
participants sort the text-based statements presented to them,
the Q method seeks to identify patterns embedded within the
Q sorts completed by different participants. Any existing
patterns suggest intersubjective orderings of beliefs shared
among participants, thus revealing social perspectives [22]. This
research technique is valuable because it capitalizes on the
strengths of both qualitative and quantitative research [30,31].
For more on the mechanics of Q methodology, the reader is
directed to guideline tutorials published within the health and
medical research literature [21,26,29].

In the context of the current study, it was hoped that the Q
method would help detect any qualitative patterns within
undergraduate health professional students asked to consider
beliefs about their own personal eHealth search practices.
Specifically, the researchers were interested in whether the
intersubjective orderings of eHealth search beliefs were common

among participants possessing distinct levels of eHealth literacy
(eg, basic, intermediate, and proficient). To facilitate this
analysis, the Q study protocol was split into three sequential
steps: (1) development of the concourse, (2) facilitating the Q
sort procedure, and (3) interpreting data from the Q sorts.

Concourse Development
In Q methodology, a “concourse” is the list of statements that
sufficiently represents the “universe of viewpoints” about a
topic [32]. To create a concourse of statements made by health
professional students regarding attitudes and experiences
conducting eHealth searches, a convenience sample of 42 health
education majors were recruited from a large research institution
in the southwestern United States. Traditional sampling
principles and methods used in survey research are not of
particular relevance to person sampling in Q methodology; thus,
a pragmatic participant selection process was used [29]. Students
were asked to respond to a set of statements meant to elicit
responses about the students’ personal experiences conducting
eHealth searches. All statements were based on
cognitive-behavioral constructs posited to be relational within
the atomic components of thought theory (ACT) [33], which
explains skill development as a process of encoding,
strengthening, and proceduralizing declarative and procedural
knowledge [34]. Declarative knowledge describes what one
knows (eg, facts), whereas procedural knowledge describes
whether individuals understand “how to” complete tasks.
Complex tasks, such as searching for eHealth information on
the Internet, can be described as combinations of declarative
and procedural knowledge put to work. The 12 open-ended
statements that students were asked to respond to represented
combinations of declarative and procedural knowledge necessary
for locating and evaluating health information on the Internet.

The 12 statements informed by ACT were written on index
cards, color coded, and numbered and each student was given
corresponding index cards to write open-ended responses to
each statement. For example, each student was asked to respond
to the statement, “List the source you use most when you search
for health information on the Internet.” After all participants
responded to each statement, 504 unique statements (42 students
× 12 statements) were generated. Repetitive responses were
removed, and a literature review [14] informed the content
validity of the 380 statements that were retained for the final
concourse. The statements were edited for grammar and
readability only to ensure face validity [26] and were grouped
together into broad themes that emerged throughout the
concourse by way of a constant comparison analysis [35]. To
cultivate a greater sense of the most important concepts reported
by participants, the number of times each code emerged (across
each theme) was quantified to assess saturation within the
statement pool. The four overarching identified themes were
(frequency of emergent codes corresponding to each theme
specified in parenthesis): educational experiences related to
conducting eHealth searches (n = 111), confidence in ability to
conduct eHealth searches (n = 99), knowledge about conducting
eHealth searches (n = 87), and how students engaged the eHealth
search process (n = 83).
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Q Sort Procedure
After the final concourse was developed, a subset of 36
representative statements (known as a “Q sample”) was selected
to provide a miniature depiction of the larger concourse. This
practice is suggested when using Fisher’s experimental design

principles in Q methodology [36]. Each statement was randomly
assigned a unique numerical identifier from 1 to 36 in order to
reduce the probability that participants would recognize
conceptually similar statements and cluster related statements
together without cognitively processing each statement
separately. Table 1 lists the 36 Q statements.

Table 1. Statements used for participant Q sorts.

Statement contentStatement #

I use Web sources that are easy to cite.1

I rely on search engines (eg Google, Bing) to find health information for research projects.2

I have been taught how to find reliable health information on the Internet.3

I have had assignments that required me to evaluate online health information sources.4

I use up-to-date information for assignments that require me to find health information online.5

I use the library databases (eg, EBSCO or CSA) when I search for information.6

I seek help from library staff for difficult Web searches.7

I get feedback from professors regarding the quality of Web resources I use for homework assignments.8

I check the ending of Web addresses (eg, .com, .gov, or .edu) when I search for information online.9

I consider the source of online information when I find useful information for my research projects.10

I usually have at least one assignment per semester that requires me to conduct a Web search for health information.11

I brainstorm to help figure out the health information that is important for my project.12

I know how to critically evaluate online health information sources.13

I evaluate online health information that I use for projects such as research assignments.14

I finish research projects, such as papers, at least one week before their due dates.15

I look for up-to-date online health information when I conduct Web searches.16

I go to the library when I start a research project.17

I can figure out how to find information that is unfamiliar to me.18

I know where to find reliable online health information.19

When I am assigned to complete a research paper, I do not hand in the first draft as the final product.20

I use search engines (eg, Google or Bing) when I search for health information online.21

I get flustered looking for health information I know little or nothing about.22

I find it difficult understanding new health information found on the Internet.23

I do not know where to find reliable online health information.24

I know how to use Boolean operators.25

I know what is meant by “peer review.”26

I am confident in my ability to find reliable health information online.27

I use health information that I can easily understand.28

I know what Boolean operators are.29

I have difficulty finding information when I use library databases such as EBSCO or CSA.30

I evaluate health information sources when conducting health information searches on the Internet.31

I know what a primary source is.32

I go to my professor for help to make sure I use quality health information for research projects.33

I follow references back to the original source when I find online research studies/reports that are useful for research assignments.34

I can find useful sources of health information using the library database.35

I use refined search parameters to narrow my online health information searches.36
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These representative statements were then rank-ordered by the
study participants in what is known as a Q sort task. To complete
the Q sort, participants were instructed to order the statements
according to which statements described them the most and
which described them the least when considering their attitudes
and experiences conducting eHealth searches. This encouraged
participants to sort the cards such that the completed sort would
have the shape of a triangle. Columns at both extremes of the
triangle possess one card and each column incrementally closer
to the center possesses an additional card, with the middlemost
column containing 6 cards (thus resembling a quasi-normal
distribution). Each participant’s Q sort consisted of 11 columns.
The leftmost column was assigned a score of –5 (least
descriptive) and the rightmost column was assigned a score of
+5 (most descriptive). Figure 1 provides a visual illustration of
the quasi-normal distribution of each participant’s Q sort.

In order to make the overwhelming task of rank-ordering 36
statements more manageable, participants were instructed to
read all the statements first to get an impression of the range of
statements they were asked to evaluate, and then they were
asked to sort the cards into 3 distinct piles: one pile for statement
cards that described them the least, one pile for cards that did

not describe them at all, and one pile for statement cards that
described them the most. Participants were then told to take the
cards that were least descriptive and order them according to
the pattern depicted in Figure 1, beginning at the leftmost side
of the distribution pattern. Once the least descriptive index cards
had been sequentially laid out, the same procedure was initiated
from the right side of the triangle, this time beginning with the
most descriptive index cards. The cards in the neutral pile were
assigned to the remaining positions that were left vacant in the
middle of the distribution after plotting the least and most
descriptive statements. Each participant received instructions
for completing this task and completed their individual Q sorts
in a room by themselves with no help from others.

Once the ranking task was completed, each card was assigned
a score based on the column position it occupied (see Figure
1). For example, if a student assigned Index Card 23 to the
second column (from the left), that card would be assigned a
score of –4, which would reflect that the student believed she
had little difficulty when attempting to understand new health
information found on the Internet. The authors entered each
participant’s rating for each card into a data matrix for analysis.

Figure 1. Final distribution of Q sort procedure (Q sort table).

Participants
To recruit participants to complete the Q sort procedure,
personalized emails were sent to a convenience sample of 20
undergraduate health education students who had recently
participated in the aforementioned study assessing eHealth
literacy among college students [17]. The recruitment email
requested participation in what was described as a follow-up
study. Emails were sent weekly over the course of approximately
one month to solicit participation. Participants were eligible to
receive US $10 for participation. The recruitment goal was to
secure participation from 18 individuals because the number of
participants in a Q study should be less than or equal to one-half
the number of Q statements [23]. In Q-method research, the

number of participants is not necessarily important; rather, it is
important that there exists representation of different viewpoints
about the theme of the study [37]. Eligible participants were
asked to provide relevant biographical and demographic
information upon enrollment in the Q study, such as major,
emphasis area, grade point average (GPA), and age.

In Q-method research, factor interpretation frequently involves
considering relevant independent variables to determine
characteristics that may be shared among clusters of participants
[25]. Thus, to further aid in interpreting and defining factors,
Q study participants completed the RRSA-h before completing
the Q sort, and their scores were recorded [17]. The RRSA-h
consists of multiple choice knowledge questions and skill-based
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problems that generate an overall actual ability score (score
range 0-23). Within the current investigation, the research team
used the overall scores from administration of this assessment
(mean 18.46 points, SD 4.11) to categorize Q study participants
as having basic, intermediate, or proficient eHealth literacy.
Students in the basic group were defined as those students
scoring at or below the 25th percentile of all scores (ie, ≤ 16
points); the intermediate group was defined as those students
scoring within the interquartile range (ie, 17-19 points), and the
proficient group was defined as those students scoring at or
above the 75th percentile (ie, ≥ 20 points).

Data Analysis
Data from participants’ Q sorts of the 36 statements were
analyzed using Q-technique exploratory factor analysis (EFA)
[21]. This analytical technique clusters individuals into “types”
and provides quantitative data that describes the similarities of
participants using correlations between the individual Q sorts
completed by participants [23,29,38]. Whereas “R-technique”
EFA [39] typically analyzes a two-dimensional data matrix
where the rows are defined by participants and the columns are
defined by variables, Q-technique factor analysis considers a
two-dimensional data matrix where the rows are defined by the
statements sorted by the participants and the columns are defined
by the participants themselves. Similar Q sorts that correlate
significantly with each other form a group, and each factor
represents a group of individuals that share similar views and
experiences related to the study theme [25]. Q-technique factor
analysis produces a weighted, or synthetic, Q sort for each
rotated factor by using a weighted averaging method to calculate
the score for each statement for each factor [32]. The final data
obtained from the individual Q sorts were entered into SPSS
version 17.0, and Q-technique EFA using principal components
analysis with varimax rotation was used to identify patterns
among the Q sorts to determine which participants were
correlated with factors retained in the analysis. To determine
the correct number of factors to retain for analysis, bootstrap

factor analysis was used concomitantly with the
eigenvalues-greater-than-one rule [40,41].

The final step in the analysis involved an effort to determine
which (if any) of the 36 statements provided a basis for
differentiating the clusters of students identified (ie, the factors).
Factor scores were computed for each statement and plotted for
each retained factor to determine the extent to which each cluster
of students agreed or disagreed with how descriptive each
statement was regarding their own perspectives on conducting
eHealth searches. Factor scores less than –1.0 and more than
+1.0 were more than one standard deviation from the factor
score mean, so these were the statements of least or most
agreement among the individuals defining the factors [24].
Negative factor scores indicated that participants making up the
cluster did not agree that the statement described their attitudes
or experiences conducting eHealth searches. Positive factor
scores indicated that participants did agree that the statement
described their perspective on conducting eHealth searches.

Results

A total of 13 students agreed to participate in the Q study
following recruitment (response rate = 65%). All participants
were female and the majority (8/13, 77%) were third- and
fourth-year students (ie, juniors and seniors) majoring in health
education with an emphasis in the allied health professions.
This number of participants was judged to be sufficient given
that Q-method research requires the number of participants be
small relative to the number of ranked variables [22,23]. The
students possessed an average GPA of 3.26 (SD 0.42) points
on a 4-point scale and were categorized as having either basic
(n = 4), intermediate (n = 5), or proficient (n = 4) eHealth
literacy based on their performance on the RRSA-h. The mean
RRSA-h score was 18.46 (SD 4.11) out of a maximum of 23.
The scores derived from the administration of the RRSA-h
demonstrated adequate internal reliability (alpha = .78). Table
2 describes relevant Q study participant characteristics.

Table 2. Demographic characteristics of participants.

n (%)Characteristic

Sex

13 (100)Female

Student classification

1 (8)Freshman

4 (31)Sophomore

2 (15)Junior

6 (46)Senior

Degree track

12 (92)Allied health

1 (8)Community health

The Q-technique EFA of the 36 statements yielded 3 factors
representing 3 salient perspectives among study participants.
The 3-factor structure suggests there were 3 types of health
education students with regard to eHealth search practices. The

varimax-rotated factor pattern coefficients (ie, the correlations
between each participant with each of the 3 factors) suggested
that the 3 factors were reasonably independent of one another.
Table 3 describes the varimax-rotated component matrix that
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lists the pattern/structure coefficients for each participant on all
three retained factors. Every participant had at least one
pattern/structure coefficient on one factor that was at least equal

to 0.5, which indicates that each participant was moderately
correlated with at least one retained factor [42].

Table 3. Factor pattern/structure coefficients for participants.

Basic hubristicIntermediate reluctantProficient resourcefulParticipanta

0.460.240.56bP1

0.250.120.67bP2

0.470.260.73bP3

-0.260.310.80bP4

0.360.240.71bI3

0.38-0.010.78bI4

0.360.350.60bI5

0.090.89b0.11I1

0.050.85b0.34I2

0.390.75b0.20B3

0.54b0.190.23B1

0.74b0.400.08B2

0.76b-0.130.37B4

a P = proficient group, I = intermediate group, B = basic group
b Pattern/structure coefficients above 0.50

The first factor was correlated with all participants who were
proficient achievers on the RRSA-h and with3 participants who
were intermediate achievers. The second factor was highly
correlated with two participants from the intermediate group
and one participant from the basic group. The third factor was
correlated with the 3 remaining participants in the basic group.
Thus, after analyzing quantitative performance on the RRSA-h
in relation to findings from the Q-technique EFA, it was
determined that perspectives of personal eHealth search practices
did, in fact, differ among health professional students of basic,
intermediate, and proficient eHealth literacy. More than half of
the students (7/13, 54%) clustered on the proficient factor, while
3 students clustered on each of the 2 other factors. The authors
determined that the magnitude of the differences between the
primary and cross loadings for each participant across each
factor were large enough (≥ 10% difference) to consider each
participant as a defining individual for the factor with their
largest pattern/structure coefficient.

The factor scores [38] of each of the 36 statements rated by the
Q participants were used to determine which eHealth search
practices were associated the most and the least with each of
the three types of students. In the lexicon of Q methodology,
these statements are called “distinguishing statements” because
they help to explain the uniqueness of each factor [25]. Table
4 presents the statement factor scores greater than 1.0 or less
than –1.0. These statements informed the specific differences
in eHealth search perspectives among participants possessing
different levels of objective eHealth literacy, and also provided
a deeper understanding of the opinions that discriminated the
three clusters of students. Moreover, the factor scores were used
to further represent the characteristics of each cluster, with the
first factor describing proficient resourceful students; the second
factor describing intermediate reluctant students; and the third
factor describing basic hubristic students.
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Table 4. Salient statements for retained factors less than –1 and greater than +1.a

Basic hubristicIntermediate reluctantProficient resourcefulStatement #

1.34-1.962

1.993

1.856

-1.11-1.381.127

-1.078

1.379

1.2111

-1.501.0112

-1.2313

-1.6415

1.1516

-1.3717

1.2418

1.8319

-1.792.041.5320

2.31-1.0921

-1.4922

-1.0823

-1.04-1.2524

-1.56-1.6625

1.6226

1.6427

1.87-1.2928

-1.52-1.7529

1.2832

-1.1634

a Factor scores between –1.0 and +1.0 were removed from table

Proficient Resourceful and Intermediate Reluctant
Students
The proficient resourceful students (PRS) described themselves
as relying on multiple resources to obtain eHealth information
(Statements 2, 6, and 12), as opposed to simply relying on
Internet search engines to conduct Web searches (Statements 2
and 21). They also indicated that they worked well with research
partners (including library staff members) to brainstorm ideas
for research projects and seek further assistance to conduct
difficult Internet searches (Statements 7 and 12). Conversely,
intermediate reluctant students (IRS) reported relying solely on
Internet search engines when conducting eHealth searches
(Statements 2 and 21). The IRS group also described themselves
as working more independently with less reliance on using
library resources or instructors to obtain assistance when
searching (Statements 7, 8, and 17).

The PRS group described being able to search for up-to-date,
even unfamiliar, health information on the Internet (Statements

16, 22, and 24), whereas IRS tended to limit the breadth of their
eHealth searches, tending not to seek out original documents
from the reference sections of books and manuscripts (Statement
34). Furthermore, IRS perceived themselves as lacking critical
skills for evaluating sources of eHealth information (Statement
13). Both types of students reported not knowing what Boolean
operators were or how to use them to effectuate eHealth searches
(Statements 25 and 29).

Basic Hubristic Students
Basic hubristic students (BHS), like their IRS counterparts,
preferred to search for eHealth information independently
(Statements 7 and 12). They also reported being procrastinators
who were more likely to identify with submitting a first draft
as a final research product (Statements 15 and 20). However,
BHS were the only participants to strongly identify with (1)
receiving some instruction and practical experience conducting
health research on the Internet (Statements 3 and 11), and (2)
possessing confidence when attempting to locate and recognize
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reliable eHealth information, even when researching an
unfamiliar topic (Statements 18, 19, 23, 24, 26, and 27).

Discussion

Q methodology was chosen as a robust qualitative technique to
measure the subjective perspectives of eHealth search practices
among undergraduate students enrolled in a health professional
degree program. This study applied a Q sort technique to identify
clusters of students representing different levels of eHealth
literacy. Each cluster was described in terms of perceived skill
level, confidence in ability to conduct eHealth searches, and
past educational experiences. Three distinct viewpoints were
revealed concerning perceptions of eHealth search practices
among different “types” of students. These three viewpoints
were found to share some common elements, especially when
considering participants’ personal eHealth literacy (ie, basic,
intermediate, or proficient). In addition, the specific similarities
and differences between student clusters are useful to consult
when determining which component eHealth search skills are
typical among different types of undergraduate health
professional students. The following discussion makes use of
the distinctive statements identified above to shed light on how
results from this Q-method study might be used to suggest
implications for the instruction of different “types” of college
students majoring in the health professions.

Proficient Resourceful and Intermediate Reluctant
Students
The PRS described themselves as students who relied on
multiple resources to obtain eHealth information, as opposed
to simply relying on Internet search engines. They worked well
with library personnel to brainstorm ideas for research projects
and sought guidance on how to conduct difficult searches. A
previous study on eHealth search tendencies among college
students noted that students are apt to seek digital health
information from multiple, complementary sources of
information [43]. Health professional students may benefit from
being made aware of library support services within college and
university settings that can be utilized to strengthen information
literacy competencies necessary to ensure students know (1)
how eHealth information is organized, (2) where to find
reputable sources of health information on the Internet, and (3)
how eHealth information should be used in practice. For
example, it has been noted elsewhere that university librarians,
along with the resources they can provide, play a critical role
in providing insights and guidelines for health information
literacy and Internet search skills [18].

The IRS were more reliant on Internet search engines to conduct
eHealth searches. College students have reported using Internet
search engines almost exclusively to locate online health
information [18,44,45]. Research has also shown that college
students resort to using rudimentary retrieval methods (eg, the
use of unrefined search terms or selecting only the most apparent
and visible search results) to gather online health information
[44,46]. This study is the first to report that even moderately
eHealth-literate students identify with only using search engines
when conducting eHealth searches. To support continued
eHealth literacy development, training programs in computer

literacy can increase both absolute and relative access to eHealth
resources by teaching students to make use of new and existing
technological resources (ie, library research databases, RSS
feeds, Twitter, and Facebook). These accessible,
information-seeking technologies can augment students’general
exploration using Internet search engines. Additionally, general
social media skills should become extended into training
programs designed to provide instruction in eHealth literacy
[47]. As part of the movement towards Medicine 2.0 [48], it
has been suggested that dimensions of social media, such as
synthesizing professional and non-professional advice and using
apomediaries (ie, expert sources) to filter relevant and
trustworthy information, be included within eHealth literacy
interventions. Instruction in these additive content areas will
help ensure that health professional students are able to locate,
evaluate, and use eHealth information at a level greater than the
general population.

The IRS also perceived they lacked evaluation skills when
considering sources of eHealth information. Previous work has
shown perceived ability to evaluate eHealth information to
correspond with actual evaluation ability among college students
in the health professions [17]. Search protocols and criteria for
evaluating eHealth information are often implied and not
explicitly understood by health professional college students;
thus, they resort to simply trusting search engine results [18,49]
and/or relying on the website sponsor, appearance, or other
non-content–related cues to form credibility judgments [50].
Even intermediate eHealth-literate college students may
recognize personal limitations evaluating eHealth information,
which indicates the need for explicit criteria that students can
reference when evaluating eHealth information in a multifaceted,
complex Web environment. These guidelines should support
health and scientific literacy by enabling students to perform
literary and numerical tasks necessary to comprehend and
respond to health care information that is provided in an often-
convoluted Web context. Standards should clearly articulate
the importance of systematically evaluating sources of eHealth
information to verify reputability, ensure validity of information,
and promote understanding [18].

Interestingly, neither PRS nor IRS reported receiving formalized
training on how to search for quality health information on the
Internet. There are a variety of competencies associated with
obtaining eHealth information, including the knowledge, skills,
abilities, and other attributes (KSAOs) necessary to conduct
basic and advanced information searches, apply Boolean
operators to limit search results, and understand (sometimes
ambiguous) eHealth terminology. These KSAOs may be limited,
even among high-performing students. Previous research has
shown that college students are not equally capable of accessing
health information online [43]; therefore, to ensure that students
of all eHealth literacy levels (even proficient levels) are
appropriately searching for eHealth resources, it is important
that multidisciplinary training programs be integrated within
allied health and medical education programs to deliver
instruction that will provide health professional students with
experiences to further develop KSAOs in each facet of eHealth
literacy. While such KSAOs may be overlooked when training
students who have aspirations of gaining employment in patient
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care settings (eg, nursing, medical assistants, physical therapy,
and occupational therapy), students living in the Internet age
will likely need to be prepared to use search guidelines in the
clinical and community environment to assist in finding
preventive, diagnostic, and treatment information.

Navigating through health information obtained on a mobile
device can present the user with unique Internet search and
retrieval obstacles that are separate and distinct from searches
of the Internet on a desktop CPU. Novel coursework in media
literacy can assist in training health professional students living
in the digital age to access and use health information available
in the new age of mHealth applications. More practical
continuing education and learning experiences should be
provided to both instructors and students alike to ensure that
mobile and digital technologies are included as a subtopic of
eHealth literacy. It is important that attention is given to
supporting instructional programs using mHealth applications
within public health interventions.

Basic Hubristic Students
The BHS, like the IRS, preferred to work independently when
searching for eHealth information. Students who possess inferior
skills searching for and evaluating eHealth information should
be encouraged to seek out consultation during the eHealth
information-seeking process. Other research indicates that
simply observing the thought processes and search tendencies
of higher-level students could indirectly result in better learning
outcomes [51]. This perspective suggests that modeling effective
skills, abilities, and other attributes (SAOs), such as task
adherence, may help to enhance searches completed by
lower-performing students who may be negatively affected by
tendencies toward procrastination. Users’ affective states and
social context affecting information needs are relevant variables
that may influence perceived search task difficulty, search effort,
and success [18]. By delaying the search for quality eHealth
information, students may tend to resort to using elementary

Internet search methods, such as using general search terms
within basic Internet search engines. Procrastination may also
limit the effort that students can devote to using more scholarly
sources of health information from institutional eLibrary
databases. Future research should determine the particular
cognitive and personality characteristics that predict and explain
eHealth literacy outcomes among health professional students.

The BHS were the only participants to describe themselves as
receiving instruction on how to conduct Internet searches for
health information. Furthermore, the BHS described themselves
as possessing confidence in their ability to find and recognize
reliable eHealth information even when researching an
unfamiliar topic. This is one major distinguishing characteristic
that separated low performers from the more advanced student
clusters. Speculation in previous research [14,17,19,52] suggests
that low-performing college students may have an inflated sense
of their eHealth literacy skills. While college students majoring
in the health professions may believe they possess the necessary
KSAOs to effectively engage in eHealth searches on the Internet,
this belief of personal capability may not be substantiated when
considering evidence of their eHealth “illiteracy” (eg, proficient
and intermediate performers unaware of what Boolean operators
were). A common phenomenon in engagement with health and
research based information is a sense of overconfidence in the
skills required to understand and utilize data [53]. To investigate
whether this phenomenon is relevant to the current line of
inquiry, the continued measurement of self-efficacy for
conducting eHealth searches should help determine how
perceived eHealth search behaviors map onto actual behaviors
among a variety of health professional college students.

Table 5 provides definitions of the dimensions of eHealth
literacy [12] discussed above plus practical application examples
that can be used in the training of health professional students.
College students preparing to become medical and allied health
professionals should obtain customized eHealth literacy training
in areas where competency deficiencies are present.
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Table 5. Practical applications for training allied health students using the dimensions of eHealth literacy.

Practical applications for trainingDefinitionDimension

Provide opportunities for students to gather and assess health information from a variety
of media sources.

Skills to apply cognitive process and
critical thinking to media messages

Media

The authors suggest instructors of courses utilize the media literacy lesson plans cre-
ated as part of student reporting labs at PBS (http://www.studentreportinglabs.com/les-
son-plans).

Information literacy skills should be incorporated very early into the curricula. The
authors suggest readers review Kingsley et al [54,55] and Levine et al [56] for case
studies on incorporating information literacy skills in an allied health curriculum.

Skills to know where to go to find the
appropriate information and how to
use the information once collected

Information

Provide online or hybrid computer literacy training that requires students to become
more comfortable with using computers.

Skills to be able to use computers to
solve problems

Computer

Provide assignments that require allied health students to conduct Internet searches
and validate the information found.

Require a research-training component as part of all allied health degree programs.Skills to understand the political and
sociological dimensions of science

Scientific

Incorporate training within allied health classes on how students use valid and reliable
health information from sources to make health decisions.

Skills to understand health informa-
tion and make appropriate health de-
cisions

Health

Incorporate the free, online Health Resources and Services Administration (HRSA)
training (http://www.hrsa.gov/publichealth/healthliteracy/index.html).

Limitations
Participation in the current study was limited to a convenience
sample of female respondents. It is important to note that this
limitation was reflective of the disproportionate number of
female students enrolled in this particular health education
major, and the literature has indicated that female students are
more likely than male students to use the Internet to locate health
information [43]. Nevertheless, future studies would benefit
from using multiple demographic and psychographic variables
to inform participant sampling designs for the purpose of
uncovering more descriptive differences in self-reported
perspectives.

There was also an uneven number of first- and second-year
students versus third- and fourth-year students. This potentially
skewed the results considering that the more senior students
likely possessed more experience searching for health
information on the Internet. Because of the small, nonrandom
samples characteristic in Q methodology, findings may not be
broadly applicable to various groups of undergraduate health
professionals. The current Q study can only be considered
representative of the continuum of perspectives that may exist
about eHealth search practices among undergraduate female
health education students attending a large, research-oriented
university. Eliciting subjective perspectives of personal eHealth
search practices at multiple types of college and universities,
representing schools of diverse backgrounds (eg, different
research and teaching institutions) with varied allied health and
medical specialty areas (eg, nursing, physical therapy, public
health, and physician assistants), may very well result in
different perspectives emerging. To fully develop population
validity for the variety of students in the health and medical
professions, future studies should examine the link between
health profession major area of emphasis and perceptions of
eHealth search practices.

Although the Q technique has strengths, such as enabling
comparisons across subjective topics [19,57], it is possible that
other perspectives do exist and were not reflected in the factor
structure reported in the current study. The meaning (and
naming) ascribed to each of the three retained factors was
contrived by the research team on the basis of results from
previous research [17]; this could represent research bias that
is a threat to the internal validity of Q studies [58]. In future
replications of this research design, it would be useful to assess
the inter-rater reliability of the number of factors retained, and
especially how retained factors are described by different raters.
Also, any number of participants in this study may have
misunderstood what could have been perceived as complex
instructions for the Q sort, which could have led students to
misrepresent their perspectives on eHealth search practices.
Future studies should confirm whether or not students clearly
understood the instructions for the Q sorting procedure.

As well, study participants had already completed the RRSA-h
assessment and also received feedback on their performance
before completing their individual Q sorts. This represented a
testing threat to the internal validity of results from this study
because feedback on the RRSA-h may have altered students’
perceptions of personal eHealth search skills along with their
perceived need for instruction and assistance when searching
for eHealth information. Finally, the reliability of the Q sorts
could not be verified by a test–retest procedure due to time
limitations inherent within the research protocol.

Conclusion
The context where eHealth literacy is applied and understood
is dynamic and evolving [47]. Thus, the need for instructional
eHealth literacy programs has received [18,44], and should
continue to receive, widespread support from the public health
and medical education communities. The findings of this study
suggest a careful analysis of multiple perspectives that exist
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related to eHealth search practices among female health
professional college students. Results offer an important context
for deepening knowledge about the dynamics of participation
and empowerment related to eHealth literacy in this population.
Previous research has shown college students to have varying
degrees of eHealth literacy [14,17]. This study is among the
first to reveal multiple, practically significant student
perspectives on eHealth search skills and behaviors. It also
helped to begin the discourse conceptualizing the different ways
that eHealth search practices may differ when considering the
KSAOs students may or may not possess. The subjective
perspectives of participants clustered across three relatively
distinct factors that coincided with participant performance on
a valid and reliable eHealth literacy assessment. The

characteristics describing each of these cluster sets (ie, basic
hubristic, intermediate reluctant, and proficient resourceful)
provide future eHealth literacy researchers with opportunities
to test interesting hypotheses that can further explain
achievement traits among different types of health and medical
professional students. With more instruction and coursework
specifically devoted to addressing the rapid shifts in the
informational landscape created by Web 2.0 tools and
environments, it is likely that any chasms existing between
upper- and lower-performing health professional students will
be reduced. Moreover, there will a greater proportion of
undergraduate students in the allied health and medical
professions who will become proficient when using the Internet
to locate and evaluate eHealth information.
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Abstract

Background : Wikis are knowledge translation tools that could help health professionals implement best practices in acute
care. Little is known about the factors influencing professionals’ use of wikis.

Objectives : To identify and compare the beliefs of emergency physicians (EPs) and allied health professionals (AHPs) about
using a wiki-based reminder that promotes evidence-based care for traumatic brain injuries.

Methods : Drawing on the theory of planned behavior, we conducted semistructured interviews to elicit EPs’ and AHPs’ beliefs
about using a wiki-based reminder. Previous studies suggested a sample of 25 EPs and 25 AHPs. We purposefully selected
participants from three trauma centers in Quebec, Canada, to obtain a representative sample. Using univariate analyses, we
assessed whether our participants’gender, age, and level of experience were similar to those of all eligible individuals. Participants
viewed a video showing a clinician using a wiki-based reminder, and we interviewed participants about their behavioral, control,
and normative beliefs—that is, what they saw as advantages, disadvantages, barriers, and facilitators to their use of a reminder,
and how they felt important referents would perceive their use of a reminder. Two reviewers independently analyzed the content
of the interview transcripts. We considered the 75% most frequently mentioned beliefs as salient. We retained some less frequently
mentioned beliefs as well.

Results : Of 66 eligible EPs and 444 eligible AHPs, we invited 55 EPs and 39 AHPs to participate, and 25 EPs and 25 AHPs
(15 nurses, 7 respiratory therapists, and 3 pharmacists) accepted. Participating AHPs had more experience than eligible AHPs
(mean 14 vs 11 years; P = .04). We noted no other significant differences. Among EPs, the most frequently reported advantage
of using a wiki-based reminder was that it refreshes the memory (n = 14); among AHPs, it was that it provides rapid access to
protocols (n = 16). Only 2 EPs mentioned a disadvantage (the wiki added stress). The most frequently reported favorable referent
was nurses for EPs (n = 16) and EPs for AHPs (n = 19). The most frequently reported unfavorable referents were people resistant
to standardized care for EPs (n = 8) and people less comfortable with computers for AHPs (n = 11). The most frequent facilitator
for EPs was ease of use (n = 19); for AHPs, it was having a bedside computer (n = 20). EPs’ most frequently reported barrier
was irregularly updated wiki-based reminders (n = 18); AHPs’ was undetermined legal responsibility (n = 10).
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Conclusions : We identified EPs’ and AHPs’ salient beliefs about using a wiki-based reminder. We will draw on these beliefs
to construct a questionnaire to measure the importance of these determinants to EPs’ and AHPs’ intention to use a wiki-based
reminder promoting evidence-based care for traumatic brain injuries.

(J Med Internet Res 2012;14(2):e49)   doi:10.2196/jmir.1983

KEYWORDS

Wiki; Collaborative writing applications; Web 2.0; traumatic brain injury; interprofessional collaboration; reminders; computerized
clinical decision-support system; knowledge translation; evidence-based medicine; theory of planned behavior

Introduction

As many as half of all patients with major traumatic injuries do
not receive the recommended care [1-6]. Medical errors are
common in critically ill trauma patients and mistakes occur
frequently in emergency departments [6,7], where unconscious
acts of omission and information overload [8,9] contribute to
the problem. Indeed, emergency health care professionals must
often make quick decisions, mostly based on intuitive reasoning
[9]. Intuitive reasoning is fast, impulsive, effortless, and
reflexive: while it serves the emergency health care professionals
well, it is also prone to error. Reminders (eg, care protocols,
order sets, and treatment algorithms) are knowledge tools that
can improve intuitive decision making and help professionals
implement best practices [9]. In particular, systematic reviews
have indicated that computer reminders to health care
professionals at the point of care can be effective at promoting
best practices in a variety of clinical areas [10-19], including
acute care, where they improve process-of-care outcomes [20].
Such reminders range from simple prescribing alerts to more
sophisticated support for decision making. That said, different
stakeholders have rejected many reminder systems on the
grounds that they are slow, incompatible with work processes,
unable to be adapted to local practices, difficult to access, or
costly to implement [19]. A wiki, in contrast, stands as a
low-cost means of permitting stakeholders from a single or
many emergency departments to collaborate asynchronously
on creating and updating reminders without duplicating their
efforts or spending too much time.

A wiki is a webpage or a collection of webpages whose content
can be modified by those who access it [21,22]. Wikis are being
used to encourage and make it easier for researchers and
clinicians working in medicine to share information and
expertise [23-28]. Wikis can also help users adapt knowledge
to local contexts within the knowledge-to-action cycle [19,29]
and help patients and clinicians collaborate in developing patient
support tools [30,31]. Studies have found that clinicians use
reminders less than expected [32-35], but by giving clinicians
an easy-to-use tool for creating, sharing, and updating reminders
for their own and others’ use, wikis could reverse this trend.
Wikis’ low cost makes them especially attractive. Clinical
decision support systems that are not flexible enough to
accommodate regular updating are very expensive [36,37]. For
this reason, numerous authors have suggested exploring
collaborative Web-based applications to share, create, and
update clinical decision support content [19,36,38-40].

Although several wikis exist in health care, a wiki containing
reminders to treat trauma patients does not exist yet. These

wiki-based reminders for trauma would be created by a
multidisciplinary group of clinicians interested in improving
the quality of trauma care by implementing care protocols to
help standardize trauma care. Using a wiki to share reminders
could be a potentially powerful tool to allow a multidisciplinary
group of health care professionals within the same hospital or
situated in different hospitals to collaborate in the creation of
high-quality, evidence-based reminders. The wiki would serve
as a shared online repository available for health care
professionals at the point of care.

Despite preliminary surveys showing health care professionals’
interest in wikis [28,41,42], very little is known about the
determinants that influence professionals’ intention to use the
information from wikis in clinical practice. To our knowledge,
only one study [43] has explored the intention of physicians to
use wikis to share medical information with other physicians.
Although this study found that physicians were unsure about
sharing medical information with other physicians, this behavior
is different from using information from a wiki in clinical
practice and has different determinants. Furthermore, trials
exploring how eHealth applications—such as wikis—are used
by patients have been plagued by high dropout rates, a
phenomenon that the founding editor of this journal has termed
the law of attrition [44]. No study has yet shown this
phenomenon to apply to health professionals, but to minimize
dropout in future trials exploring health professionals’ use of
wiki-based reminders, we must design wikis that health
professionals find helpful in caring for patients. To do this, we
must understand what causes emergency physicians (EPs) and
allied health professionals (AHPs) to use or to eschew the
reminders. To this end, we plan to construct a questionnaire,
based on the theory of planned behavior, that will ask health
care professionals to quantify the influence of each determinant
on their use of a wiki-based reminder in clinical practice.
According to the theory of planned behavior, the constructs
must be measured using a specific target, action, context, and
time, as well as a specific population, to obtain results
representative of that population [45]. The choice of trauma
care for the setting of this study is linked to the investigators’
research interests and is only the first step in investigating the
use of wiki-based reminders in other contexts and with different
health care professionals. In particular, wiki-based reminder
systems have the potential to support collaboration in clinical
settings where multidisciplinary teams work together
asynchronously (eg, group-based primary care). The results of
this questionnaire will then help construct a theory-based
intervention to increase the use of a wiki-based reminder by
EPs and AHPs. This research project is the first step in that
endeavor. Its goal is to solicit as complete as possible an array
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of beliefs concerning health professionals’ use of wiki-based
reminders that promote best practices in trauma care, and to
identify the most salient beliefs for inclusion in the
questionnaire.

Conceptual Underpinnings of the Proposed Study
The theory of planned behavior (Figure 1 [45,46]) is well known
for its application to the study of health care professionals’
behaviors [47-56]. A recent systematic review has shown that
Internet-based interventions based on the theory of planned
behavior tend to have substantial effects on behavior [57]. This
theory provides a theoretical account of the ways in which
attitude, subjective norm, and perceived behavioral control
combine to predict behavioral intention [55]. It postulates that
when an individual has some control over a situation, intention
is the immediate determinant of behavior [45]. Furthermore, if
the individual’s perceived behavioral control reflects the
individual’s actual behavioral control, this variable can be used
to predict behavior directly.

Intention is influenced by three constructs: attitude, subjective
norm, and perceived behavioral control. Attitude toward the
behavior is a person’s evaluation of the consequences of
adopting the behavior. Attitude is thus determined by the actor’s
behavioral beliefs about the advantages and disadvantages of
adopting the behavior. Subjective norm refers to perceived social
pressure to engage or not to engage in a behavior. Subjective
norm thus represents the actor’s normative beliefs—that is, his
or her beliefs about how people who are in some way important
to the actor would like the actor to behave. Finally, perceived
behavioral control is the actor’s perception of how easy or
difficult it is to perform the behavior. This perception is
determined by the presence of perceived barriers and facilitators:
control beliefs. According to Ajzen [45], an individual or a
group’s salient beliefs are the beliefs that the individual or group
reports most frequently with respect to the attributes of
performing a particular behavior.

Figure 1. Theoretical framework of the theory of planned behavior.

Objectives
Our goal was to identify and compare the salient beliefs of EPs
and AHPs about using a wiki-based reminder that promotes
best practices in the management of patients with a severe
traumatic brain injury in emergency departments in the province
of Quebec, Canada.

Methods

Study Design
The detailed protocol of this research project has been published
elsewhere [58]. Briefly, this paper presents the results of a
qualitative survey that used semistructured interviews.

Participants and Setting
The study took place in three officially designated trauma
centers in the province of Quebec, Canada: a level I, a level II,
and a level III trauma center (see Multimedia Appendix 1 for
definitions). Our study involved EPs (excluding residents and

medical students) and AHPs (nurses, respiratory therapists, and
pharmacists) involved in planning and caring for trauma patients.
We purposefully recruited participants to obtain a representative
sample of professionals from each level of trauma center and
to elicit the widest possible range of beliefs. Thus, we aimed to
recruit 10 EPs and 10 AHPs in each of the level I and II centers
and 5 EPs and 5 AHPs in the level III center. To recruit
participants, we sent an email to the heads of each emergency
department to help us target and obtain the email addresses of
potential participants, and to help us target local opinion-leader
health care professionals known to be reluctant to use computers
and new technology, and members of local trauma committees
responsible for monitoring the quality of care. We also
intentionally recruited both junior and senior staff members and
at least one member of each AHP profession from each trauma
center. Following the department heads’ recommendations, we
then contacted selected members of each unit within each trauma
center by telephone, by email, or in person. Interviews were
conducted on site. Our study was approved by the ethics review
boards of all three hospitals.
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Data Collection Procedure
The data collection process began by each participant meeting
a researcher (AB) individually to obtain informed consent.
During this meeting, the researcher, who had conducted other
surveys using the theory of planned behavior, explained the
study process, outlined anonymity and confidentiality issues,
and stated that the participant would not be remunerated for his
or her time. All meetings were conducted in French and all took
place in person except one, which took place by phone. After
obtaining the participant’s consent, the researcher showed the
participant a video that gave a brief, simple explanation of how
different health care professionals could use wikis to collaborate
in creating and updating wiki-based reminders for the care of
traumatic brain injury patients. The video finished with a
real-life enactment of the clinician performing the behavior of
interest (using a wiki-based reminder) at a patient’s bedside. A
different version of the video was produced for each professional
group participating in the survey (physicians, nurses, respiratory
therapists, and pharmacists; see Multimedia Appendix 2,
Multimedia Appendix 3, Multimedia Appendix 4, and
Multimedia Appendix 5 for original videos in French). The
videos were adapted with permission from the Wikis in Plain
English video created by Lee LeFever and Common Craft [59].
Two medical informatics experts (SC, MPD) ensured that the
video appropriately described how the professional would
incorporate the wiki-based reminder into his or her daily
practice. After viewing the video, the participant read a clinical
vignette that described in detail the behavior of interest presented
in the video (using a wiki-based reminder in a typical case of
severe traumatic brain injury) (see Multimedia Appendix 6).
Vignettes are often used in qualitative research and may have
various goals [60]. In this research, we used the vignette to make
the participants think of a clinical encounter with a patient with
a serious traumatic brain injury and to imagine how they would
use the wiki-based reminder in a real-life situation. This helped
prepare the participants for the semistructured questions about
using a wiki-based reminder for their care of their patients. The
clinical vignette was written with the help of three clinical
experts, two of whom (JL, AL) were members of Quebec’s
accreditation board for trauma centers (Trauma Care Continuum
Assessment Team). The researcher then conducted a
semistructured interview with the participant and elicited the
participant’s feedback on three topics: (1) the advantages and
disadvantages of the professional’s adoption of the behavior
(behavioral beliefs), (2) influential people (referents) who would
approve or disapprove of the participant’s adoption of the
behavior (normative beliefs), and (3) barriers and facilitators to
the professional’s adoption of the behavior (control beliefs).
Each interview was digitally recorded, transferred to a computer,
and transcribed. The interviewer also noted each participant’s
answers on paper forms. All participants were assigned a number
and remained anonymous. The voice recordings were heard
only by people who were not acquainted with the respondents.

Data Analysis
To identify participants’ beliefs, two researchers (AB, KA)
experienced with the theory of planned behavior independently
analyzed the contents of the interview transcripts and the notes
taken during the interviews. Using deductive content analysis

[61] as described in the theory of planned behavior, each
researcher read the transcript of each interview to identify all
of the beliefs expressed by each participant. Each belief was
categorized in one of three Excel (Microsoft Corporation,
Redmond, WA, USA) spreadsheets according to the type of
belief (behavioral, normative, and control). Each belief was
identified with a unique identifying number linking it to the
questionnaire from which it was taken. The researchers also
classified each belief as positive or negative (eg, ease of use vs
time constraints) according to how the participant had perceived
it in the interview. If some participants considered a belief to
be positive while others considered it to be negative, the
researcher classified the belief as positive if more respondents
considered it positive than considered it negative, and classified
it as negative in the opposite case. The two researchers then
compared their findings to agree on the beliefs identified. This
was done separately for EPs and AHPs, therefore creating a
total of six lists.

The next step consisted of grouping the beliefs that expressed
the same idea. This was done by the first researcher (AB) and
validated by the second (KA). At this point, the researchers
compared the beliefs with one another to remove duplicates.
Dissent about grouping beliefs that expressed similar but slightly
different ideas was resolved through discussion. When
necessary, the principal investigator made the final decision.

Through discussion, the researchers then labeled the beliefs
inductively without a predetermined taxonomy based on the
ideas expressed by the participants. To better compare our
results with the results of other studies of beliefs about the use
of new information technology in health care, we appropriated
some of the labels in the taxonomy developed by Gagnon et al
[62]. We used these labels only when the beliefs identified in
our survey were exactly the same as the beliefs described by
Gagnon et al.

After having classified each belief in a category, marked it as
positive or negative, and given it a label, we used the options
in Excel to count the frequency of mentions of each belief.
Within the three belief categories, we counted the total number
of times each belief was reported by participants. Using Excel,
we then ordered the beliefs from the most to the least frequently
mentioned and assigned each belief a rank according to its
position on this list. To identify the 75% most frequently
mentioned beliefs for each category (behavioral, normative, and
control), we divided the cumulative total number of mentions
of each belief by the total number of mentions of all beliefs in
that category and retained the top three-quarters as the salient
beliefs for that category as per theory of planned behavior
methodology [63]. If it was impossible to segregate precisely
the top 75% of beliefs because certain beliefs occurred with the
same frequency, we included all borderline beliefs (even if that
meant retaining more than 75%) in order to represent
participants’ beliefs comprehensively. We also retained less
frequently reported beliefs that we felt could have an important
influence on health care professionals’ use of wiki-based
reminders. For the purpose of this paper, we translated each
belief from French into English. As for the transcripts, we
translated only those excerpts selected for publication.
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To determine whether our participants’ baseline demographic
characteristics were statistically different from those of the
general population of health care professionals from which we
had recruited our sample, we performed simple univariate
statistical analyses. We used a 2-tailed Fisher exact test for
dichotomous variables (gender) and a 2-tailed Student t test for
continuous variables (age and years of experience). We used
the free online statistical calculator GraphPad [64] to perform
all statistical analyses.

Results

Participants’ Characteristics
The three trauma centers comprised 66 eligible EPs and 444
eligible AHPs. To attain our target of 25 professionals per group,
we invited 55 EPs and 39 AHPs to participate. Of these, 38%
(25/66) of EPs and 6% (25/444) of AHPs agreed to take part.
This translates to a response rate of 46% (25/55) for EPs and
64% (25/39) for AHPs. Of participating AHPs, 60% (15/25)
were nurses, 28% (7/25) were respiratory therapists, and 12%
(3/25) were pharmacists. These proportions are comparable
with the distribution of eligible AHPs, of whom 57.7%
(256/444) were nurses, 32.9% (146/444) were respiratory
therapists, and 10% (42/444) were pharmacists. Our sample of
EPs was composed of 10 EPs from a level I center, 10 from a
level II center, and 5 from a level III center. Our sample of
AHPs reproduced this distribution. Figure 2 illustrates the flow
of participants in the study.

Compared with the 66 eligible EPs, the EPs who participated
in this survey were similar in mean age (42 vs 43 years; P =
.43), in mean years of experience (14 vs 16; P = .52), and in

gender distribution (23/25, 92% vs 56/66, 85%). Compared
with the 444 eligible AHPs, the AHPs who participated in the
survey were also similar in mean age (38 vs 35 years; P = .19)
and in gender distribution (18/25, 72% vs 372/444, 83.8%; P
= .16). The only notable difference was that AHP participants
had more clinical experience than average AHPs (14 vs 11 years;
P = .04).

As shown in Table 1, which presents the participants’
characteristics, the EPs in our study constituted a diverse group
of general practitioners and specialists in emergency medicine.
The sample also covered a wide range of age groups and levels
of clinical experience. The sample of AHPs was also composed
of a wide range of professions, age groups, and levels of
experience, with nurses constituting the largest number of
professionals. Among the AHPs, 3 did not work in an emergency
department, but either held responsibilities on the local trauma
committee (1 nurse) or taught clinics to AHPs caring for patients
with traumatic brain injury (1 nurse and 1 respiratory therapist).
Our sample also included important decision makers who sat
on the local trauma committee (4 EPs and 4 AHPs). All three
trauma centers had Internet access in their emergency
department and their resuscitation room.

Table 2 and Table 3 present the salient beliefs of EPs and AHPs,
respectively. The tables contain verbatim examples for each
belief. Tables 4 (Multimedia Appendix 7) and 5 (Multimedia
Appendix 8) present the nonsalient beliefs.

Figure 3, Figure 4, and Figure 5 display the percentages of EPs
who had mentioned each belief (both salient and nonsalient) in
each category, starting with the most frequently reported belief.
Figure 6, Figure 7, and Figure 8 do likewise for AHPs.
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Table 1. Characteristics of participating emergency physicians (EPs) and allied health professionals (AHPs).

AHPs (n = 25)EPs (n = 25)Variable

Age (years)

38 (10)42 (9)Mean (SD)

35 (29–44)38 (35–49)Median (IQR)a

10 (40%)4 (16%)Born between 1977 and 1997, n (%)

Clinical experience (years)

14 (9)14 (10)Mean (SD)

11 (9–18)11 (6–23)Median (IQR)

Gender, n (%)

7 (28%)23 (92%)Male

Not applicableEmergency medicine certification, n (%)

9 (36%)College of Family Physicians (without emergency medicine certification)

4 (16%)College of Family Physicians (with emergency medicine certification)

8 (32%)Royal College of Physicians of Canada or Collège des médecins du
Québec

Not applicableProfession, n (%)

15 (60%)Nursing

7 (28%)Respiratory therapist

3 (12%)Pharmacist

Work environment, n (%)

22 (88%)25 (100%)Emergency department

9 (36%)2 (8%)Intensive care unit

4 (16%)4 (16%)Member of a local or regional trauma committee

15 (60%)20 (80%)Previous use of a wikib, n (%)

8 (32%)14 (56%)Previous use of Wikipediab, n (%)

1 (4%)1 (4%)Previous editing of a wikib, n (%)

a Interquartile range.
b We did not ask whether the respondent had used wikis for personal or for professional reasons.
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Table 2. Emergency physicians’ salient beliefs about using a wiki-based reminder.

Verbatim examplen (%)bSalient beliefRanka

Behavioral belief (n = 11)

Perceived advantage

“good revision”14 (20%)Refreshes the memory1

“see the best data”9 (13%)Gives access to evidence-based data2

“creates a collaborative space between hospitals”9 (13%)Allows information to be shared3

“consensus on the approach”8 (11%)Standardizes practices4

“prevents searching in different places”7 (10%)Centralizes information and protocols5

“commit fewer mistakes”6 (8%)Reduces errors6

“written by leaders in the field”6 (8%)Gives access to expert opinions7

Perceived disadvantage

“stress is added by having to search information
while your patient is there”

2 (3%)Adds stressc10

61/71 (86%)Total

Normative belief (n = 19)

Referents perceived as favorable

“nurses”16 (13%)Nurses1

“physicians”16 (13%)Physicians2

“centers less familiar with severe head injury”15 (13%)Isolated/less-exposed centers3

“the young”14 (12%)The younger generation4

“respiratory therapists”8 (7%)Respiratory therapists7

“the emergency team”7 (6%)The trauma team8

“the department heads”4 (3%)Administrationc10

“patients”3(3%)The respondent’s patientsc11

“specialties other than emergency”3 (3%)Specialists (surgeons, intensivists)c12

Referents perceived as unfavorable

“some people think that protocols are for robots”8 (7%)People resistant to standardized care5

“people not comfortable using computers”8 (7%)People less comfortable with computers6

102/119 (86%)Total

Control belief (n = 31)

Perceived facilitating factor

“if it is user friendly, easy to navigate”19 (8%)Ease of used1

“must be easy to access directly in the resuscita-
tion room”

18 (8%)Having a bedside computer2

“control over the quality of the information”18 (8%)Peer-reviewed high-quality scientific information3

“access should not take more than 3 clicks”17 (7%)Rapid access to protocols5

“having 18 passwords”14 (6%)Absence of institutional control6

“integrated into daily work tools”14 (6%)Compatibility with work processesd7

“available on handheld computers”11 (5%)Access by handheld devices (eg, an iPhone)8

“able to adapt it to the local flavor”8 (4%)Locally adaptable9

“you have to use it often to become familiar”8 (4%)Trialabilityd10

“accessible from all locations by Internet”7 (3%)Having Internet access11
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Verbatim examplen (%)bSalient beliefRanka

“the attractiveness of the site”7 (3%)Quality of visual design12

Perceived barrier

“if the protocol dates back and I know there are
new data”

18 (8%)Not being updated regularly4

“Not having the time, having to decide on the
spot”

7(3%)Time constraintsd13

“wiki always changing”7 (3%)Frequently changing information14

“be able to know who edited”6 (3%)Authors not being identifiedc15

“who is ultimately legally responsible”4 (2%)Undetermined legal responsibilityc18

183/227 (81%)Total

a The rank number corresponds to the position held in the ranking of all beliefs. The most frequently mentioned belief is ranked first. The ranking
numbers do not necessarily follow each other in this table, since we grouped them as advantages, disadvantages, favorable referents, unfavorable
referents, barriers, and facilitators. These rank numbers correspond to their position in Figures 3 to 8.
b n = the number of participants who reported the belief during their interview, and % = the number of times the belief was reported in all interviews
divided by the number of times all beliefs in that category (behavioral, normative, and control beliefs) were reported in all interviews.
c This belief was not mentioned in the top 75% most frequently reported but was retained nonetheless.
d The label for this belief was taken from the Gagnon et al framework [62].
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Table 3. Allied health professionals’ salient beliefs about using a wiki-based reminder.

Verbatim examplen (%)bSalient beliefsRanka

Behavioral belief (n = 15)

Perceived advantage

“immediately available”16 (16%)Gives rapid access to protocols1

“enhances the quality of care”15 (15%)Improves quality of care2

“always up-to-date”12 (12%)Gives access to a regularly updated protocol3

“everyone uses the same procedure”9 (9%)Standardizes practices4

“enables a multidisciplinary approach”8 (8%)Promotes team work5

“able to consolidate the information”6 (6%)Centralizes information and protocols6

“based on evidence”6 (6%)Gives access to evidence-based data7

“facilitates education”6 (6%)Provides a new tool for teaching8

Perceived disadvantage

None perceived

78/101 (77%)Total

Normative belief (n = 17)

Referents perceived as favorable

“physicians”19 (14%)Physicians1

“respiratory therapists”18 (13%)Respiratory therapists2

“nurses”16 (12%)Nurses3

“young people”13 (9%)The younger generation4

“any professional working in the trauma bay with
a [traumatic brain injury]”

9 (7%)The trauma team7

“clinical coordinator”9 (7%)Quality-of-care promoters8

“general management”7(5%)Administrationc10

Referents perceived as unfavorable

“those with less computer skills”11 (8%)People less comfortable with computers5

“people less favorable to change”11 (8%)People resistant to change6

113/137 (82%)Total

Control belief (n = 31)

Perceived facilitating factor

“have the computer close at hand”20 (12%)Having a bedside computer1

“who ensures that the information is good”13 (8%)Peer-reviewed high-quality scientific information2

“must have training”12 (7%)Trialabilityd3

“simple, instinctive system”11 (7%)Ease of used4

“should be publicized”7 (4%)Publicity about the wiki8

“secure system”7 (4%)Secure website9

“each having a workstation”5 (3%)Having a workstation for every profession12

“simple presentation”5 (3%)Quality of visual design14

Perceived barrier

“must know if the hospital endorses it”10 (6%)Undetermined legal responsibility5

“we must act, no time to go look”10 (6%)Time constraintsd6

“if the computer crashes”7 (4%)System reliability7
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Verbatim examplen (%)bSalient beliefsRanka

“if people are not up-to-date, could be difficult to
apply it”

6 (4%)The whole team not being up-to-date10

“the budget”6 (4%)Cost of computers11

“it’s not because one center does it that way, that
everybody should adopt that practice”

5 (3%)Mandatory use13

124/162 (77%)Total

a The rank number corresponds to the position held in the ranking of all beliefs. The most frequently mentioned belief is ranked first. The ranking
numbers do not necessarily follow each other in this table, since we grouped them as advantages, disadvantages, favorable referents, unfavorable
referents, barriers, and facilitators. These rank numbers correspond to their position in Figures 3 to 8.
b n = the number of participants who reported the belief during their interview, and % = the number of times the belief was reported in all interviews
divided by the number of times all beliefs in that category (behavioral, normative, and control beliefs) were reported in all interviews.
c This belief was not mentioned in the top 75% most frequently reported but was retained nonetheless.
d The label for this belief was taken from the Gagnon et al framework [62].

Figure 2. Flow of participants through study.
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Figure 3. Proportion of emergency physicians who mentioned each behavioral belief (both salient and nonsalient).

Figure 4. Proportion of emergency physicians who mentioned each normative belief (both salient and nonsalient).
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Figure 5. Proportion of emergency physicians who mentioned each control belief (both salient and nonsalient).

Figure 6. Proportion of allied health professionals who mentioned each behavioral belief (both salient and nonsalient).
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Figure 7. Proportion of allied health professionals who mentioned each normative belief (both salient and nonsalient).

Figure 8. Proportion of allied health professionals who mentioned each control belief (both salient and nonsalient).
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Behavioral Beliefs: Advantages and Disadvantages
The three behavioral beliefs about using a wiki-based reminder
that EPs mentioned most frequently were, in order of frequency,
that if refreshes the memory, gives access to evidence-based
data, and allows information to be shared. No disadvantages
figured in the top 75% of beliefs, and only one disadvantage
was reported at all, with 2 EPs opining that a wiki-based
reminder system would add the stress of having to look for
information while the patient was there in front of them (Table
2). We retained this belief as salient because it was the only
disadvantage reported. The three behavioral beliefs about using
a wiki-based reminder that AHPs mentioned most frequently
were that it gives the user rapid access to protocols, improves
the quality of care, and gives the user access to a regularly
updated protocol. AHPs reported no salient disadvantages (Table
3).

Normative Beliefs: Positive and Negative Referents
The three referents most cited by EPs as likely to approve or
disapprove of the behavior were nursing personnel, physicians,
and isolated or less-exposed trauma centers. All were seen as
favorable to the respondent’s adopting the behavior (Table 2).
The three referents most often mentioned by AHPs were
physicians, respiratory therapists, and nurses, all of whom were
also considered to approve of the behavior. For EPs, we retained
as salient two beliefs pertaining to referents who would
disapprove of the behavior: people resistant to standardized care
and people less comfortable with computers. AHPs also stated
that people less comfortable with computers would not approve.
In addition, AHPs feared that people resistant to change would
not approve (Table 3). We also retained three beliefs not
mentioned in the top 75% for EPs—namely, the respondent’s
patients, the administration, and specialists—because we
consider that these referents play an important role in
implementing reminders promoting best practices in trauma
care [65-67] and in implementing information and
communication technology (ICT) [62,68-70]. We also retained
administration for AHPs for the same reasons.

Control Beliefs: Facilitating Factors and Barriers
EPs indicated that the three top facilitators were ease of use,
having a computer at the bedside, and accessing information
that was peer reviewed and of high scientific quality (Table 2).
The most frequently reported barrier was the wiki-based
reminder not being regularly updated; the next most frequently
reported barriers were time constraints and frequently changing
information. We selected as salient beliefs two barriers that
were not reported in the top 75%: authors not being identified
and undetermined legal responsibility. We also selected these
beliefs because they have been frequently reported by other
authors [32,36,39,71].

Among AHPs, the three most frequently mentioned facilitators
were having a computer at the bedside, accessing information
that was peer reviewed and of high scientific quality, and
trialability (how easy it is to experiment with the tool) (Table
3). The three most frequently mentioned barriers reported by
AHPs were the undetermined legal responsibility of using a
wiki, time constraints, and an unreliable information system.

Discussion

This study identified EPs’ and AHPs’ beliefs about using a
wiki-based reminder to promote best practices in caring for
patients with a severe traumatic brain injury. Based on the theory
of planned behavior, we categorized these beliefs as behavioral,
normative, and control beliefs. After analyzing the beliefs and
ranking them in order of frequency of mention, we labeled the
75% most-reported beliefs as salient. We also labeled salient
certain beliefs that were not among the 75% most reported. This
post hoc decision was based on our knowledge of the literature
(eg, “administration” as a normative belief), our experience in
implementing care protocols for trauma (eg, “specialists” as a
normative belief), or our fear of excluding important negative
beliefs (eg, “adds stress” as a behavioral belief).

EPs and AHPs saw many of the same advantages to using a
wiki-based reminder: namely, that a reminder gives access to
evidence-based data, that it standardizes practices, and that it
centralizes protocols. EPs and AHPs also shared similar
normative beliefs about parties favorable to the use of a
wiki-based reminder (nurses, physicians, respiratory therapists,
the trauma team, and the younger generation), and both groups
mentioned people less comfortable with computers as a negative
referent. Many facilitating factors were common to EPs and
AHPs: having a computer at the bedside, accessing information
that was peer reviewed and of high scientific quality, ease of
use, trialability, and an attractive visual design. The groups also
had two obstacles in common: time constraints and
undetermined legal responsibility.

Our two groups of respondents also differed in the perceived
advantages to using a wiki-based reminder. While both saw the
centralization of information and protocols as an advantage,
only EPs saw the sharing of information as an advantage and
only AHPs saw the promotion of teamwork as an advantage.
Similarly, both groups saw easy access to a wiki-based reminder
(eg, having a bedside computer) as a characteristic that would
make using the reminder simple to use, but only EPs saw rapid
access to protocols (“fewer than three clicks”) as a simplifying
feature, and only AHPs saw having a workstation for every
professional as such a feature. The apparent contradiction
between the AHPs’ concern about having a secure website and
the EPs’ desire to avoid passwords is worth exploring. Finally,
AHPs felt it important to publicize and otherwise promote the
wiki-based reminder to make it more visible (or in Rogers’s
terms, which we explain below, “observable”). AHPs saw this
as important to the innovation’s uptake, recognizing that the
more people observe others using a wiki, the more likely they
are to use it too.

We noted other differences. Significantly, AHPs named
mandatory use as a dominant barrier. At the same time, AHPs
often referred to EPs, quality-of-care promoters, and hospital
administrators as important decision makers in the care of
patients with a severe traumatic brain injury. Thus, if EPs,
quality-of-care promoters, and hospital administrators make it
mandatory to use a wiki-based reminder, the importance of this
barrier might decrease. Research suggests that individuals are
more likely to comply with referents’ expectations when the
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referents in question can reward or punish nonbehavior, as is
often the case in a mandatory setting [72,73]. Future work will
have to measure and compare the relative importance of these
beliefs. These measurements will be used to determine whether
implementation strategies should be adapted to different groups
of professionals.

Many of the findings in our study confirm the findings of authors
who have studied the adoption of other ICTs and of innovations
in general. For instance, our participants reported compatibility
with work process and trialability as important beliefs. In the
diffusion of innovation theory, Rogers identifies these two
characteristics in addition to three others—the innovation’s
relative advantage, its complexity or simplicity, and its
observability (the degree to which it is visible to users and
potential users)—as influencing an individual’s decision to
adopt or reject an innovation [74]. Authors besides Rogers have
also associated an ICT’s lack of compatibility with work process
and its poor trialability with the innovation’s unsuccessful
implementation [32,39,75,76]. Because wiki-based reminders
are designed to facilitate changes and edits by all users, they
can be modified to fit different work processes [32,36,39].
Likewise, wikis’ free and open access could facilitate their
trialability [41,42,71]. Hence, these seem like important
advantages whose influence will need to be measured in future
studies. Our participants reported the other three diffusion of
innovation characteristics indirectly.

The findings of this survey are also consistent with the factors
proposed by Davis [77] as determinants of the adoption of
technology in his Technology Acceptance Model. In Davis’s
model, the system’s perceived ease of use and its perceived
usefulness were among the most frequently mentioned beliefs.
Similarly, ease of use was the EPs’ top control belief and the
AHPs’ fourth most frequently mentioned belief. As for
usefulness, salient beliefs not yet mentioned in this discussion
included that a reminder reduces errors (EPs), that it gives users
rapid access to protocols (AHPs), that it gives users access to
regularly updated protocols (AHPs), and that it is a new teaching
tool (AHPs). Prospective measurement of the influence of these
beliefs will be important, as high perceptions of system
usefulness and ease of use have been associated with cases of
ICT adoption [62].

Our study identified additional beliefs (aside from those similar
to the beliefs identified by Rogers and by Davis) that were
identical to the barriers and facilitators found in a recent
systematic review of factors influencing health care
professionals’ adoption of ICTs [62]. The beliefs in question
were the presence and use of a champion, the participation of
end users, and time constraints. Time constraints in particular
have been identified as an important control belief in studies
on ICT adoption [32,41,62,71,78] and in other contexts as well
[79]. This is why we considered it salient, even though it ranked
only 13th for EPs and sixth for AHPs. Other salient beliefs
concerned the speed with which the user could access the
reminder (the fifth-ranked control belief for EPs) and the rapidity
with which the reminder gave the user access to protocols (the
top-ranked behavioral belief for AHPs). Other control beliefs
identified in our study were also similar to those identified in
the systematic review mentioned above [62]: the quality of the

visual design (salient for both groups), the absence of
institutional control (salient for EPs, nonsalient for AHPs), the
reminder’s reliance on peer-reviewed information of high
scientific quality (salient for both groups), the mandatory use
of the reminder (salient for AHPs, nonsalient for EPs), the lack
of a reminder to use the wiki (nonsalient for EPs), having a
computer at the bedside (salient for both groups), adding stress
(salient for EPs), and use by people less comfortable with
computers (salient for both groups).

We also found similarities to studies on the adoption of a
computerized decision support system. In these studies,
clinicians most wanted such a system to remind them of what
they already intended to do [19,34,80,81]. Similarly, the EPs’
most frequently reported behavioral belief was that using a
wiki-based reminder would refresh their memory. Centralized
information (the EPs’ fifth-ranked salient behavioral belief) and
access from different areas of the hospital have also been
described in the literature as important factors in using a
computerized decision support system [38,39]. Respondents
also perceived these systems as improving patient care [80]:
this is similar to the EPs’ belief that a wiki-based reminder
would help reduce errors (sixth salient behavioral belief).

Our study of wikis also confirmed several barriers described in
studies of health care professionals’ beliefs about using social
media [32,36,39,41-43,78]: concern about the quality of
information (EPs and AHPs), undetermined legal responsibilities
[36,39,71] (EPs and AHPs), and lack of author identification
[32,36] (EPs only). Measuring professionals’perceptions of the
importance of these barriers in our questionnaire will be essential
to determine how these barriers might influence the use of a
wiki-based reminder.

This overlap between study findings, notwithstanding our
rigorous use of a theoretical framework, allowed us to identify
new beliefs specific to our target population and related to the
adoption of wiki-based reminders, beliefs that studies of the
adoption of social media in health care had not identified. The
importance of these new beliefs will also be important to
measure in a future questionnaire. In terms of behavioral beliefs,
both EPs and AHPs reported that using a wiki-based reminder
could help standardize practices, promote teamwork (salient
only for AHPs), and give users access to regularly updated
protocols. EPs did not perceive this last factor as an advantage,
but stated that having a system that was updated regularly would
be a facilitating factor. Surprisingly, EPs also stated that
frequently changing information would be a barrier. The
importance of these apparently conflicting beliefs will be
important to measure because reminders contained within a
wiki could indeed change quite frequently if the literature
changes frequently or if an edit war should occur. An edit war
arises when a user repeatedly re-edits, undoes, or reverses a
prior user’s edits in an attempt to keep visible his or her
preferred version of a page [82].

We also identified many influential groups of people who would
be favorable to health care professionals’ use of a wiki-based
reminder, with EPs and AHPs naming each other as their main
influence. So far, interpretations of the role of social influence
on the adoption of ICTs have varied. Some authors have argued
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for the inclusion of normative beliefs (sources of social
influence) in models of adoption and use [83,84], while others
have excluded them [77]. Furthermore, some work has found
that social influence is significant only under certain
circumstances: in settings where ICT use is mandatory [71,85],
among women in the early stages of their experience [86,87],
and among older workers [88]. However this may be, we believe
our study to be the first to have rigorously identified health care
professionals’ salient normative beliefs concerning the use of
any form of social media in health care. This is significant,
because understanding the influence of normative beliefs on
health professionals’ intentions to use social media such as wikis
will be of the essence: social media are hypothesized to operate
based on social networking, participation, collaboration,
apomediation, and openness between peers [89]—all elements
related to social influence.

Although age had been noted as a moderating factor in
predicting the adoption of ICTs [87], past studies have not
described the “younger generation” as an influential referent
group, as AHPs and EPs did in our study. This finding is
significant, since members of generation Y (people born between
1977 and 1997) will soon constitute a major part of the health
care workforce and have been described as being comfortable
with technology [90].

Some EPs working in the level I trauma center expressed another
important normative belief. They suggested that clinicians in
level II and III centers would be more likely to use a wiki-based
reminder for the care of patients with a severe traumatic brain
injury than would experienced clinicians working in level I
centers, who would not need to refer to a reminder. This
suggestion reflects the fact that many clinicians working in level
I trauma centers view themselves as leaders and champions who
help less-experienced clinicians better manage traumatic brain
injuries. The influence of this belief must be measured
quantitatively. If the experts do not intend to use wiki-based
reminders themselves, future exploration must verify whether
they intend to contribute their expertise to a wiki in order to
help staff at level II and III centers improve their practices. It
seems not unlikely that when recognized experts and strong
leaders in a field add material to a wiki of evidence-based
reminders promoting best practices, other health care
professionals are motivated to take up the material in question.
Further exploration of the intention to contribute medical
information to a wiki will be particularly important because it
seems that the level of sharing of medical information through
social media is lower than expected for health care professionals
[28,43,78].

In spite of its rigorous methods, our study has limitations. First,
we did not perform member checking, even though member
checking would have made our results more credible. However,
two independent research professionals experienced with using
the theory of planned behavior analyzed the contents of the
interview transcripts rigorously to interpret our respondents’
beliefs as trustworthily as possible and resolved disagreements
by referring scrupulously to the transcripts. Furthermore, to
make it possible for readers to interpret the results for
themselves, we have presented a sample transcript for each
salient belief.

A second limitation is that our survey was conducted with a
small group of EPs and AHPs who were recruited from a single
region of the province of Quebec. Even though Godin and Kok
[50] suggest that a sample of 25 participants is sufficient to
elicit salient beliefs, we cannot assume that our results are
transferable to all clinicians, especially in the case of AHPs,
where no one professional group (nurses, respiratory therapists,
or pharmacists) was sufficiently represented. Nonetheless, even
if we surveyed only 6% (25/444) of all AHPs, the proportion
of each professional group within our sample was very similar
to the proportion of those groups within the total population of
eligible AHPs in the three trauma centers from which we drew
the sample. Finally, we made every attempt to elicit various
beliefs by purposefully sampling participants from three levels
of trauma centers, with varying levels of experience, and by
including clinicians known to be reluctant to use computers and
ICTs. We believe that this sampling method resulted in our
recruiting AHPs who were more experienced than the norm.
Even though it is difficult to predict the influence of this
selection bias, we deliberately chose to have more experienced
clinicians take part in this survey, as they are known to have
more negative views about adopting new technologies [88]. In
predicting the adoption of wiki reminders, measuring negative
views is just as important as measuring positive ones.

Third, the video we produced to describe the behavior of study
portrayed wikis positively and could have influenced
interviewees’ beliefs positively as well. Using a mix of
animation and actors, the 6-minute video presented wikis as a
new and effective way of communicating and collaborating.
We produced this video because we needed to demonstrate in
a short time how a wiki-based reminder could be used to
improve the care of trauma patients and because the use of a
wiki-based reminder to promote best practices in trauma remains
theoretical for most health care professionals. It also involves
many smaller lead-in behaviors (eg, connecting to the Internet,
reading the reminder, and applying its suggestions) that are hard
to explain during an interview. This said, after realizing that
most of the beliefs expressed by participants after viewing the
video were positive, we compensated for this possible bias by
including negative beliefs that did not meet our 75% most
frequently mentioned criteria in our list of salient beliefs.

Finally, our behavior of study was only the use of a wiki-based
reminder, not the creation and editing of the reminder. The last
two behaviors are important to study in order to understand how
a wiki can fulfill its potential to turn a traditionally passive
consumer of knowledge into an active producer of knowledge
(or prosumer, in Eysenbach’s terms) [89].

A major strength of this study was its rigorous application of
the methods proposed by the authors of the theory of planned
behavior to assess our target population’s perceived behavioral,
normative, and control beliefs related to using a wiki-based
reminder. These beliefs will be used to construct a theory-based
intervention to increase the use of a wiki-based reminder by
EPs and AHPs. Using this theory facilitated our comparison
with similar studies and contributed to our elaboration of a
theoretical basis for understanding the decision making leading
to this behavior. It will also allow researchers to carry out a
systematic review in this area. Furthermore, the steps taken to
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analyze the content of beliefs are rarely described in detail. Our
detailed and rigorous description of the content analysis makes
it possible for other researchers to reproduce this approach to
exploring health care professionals’ salient beliefs about the
use of other social media in health care.

Conclusion
This theory-based study has systematically identified the beliefs
underlying EPs’ and AHPs’ intention to use information from
a wiki when caring for patients with a traumatic brain injury.

It is the first step in our attempt to understand EPs’ and AHPs’
intentions to use such a reminder, and will help us construct a
validated questionnaire that will survey a broader population
of EPs and AHPs about their intention to use wiki-based
reminders promoting evidence-based traumatic brain injury
care. By identifying the most important determinants of EPs’
and AHPs’ intention to use a wiki-based reminder, we will better
understand how wikis could act as knowledge translation
interventions to increase evidence-based practices in this area.
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Abstract

Background: The Active Plus project is a systematically developed theory- and evidence-based, computer-tailored intervention,
which was found to be effective in changing physical activity behavior in people aged over 50 years. The process and effect
outcomes of the first version of the Active Plus project were translated into an adapted intervention using the RE-AIM framework.
The RE-AIM model is often used to evaluate the potential public health impact of an intervention and distinguishes five dimensions:
reach, effectiveness, adoption, implementation, and maintenance.

Objective: To gain insight into the systematic translation of the first print-delivered version of the Active Plus project into an
adapted (Web-based) follow-up project. The focus of this study was on the reach and effectiveness dimensions, since these
dimensions are most influenced by the results from the original Active Plus project.

Methods: We optimized the potential reach and effect of the interventions by extending the delivery mode of the print-delivered
intervention into an additional Web-based intervention. The interventions were adapted based on results of the process evaluation,
analyses of effects within subgroups, and evaluation of the working mechanisms of the original intervention. We pretested the
new intervention materials and the Web-based versions of the interventions. Subsequently, the new intervention conditions were
implemented in a clustered randomized controlled trial.

Results: Adaptations resulted in four improved tailoring interventions: (1) a basic print-delivered intervention, (2) a basic
Web-based intervention, (3) a print-delivered intervention with an additional environmental component, and (4) a Web-based
version with an additional environmental component. Pretest results with participants showed that all new intervention materials
had modest usability and relatively high appreciation, and that filling in an online questionnaire and performing the online tasks
was not problematic. We used the pretest results to improve the usability of the different interventions. Implementation of the
new interventions in a clustered randomized controlled trial showed that the print-delivered interventions had a higher response
rate than the Web-based interventions. Participants of both low and high socioeconomic status were reached by both print-delivered
and Web-based interventions.

Conclusions: Translation of the (process) evaluation of an effective intervention into an adapted intervention is challenging
and rarely reported. We discuss several major lessons learned from our experience.

Trial Registration: Nederlands Trial Register (NTR): 2297; http://www.trialregister.nl/trialreg/admin/rctview.asp?TC=2297
(Archived by WebCite at http://www.webcitation.org/65TkwoESp).
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Introduction

Regular physical activity reduces the risks of multiple health
problems, which often become more prevalent when people age
[1-3]. An international guideline for physical activity
recommends that older adults should be physically active at
moderate to vigorous intensity for at least 5 days a week, for a
minimum of 30 minutes a day [4,5]. Regular physical activity
is also particularly important for older adults to enable them to
maintain their mobility and independence; to improve muscle
strength, cognitive functioning, and mental and emotional
well-being; and to prevent falls [2,4-8]. Because of the aging
population in the Netherlands, stimulating physical activity
among people over 50 years of age is of major relevance.

The Active Plus project is a computer-tailored, theory-driven,
evidence-based intervention aimed at increasing physical activity
in people aged over 50 years. The intervention, consisting of
print-delivered tailored advice to improve the level of physical
activity, has proven to be effective in changing physical activity
behavior in the short and long terms, and was effective in
reaching and affecting high-risk groups such as people of low
socioeconomic status (SES) [9,10]. The purpose of this study
was to gain insight into the translation of the first print-delivered
version of the Active Plus project into an adapted (Web-based)
follow-up project based on evaluation results, by using the
RE-AIM framework.

The Active Plus project consisted of two phases: (1) systematic
development and evaluation of the first version of the Active
Plus project, which was completed in 2009 and has proven to
be effective, and (2) translation of process and effect evaluation
outcomes of the first Active Plus project into an adapted project
using the RE-AIM framework to further increase the reach and
effect of the project and its implementation in a clustered
randomized controlled trial (RCT).

In the first phase of the Active Plus project (2005–2009),
interventions were systematically developed using the
intervention mapping protocol [11]. Development was based
on a literature review [12], a Delphi study among experts in the
field [13], focus group interviews, and a review of theoretical
models, such as the I-Change Model [14], the Health Action
Process Approach [15], self-regulation theory [16,17], and
self-determination theory [18,19], to assess the most relevant
and changeable personal and environmental determinants
associated with changing physical activity behavior [20]. A
complete description of the development and characteristics of
the first version of the Active Plus project can be found
elsewhere [20]. The first version of the Active Plus project
consisted of two print-delivered, tailored physical activity
interventions: (1) a basic computer-tailored intervention (to
raise awareness of lack of physical activity, and to stimulate
initiation and maintenance of physical activity), and (2) an
intervention with additional environmental components that

focused on giving tailored personalized advice on local
possibilities and initiatives for being physically active for people
over 50 years of age. The additional environmental component
was intended to positively change people’s perceptions of the
opportunities to be physically active in their own environment
[21]. Both interventions included three tailored letters, based
on the answers individuals gave in previous assessment,
delivered by mail over 4 months [20]: (1) 2 weeks after the
baseline assessment, (2) 2 months after the baseline assessment,
and (3) 4 months after baseline assessment, based on the second
assessment. The third tailored advice contained ipsative
feedback about the changes in the respondents’physical activity
behavior and the psychosocial determinants in the previous 4
months. This means that improvements in (determinants of)
physical activity were rewarded and possible relapses were
addressed appropriately with additional suggestions to increase
physical activity levels again.

Both original Active Plus interventions have proven effective
in changing physical activity behavior [9,10]. Results showed
that participants in the intervention groups increased their
physical activity by 14%, from 4.2 days per week of at least 30
minutes of physical activity at baseline to 4.9 days per week at
6 months, while the control group did not change. At 12 months,
the intervention groups were still physically active for 4.7 days
per week. Further, both interventions were effective in reaching
low-SES groups: 48% of all participants had a low level of
education. Effects on physical activity were similar among
different SES groups, but the low-SES group evaluated both
interventions significantly more positively than did the high-SES
group [9,22]. At 3 (ie, during the intervention), 6 (ie, 2 months
postintervention), and 12 months (ie, 8 months postintervention),
a process evaluation, an effect evaluation, and an evaluation of
the working mechanisms of the intervention (ie, analyses of
mediators) and less-responsive subgroups (ie, analyses of
moderators) were conducted [10,22]. The results of these
evaluations were the starting point for the second phase of this
project.

In the second phase of the project, we translated the process
and effect outcomes of the first version of the Active Plus project
into an adapted intervention using the RE-AIM framework
[23-26] and implemented the new interventions in a clustered
RCT. The RE-AIM model is often used to evaluate the potential
public health impact of an intervention [23]. The model
distinguishes five different dimensions: (1) reach: the number
and representativeness of individuals willing to participate, (2)
effectiveness: the impact of the intervention on target outcomes,
(3) adoption: the proportion and representativeness of settings
that adopt the intervention, (4) implementation: the extent to
which the interventions are delivered as intended, and (5)
maintenance: the extent to which individual participants
maintain behavior change in the long term and the extent to
which the intervention is sustained over time within the
organizations that deliver the intervention [23-26].
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The aim of this study was to systematically translate the results
of the (process) evaluation of the first version of the Active Plus
project into an adapted follow-up (Web-based) project using
the RE-AIM framework. Our focus was on the reach and
effectiveness dimensions, since these dimensions are most
influenced by the results from the original Active Plus project.
Although relevant, the adoption, implementation, and
maintenance dimensions depend on evaluation of the
effectiveness of the new (Web-based) interventions, and were
therefore beyond the scope of this paper. Additional evaluation
results and response rates of the adapted interventions will be
shown.

Methods

Results of the process and effect evaluation of the original
Active Plus project [10,21,22] were translated into a new
(Web-based) project using the RE-AIM framework. We briefly
outline the methods that we used to evaluate and adapt the
Active Plus interventions according to the RE-AIM framework;
we describe the actual adaptations in the Results section.

We improved the potential reach of the intervention by
extending the delivery mode of the print-delivered intervention
into an additional Web-based intervention with lower
implementation costs. Furthermore, we used the process
evaluation results of the original project [21] to detect how
subgroups appreciated the intervention and thereby to
subsequently adapt the interventions to optimize appreciation
among certain groups and to increase the potential reach of the
interventions.

To improve effectiveness, we used results of the process
evaluation, analyses of effects within subgroups (ie, analyses
of moderators [22]), and evaluation of the working mechanisms
of the original intervention (ie, analyses of mediators [10,21])
to adapt and develop new intervention materials to eventually
increase the potential effect of the intervention.

A quantitative pretest was performed using a questionnaire
among 30 participants to study the appreciation and usability
of all new intervention materials. Appreciation of the new
intervention materials was assessed with 5 items per intervention
element. Participants were asked whether they perceived the
intervention materials as interesting, understandable, pleasant,
advantageous, and motivating, using a 5-point Likert scale
(ranging from 1, totally disagree, to 5, totally agree). We
assessed usability using a 10-point Likert scale (ranging from
1, not useful, to 10, very useful). Additional in-depth open-ended
questions were used to provide insight into the reasons why
people gave certain ratings, and respondents were asked to write
down their remarks regarding the new intervention strategies.
The intervention strategies were subsequently adjusted according
to the preferences of the pilot group.

A qualitative in-depth pretest (3 expert users and 7 nonexpert
users) was performed to assess the usability of the new
Web-based intervention as a whole. The expert users (all
working in the field of health psychology) were asked to review
the content of the intervention. All nonexpert participants were
older than 50 years with little to average experience with Internet

use, and were monitored while filling in the online questionnaire
and reading the online advice. We used the results from this
second pretest to further improve the Web-based intervention.

Study Design
To study the effectiveness of the new interventions, and to
monitor their adoption by the target population, we implemented
the adapted interventions (a basic print-delivered intervention;
a print-delivered intervention with environmental information;
a basic Web-based intervention; and a Web-based intervention
with environmental information) in a clustered RCT, including
a control group that received no advice.

The main study parameters were changes in physical activity
behavior (measured using the self-administered Dutch Short
Questionnaire to Assess Health-Enhancing Physical Activity
[27]), and determinants of changing and maintaining physical
activity behavior.

Participants and Procedure in the Clustered RCT
For the follow-up clustered RCT of the new interventions, we
selected six municipal health council regions that had not
participated in the first phase of the Active Plus project. To
prevent participants from different intervention conditions
contaminating each other (especially regarding whether they
received environmental information), randomization was at the
municipal health council region level, which means that each
region was randomly assigned to one of the intervention
conditions. This ensured that all participants were randomly
assigned through their region to one of the conditions and were
not able to choose the delivery mode (print delivered vs Web
based) of the intervention. For each intervention condition, we
selected seven (matched) neighborhoods to participate in the
RCT. Neighborhoods were matched on their urbanization,
percentage of people with a low SES, percentage of people with
a high SES, percentage of immigrants, and percentage of people
aged over 50 years. Each municipal health council provided a
random sample of eligible participants living in the selected
matched neighborhoods, after stratification for age. Figure 1
provides an overview of the selection of participants and of the
number of participants for each intervention condition.

A power calculation (effect size = 0.4, power = 80%, intracluster
correlation coefficient = .1) showed that at baseline about 420
participants were needed for each intervention condition
(considering a dropout rate of 40% during the 1-year follow-up
based on the original Active Plus project, and accounting for
the multilevel design based on an estimate of the intracluster
correlation coefficient). Because of an expected response rate
of 23% (based on the previous Active Plus study [9]), our
starting point was to distribute 1850 invitations in participating
regions of the print-delivered intervention. Because the use of
a Web-based intervention among persons aged over 50 years is
less established, 2775 (50% extra) invitations were originally
distributed in each Web-based intervention condition.

We recorded response rates for the different intervention
conditions in SES groups.

This study was in accordance with the CONSORT checklist
and is approved by the Medical Ethics Committee of
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Atrium–Orbis–Zuyd (METC code 10-N-36) and was registered
with the Dutch Trial Register (NTR 2297).

The print-delivered intervention groups received their advice
by mail, within 2 weeks after they returned the questionnaire.

The Web-based intervention groups received an email, with a
link that directly connected them with their tailored advice,
immediately after filling in the questionnaire (see Figure 2 for
the timeline of this clustered RCT).

Figure 1. Flow diagram of the selection and response of participants. SES = socioeconomic status.
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Figure 2. Timeline of the study.

Results

This section describes the results of (1) the evaluation of the
process and effect outcomes of the first version of the Active
Plus project across the reach and effectiveness dimension of the

RE-AIM framework, and (2) the adaptations in the intervention
and delivery mode based on this process. Table 1 provides an
overview of the results. Furthermore, this section shows the
pretest results and response characteristics of the Active Plus
follow-up project.
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Table 1. Overview of applying the RE-AIM framework in evaluating and adapting the Active Plus project.

Adaptation for the Active Plus projectDefinitionRE-AIM dimension

Extending the delivery mode to a Web-based versionNumber and representativeness of individuals
willing to participate

Reach

Providing additional information to reach both low- and high-socioe-
conomic status groups

Providing additional information to reach participants with physical
disabilities

Translating the print-delivered interventions into Web-based interven-
tions

Impact of the intervention on target outcomesEffectiveness

Adding information to increase intervention effects in the subgroups
that were less affected by the original intervention (persons with a
normal body mass index and persons aged over 65 years)

Improving intervention strategies

Stimulating self-efficacy and strategic planning

Stimulating intrinsic motivation

Reinforcing and extending environmental information

Translating the print-delivered interventions into Web-based interven-
tions. Response rates to the print-delivered interventions are higher

than response rates to the Web-based interventionsa

Proportion and representativeness of settings that
adopt the intervention

Adoption

aExtent to which the interventions are delivered as
intended

Implementation

Improvements made to the original interventions are expected to fur-

ther increase the effects on physical activity behaviora
Extent to which individual participants maintain
behavior change long term and the extent to which
the intervention is sustained over time within the
organizations that deliver the intervention

Maintenance

a Further research is beyond the scope of the current study.

Reach
Several efforts were made to increase the potential reach of the
intervention. The delivery mode of the intervention was
extended, and tailored advice was adapted to reach both low-and
high-SES participants and to reach participants with physical
disabilities.

Extending the Delivery Mode
The original Active Plus interventions were print delivered,
distributed through written letters. In 2005 (the start of the
original project) only a limited proportion of the older age
groups had access to the Internet. However, in recent years
Internet use among (older) adults has increased enormously. In
2010, 94% of all Dutch adults has access to the Internet at their
home [28]. Although home Internet access is still lower in the
age group 65+ years, with 68% access, the age group 55–65
years increased their home Internet access substantially to 91%
in 2010. Furthermore, the differences in Internet access between
SES groups have become much smaller (low SES 87%, high
SES 98% in the general population), indicating that Web-based
interventions are no longer a barrier to reaching low-SES groups
or older adults [28].

Web-based tailoring offers several advantages over
print-delivered tailoring, not only within the scope of reach but
also in increasing the potential effects (which is the second
dimension of the RE-AIM model and described in the next
section). The main advantages of Web-based tailoring are that

it provides options for more interactive applications (such as
Google Maps, and meeting and discussion forums) and the
opportunity to use more multimedia components (eg, physical
activity options illustrated by videos, which should lead to better
learning effects than static pictures [29]). Further, the Internet
can deliver tailored feedback immediately, eliminating a time
lag between assessment and feedback. The implementation costs
of Web-based interventions are much lower, and they require
less intensive manual labor than print-delivered interventions.
Data from the print-delivered questionnaires need to be entered,
and the letters need to be printed and sent by mail, which
requires postage and portage. Translating the print-delivered
interventions into Web-based interventions makes the
interventions less expensive and less work intensive, and the
project can be made more easily available to larger populations.
Web-based interventions are therefore expected to have a larger
reach. Other studies also showed that Web-based interventions
have the potential to reach large audiences, with low costs per
participant [30].

Reaching Low- and High-SES Groups
Both original interventions were effective in reaching low-SES
groups: 48% of all participants had a low level of education
[9,10]. As described above, it is expected that low-SES groups
can be reached by a Web-based intervention. Furthermore, the
process evaluation of the first project [21] showed that high-SES
participants felt the need to receive more in-depth information
about the effects of physical activity on health-related aspects.
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Therefore, we developed tailored messages with more in-depth
information (such as the possible consequences of insufficient
physical activity), especially for the more highly educated
participants.

Reaching Participants With Physical Disabilities
Unpublished data from the first project showed that persons
with physical disabilities had a lower appreciation of the original
interventions. Because many people aged over 50 years have
chronic physical disabilities (30% in the original Active Plus
project), in the follow-up project we paid special attention to
possible physical impairments of the participants. In the
Netherlands, 38.1% of all people aged between 55 and 64 years
have a chronic disease, increasing to 57.7% of all people aged
above 75 years [31]. Therefore, being physically active with a
chronic disease needs more attention, and the advice was tailored
to certain physical disabilities. Participants with arthritis,
cardiovascular diseases, depression, respiratory diseases,
rheumatism, stroke, diabetes, osteoporoses, or severe back pain
received additional tailored information about being physically
active with their disability, since these disabilities have the
highest prevalence among older persons in the Netherlands.
This additional (existing) information was developed by the
Dutch Institute for Sports and Movement and the Dutch
Organization for Sports With Physical Impairments.

Effectiveness
To increase effectiveness, we improved the original Active Plus
interventions by translating the print-delivered interventions
into Web-based interventions, by targeting nonresponsive
subgroups, and by improving the intervention strategies based
on the results of the effect and process evaluation (see Table
1).

Web-Based Interventions
Because of several advantages, noted above, of Web-based
interventions, we translated the print-delivered interventions
into Web-based interventions. Research showed that Web-based
interventions can be effective in changing health behaviors such
as physical activity [32]. The Web-based interventions included
more multimedia components. In the print-delivered Active
Plus advice, a practical strategy to target modeling was to
include role model statements in the letters, by using pictures
of active similar others (same age and gender) combined with
text describing the motivation and experiences of each person.
For the Web-based version, we replaced these role model
pictures and statements, as well as the traditional pictures to
explain specific physical activity exercises, with short videos.
Research has shown that video animations lead to better learning
effects than static pictures [29].

We developed a website to provide the respondents with the
opportunity to find information about physical activities in their
own local surroundings, and to exchange information with other
respondents. A meeting and discussion forum, an e-card facility,
and Google Maps showing opportunities to be physically active
in their own surroundings were developed specifically for
participants in the environmental intervention conditions. We
also added several hyperlinks to the website to provide
participants with additional information about local physical

activity possibilities. Participants in the Web-based intervention
received an email with a copy (pdf format) of the personal
advice they had received on the website directly after filling in
the questionnaire. The advice sent by email had the same format
as the print-delivered version.

Targeting Nonresponsive Subgroups
Moderation analyses showed that the interventions were not

effective in persons with a healthy body mass index (<25 kg/m2)
and adults 65 years and older [22]. Therefore, we added
information on the advantages of physical activity for persons
with a healthy body mass index and adults older than 65 years.
The importance of physical activity when having a healthy
weight was emphasized, and extra information was added about
the benefits of physical activity especially for older adults, such
as the importance of physical activity to maintain a healthy
cognitive state.

Improving Intervention Strategies
We adapted some intervention strategies based on the process
evaluation of the first project [21]. Regarding some of the
original intervention strategies incorporated into the tailored
letters (ie, role model statements, action planning post-its, and
coping planning tables), the majority of the participants had
read the materials and perceived the materials as interesting.
However, when intervention components asked participants to
actively participate (eg, filling in an action plan or coping plan),
only a minority of them actually filled in the materials [9]. In
the original interventions, action plans had to be written down
on post-its. For this new intervention, the post-its were replaced
by large and more appealing schemes, on which participants
could plan and write down their weekly physical activities, with
a more extensive and more motivating explanation. These
schemes were integrated into several parts of the tailored advice,
and participants were actively stimulated to work with these
schemes.

Strategic Planning and Self-efficacy
Mediation analyses showed that strategic planning and
self-efficacy were important in changing physical activity
behavior [10]. Therefore, we provided more elaborated tailored
advice on strategic planning in the improved interventions. The
self-efficacy advice was formulated in a more empathetic way.
Furthermore, more in-depth analyses showed that for some
self-efficacy concepts (age, being physically active alone, and
having less money), the transition from “being able to do it” to
“being sure that they were able to do it” is of great importance.
In the adapted interventions, the participants therefore also
receive tailored text messages for these concepts when they
answered “maybe” or “being able to do it,” whereas, in the
original project, participants received self-efficacy messages
only when they answered that they were “not (sure about) being
able to do it.” In addition, participants received a logbook with
instructions to encourage them to monitor their own physical
activity behavior and thereby to increase their awareness of
such behavior and to stimulate maintenance of being physically
active.
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Intrinsic Motivation
Mediation analyses of the original Active Plus project showed
that the intervention had only a minimal effect on the
participants’ intrinsic motivation to be physically active [10].
By integrating some concepts of the self-determination theory
into the current intervention, we attempted to increase the
participants’ intrinsic motivation. The self-determination theory
emphasizes the importance of intrinsic motivation in engaging
in and maintaining health-related behaviors. Motivation is
autonomous or self-determined when a person’s perceived locus
of causality is internal. Intrinsic motivation implies that the
behavior is engaged in for enjoyment and satisfaction [33-35].
Several studies have shown the importance of intrinsic
motivation as a predictor in exercise participation [36-40].
People will develop and maintain more self-determined
motivation when their environment supports autonomy. This
implies that people’s perspective should be acknowledged, their
initiatives should be supported, a choice and relevant
information should be provided, and pressure and control should
be minimized [33-35]. To create an autonomy-supportive
environment, we adapted text messages to comply with the
self-determination theory [34]. A clear rationale to adopt the
behavior was provided by presenting a more elaborated
knowledge component about the contingencies between behavior
and health outcomes to support informed choices. Also,
participants’ feelings and perspectives were acknowledged more
by showing more empathy. Participants were stimulated to think
and write down their personal most important reasons to be
sufficiently physically active. Furthermore, the participants’
own initiatives were more supported. For example, on every
improvement, positive feedback was given even when the
physical activity behavior still did not comply with the
international physical activity guidelines. Participants were also
offered a choice of options giving them control over their own
physical activity behavior (eg, physical activity in their daily
activities, during their leisure time, or by exercising). Finally,
we checked all text messages for the use of neutral language:
“should” and “must” were replaced by “may” and “could.”

Reinforcing and Extending Environmental Information
Previous studies have emphasized the importance of focusing
on enhancing participants’ perceptions of their environment
[41-47]. Unfortunately, we found no overall differences in
physical activity effects between the environment-based Active
Plus intervention and the basic tailored intervention [10,21].
However, perceptions of the environment changed positively:
participants perceived significantly more opportunities to engage
in physical activity in their immediate environment.
Furthermore, at 6 months the intervention additionally focusing
on environmental aspects increased the amount of certain types
of physical activities such as walking and cycling more than
did the basic intervention [10,21]. Mediation analyses showed
that the positive effect of the environmentally tailored
intervention on physical activity was mediated by changes in
environmental perceptions [10,21]. This emphasizes the
importance of including aspects such as enhancing participants’
perceptions of their environment in tailored interventions.
Adding environmental information to the intervention is

supposed to further increase the intervention effects. Therefore,
an extended version of the environment-based intervention was
developed for this follow-up project.

In the original Active Plus project, participants in the
environmental intervention conditions received information on
walking and cycling routes in their own neighborhoods, written
examples of exercises to do at home, contact information for
neighborhood sport clubs, a roadmap of their immediate
neighborhood on which walking and cycling possibilities were
highlighted, and access to a forum and e-buddy system on a
website. In the adapted follow-up intervention, we emphasized
the environmental approach, making it more personalized and
extended with additional options. Information about local
opportunities to be physically active was added on three levels:
(1) in their own district (sport clubs or sport accommodations
matching with their own preferences, existing walking and
cycling routes, and options to develop their own walking and
cycling routes), (2) in their immediate neighborhood (walking
routes to stores within 1 km of their own house, using Google
Maps), and (3) in their own home (options for being more
physically active in their daily life activities and seven different
home exercises).

Furthermore, we paid more attention to the participants’ social
environment. Although the original environmental Active Plus
intervention contained an option to visit a website to contact
other adults to be physically active together, little emphasis was
placed on this opportunity, resulting in very low participation.
In the new intervention, we put greater emphasis on
opportunities to get together with others in the neighborhood
to be physically active. We developed an online forum with a
variety of topics, actively promoted the use of a well-known
website to find a sport mate (www.beweegmaatje.nl), and
developed several postcards and e-cards that the participant
could use to invite someone to be physically active together.
Participants also received tailored feedback about the social
modeling and social support they receive from their immediate
social environment.

Pretest

All of the new intervention materials were quantitatively and
qualitatively evaluated for appreciation and usability. Results
of the quantitative pretest showed (see Table 2) that the new
strategies had modest usability (scores between 5.3 and 6.4 on
a scale of 1, not useful, to 10, very useful) and relatively high
appreciation (scores between 3.7 and 4.1 on a scale of 1, low
appreciation, to 5, high appreciation). Based on these results
and the remarks of the participants on the materials, we
subsequently adjusted the intervention strategies according to
the preferences of the pilot group.

The qualitative pretest assessing the usability of the Web-based
intervention (see Table 3) showed that filling in an online
questionnaire and performing the online tasks (such as sending
e-cards, filling in pdf forms, or watching videos) was not
problematic for the nonexpert users. Although filling in the
questionnaire and reading the advice took a considerable amount
of time, the participants did not mention this as a constraint.

J Med Internet Res 2012 | vol. 14 | iss. 2 | e39 | p.303http://www.jmir.org/2012/2/e39/
(page number not for citation purposes)

Peels et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


Table 2. Summary of quantitative pretest results.

Usability score (1–10)Appreciation score
(1–5)

Intervention materialsIntervention strategyTheoretical methodDeterminant

5.933.89Weekly schema to write down
plans to be physically active
(when, what, where, with
whom)

Invite to formulate
action plan

Active learningAction planning

5.783.72Coping planning schemaInvite to formulate
coping plans

Active learningCoping planning

5.323.96Post card to invite someone to
be physically active together

Provide the opportu-
nity to contact others

Linking members
to networks of
people

Perceived social environ-
ment or having a sports
partner

6.644.06Physical activity exercisesProvide exercises to
do at home

FacilitatingPerceived physical envi-
ronment

5.793.73LogbookEncourage monitor-
ing of own behavior

Self-monitoringAwareness

Table 3. Summary of qualitative pretest results of the Web-based intervention.

AdaptationsGeneral findings

The website was made findable in the Google search results, and an infor-
mation form was developed on how to enter the website.

The website address is often typed in into the Google search window in-
stead of the website address window.

No adaptations were made to the length of the questionnaire.Average duration of filling in the online questionnaire was 50 minutes.
The participants did not mention this as a constraint.

An information form was developed on how to fill in this questionnaire.
This information was also added to the help section of the website.

People perceived difficulties in how to fill in certain questions.

The letter type size was not changed.People appreciated the large letter type.

Layout of the webpage was adapted to prevent too much scrolling.All people were able to use the scrolling methods, but scrolling both up
and down, and to the left and to the right is too difficult.

Website links mentioned in the advice opened in a new window, to prevent
participants from loosing track of their personal advice.

By clicking on other website links, participants lost track of their own
tailored advice.

All errors were adjusted.Some technical errors and errors in tailoring algorithms were found.

Adoption, Implementation, and Maintenance
To study effectiveness and to monitor adoption of the
interventions by the target population, the interventions were
implemented in a clustered RCT. Since the response percentages
were lower than expected, in a second recruitment round we
sent additional invitations to reach similar absolute numbers of
respondents in all intervention groups. Figure 1 shows that the
response rate to the print-delivered intervention was higher than
the response rate to the Web-based intervention among people
aged over 50 years. As expected, both low- and high-SES
participants were reached by both print-delivered and Web-based
interventions.

Changes made in the intervention strategies to increase the
intervention effects (eg, stimulating intrinsic motivation) were
also expected to further increase the maintenance of physical
activity behavior among the target population.

Discussion

This paper describes the systematic translation of the results of
the (process) evaluation of the original version of the Active
Plus project into an adapted (Web-based) intervention using the

RE-AIM framework. Our focus was on the reach and
effectiveness dimensions of the RE-AIM framework, since these
dimensions are most influenced by the results from the original
Active Plus project.

We optimized the potential reach and effect of the Active Plus
interventions by translating the print-delivered interventions
into Web-based interventions. We also improved the potential
reach of the intervention by adapting the tailored advice to reach
both low- and high-SES participants and to reach participants
with physical disabilities. To further increase the effectiveness
of the original Active Plus interventions, we adapted them to
appeal to subgroups that did not respond to the effect in the
original intervention (ie, persons with a healthy body mass index
and adults older the 65 years). Furthermore, several intervention
strategies were improved. Because results from the original
project showed that strategic planning, self-efficacy, intrinsic
motivation, and the environmental component were important
in changing physical activity behavior, these concepts were
more strongly targeted in the new interventions. We made the
adaptations based on the results of the first Active Plus project,
such as the process evaluation [21], analyses of effects within
subgroups (ie, analyses of moderators [22]), and evaluation of
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the working mechanisms of the original interventions (ie,
analyses of mediators [10,21]).

Pretest results showed that all of the new intervention materials
had modest usability and relatively high appreciation, and that
filling in an online questionnaire and performing the online
tasks was not problematic for adults aged over 50 years. We
subsequently adjusted the intervention strategies according to
the preferences of the pilot group and then implemented the
interventions in a clustered RCT. Our first results showed a
higher response rate for the print-delivered interventions than
for the Web-based interventions. However, different SES groups
were equally reached.

We have identified several major lessons from our experience
of translating the original intervention into a Web-based
intervention targeted at older adults. First, it is essential to use
a theoretical framework such as the RE-AIM model when
evaluating and adapting an original intervention, since it ensures
that all important points that can determine the impact of an
intervention are systematically addressed. Second, it is of major
importance to use process evaluation data, and mediation and
moderation results to redesign and strengthen an effective
intervention. Finally, it is imperative to thoroughly pretest the
new interventions. The combination of quantitative and
qualitative pretests used in this study was very useful to gain a
broad insight into user experiences and preferences, and thereby
to improve the usability of the intervention.

Translating the (process) evaluation of an effective intervention
into an adapted intervention is very challenging and rarely
reported. Evaluation studies seldom lead to adaptations in the
evaluated interventions, at least not ones that are scientifically
monitored and reported, which results in a gap between research
insights and practice. Evidence on how to effectively facilitate
this adaptation process is also limited [48]. Providing more
insight into intervention evaluations and adaptations could help
future research in systematically (re)evaluating and (re)designing
interventions, without reinventing the wheel.

Our adaptations led to four versions of the intervention: basic
or with additional environmental information, and print
delivered or Web based. In future evaluations, it will be
important to consider the differences in cost and effects of the

different interventions as well. The potential reach of the
Web-based interventions is expected to be higher than the
print-delivered intervention because of the lower implementation
cost. Furthermore, the effect of the Web-based intervention on
behavioral change might be better due to the advantages of the
Internet (eg, the possibility of immediate feedback and
multimedia use). Response rates showed that both low- and
high-SES participants can be reached by both print-delivered
and Web-based interventions. The continuing study of the Active
Plus project aims to provide more insights into the cost
effectiveness of the adapted interventions.

The RE-AIM framework was perceived as a very useful
guideline for evaluating the original intervention and translating
it into a new intervention. We emphasized the reach and
effectiveness dimensions in our study. However, gaining insight
into the most relevant conditions for the adoption and
implementation of an intervention is also of major importance
and will be the focus of future research. The adoption,
implementation, and maintenance dimensions would depend
on the cost-effectiveness evaluation of the new (Web-based)
interventions, and will therefore be studied in a later stage of
this project. Results of the effect evaluation of the new
interventions and experiences of the target population and
intermediaries with the intervention may serve as input for future
studies. Careful administration of all costs and time needed for
the development, recruitment, and implementation of the
interventions is important to enable different intermediaries to
judge whether they would have the capacity to implement these
interventions in a nonexperimental setting.

Future studies should also provide insight into the feasibility
and relevant conditions for accepting and implementing the
interventions (by the intermediaries) or for participating in the
interventions (target group). Since Web-based interventions
among persons aged over 50 years can be regarded as an
innovation, a study to inform the adaption, implementation, and
maintenance of the intervention could be guided by Rogers’
theory of innovations [49], for example, by using focus group
interviews or in-depth interviews.

This paper provides insight into the processes leading to future
effects of the intervention and could help future researchers in
systematically developing or reevaluating their intervention.
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