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Abstract

Scholars are increasingly citing electronic “web references” which are not preserved in libraries or full text archives. WebCite is
a new standard for citing web references. To “webcite” a document involves archiving the cited Web page through
www.webcitation.org and citing the WebCite permalink instead of (or in addition to) the unstable live Web page. This journal
has amended its “instructions for authors” accordingly, asking authors to archive cited Web pages before submitting a manuscript.
Almost 200 other journals are already using the system. We discuss the rationale for WebCite, its technology, and how scholars,
editors, and publishers can benefit from the service. Citing scholars initiate an archiving process of all cited Web references,
ideally before they submit a manuscript. Authors of online documents and websites which are expected to be cited by others can
ensure that their work is permanently available by creating an archived copy using WebCite and providing the citation information
including the WebCite link on their Web document(s). Editors should ask their authors to cache all cited Web addresses (Uniform
Resource Locators, or URLs) “prospectively” before submitting their manuscripts to their journal. Editors and publishers should
also instruct their copyeditors to cache cited Web material if the author has not done so already. Finally, WebCite can process
publisher submitted “citing articles” (submitted for example as eXtensible Markup Language [XML] documents) to automatically
archive all cited Web pages shortly before or on publication. Finally, WebCite can act as a focussed crawler, caching retrospectively
references of already published articles. Copyright issues are addressed by honouring respective Internet standards (robot exclusion
files, no-cache and no-archive tags). Long-term preservation is ensured by agreements with libraries and digital preservation
organizations. The resulting WebCite Index may also have applications for research assessment exercises, being able to measure
the impact of Web services and published Web documents through access and Web citation metrics.

(J Med Internet Res 2005;7(5):e60)   doi:10.2196/jmir.7.5.e60
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Going, Going, Gone: Lost Internet
References as a Growing Problem

Authors of scholarly publications increasingly cite (non-journal)
Web pages and other Web-accessible documents in their articles.
These cited materials may include for example descriptions of
organizations on websites, “grey” research reports which have
been published as Web page or Portable Document Format
(PDF) files on the Web, online questionnaires, or even data files
accessible for example through national statistics websites. As
a general rule, published research should be transparent,

replicable and falsifiable, and readers should have access to the
cited materials, ideally seeing exactly the version authors saw
when they cited the material. Yet, cited Web documents are at
risk to be changed or even to disappear overnight, being
unavailable for future generations of scholars. The unstable
nature of Web references is increasingly recognized as a problem
within the scientific community, and has been the subject of
recent research and science policy discussions [1-8]. It also has
been referred to as an issue “calling for an immediate response”
by publishers and authors [7]. While services such as the Internet
Archive or Google offer archiving (caching) of Internet
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documents, this is done randomly, does not focus on academic
references, and cannot be initiated by authors, editors, or
publishers wanting to cache a specific Web reference.

In journals like JMIR, where authors refer to Web services and
online information perhaps more often than in other journals,
the problem of “link rot” (“broken” links) in the references is
particularly pertinent.

The Solution: Archiving Cited References
With WebCite

To prevent “link rot” in scholarly references, JMIR is now
among the first journals to adopt a new technology called
WebCite (http://www.webcitation.org), which is designed to
permanently archive and retrieve cited Internet references. This
tool can be used by authors, readers, editors and publishers. It
is free of charge for individual scholars (authors and readers),
with participating publishers ultimately carrying the operating
costs through a membership fee, similar to the CrossRef model,
which is a not-for-profit consortium of publishers working on
crosslinking between “traditional” journal references which
carry a Digital Object Identifier (DOI). The WebCite consortium
complements the CrossRef system as it caters to
“non-traditional” cited material which does not carry a DOI,
and which is therefore typically not permanently preserved in
libraries or systems like the LOCKSS (Lots of Copies Keep
Stuff Save) project at Stanford University [9].

The following briefly outlines how different groups of
stakeholders such as scholars, editors and publishers can use
WebCite. JMIR has amended its “Instructions for Authors”
accordingly, asking its authors to archive (“cache”) cited URLs
preferably before submitting a manuscript [10]. This ensures
that peer-reviewers and readers have permanent access to the
same version of the cited URL as the author. Thus, the following
section entitled “Using WebCite as a ‘Citing Author’” is most
pertinent for JMIR authors. If JMIR authors fail to cache cited
URLs, archiving will be done later in the article production
process, as described below under “Using WebCite as an Editor
or Publisher”. However, in these cases the captured version of
the cited page may differ from the version the author intended
to cite if it has changed between the original access date and
the article's processing date, thus authors are urged to
prospectively cache cited Web material as early as possible, for
example when they create a record in their bibliographic
reference management software such as Reference Manager.

Using WebCite as a Citing Author
On the first level, the caching process can be initiated by the
author of a manuscript wishing to cite a Web page (authors
should note that it is usually not necessary to cache electronic
journal articles if they have a DOI, as it can be assumed that
these are permanently preserved in libraries. However, free
articles from e-journals which appear not to be available in
libraries, those without an ISSN and/or a DOI should be archived
in case they vanish).

To initiate the process, the author goes to webcitation.org and
submits the cited URL for archiving before citing it. This process

is called to “WebCite®” a Web page or website. The WebCite
tool takes a snapshot of the cited Web page and returns a
“permalink” (permanent link), which the author should cite in
the references section instead of (or in addition to) the unstable
live link.

Alternatively, authors may also use a WebCite bookmarklet. A
bookmarklet is a small JavaScript program that can be stored
as a URL within a bookmark in most popular web browsers, or
within hyperlinks on a Web page. The WebCite bookmarklet
can be downloaded from the WebCite server and saved to the
bookmarks (“favourites”) folder of any Web browser, so that
the author can take a snapshot by selecting the bookmarklet
whenever he encounters a Web page he might later want to cite.

Other third-party vendors may develop further tools such as
browser plug-ins or add-ons to reference management software.

Authors may also cache multiple URLs by initiating a
“combing” of a manuscript for URLs (currently this only works
for HTML manuscripts). A request to comb the outbound links
from a given HTML manuscript leads the WebCite server to
present a checklist of outbound links from a manuscript to the
user, who can then choose to archive the content of any of the
outgoing links. This method is intended to be used during the
prepublishing phase of manuscript preparation, in order to
capture the content of cited Web pages which the author may
have not archived with WebCite during their primary Internet
search and writing up of the article. This method is deficient in
that the captured version of the cited page may differ from the
version the author intended to cite if it has changed between
the original access date and the article's processing date.
However, in cases where the original author did not include
WebCite backed links for their references, this is nonetheless
a better approach than simply not caching references at all.

Using WebCite as a Cited (Web)Author
Authors of online documents and websites which are expected
to be cited by others can ensure that their work is permanently
available by creating an archived copy using WebCite and
providing the citation information including the WebCite link
on the Web document(s). They may also put the WebCite
bookmarklet as a link on the page(s) they expect to be cited. In
the future, cited authors will also be able to retrieve WebCite
statistics as an impact measure from webcitation.org.

Using WebCite as a Reader
Once the page(s) in question have been cached by WebCite,
they can be accessed by users and publishers through the
webcitation.org server, usually – if implemented by the publisher
- just by clicking on a WebCite link next to the reference in
question (see references [9] and [10] of this article for
examples).

Depending on the information a user has at hand, items cached
by WebCite can be queried based on one of three methods: By
explicit WebCite ID, by URL and citing article (DOI), or by
URL and date.

Retrieval of a cached document by explicit WebCite ID
(snapshot ID) is the preferred way to retrieve a specific snapshot.
Every item added to the WebCite database (including Web

J Med Internet Res 2005 | vol. 7 | iss. 5 |e60 | p.4http://www.jmir.org/2005/5/e60/
(page number not for citation purposes)

Eysenbach & TrudelJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


pages, PDF files, and included images or stylesheets) is assigned
a unique numeric ID. These IDs are unique, unambiguous and
idempotent, and thus represent the ideal way of querying a given
resource cached by WebCite. However, the use of this method
requires knowing the ID for a given resource, and so it can not
be used without premeditation. Upon completion of an archiving
request, WebCite sends an email to the user who requested the
archiving operation (or, in the case of an FTP uploaded file, to
the prearranged technical contact for the DOI prefix of the citing
article) containing the WebCite link with the unique ID.

Also possible is retrieval by URL and date. When queried in
this manner, WebCite finds all cached versions of the given
URL, and sorts them by proximity to the given date. Although
this allows for a certain “fudge factor” with timestamps, it also
means that these types of queries are inherently ambiguous, and
are not guaranteed to be idempotent across queries. As such,
these queries are intended to be used when the user has no
information in hand other than the URL to query, and possibly
the approximate date of the snapshot they would like to see.

The last option, by URL and citing article (identified through
its DOI), is the preferred way many publishers may implement
a WebCite link. This method allows for publishers which use
WebCite as part of their (pre-)publishing workflow to easily
create WebCite queries for their cached references with minimal
coordination with WebCite before publishing. Publishers submit
the citing articles (as XML) shortly before, on or after
publication to WebCite, which automatically caches cited URLs.
These queries are unambiguous, but are not necessarily
guaranteed to be idempotent (the content of the URL may be
recached by multiple submissions of a given page for combing).

Using WebCite as an Editor or Publisher
Journal editors and publishers can use WebCite at three different
stages: At the (pre-)submission stage, the copyediting stage,
and the publication stage. Ideally, an editor or publisher works
with WebCite at all three stages.

On the first level, editors should ask their authors to cache all
cited URLs “prospectively” before submitting their manuscripts
to the journal, by adding a respective note to their “Instructions
for authors” (see this journal [10] for an example).

On the second level, editors and publishers should instruct their
copyeditors or “technical” editors (who are in charge of
preparing the accepted document for publication) to cache cited
Web material if the author has not done so already.

On the third level (a process that is currently tested with JMIR
and BioMed Central as early adopters), publishers can submit
the raw citing article to WebCite for processing. Ideally, this
submission is done via file transfer protocol (FTP), and uses a
well defined (preferably XML based) schema for article data.
The exact dialect used for this purpose should be agreed on
ahead of time by the publisher and WebCite. Currently, WebCite
supports (X)HTML documents, NLM Journal Publishing DTD
documents, and BioMed Central Article DTD documents.
Adding new document types to this list is a straightforward
process, and can be undertaken on a publisher by publisher basis
by providing WebCite with a document DTD and sample
document for testing.

While the first two levels are currently free of charge for
publishers, the third level requires that the publisher becomes
a member of the WebCite consortium.

A fourth option on how a publisher can use WebCite is
retrospective archiving. WebCite also works as a focused
crawler, and can – in collaboration with publishers -
automatically comb citing articles “retrospectively” for cited
URLs. The focused crawler can also be pointed to domains
hosting academic journals, which have previously not asked
authors to “WebCite” references before submission.
Retrospective archiving has the obvious limitation that by the
time references are being “WebCite archived” they may have
disappeared already.

In a pilot test of the WebCite focussed crawler, WebCite
analyzed 280752 references from 8381 articles published in all
BioMed Central journals from August 1997 to April 5, 2005.
6627 (2.4%) of these references were “pure” URL citations (i.e.
not a URL of a journal article etc.), of which 4919 were unique.
1571 cited an entire domain (i.e. a website as opposed to a
specific webpage). 2938 cited a HTML page, 222 a PDF file,
and 15 txt/doc files. Obeying a variety of robot-exclusion
standards and “no-archive”/”no-cache” metatags or copyright
restrictions, WebCite succeeded to archive 3198/4919 (65%)
Web pages. 500 were not cached due to robot exclusions, but
only 8 had a no-archive and 7 had no-cache restrictions. The
remaining Web pages could not be cached because they were
already inaccessible or had disappeared.

Due to the limitations of retrospective caching, prospective
archiving of cited references by authors or publishers at the time
the manuscript is written or published is the preferred way to
solve the problem of unstable and dynamically changing Web
citations. Since its official launch in October 2005, almost 200
journals are already using WebCite on a routine basis.

Copyright and Long-Term Preservation
Issues

Two of the most frequently asked questions about WebCite
concern copyright issues and long-term preservation issues.

First, how does WebCite deal with copyright? Caching and
archiving Web pages is widely done (e.g. by Google, Internet
Archive etc.), and is not considered a copyright infringement,
as long as the copyright owner has the ability to remove the
archived material and to opt out. In order to opt out, certain
machine readable Internet standards are in use, such as robot
exclusion standards, as well as no-cache and no-archive tags,
which are all honoured by WebCite. Thus, Web authors of
copyrighted material who do not want their work cached or
permanently preserved can explicitly exclude it from being
archived simply by including these standard tags. In addition
to honouring the respective Internet standards, copyright owners
of an archived Web page also may request manual removal. In
the vast majority of jurisdictions, caching Web pages would
also considered “fair use”, in particular because 1) usually only
one Web page as part of a larger collection (a website) is quoted,
2) because the webcited document is usually “unpublished” in
traditional venues, hence there is no economic impact, with the
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vast majority of cited authors actually benefiting from the
citation, 3) because the webcitation is used in the context of
research.

Despite these arguments it has to be acknowledged that
copyright legislation and jurisdiction in this area are complex
and in a state of flux, and part of a future iteration of WebCite
may include a comprehensive licensing management system,
allowing to pay royalties to authors of archived material, should
they wish so.

Secondly, how can scholars and publishers who opt to use
WebCite be sure that the webcitation permalinks themselves
will never be broken, that webcitation.org will never disappear?
The answer is threefold: First, through the largest possible
degree of “openness”: All WebCite code is Open Source, and
all documentation is licensed under Creative Commons licenses.
Secondly, through collaborations with libraries and consortia
interested in preservation of digital material, who may act as a
curator, custodian or trustee for the WebCite project. These
long-term preservation partners may have agreed to hold
backups of the service and to legally assume the domain name,
all intellectual property such as trademarks, and the service
itself, should for any reason the original WebCite service go
out of business. Thirdly, the WebCite consortium will eventually
be owned by (or through a membership scheme run by)

publishers, who all have a vested interest in keeping the service
alive.

Beyond Archiving:The WebCite Index as
a Retrieval and Impact Evaluation Tool

Widespread adoption of the WebCite technology among
scholars, editors and publishers will not only solve the problem
of inaccessible cited documents, but also open up further
possibilities, such as the building – in analogy to the "Science
Citation Index" (SCI) – a global “WebCite Index” which has
been proposed as early as in 1998 [11]. Such an index can be
used as a tool to evaluate electronic publications and websites
which are published outside of the traditional peer-reviewed
journal publishing route. Currently, websites and electronic
documents, even if they are cited heavily, contribute little to a
researchers’ career or institutions’ reputation, as they are
inadequately captured in the Science Citation Index and in
traditional research assessment exercises. Data stored in the
WebCite Index can the basis to calculate Web impact measures
(the number of times Web documents are cited or accessed
provides quality indicators of their importance), activity
measures (indicators of research and development activity in
the subject areas) and linkage measures (indicators of intellectual
linkages between authors/organizations and knowledge linkage
between their subject areas).
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Abstract

Background: Youth are often disenfranchised in their communities and may feel they have little voice. Since computers are
an important aspect of youth culture, they may offer solutions to increasing youth participation in communities.

Objective: This qualitative case study investigated the perceptions of 19 (predominantly female) inner-city school youth about
their use of computers and the Internet in a school-based community development project.

Methods: Youth working with public health nurses in a school-based community development project communicated with
local community members using computer-mediated communication, surveyed peers online, built websites, searched for information
online, and prepared project materials using computers and the Internet. Participant observation, semistructured interviews,
analysis of online messages, and online- and paper-based surveys were used to gather data about youth’s and adults’ perceptions
and use of the technologies. Constant comparison method and between-method triangulation were used in the analysis to satisfy
the existence of themes.

Results: Not all youth were interested in working with computers. Some electronic messages from adults were perceived to
be critical, and writing to adults was intimidating for some youth. In addition, technical problems were experienced. Despite these
barriers, most youth perceived that using computers and the Internet reduced their anxiety concerning communication with adults,
increased their control when dealing with adults, raised their perception of their social status, increased participation within the
community, supported reflective thought, increased efficiency, and improved their access to resources.

Conclusions: Overall, youth perceived computers and the Internet to be empowering tools, and they should be encouraged to
use such technology to support them in community initiatives.

(J Med Internet Res 2005;7(5):e51)   doi:10.2196/jmir.7.5.e51
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Introduction

The use of computers and the Internet can aid communities by
supporting communication and access to information, thereby
building social capital and community capacity [1,2]. Using
computers can assist the community planning process [3],
community participation, and information sharing [4-6].
Computer-mediated communication can build community
awareness, encourage local decision making and dialogue
between groups, and support disadvantaged communities. Status
barriers can be reduced [7], and online communication with
disenfranchised groups, such as women, people of color, and
those with disabilities, can be promoted [8].

Youth are among the disenfranchised groups. Adults typically
view youth as the cause of community deterioration rather than
as a community asset [9,10]. Youth often feel they have little
voice in their communities [11,12]. Youth participation in their
communities can positively influence programs so that they are
more responsive to youth’s needs [3] and can help support
youth’s sense of self-determination from a community and
individual perspective [4,5], thereby promoting their health.
Increasing youth community participation, however, has been
problematic. Since computers are an important aspect of youth
culture, they may offer solutions to increasing and supporting
community participation.
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Youth have used computer technology to support various
community projects [6-19]. Websites are seen as potential
vehicles to support community building among groups that
confront prejudice and domination [20]. Hart [21] argues that
electronic publishing has the potential to broaden the reach of
children’s voices and provide instant feedback. Cockburn [22]
supports that children can use information and communication
technologies to increase their participation in public life through
better access to information, collective action, a more level
political playing field, and the ability to include their views in
decision making. Despite the claims of the benefits and barriers
of computer technology, no research was found that addressed
its use in community development work with youth.

The purpose of this qualitative case study was to explore youth’s
use and perceptions of computers and the Internet as tools to
support them in a school-based community development project.
Objectives were to examine how youth used these tools and to
explore youth’s perceptions of how the use of these tools
affected participation within their community and
communication with community members.

Methods

Study Design
This case study was conducted in a Southwestern Ontario
inner-city school. Nurse facilitators (the school public health
nurse, 2 senior nursing students, and the author) worked with
19 well-functioning grade seven and eight students for 12 weeks
on a school-based community development project. Criteria for
eligibility included demonstrated responsibility and the ability
to manage academically by missing a 50-minute school period
three times per week. The principal saw the community
development project as an enrichment program for youth who
could benefit from the challenge. To increase project
sustainability, it was decided to include grade seven students
who could carry on in the following school year. The principal
selected a group of 35 students in grades seven and eight in
consultation with teaching staff. Of the 35 who were selected,
23 consented to participate, and of these, 19 completed the
project. Parental consent was also obtained. Participants were
primarily female (79%, n = 15) and were evenly distributed
between grade seven (n = 13) and eight (n = 12), including 6
participants who were visible minorities and 13 who were on
the school honor roll. Many of the selected youth held other
duties in the school, such as office and lunch hour supervision.
A number of them came from single parent families. Initially,

the youth generally felt that they had little voice in their
community and were not trusted by adults [12].

Over 12 weeks, facilitators and youth met during school hours,
three days per week, for one and a half hours each day. Youth
identified needs and assets of their school and neighboring
community, prioritized problems, and planned and implemented
actions to improve their environment. Community assessment
activities included mapping where youth live, work, learn and
play; conducting a neighborhood walkabout; and photographing
images to illustrate community needs and assets. The youth
participated in a visioning session, interviewed key community
members, conducted face-to-face interviews, and surveyed peers
online about their views. Small groups of 4 to 8 youth worked
on specific tasks with at least one adult facilitator. Large group
sessions were also held to define community boundaries, decide
on group goals, and share updates. Occasionally, a group of 7
youth met independently to refine computer and Internet skills
and work on computer-based activities to support the project.

Participants identified many health issues, such as violence,
drugs and alcohol, pollution, and smoking. They eventually
chose to work on “do-able” school improvements. They
enhanced the school’s general appearance by removing graffiti
from school walls and beautified the school environment through
a small greening project. They lobbied for improvements in
washrooms and prepared two proposals: to establish a
student-run school store and student council. Factors that
enabled and constrained the community development process
for youth are described elsewhere [23].

Youth accessed 6 computers in the library that were used to (1)
construct websites containing their community assessment
findings, (2) survey peers online, (3) create documents, (4)
access information and resources through the Internet, and (5)
communicate with each other, project facilitators, school staff,
and community members using a computer-mediated
communication system (FirstClass). This system, hosted by the
local university, was used because it provided a private
password-protected communication space for project
participants. Participants could write private email messages or
post messages to the group’s bulletin board, which could be
viewed by all project participants. Community members, who
were trained and given access to the system, could post and read
all existing notes. This provided a useful archive of all messages.
An example of one youth’s message enlisting help from an adult
can be found in Textbox 1.

Textbox 1. Letter composed by a youth participant

Hello. This is a message from the XXX School Community Development project. Hopefully, you [have received] this message [that was] sent to
XXX Park. We have written this message to you in hopes that you will view our web site and give us ideas on how to improve our school with our
“Greening and Cleaning” project to beautify our school. We could use any form of help from you. Maybe some people who work there or volunteer
could visit XXX School and accompany us with some of the work. We are planning to start planting a small garden this spring. Maybe you could be
able to help us plant and plan a long-term garden. Please e-mail us back, and if you can find any time please visit our web site at
http://www.learnlink.mcmaster.ca/POWer.

Sincerely,

XXXX
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Research Methodology
This qualitative case study used multiple methods of data
collection, including participant

observation, field notes, youth interviews (conducted
individually, in pairs, or in a group of 3), facilitator interviews

(conducted individually), online- and paper-based surveys, and
quantitative analysis of computer-mediated communication
notes. Interviews were transcribed, reviewed, and edited as
needed. Table 1 outlines the timeline, method, and purpose of
each data collection method. Ethics approval was obtained from
the University of Toronto, Research Ethics Board.

Table 1. Data collection methods and purpose, in chronological order

PurposeData Collection MethodTime

To explore youth’s general feelings about the use of computers in
the project

Open-ended, paper-based anonymous surveyWeek 4

To explore youth’s perceptions about the community development
project and computers

Open-ended, online survey in the computer-mediated commu-
nication system

Week 9

To obtain a detailed description of all project meetings, events, and
communications with project participants

(Reflective notes provided an audit trail.)

Participant observation and raw field notes

(Reflective notes were also added to the field notes.)

Weeks 1-13

To explore youth’s perceptions about the use of computers in the
project

One-hour youth interviews (singly, in pairs, and, in one case,
with a group of 3)

(All interviews were taped, transcribed, checked, and edited
for accuracy in transcription.)

Weeks 14, 15

To enhance the author’s interpretation, adult facilitators were inter-
viewed about their impressions of youth’s perceptions of computers
in the project.

One-hour adult facilitator interviews

(All interviews were taped, transcribed, checked, and edited
for accuracy in transcription.)

Weeks 14, 15

To investigate youth’s involvement with online notes and to deter-
mine who wrote and opened notes

Quantitative analysis of notesEnd of study

Richards and Richards suggest “working up from the data” and
later reflecting and exploring it to form impressions and
summaries [24] (p. 466). Qualitative coding of the interview
transcripts, field notes, and open-ended surveys was conducted
using this approach. The constant comparative method [25] was
used to support the development of themes using qualitative
analysis software (ATLAS.ti, ATLAS.ti Scientific Software
Development GmbH, Germany). Two types of triangulation
were used to build credibility of the qualitative findings [26].
One type used the constant comparison method, where themes
were identified repeatedly, thus satisfying the existence of the
theme. The second form was between-method triangulation.
Interviews, participant observation, paper-based and online
surveys as well as analysis of computer-mediated
communication notes were used to gain an in-depth
understanding of the phenomenon in question. Data can
converge to a single proposition or demonstrate inconsistencies
or contradictions. These differing outcomes in the analysis are
valuable to consider to “construct meaningful propositions” or
explanations about the data [27] (p. 15). The paper presents
emergent themes, as well as inconsistencies uncovered in the
analysis.

Results

The first section briefly reports on technology use by youth.
Following this, themes are presented related to youth’s
perceptions. Quotes from male youth are marked as such.

Use of Technology
Youth worked with computer technology in varying degrees:
18 (94.7%) youth developed Web pages, and 10 (52.6%) youth
conducted an online survey of their peers’ opinions about
community needs and assets. Of the 177 notes that were posted
in the computer-mediated communication system, project youth
posted 117 (66.1%) notes, whereas adults posted 60 (33.9%)
notes. On average, youth created 6 notes (range 2-11, SD 2.4)
and opened 20 notes (range 3-62, SD 15.7).

Youth’s Perceptions of Technology
Four major themes describe youth’s perceptions of computer
and Internet technology used in the project: reduced social risk
factors, increased community participation, increased
opportunity for reflection, and increased resources (Textbox 2).
Inconsistencies are also presented.
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Textbox 2. Themes and subthemes of youth’s perceptions of computer and Internet technology

1. Reduced Social Risk Factors

• Reduced anxiety

• Increased control

• Increased social status

2. Increased Participation in Community

• Sharing youth’s views with the world

• Getting others’ opinions

• Getting access to influential people

3. Increased Opportunity for Reflection

4. Increased Resources

• Increasing efficiency

• Increased access to information and materials

• Improved record of progress

Reduced Social Risk Factors
Three subthemes explain the major theme of reduced social risk
factors. Youth felt that using computers reduced their anxiety,
increased their control, and increased their social status.

Reduced Anxiety

Youth wrote to adults online to get information and advice. For
example, youth emailed the local police liaison officer for ideas
about vandalism prevention in the school and contacted the
local botanical gardens for advice on plants suitable for a school
greening project. Many youth felt that writing to adults via the
Internet significantly lessened their anxiety compared to
face-to-face or phone discussions. Youth were asked how they
felt about constructing online messages to adults. SL (male)
thought that “you wouldn't stutter or have trouble saying what
you want.” This was explored further in interviews. PF
explained, “Usually people get choked up over the [phone] line.
If you write it, it is easier to say things.” Two girls described
their experience:

[On the computer] it wasn't like when you’re in
person. You’re kind of nervous with adults. [LP]

You don't want to say the wrong thing. [CB]

They get mad at you or something. [LP]

Computer-mediated communication was seen as neutral ground
between youth and adults. YB (male) said, “If you talk
face-to-face, it scares you.... On the Internet, it's okay. You don't
know them, they don't know you. You [get] along.” Two youth
who wrote to adult facilitators further explained the safe online
environment:

On the computer you can say whatever you want. But
when you are face-to-face you are afraid to tell
[adults] what you want to do.... They might laugh at
you. Laugh in your face. Tell you to get lost.... [CC]

If you go up to any person and just start telling them
you would probably feel shy.... [CP]

The computer was easier. You can say whatever you
want. [CC]

Online communication provided a safe way to initiate
discussions with adults. CP explained how it was easier to write
to the project facilitators at first. “We have to know the person
before. We didn't know you guys and we didn't start talking to
you guys at first.” As NT (male) explained, “[I’d rather] write
[the police officer] an email first...because I never met the guy.”
TS composed notes to reduce her anxiety before telephoning
an agency. She preferred email because “I don’t have to talk.”

Increased Control

Some youth spoke about feeling more in control communicating
with community members using computer-mediated
communication. As described by SL (male), it “gives you more
of a backbone.” Two youth appreciated being able to prepare
their dialogue carefully for adults.

[When talking] you sound kiddish. If you don't write
anything like... [SL (male)]

Big words. [SG]

Yeah. I was ready to pull out a thesaurus and figure
out what to say. [SL (male)]

I think, umm, it was better on the computer than
talking because... [SG]

It's like, umm. Uhuhuh mmm. When you're talking.
[SL (male)]

Yeah exactly, they can't see you [online]. [SG]

Youth felt more prepared to talk to adults because they could
read their notes first. SL (male) stated, “It kind of gives you an
idea of how they talk and how they think.” Writing on the
computer also allowed youth to better prepare their notes. As
MM noted, they could “spell check...and make sure the grammar
is right.” Having time to read other’s notes and prepare their
own gave youth a feeling of being more in control.
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Increased Social Status

Communicating via the Internet raised youth’s perception of
their social status. Many youth felt that they were more
professional and were perceived as having “smartness” (YB,
male). CB preferred communicating with adults online “because
then people think you're smarter.” She later commented that
writing to the principal online promoted being heard: “It was
more professional.” A facilitator concurred that youth’s image
was positively influenced through the use of technology: “I
think they would have been seen differently by the community
because they were using the technology.... [They] were seen as
a bit smarter, brighter.” Youth and adults felt that youth’s
credibility was also enhanced.

[On the computer] adults know we're not just jokers
around that do whatever they want. [CP]

Yeah this isn't just kidding. [CC]

A facilitator reflected that “It certainly lent more credibility to
the students' perception of what they were doing and external
perceptions of what the students were doing within the school.”
MM corroborated this view: “Sometimes they might not listen
to you, because they hear your voice or something. They will
actually read what you write.... They still know you're just a kid
doing stuff. But they are more reading it, because you are not
actually there looking at them. They are actually going to read
it.”

Therefore using online communication raised youth’s perception
of their social status and professionalism, in turn, increasing
their credibility in the community.

Inconsistencies Regarding Increased Social Status

On two occasions, youth interpreted online messages from adults
as negative and rude, leading to feelings of inferiority and low
social status.

You're telling us to write proper and good and stuff,
and then they come back and pretty much [call] us
stupid. [SG]

That's what I was thinking. [SL (male)]

Yeah, thanks for your support. We're retards! [SG]

In one incident, a school police liaison officer replied to a
youth’s online question, “What would you change in the
community?” The officer replied, “Your first question is huge!!
I need you to be more specific. I would change a lot of things
if I had the authority to do so....” SL (male) interpreted this
communication negatively: “[It] sounded like he was getting
rude on the thing. But it was just the way he was talking.
Sounded like he was saying...get smarter.” In another incident,
US (male) wrote to the school staff member asking, “What kind
of things do you think that this community needs?” The school
staff member replied, “Is this a wish list?” CP spoke about her
perception of this message:

He is giving you these good ideas. And then after he
says, “Is this a wish list or something?” He should
have put it down different. Not like that. When you
think of a wish list you think like, “Oh, I want this, I
want that.” Like you're being greedy.... You're not

trying to be greedy. You are just trying to help out.
[CP]

The school staff member reflected on the incident:

You have to choose your words carefully because
words can be perceived differently. So in general, I'm
quite careful with how I respond to email, and I read
everything over before I send it, just to make sure the
tone of it is the way I want it to be. But I think I was
even a little more careful with the kids…. [school staff
member]

Youth were careful writing to adults. Although communicating
online increased their sense of control, US (male) noted that,
“It's different writing to the principal because I have to use
proper grammar and stuff.... I was careful.” SL also felt “kind
of nervous. [I held] back what I was going to [write]. Trying
not to offend them.” A few youth felt awkward writing to adults.
“I was used to writing to [my peers]. It was hard to write to
someone older than I am” (BG). DC said, “I wasn't exactly
worried, but it was hard [because] I couldn't exactly think of
what to put down.” PF worried about the interpretation of her
notes: “I don't know if they will like it, if they will understand
it…if it shows the whole concept.” Thus, writing to adults was
somewhat problematic for youth.

Although youth perceived themselves as smarter in the online
environment and felt less anxiety overall, the process of online
communication was not stress free. To protect their anonymity,
cyber names were used, such as “Purrfection” and “Hellokitty.”
This had the negative effect of reducing youth’s credibility in
the eyes of community members. One community member was
contacted by phone when an email response was not
forthcoming; this community member considered the youth’s
email a prank. To build credibility, youth began to describe the
project in the body of their emails and referred to the project
website once it was launched. This solved the problem.

Increased Community Participation
Youth felt that technology helped to increase their participation
in the community. This is explained by three subthemes: sharing
youth’s views with the community, getting other’s opinions,
and getting access to influential people.

Sharing Youth’s Views With the Community

Youth felt strongly that they could share their thoughts about
their neighborhood through websites. Willing youth were taught
to construct a simple website containing ideas about their
neighborhood and photographs. The Web pages reported on
community problems, such as pollution, bullying, violence, and
smoking. Areas of pride, such as their school, the local football
stadium, and recreation center, were also highlighted. Project
progress was also reported. In the interview, LP said, “We made
websites so we could show people what we have done so far in
the project.” NT (male) felt that the Internet helped youth share
their ideas: “You can tell what we like and don't like about [our]
communities.” MM felt that “more likely [youth] are going to
write out what they think on the computer. They are not just
going to come up and tell you.” Photographs augmented youth’s
stories.
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Because, you have pictures and stuff so kids could
see. If there's just sentences and stuff it's like... [LP]

It's hard to imagine that in your head. [CB]

You might be thinking about something else but
they're not talking about that. It might just sound like
that. [LP]

Yes. I just think [the website] communicated it very
well. [CB]

Web pages helped youth extend their reach into the community.
CB explained, “People understood you better I guess.... If we
didn't have the computers we wouldn't be able to reach the
community that was the around us.” Unfortunately, youth’s
websites were not well publicized. They were disappointed that
only two school staff members reported visiting the site. Despite
this, given another opportunity, all youth stated that they would
build Web pages again. “It took us a lot of time [to build
websites]. It's worth it” (YB). Youth highly valued the potential
global reach of their ideas, even if it had no impact on the
outcomes of the project itself. One facilitator felt this itself was
empowering for youth:

[Working with computers] made them feel part of the
bigger world. Whether or not they contributed to the
community…they were certainly communicating with
people out there, people that they might not have ever
interviewed or connected with.... I think these kids
were empowered in the sense that they knew that their
work was displayed for the whole world to see, and
I think that was empowering alone.... [facilitator]

Getting Others’ Opinions

Youth gained peer input through the Internet, which helped
them identify and prioritize community needs. Students in grades
six to eight were asked to rate community problems and
strengths in an anonymous online survey. Youth visited the
classrooms and invited their peers to participate. LP wrote:

[Computers] helped us...figure out what we wanted
to focus on. If we didn't have computers to do [online]
surveys, we would probably take twice as long to
figure it out. And we could chat with people to find
out what they thought of what we have done.” [LP]

Two youth debated benefits and limitations of online surveys.

[I liked the online survey] because we got to get to
results. We got a chance to use the survey to see the
[opinions] of other people. [CP]

If we didn't have computers...we couldn't do as much
as we did. Because we couldn't get other people's
opinions unless they wrote us a letter or came
face-to-face and talked to us. [CC]

I think it would be better with [face-to-face]
interviews. You can get more answers. If you just give
them a choice out of 3…they might have more to say.
So on the computer, they can't write all their thoughts.
[CP]

Despite the limitations of forced choice surveys, the majority
of youth felt that computers helped them obtain other’s opinions
about their community. MM stated, “We learned to take

everyone into consideration no matter what they have to say.
We learned that everything anyone says is a good idea, because
it is [their] idea.” Clearly, youth valued their peer’s opinions
and successfully included them in the project using technology.

Getting Access to Influential People

Some youth indicated that computers and the Internet provided
access to influential people. DC wrote, “[I think computers have
helped us] because we can ask important people if they have
their own opinions on this community like [the police
officer]....” BG shared that “[computers allowed] us to get
important information from people outside of the school to help
us with our project.” PF explained, “Without the computers,
we would have never gotten replies and such from the [Royal
Botanical Gardens] or people like that.” Through youth’s Web
pages, communication notes, and the online survey, youth
viewed computers and the Internet as effective means to
communicate with community members, including influential
adults, other youth, and the broader community.

Increased Opportunity for Reflection
As a result of the asynchronous nature of computer-mediated
communication, writing thoughts online gave youth time to
reflect. A few youth felt that this helped clarify others’ ideas.
LP explained:

We could look and then we could come on another
day and we could [write] to them about “What did
you mean about that.” [Then we could answer] “I
think that's a good idea” or something. [LP]

MM agreed:

It's going to be the same thing as you are going to
say. But when you write it, you can think a lot more
about what you are going to write. You don't have to
worry about them being right there. You can go back
and read it.... [MM]

Facilitators observed that youth took their time to communicate
to adults online. A facilitator shared in her interview that
“[computers] gave [youth] a chance to generate responses that
were more thoughtful.” CC noted that online polling provided
more time for reflection compared to face-to-face interviews:
“I think the computer is easier because people get to think more.
If you're face to face…like if you're thinking a long time, people
get might get bored of me.” Technology provided more
opportunity to think before acting.

Increased Resources
Participants felt that computers increased resources. This is
explained by three subthemes: increased efficiency, increased
access to informational and material supports, and a permanent
record of progress.

Increased Efficiency

Computers and the Internet increased youth’s efficiency in
accessing resources. SL (male) felt that “you can get information
faster and cheaper.” CP explained, “The computer [online
survey] gave you faster results.” MM felt that technology
provided a reliable and efficient means to communicate:
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[By using computers] you know it's going to get to
them. If you just call and leave a message, you have
to worry about them calling you back. You can just
check your email to see if they emailed you back. No
waiting for them to call you back at a certain time.
[MM]

Increased efficiency was also noted in a facilitator’s interview:

Email is quick and easy and accessible to everyone.
At least that's the perception I think most of these
students had.... [Youth] were able to write emails as
soon as we found the sites that intrigued us or came
up with ideas, and it was a very quick way, again, to
start that dialogue…. They were able to do things
right away. [facilitator]

Youth, therefore, perceived a heightened sense of immediacy
and access to quick feedback.

Information and Material Resources

Participants felt that the Internet enhanced the group’s ability
to search for and access community agencies, information, and
material resources. Some youth searched for community
contacts, such as the police and parks and recreation staff. They
gathered information about forming a school council and starting
a school greening project. MM felt that “[the Internet] helped
with all our information that we needed to explore.” Youth
successfully obtained material resources. LP stated, “[through
email we could] write to each other and to people [that] we
needed supplies from.” GC wrote, “I think the computers have
helped to get donations from other people.” PF wrote, “If we
didn't have these computers, we would have never been able to
email all those people that could help us.” The project website
helped publicize their project goals, which resulted in access to
free resources. For example, the Children’s Museum staff
viewed the project website and then waived a room booking
fee for a group function.

Permanent Record of Progress

Some youth felt that computer-mediated communication was
valuable to document and store information. SL (male) identified
that “the program holds information, [and] you can lose paper.”
Later, he commented online that “[computers] have helped us

a lot by storing information….” MM indicated that “we wrote
a lot of our ideas on the computer, and with that we can come
back and read those ideas any time we want.... We will never
have to worry about forgetting them.” Thus, computer-mediated
communication maintained a permanent record of project
communications.

Inconsistencies Regarding Computers and the Internet
as a Resource
A small number of participants generally disliked technology.
They felt that using technology was time-consuming. BM felt
“the logging in would take forever. And then you had all your
mail you had to check. And then you had to do what you had
to do, and it would take forever.” GG spoke about contacting
the local park: “[I would prefer] to phone because it will get
there quicker.” SM, who was very artistic, shared the following
in the interview:

I don't like computers. If I would just [have] written
it, it would have taken less time.... And it takes a long
time to get into the program and we had to cut and
paste it and all that stuff. I could have just written it
and put it on pretty paper. [SM]

Computers were not appealing to all youth. Many justifiably
complained about slow connections and the Internet frequently
being down.

Discussion

The major themes and subthemes that have been presented
closely parallel a number of factors associated with
powerlessness and empowerment in Wallerstein’s Empowerment
Education Model [28]. Therefore, these themes are interpreted
using this model. Textbox 3 lists factors from the model that
appear congruent with the major themes. The model supports
the finding that youth perceived computers and the Internet to
(1) reduce certain social risk factors thought to be associated
with powerlessness and (2) to increase factors that are associated
with empowerment. Despite technology limitations, computers
and the Internet generally appear to be empowering tools for
youth.

Textbox 3. Major concepts from Wallerstein’s empowerment education model [28] that parallel themes

• Powerlessness

• Social Risk Factors

• High psychological demands

• Low control

• Low in hierarchy

• Empowerment

• Increased Participation in Decision making

• Critical Thinking/Conscientization

• Resource Equity/Access
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Overcoming Threats to Empowerment with Computers
and the Internet
The themes—reducing levels of anxiety, gaining control, and
increased social status—were related to online communication
with adults. These themes parallel social risk factors in
Wallerstein’s model [28], namely high psychological demands,
a feeling of low control, and being low in social hierarchy.
Reduction of these factors supports empowerment. Computers
and the Internet can, therefore, be viewed as supportive tools
for youth to overcome threats to empowerment. Youth felt more
confident, better prepared, and more knowledgeable about the
adults with whom they communicated online.

Others found similar benefits from working with technology.
Resnick et al [19] worked with youth in computer clubhouse
projects where design experiences supported learning by giving
youth a sense of control over the learning process. In this case
study, youth felt in control communicating to adults online since
they could manipulate the medium. They also felt increased
status. Similarly, in an online nurse practitioner program,
students identified that the novelty of taking a computer-based
course and greater computer knowledge raised their status
among their colleagues and families [29]. Reductions of social
status differences have also been noted in computer-mediated
communication research with adults in their work environments
[7]. Further research into the impact of technology on
communication processes between adults and youth is
warranted.

Supporting Empowerment With Computers and the
Internet
Wallerstein places emphasis on increasing participation in
decision making to support empowerment [28]. Youth felt an
increased sense of participation with their neighborhood and
school community through online communication. They also
gained others’ perspectives using computer-mediated
communication and online polling and, more importantly, shared
their personal views on Web pages and in communication notes.
Youth considered their website to be the most valuable strategy
to express their ideas to the broader community. Resnick et al
indicated that designing computer projects “facilitated personal
connections to knowledge, because designers often develop a
special sense of ownership (and caring) for the products (and
ideas) that they design” [19] (p. 270). Perhaps this explains, in
part, the value that youth placed on this activity. Wong et al
[30] indicated that designing Web pages was a popular activity
in Michigan elementary school computer clubs. They attributed
this to three factors: providing youth with an authentic learning
experience, increased participation with the broader community,
and an increased sense of achievement. Community practitioners
are thus encouraged to support youth in website creation.

This study supports websites as an effective narrative tool for
youth. Rees [31] sees benefits from youth telling their story, in
which a form of narrative therapy occurs and mutual education
and sharing between young people and adults begins. Similarly,
Schwab [32] reviewed community development initiatives and
found that when youth tell their story, they grow. Media tools
such as journals, masks, and drama that represent youth’s lives
were identified as valuable tools for self-expression and

advocacy. Other creative methods include murals [33], zines
(self-published magazines) [34], and videos [35]. Other
researchers [36-39] describe using photography as a voice for
community issues and as a method for participatory research
and community assessment.

Most youth reported showing their personal Web pages to family
and friends at home or at the public library. Despite the
limitations for those without home Internet access, the potential
for broad community reach through the websites and email was
empowering. Wallerstein [28] indicated that stronger social
networks support community empowerment. Networks can be
enhanced through websites and online communication. Newer
technologies such as Web conferencing and instant messaging
have this potential.

Computers and the Internet were viewed by most youth as
valuable resources. Wallerstein refers to a lack of resources,
such as finances or access to systems, as a risk factor related to
powerlessness, whereas access to resources supports community
empowerment [28]. CB reflected that “I have learned that you
can change your community if you have a lot of resources and
a lot of people to help.” Most youth felt that computers increased
their efficiency; gave them more control; made information,
people, and materials more accessible; and were useful for
storing their ideas. Some youth commented that the time
afforded to think and construct responses on the computer was
beneficial. Bamberger [40] described work with youth in student
labs at the Massachusetts Institute of Technology, which
provided an environment for youth to “catch up with their own
understandings—slowing down events and actions so as literally
to grasp the ‘goings on’ of things and how they relate to ideas”
(p. 239).

Limitations of Computers and the Internet
Youth noted limitations in using technology that had the
potential to increase their feelings of powerlessness. Although
online communication generally increased youth’s perception
of social status, at times, youth interpreted adults’ online
comments as “put downs.” Community practitioners are
cautioned when working with youth to word their email
messages carefully. Care needs to be taken in selecting cyber
names for youth. Since youth participants selected creative cyber
names (eg, Sir Lancelot), their credibility was weakened. Further
research into the impact of adults’ different writing styles on
youth’s perceptions, and vice versa, is needed. Although
synchronous communication was not used, one youth suggested
“chatting” with neighboring schools. There is significant
potential for synchronous communication to support community
networks. A Canadian study by Skinner et al [41] found that
the quality of Internet access for health information and
resources was affected by privacy, gate-keeping, timeliness,
and functionality. It would seem reasonable to consider these
factors when applying computers and the Internet as tools to
support future youth-driven community development initiatives.

A few youth indicated disinterest in computers and rarely chose
to work with them other than to build Web pages; they were
also indifferent or negative about the impact of computer
technology on the project. Further research into what limits
youth’s engagement with computers, how computers can be
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used to serve more authentic purposes in community
development, and how they can affect youth’s sense of
empowerment is needed.

Conclusions
Overall, youth perceived computers and the Internet to be
empowering tools in this community development project.
Youth felt better able to participate in the community. The
Internet provided a safe way to communicate with the
neighborhood and school community by supporting youth’s
ability to obtain others’ views and share their own. By
communicating online, youth perceived themselves to have
higher social status and increased credibility. The Internet’s

potential to reach the broader community was empowering in
itself. Technology was viewed as a useful resource that
improved youth’s efficiency, supported critical reflection, and
created a permanent record of their work. Despite the benefits,
technical problems, computer access issues, the potential for
online miscommunication, and the potential to raise youth’s
feelings of inadequacy were drawbacks of using technology.
This case study involved mostly female students who were high
academic achievers. Thus, transferability of these results is
limited to similar populations. It is unknown how results might
differ with students with lower academic achievement or with
a different gender mix.
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Abstract

Over the past decade, a rapidly expanding body of literature has demonstrated the existence of disparities in health and health
care. While consensus has not emerged regarding the causes of disparities, they are generally thought to be related to sociocultural,
behavioral, economic, environmental, biologic, or societal factors. To effectively address disparities, several authorities have
suggested the need for greater information technology research and investments. eHealth researchers may be able to make
significant contributions in this area through research and its applications. This paper begins with a historical overview of health
disparities in the United States and Europe. It then discusses the role that the Internet, and access to the Internet, may play in the
genesis of health disparities. Finally, this paper closes with a discussion of the potential benefits of eHealth applications and the
possible contributions of the field to overcoming disparities in health and health care.

(J Med Internet Res 2005;7(5):e50)   doi:10.2196/jmir.7.5.e50
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International Origins

Over the past decade, a rapidly expanding body of scientific
evidence has been put forth documenting differences in health
status among US racial and ethnic groups. Evidence has also
mounted suggesting that these differences may be related to
both medical and nonmedical determinants. Internationally,
however, neither the evidence nor the realization of a link
between nonmedical sociobehavioral factors and health
outcomes is new. The earliest reported observation of a
hypothesized association between socioenvironmental risk
factors and health outcomes occurred in Italy over three
centuries ago when Bernardino Ramazzini detailed an unusually
high frequency of breast cancer in Catholic nuns [1]. Not long
thereafter, in 1775, British surgeon Sir Percival Pott reported a
cluster of scrotal cancer cases among British chimney sweeps
[1].

By the mid 19th century, large-scale epidemiologic evidence
began to corroborate these early observations. In 1840, Edwin
Chadwick, British civil servant and statistician, demonstrated
mortality differentials between the social classes living in
Liverpool, England. Chadwick asserted that these differences

were likely due to poverty and lifestyle factors common to the
poorer working classes [2]. German physician Rudolph Virchow
went a step further when, in 1849, he asserted that, because
diseases of the populace are traceable to defects in society, the
focus of medicine should shift from changing the individual to
that of changing the society [3]. Finally, in France, French
physician Louis Villerme recommended improving school and
working conditions as social interventions that would reduce
class differences in mortality [3]. Thus, in Europe, by the
beginning of the 20th century, the existence of class variations
in morbidity and mortality were clearly evident in the scientific
literature [2].

Throughout the 20th century, the study of social class
differences in health status continued across Europe, especially
in Britain were epidemiologists began using decennial census
data to evaluate national mortality trends. The insights gained
from these analyses enabled them to construct an occupational
social class grading system that correlated inversely with infant
mortality. It also was the basis of the claim made by the
Registrar General of Britain that at least 40% of British infant
mortality was entirely preventable if the social conditions of
poor infants could be elevated to that of upper-class infants [2].
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Two British researchers, Titmuss and Logan, evaluated regional
class-based mortality trends and documented that the disparity
in infant mortality rates between upper- and lower-class infants
continued to increase from 1910 to 1950 [2]. This data, along
with the Depression and World War II, encouraged the British
government, in 1942, to respond by instituting the welfare state
and promoting several policy initiatives designed to address the
“five giants of Want, Disease, Ignorance, Squalor and Idleness”
[2,4]. Despite this government investment, however, problems
attributable to social inequalities and inadequate access to health
care persisted. In fact, by the mid 1970s, some 30 years later,
the evidence seemed to indicate that the problems were still
increasing and that the health of British citizens was slipping
behind that of other industrialized nations [4]. Thus, in 1977,
the British government formed the Research Working Group
on Inequalities in Health and selected Sir Douglas Black as its
chair. The committee’s report, issued three years later in 1980,
became known as the Black Report, and it represents the first
attempt by a national government to systematically study,
understand, and explain health inequalities [4]. In summary,
the health improvement recommendations of the report
emphasized the need to improve the physical and the social
environment in which the poor and lower classes lived [4].

Domestic Recognition

Across the Atlantic in the United States, scientific evidence
from several lines of inquiry examining outcomes and patterns
of health care delivered to defined populations began to
converge and suggest the importance of the socioenvironment
in determining health outcomes. Researchers using small area
analysis and geographic information systems analytic techniques
demonstrated that a significant amount of nonrandom practice
variability existed between clinical practices in different
geographic locales, despite treating clinically similar patients
[5,6]. As public awareness grew, the US government became
involved. In 1984, the US Department of Health and Human
Services released a report on the health of the nation, entitled
“Health, United States, 1983” [7]. The report documented that,
while the overall health of the nation showed significant
progress, major disparities existed in “the burden of death and
illness experienced by blacks and other minority Americans as
compared with the nation's population as a whole” [7].

In response to the disparities identified in the report, the
secretary of the Department of Health and Human Services
established a task force on black and minority health—the first
time that the US government formed a group of experts to
conduct a comprehensive study of minority health problems.
In 1985, release of the “Report of the Secretary’s Task Force
on Black and Minority Health” significantly raised awareness
of the disparate health of the country’s minority groups as
compared to the white majority population [8].

Large epidemiologic studies like the Harvard Medical Practice
Study emerged, documenting that a significant portion of
practice variability could be classified as substandard care and
that there was a correlation between substandard care and health
care centers treating substantial numbers of poor and minority
patients [9-11].

The emerging problems of differential outcomes and health
status were not limited however to minorities and the poor. The
Whitehall studies of a large cohort of British civil servants had
convincingly demonstrated that a social class–based health
gradient existed even among the well educated and employed
[12]. Additionally, it became increasingly recognized that certain
community and societal level factors, including stress [13,14],
early life experiences [15], social capital [16], and income
inequality [17,18] seemed to exert significant effects on health
and disease outcomes independent of personal behavior [3,19].

Soon, major philanthropic and advocacy organizations, including
The Commonwealth Fund, The Kaiser Family Commission,
the Kellogg Foundation, the Robert Wood Johnson Foundation,
and The California Endowment began major initiatives designed
to address issues related to disparities and health care quality
[20].

By the late 1990s, the scientific evidence seemed to indicate
that issues of disparity, practice variation, substandard care, and
socioenvironmental determinants of health may all be related
to the quality of health care experienced by patients. Friscella
published his paper entitled “Inequality in Quality,” in which
he called attention to issues of health care quality and health
care disparities as related issues of health care organizational
capacity. He further contended that national efforts to eliminate
racial and ethnic disparities in health care and national health
care quality improvement initiatives represented two inseparable
components of providing high-quality health care for all citizens
[21].

Synthesizing the Scientific Evidence on
Health Disparities

As the domestic evidence for population differences continued
to accumulate, definitions of disparities were nonstandardized,
and racial categorizations became increasingly criticized as
being imprecise and biologically meaningless [22,23]. While
multiple definitions are still in current use, disparities are
generally held to be population differences in (1) environmental
exposures, (2) health care access, utilization, or quality, (3)
health status, or (4) health outcomes [24]. As alluded to above,
within the US health care system these differences have most
convincingly been demonstrated across racial and ethnic lines
(whites vs minorities); however, disparities based on other
categorizations have also been described, including geography
(urban vs rural) [25], gender (male vs female) [26,27],
socioeconomic status (poor vs nonpoor) [28,29], and age
(nonelderly vs elderly) [30].

Health disparities are generally thought to be related to the
health care system and other social factors. Several lines of
investigation examining the socioenvironment and the clinical
encounter give evidence of differences in the quality of care
received by many racial and ethnic minorities. While these
factors have been described as “causes” and are likely to be
important in the genesis of disparities, scientifically validated
evidence of definitive causal pathways and the underlying
biologic mechanisms is largely lacking [31].
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To help bring clarity to these issues, the Institute of Medicine
(IOM) released the first of several reports highlighting and
summarizing the scientific evidence concerning issues of
differential health status, culture, behavior, communication,
substandard care/medical errors, and health care quality [32-37].
The work of the IOM on disparity issues culminated with the
2003 release of a report entitled “Unequal Treatment:
Confronting Racial and Ethnic Disparities in Health Care” [38].
In this report, the IOM Committee on Understanding and
Eliminating Racial and Ethnic Disparities in Health Care was
charged with assessing the extent and potential sources of racial
and ethnic disparities in health care that are not otherwise
attributable to access to care, ability to pay, or insurance
coverage. The committee was also to provide recommendations
regarding potential interventions to eliminate health care
disparities [38]. The committee found that, within the United
States, even among individuals with access to care, significant
racial and ethnic disparities indeed existed and were related to
historic and contemporary social and economic inequality,
discrimination, and a fragmented US system of health care [38].
While the release of this report has engendered significant
public, media, and academic interest, likely ensuring that efforts
to understand and eliminate disparities will continue at least
into the foreseeable future, the magnitude and intransigence of
the problem, the complexity of its causal pathways, and its
resistance to intervention efforts are only beginning to be
realized [32].

Digital Disparities

Since the mid-1990s when the World Wide Web became a
powerful part of America’s communications and information
culture, there has been great concern that the nation’s racial
minorities would be further disadvantaged because Internet
access was not spreading as quickly in the African-American
community as it was in the white community. Former Assistant
Secretary of Commerce Larry Irving said the following in his
introduction to “Falling Through the Net,” the 1999 Department
of Commerce Study on the digital divide (the divide between
those with access to new information technologies and those
without): “[The digital divide] is now one of America’s leading
economic and civil rights issues” [39]. This report found that,
although, overall, the number of Americans connected to the
nation’s information infrastructure was soaring, a digital divide
existed between whites and African-Americans in terms of their
access to the Internet, and that, in many cases, the divide was
widening over time. A follow-up study revealed a persistent but
substantially narrowed gap, with large increases in computer
ownership and Internet use across most major demographic
populations [40]. The most recent survey, released in 2003,
indicated a significant slowing in the growth of the number of
Internet users since late 2001 [41]. Overall, 42% of surveyed
individuals did not use the Internet, and significant utilization
differences remained according to race, education, income, and
geography (urban vs rural) [41]. Generally, whites are more
connected than African-Americans and Hispanics. Even at
equivalent levels of income, African-Americans are less likely
to be online than whites or Hispanics. In fact, over the period
of this study (mid-2000 to mid-2002), the composition of the

non-Internet user group did not change substantially [41].
Interestingly, 56% of nonusers said they did not ever plan to go
online and cited the cost of computers or Internet access, fear
of fraud, credit card theft, or pornography as the major reasons
for avoiding Internet use [41].

Recently, there has been a significant increase in the public
availability of computers and Internet access at schools, public
libraries, and workplaces [42]. Thus, conclusions regarding the
extent of a digital disparity based on data considering only
home-based access may be limited. Despite this reality, Internet
availability in the home is accepted as an important indicator
of equitable access among population groups [42]. In addition,
access in public settings may be problematic because of
computer monitoring in the workplace, privacy and
confidentiality concerns, and the facilities’ hours of operation.
Because of the potentially sensitive nature of health-related uses
of the Internet, access at home is thought to be essential [42].

Several studies have shown that access to the Internet correlates
with income level and educational attainment [39-42]. As with
racial and ethnic differences, Internet utilization is increasing
in all income brackets. The largest increases are seen in the
higher income categories. All things considered, household
incomes above US$50000 are positively associated with Internet
utilization [41]. Beyond socioeconomic issues, some researchers
have speculated that African-Americans have had less access
to the Internet because they participate to a greater degree in
entertainment-oriented technologies like television, rather than
in information technologies. They argue that relatively high
proportions of African-Americans use radio and television, but
a relatively low proportion read newspapers [40]. As suggested
above, the primary reasons why some groups have less access
to information technology and resources are related to
geography, literacy, disability, local infrastructure requirements,
and cultural differences [43], some of which are not easily
overcome simply by increasing personal computer ownership.
Even if equity in personal computer and Internet access were
achieved, emerging evidence suggests that online habits may
vary by race and ethnicity. For example, online
African-Americans are more likely than online whites to have
(1) searched for information about major life issues such as
researching new jobs and finding places to live, (2) used
entertainment online, (3) used the Internet to obtain health
information, and (4) searched for religious or spiritual
information [40]. On the other hand, African-Americans with
access to the Internet do not go online as often on a typical day
as whites do, and they do not participate on a daily basis in most
Web activities at the same level as online whites [40].

As information technology plays an ever-increasing role in
Americans’ economic and social lives, the potential health
implications of these findings need to be more clearly evaluated
because the prospect that some people will be left behind in the
information age may have serious repercussions [44]. Persistent
digital disparities in access or utilization could leave some
groups less able to take advantage of cutting edge innovations
in population health technologies that enhance disease
surveillance, environmental monitoring, food safety, emergency
planning, disaster management, and geographic information
systems–based tracking of environmental hazards [45].
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The Role of Information Technology in
Overcoming Health Disparities

One major domain of eHealth focuses on improving health
communication through the use of technology. This notion of
enhancing communication and understanding is a fundamental
component of addressing health disparities. Among other things,
the recommendations of the Institute of Medicine report call
for initiatives designed to enhance patient-provider
communication, trust, and cultural appropriateness of delivered
care [38]. Similar goals are the basis for the Healthy People
2010 objective to increase the number of individuals with
Internet access in the home. Providers, health care organizations,
and public health agencies are increasingly using the Internet
as a main source of information dissemination and
communication [42]. This need for innovative improvements
in communication should represent a significant opportunity
for eHealth technologies, researchers, and interventionists, with
many important implications for overcoming disparities in health
and health care. Given that eHealth is currently understood as
attempting to facilitate the utilization of information
technologies, the Internet, and communication technology in
order to facilitate behavior change, improve health care, and
enhance health outcomes [46], eHealth researchers may become
the catalysts needed to spur the development of transdisciplinary
interventions to effectively address disparities in health and
health care.

Recent advances in the computer sciences and information
technology fields have spawned several methodological
advances in the biological and molecular sciences (eg, DNA
chip technology and microarray analysis), enabled quantum
leaps in molecular and submolecular medicine, and catalyzed
the emergence of whole new fields of study such as proteomics,
phenomics, nutrigenomics, and pharmacogenetics. Perhaps, in
like manner, with the emergence of eHealth, the behavioral and
population sciences may be on the verge of a similar information
technology–based scientific revolution. New eHealth solutions
may soon permit the real-time integrative utilization of vast
amounts of behavioral-, biological-, and community-level
information in ways not previously possible. Behavioral
algorithms and decision support tools for scientists could
facilitate the analysis and interpretation of population level data
to enable the development of “community (population) arrays”
or community-wide risk profiles, which in turn could form the
foundation of a new “populomics.” This population-level risk
characterization could potentially go beyond the limitations of
typical geographic analyses and yield insights distinctly different

from risk stratification based on current methodologies.
Generically, these emerging technologies have been termed
population health technologies and are believed to offer
significant promise [45].

These assertions are not based on mere speculation. Encouraging
early evidence suggests that multimedia health communication
and behavior change efforts that include the use of computers
and other eHealth technologies can improve health outcomes
[47]. Among other factors, the evidence suggests that
applications that are tailored to the individual, participatory,
personally relevant, and contextually situated will be more likely
to promote behavior change [47]. On the other hand, the Internet
has been implicated in the causation or persistence of disparities
because of the relative lack of access of some groups and
because of its current inability to deliver content that is
dynamically tailored to meet the cultural, language, or literacy
needs of the individual user [48]. This may be particularly true
of eHealth applications that are “Internet-enabled,” requiring
access to the Internet to provide the interventional content. It
is conceivably possible, however, to conceptually divide eHealth
applications into at least two genres: those that rely on the
Internet to deliver the interventional content directly to patients
(Internet-enabled), and those that only employ the Internet to
facilitate transfer and utilization of data for or about content
that is delivered to patients by an alternate approach. The content
or interventions themselves can actually function without the
Internet, but when used in the context of the Internet, they are
potentially much more efficacious and far-reaching. These types
of technologies could be termed “Internet-enhanced” eHealth
solutions. Here the Internet would facilitate the transfer of data
and information, but the tailored content could be delivered by
trusted people from the users own culture or community. The
actual intervention could also be administered to patients by
print or multimedia applications. Thus, in terms of overcoming
health disparities, issues of guaranteeing Internet access for
every individual may prove to be less important than attempting
to address health disparities via interventions and methodologies
that lack cultural relevance. Indeed, those interventions and
strategies that integrate behavioral interventions with emerging
information technologies will likely be the interventions capable
of cost-effectively enabling mass customization, interactivity,
and convenience. Ultimately, though, the health disparities
challenge for eHealth researchers remains to harness the
technical capabilities of emerging information technologies in
ways that support the social and cultural realities in which
people work and live [47], while enhancing our ability to address
the health needs of every patient [49].
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Abstract

Obesity is often cited as the most prevalent chronic health condition and highest priority public health problem in the United
States. There is a limited but growing body of evidence suggesting that mobile eHealth behavioral interventions, if properly
designed, may be effective in promoting and sustaining successful weight loss and weight maintenance behavior changes. This
paper reviews the current literature on the successes and failures of public health, provider-administered, and self-managed
behavioral health interventions for weight loss. The prevailing theories of health behavior change are discussed from the perspective
of how this knowledge can serve as an evidence base to inform the design of mobile eHealth weight loss interventions. Tailored
informational interventions, which, in recent years, have proven to be the most effective form of conventional health behavior
intervention for weight loss, are discussed. Lessons learned from the success of conventional tailored informational interventions
and the early successes of desktop computer–assisted self-help weight management interventions are presented, as are design
principles suggested by Social Cognitive Theory and the Social Marketing Model. Relevant computing and communications
technology convergence trends are also discussed. The recent trends in rapid advancement, convergence, and public adoption of
Web-enabled cellular telephone and wireless personal digital assistant (PDA) devices provide timely opportunities to deliver the
mass customization capabilities, reach, and interactivity required for the development, administration, and adoption of effective
population-level eHealth tailored informational interventions for obesity.

(J Med Internet Res 2005;7(5):e58)   doi:10.2196/jmir.7.5.e58
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Introduction

Obesity is often cited as the most prevalent chronic health
condition and highest priority public health problem in the
United States, and it has also gained recognition as a global
public health concern. The increasing prevalence of
obesity-related diseases such as type 2 diabetes and
cardiovascular disease has lead the medical and public health
communities to declare an obesity epidemic and to conclude
that more effective population-oriented interventions are needed
[1].

There is a limited but growing body of evidence suggesting that
eHealth interventions exhibit potential to address a variety of
chronic illnesses that can be effectively treated via behavior
modification [2]. Also, it appears that there is a significant and
growing opportunity for eHealth obesity intervention designers
to leverage the widespread public adoption of rapidly converging
information and communication technologies—most notably
the World Wide Web, wireless PDAs, and cellular telephones.
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The Failures of Conventional Behavioral Interventions
An Institute of Medicine report published in 2000 concluded
that “behavioral and social interventions offer great promise to
reduce disease morbidity and mortality, but as yet their potential
to improve the public’s health has been relatively poorly tapped”
[3].

This claim is further validated by trends exhibited in US public
health data collected via the Behavioral Risk Factor Surveillance
System (BRFSS) program of the Centers for Disease Control
and Prevention (CDC). The BRFSS is a cross-sectional
telephone survey program administered by the CDC in
conjunction with state health departments. Data collected from
each state are pooled to produce nationally representative
estimates of the prevalence of specific health behaviors that
affect risk for one or more of the ten leading causes of death in
the United States. According to the results of the 2000 BRFSS,
which are based on responses from 184450 participants in 50
states, the prevalence of obesity was 19.8% among US adults,
representing a 61% increase compared to the 1991 BRFSS data.
Also, 56.4% of 2000 BRFSS survey respondents were

overweight (body mass index ≥ 25 kg/m2) compared to 45% in
1991 [4].

The 2000 BRFSS data also showed that 38.5% of US adults
reported that they were attempting to lose weight, compared to
36.6% in 1991; 35.9% were trying to maintain weight, compared
to 34.4% in 1991; and 25.6% were doing neither, compared to
29.0% in 1991 [5]. This would indicate that Americans are
collectively putting more effort into losing or maintaining
weight, or at least perceive that they are putting more effort into
weight reduction or maintenance, yet as a whole are exhibiting
decreasing levels of success.

Provider-Delivered Health Behavior Interventions
Behavior changes related to dietary intake and physical activity
might be effective in preventing and treating obesity. Studies
have shown that overweight and obese people are more likely
to attempt weight loss by adopting lifestyle changes if they are
advised to do so by a health care professional [6], yet the 2000
BFRSS data showed that only 42.8% of the obese respondents
who had received a routine medical checkup in the past year
had been advised to lose weight by their providers [4].

An explanation is needed for why 57.2% of American clinicians
are failing to advise their obese patients to lose weight during
routine medical checkups. This clinical window of opportunity
for engaging patients in discussion about obesity and their health
is being missed. Various explanations are offered in the
literature, including lack of provider access to high-quality
information about effective patient intervention strategies, lack
of access to appropriate support services, and a lack of provider
motivation to work with obese and overweight patients [7]. A
compelling explanation is that the provider community is
skeptical of the efficacy of conventional provider-delivered
health behavior change interventions—an explanation supported
by a systematic review of the existing literature on
provider-delivered and health care organization–delivered
behavioral health interventions that was conducted in 2002 [8].
In this review, Harvey et al concluded that relatively few obesity

interventions have been evaluated rigorously, and “at present,
there are few solid leads about improving obesity management.”
The recent systematic reviews of the literature on dietary and
physical activity counseling, used to inform the
recommendations of the US Preventive Services Task Force,
have yielded similar results [9].

Conventional Population-Oriented Public Health
Interventions
Health communication campaigns provide the traditional means
by which public health organizations have sought to promote
health behavior change. Conventional health communication
campaigns involve dissemination of messages from experts to
the public through mass media channels, with the intent of
motivating the public to adopt specific behaviors that have been
proven to reduce the risk of disease. However, there is evidence
that traditional health communication interventions exhibit a
high rate of failure to promote behavior change [10] and that
traditional methods of health communication are particularly
ineffective at addressing weight-related health behavior change
[11].

Two examples of the failure of public health communication
interventions aimed at obesity are the California Five-A-Day
for Better Health Campaign and the former Health Education
Authority (HEA) of England’s Active for Life campaign. The
California Five-A-Day Campaign was an intensive five-year
statewide intervention aimed at promoting dietary behavior
change by increasing the consumption of fresh fruits and
vegetables. Program evaluation showed that knowledge and
understanding of the importance of eating more fruits and
vegetables increased substantially among Californians as a
result, but this did not result in any measurable behavior change.
There was no increase in fruit and vegetable consumption in
any population group, and among Hispanic adults, consumption
actually dropped by 18% [12].

The largest-scale public health intervention attempted in Europe
during the latter part of the 1990s was the Active for Life
campaign, a three-year intervention that aimed to promote
moderate-intensity physical activity as a part of everyday life.
The multi-faceted intervention ran from 1996 to 1999 and
included a variety of mass media communication components,
as well as a program of support to health care and public health
professionals who worked to develop and promote localized
community-based physical activity programs. Evaluation
showed that, after three years, there was no evidence that the
campaign improved physical activity, either overall or in any
subgroup [13].

These studies highlight the need for the public health
practitioners and policy makers to explore alternative methods
of promoting health behavior change in the fight against the
obesity epidemic.

Prevailing Theories of Health Behavior Change and
Intervention Models
Prevailing theories of health behavior change suggest several
root causes for the failure of conventional obesity interventions.
These theories and their supporting empirics also imply key
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intervention design features that may increase their likelihood
of promoting and sustaining the desired behavior changes.

Several established theories and models of health-related
behavior have informed the design of successful health behavior
change communication interventions. These theories and models
are drawn mostly from the fields of psychology, sociology,
communication, and medicine, and they draw heavily on
research in persuasion, social marketing, and relational
communication [14]. The most prevalent health behavior
theories cited by intervention designers include the Health Belief
Model, the Theory of Reasoned Action, the Transtheoretical
(or Stages of Change) Model, Learning and Conditioning
Theory, Decision-Making Theory, and the Diffusion of
Innovations Model. These various theories and models share
the common objective of attempting to explain and predict
individual health-related behaviors, and they have formed the
basis for the design, deployment, and evaluation of the majority
of health behavior interventions at the individual,
organizational/group, and population levels [15].

Of the dominant classic models, the Transtheoretical Model
and the Health Belief Model have been drawn on most heavily
in the design of tailored informational interventions, which, in
recent years, have generally proven to be the most effective
model of health behavior change intervention for a variety of
diseases [16,17]. In their 2002 systematic review, Ryan and
Lauver suggest that tailored informational interventions exhibit
four key defining characteristics that differentiate them from
other intervention types [16]. According to their definition,
tailored informational interventions include (1) an assessment
of key characteristics of each targeted person; (2) small units
of content prepared to match each of these key characteristics,
often stored in a message library; (3) a decision algorithm that
provides the matching logic; and (4) a designated information
delivery channel or mechanism (eg, print, email, telephone)
[16].

Tailored informational interventions are based on the premise
that the design of a behavioral communication intervention must
be modified or “tailored” to accommodate varying states of
readiness for behavior change among the targeted recipients.
Under this design paradigm, delivering the right message at the
right time often requires both multiple forms of communication
delivery and variation in the content of messages delivered.
They are typically used to support individual provider-to-patient
intervention strategies and small-scale health promotion
programs, often involve the use of computer-generated content
construction, and are gaining broad acceptance as one of the
only forms of health communication intervention that
successfully yields behavior change [16-18].

The Transtheoretical (or Stages of Change) Model is based on
the premise that people move across a continuum of readiness
to change, moving from “pre-contemplation” (e.g., “I suppose
that I should try to eat healthier and shed some pounds at some
point…”) to “action” (e.g., “Today I am purging my fridge and
cupboard of all junk food…”) to “maintenance” of a behavior
change (e.g., “I have been planning my meals and buying only
healthy foods for the past eight months…”)of a behavior change.
Tailored informational interventions leverage the

Transtheoretical Model by designing incorporating
communication mechanisms and content specific to a targeted
individual’s state of readiness for change as indicated by his or
her position on this continuum [19].

The Health Belief Model estimates a person’s likelihood of
adopting a healthy behavior based on his or her perceptions of
the risk of becoming ill, anticipated benefits to be gained, and
the barriers to adoption of the behavior change. Tailored
informational interventions leverage this model primarily in the
design of the content of the messages delivered [20].

These and most of the other classic theories and models of health
behavior change emphasize the individual as the decision maker,
which drives intervention designers to focus on delivering
expert-driven, risk-based information to targeted at-risk
individuals. Targeted individuals are expected to use this
information to make rational decisions about discrete behavior
change and then act on these rational decisions by changing
their behaviors. Emmons cites this as a fundamental weakness
and argues that improving the effectiveness of health behavior
interventions will require models of behavior that account for
how mediating variables of behavior change are influenced by
sociocultural dynamics [21]. Growing agreement within the
public health community has lead to exploration of
interventional approaches that leverage Social Marketing
Theory, Social Cognitive Theory, and other behavioral science
and social epidemiology theories that place a greater emphasis
on the social, institutional, and cultural contexts that impact an
individual’s behaviors [22].

Social Cognitive Theory shares some attributes of both the
Transtheoretical Model and the Health Belief Model, but it
offers some unique and compelling contributions in its emphasis
on the role of personal empowerment in behavior change. This
theory suggests that individuals’ sense of “self-efficacy” or
agency about a behavior and their perceived ability to cope with
and control situations are core determinants of behavior change
[23].

Successful Health Behavior Interventions
for Obesity

In assessing the literature on behavioral obesity interventions,
careful consideration must be given to the magnitude and
duration of the primary outcomes. Many “successful” obesity
interventions produce significant weight loss that is difficult to
maintain or result in weight losses that are too small to yield a
substantial health gain. There is a paucity of compelling
evidence that any behavioral obesity interventions consistently
yield both clinically significant and sustainable weight loss.
Given this caveat, several studies nonetheless provide
encouraging insights into intervention characteristics that, if
considered in the design of eHealth obesity interventions, may
improve their likelihood of success.

In their systematic review of studies of health behavior
interventions aimed at increasing physical activity published
from 1983 to 1997, Marcus et al identified a total of 28
qualifying papers [11]. Seven described studies of traditional
mass media health communication campaigns conducted at the
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state or national level. None of these interventions were found
to have affected behavior change. However, in this same review,
the majority of the other 21 studies were found to have had
some positive impact on exercise-related behaviors. They were
all smaller-scale interventions using various forms and
combinations of print and/or telephone media. The majority of
these interventions exhibited design characteristics based heavily
on the Transtheoretical Model and/or Social Cognitive Theory,
and most could be classified as tailored informational
interventions. Three of these studies reported that adherence
rates were better for home-based exercise programs augmented
with telephone contacts than for structured programs entailing
face-to-face contact.

The findings of two systematic reviews conducted in 2002 and
2004 formed the foundation for physical activity intervention
recommendations offered by the CDC-sponsored Guide to
Community Preventive Services [24]. Both stressed the
importance of tailoring to individual and/or targeted population
characteristics.

Marcus and Heimendinger’s randomized controlled trial of a
tailored informational intervention targeting dietary behavior
change demonstrated its effectiveness in improving eating
behaviors that significantly improved fruit and vegetable
consumption [25]. Further evidence of the promise offered by
tailored informational interventions that incorporate information
technologies is evident in Brug et al’s 1999 review of the
literature. The authors concluded that computer-tailored nutrition
education is more likely to be read, remembered, and
experienced as personally relevant compared to standard
materials. They also found that interventions incorporating
computer-generated personalized nutrition education delivered
via tailored informational interventions are effective in
promoting desired dietary behavior changes [18]. Similar results
were published in 2001 by Bull et al, who found that tailored
health education materials were significantly more effective
than nontailored materials at changing dietary behaviors
associated with weight loss interventions [26].

O’Neil concluded that self-monitoring on an ongoing basis is
a key component of effective dietary behavior change, that
self-monitoring enhances weight loss outcomes, and that
information technology advances offer promise in improving
compliance and effectiveness of self-monitoring [27]. Similarly,
in their 2002 systematic review of tailored informational
intervention outcomes studies, Ryan et al concluded that they
are more effective when ipsative feedback (eg, comparing
current to past behavior) was included as a feature of the
intervention [16]. Brug et al reached similar conclusions in their
1998 study of the impact of computer-tailored iterative feedback
on fat, fruit, and vegetable consumption [28].

Further encouraging findings for eHealth interventions are
offered in Latner’s 2001 review of obesity self-treatment
interventions that included studies of computer-assisted obesity
interventions [29]. Several interventions were identified that
described pilot intervention studies demonstrating the
effectiveness of computer-assisted self-monitoring of food intake
and exercise, goal setting, response-contingent feedback, and
regular auditory prompts reminding users to enter self-reports.

One study was identified that showed no significant difference
between the outcomes of computer-assisted self-therapy and a
conventional weight loss program using therapist-conducted
treatment. Although weight loss was modest in both groups,
this study may indicate the potential for substitution of
computer-assisted, self-therapy weight loss interventions for
more costly and inconvenient provider-delivered interventions.

Of particular interest to eHealth intervention designers working
with cellular telephone platforms are Kreps et al’s conclusions
that conventional (land-line) telephone-delivered tailored
informational interventions are generally more effective at
promoting health behavior change than printed media
interventions [30]. Other studies have shown that tailored
informational interventions that utilize combinations of print
and telephone-delivered interventions can be highly effective
[31].

Also worth noting is the recent trend among commercial weight
loss programs such as Weight Watchers and Jenny Craig to
incorporate Web-based, self-help tools into their programs
[32,33]. Although there are no evaluation studies of these tools
currently available in the published literature, there is limited
evidence that these commercial weight loss programs in their
totality may be effective in promoting behavior changes that
yield sustained weight loss among their enrollees [34].

Lessons Learned for eHealth Intervention Development
The potential to leverage eHealth behavioral interventions to
improve weight management behaviors appears to be significant.
The successes of both computer-assisted, self-help interventions
for obesity and tailored informational interventions for a variety
of health conditions provide a limited but valuable evidence
base that can be leveraged to inform the design of effective
eHealth obesity interventions.

Revere and Dunbar’s 2000 systematic review of
computer-generated outpatient health behavior intervention
studies included 37 eligible studies that were published from
1996 to 1999. Of these 37 clinical trials, 34 (91.9%) reported
either statistically significant or improved outcomes, and 23
were classified as exhibiting the tailored informational
intervention design [2]. These findings would imply that the
tenets of conventional tailored informational intervention design
translate well to the design of eHealth interventions.

Neuhauser and Kreps conducted an extensive review of the
literature on health behavior theory and conventional health
behavior intervention outcomes studies in 2003 [15]. Not
surprisingly, they found that tailored communication is more
effective than generic messages in promoting health behavior
change and that health communication is more effective when
it reaches people on an emotional as well as a rational level.
They cite both social influence theory (eg, Social Cognitive
Theory, Social Marketing Model) and evidence from
intervention outcomes studies to build a compelling case that
interactivity may be the most important trait of effective health
behavior interventions and that the involvement of targeted
recipients in the design and engagement of the health
communication intervention increases the likelihood that they
will adopt the desired behaviors. They also suggest that a
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combination of the effectiveness of interpersonal communication
and the reach of mass media communication is needed to change
population behavior. This conclusion would appear to have
significant implications for eHealth intervention designers
working with cell phone and voice over Internet protocol (VoIP)
technologies.

The concept of active construction of information bundles, while
not an established theory of health behavior change, is also
worthy of consideration. Gorman et al’s 2001 paper [35]
discusses the relationships between individuals’ information
management activities and maintenance of situation awareness.
They assert that as people actively and consciously engage in
the creation and/or organization of information into “bundles”
to support specific tasks, the act of actively processing and
manipulating information improves their understanding and
situational awareness. They also cite additional studies [36,37]
that support the notion that “over automation” of data entry and
information processing may diminish both the users’ situation
awareness and the usefulness of the information, lowering the
probability of achieving the desired outcomes. Applied to
eHealth intervention design, this concept would suggest that
some data entry and application configuration tasks that could
be automated should instead remain in the foreground and fully
visible to the end user. The acts of consciously entering and
organizing data (eg, estimating food portions, calculating and
entering nutritional values for foods eaten) may be just as (or
more?) relevant to promoting the desired behavior changes than
retrospective use of the captured data.

Technology Adoption: Crossing the Chasm or Finding
the Bridges?
As previously discussed, both conventional and eHealth tailored
informational interventions have proven to be successful for a
variety of health conditions when delivered as individual or
small-scale, provider-to-patient interventions. But the difficulties
of individual tailoring of message content and interactive
delivery have hindered their application to the design of
large-scale public health interventions. However, the trend
toward rapid convergence of these technologies [38,39] enables
a wide variety of desirable eHealth intervention design features
that were previously not feasible. Three of the most significant
features are interactivity, self-configuration and customization,

and mass customization of organizationally sponsored
informational interventions (eg, administered by public health
organizations, health care providers, health maintenance
organizations, or commercial weight loss programs).

Cell phones and networked PDAs enable interactive voice and
text communication. However, convergence trends have added
real- and near-time multimedia communication capabilities to
both. As these device technologies converge, voice-, text-, and
multimedia communication modalities are supported in a unified
device. Furthermore, as the computing power and memory of
these devices increases, users are becoming more empowered
to self-configure applications. The content and timing of alerts,
reminders, and text memos can be easily customized, and users
are increasingly enabled to customize the look, feel, and
organization of the user interface of applications running on
their cell phones, PDAs, and desktop computers. This
technology convergence is an opportunity to deliver
organizationally sponsored eHealth obesity interventions.

Health behavior interventions must reach the public in order to
succeed in promoting and maintaining health behavior change
at the population level. eHealth behavioral interventions must
therefore be designed and deployed using existing technology
development and adoption trends rather than introducing new
devices/technologies. By this line of reasoning, the widespread
public adoption of cellular telephones [40], wireless PDAs, and
use of the Web represent pervasive and rapidly expanding and
converging technology adoption trends that should be leveraged
in any population-oriented eHealth obesity intervention aiming
to reach beyond the desktop. Also, the same newly enabled
features of interactivity and self-configuration also provide
public health officials with easy facilities for developing and
administering flexible and tailored interventions to better meet
the needs of specific targeted populations. The trend toward
information technology–enabled mass customization of service
design and delivery that revolutionized other industries during
the 1990s [41] is now possible in public health, medicine, and
the commercial weight loss industry.

Table 1 demonstrates, through scenarios, how an eHealth obesity
intervention designer might employ the theories, empirical
evidence, and technology convergence trends we have discussed.

Table 1. Scenarios illustrating how an eHealth obesity intervention designer might employ the theories, empirical evidence, and technology convergence
trends discussed in this article

Example Use CaseConvergence-Enabled Feature

Before eating a meal, a user borrows her friend’s Blackberry to access her
Web diet journal. She checks the remaining balance in her daily calorie
budget, enters the number of calories she wishes to “spend” on the given
meal, and is then presented with a personalized list of her “favorite healthy
foods” that fall within the range.

Interactivity

A user creates an alert to text message himself at 11:45 am daily with the
message “drink your water before going to lunch.”

Self-Configuration and Customization

Weight Watchers clients enroll in a service that sends reminders and Web
forms to their smart phones. When opened, they are automatically localized
to the recipients’ language, food preferences, and FlexPoints targets based
on their unique configuration settings.

Mass Customization
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Conclusions

One study published in 2004 estimated that by the end of 2003,
over 60% of all US adults owned an activated cellular telephone,
with this statistic growing at slightly over 5% annually [42].
Thus, it would appear that cell phones would be the preferred
hardware platform for eHealth obesity interventions for reasons
of both enabling effective intervention design features and for
promoting rapid public adoption and acceptance.

In their 2000 systematic review of mobile eHealth intervention
studies, Revere and Dunbar concluded that “future studies need
to identify which [eHealth intervention] models are best suited

to which health behavior, whether certain delivery devices are
more appropriate for different health behaviors, and how care
can benefit from patients’ use of portable devices” [2]. We
conclude that the appropriate model for obesity and weight
management is the tailored informational intervention modified
according to design principles suggested by Social Cognitive
Theory and the Social Marketing Model. The health behaviors
to target are self-monitoring of diet and physical activity. The
devices are Web-enabled “smart” cellular telephones and
wireless PDAs. Given the lack of effectiveness of other
interventions to prevent or treat obesity in a sustainable matter,
trials of these persuasive, ubiquitous technologies are required
without delay.
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Abstract

Background: Intensive interventions targeting diet and physical activity are effective for weight reduction but are costly.
Tailored, computer-generated, step-count feedback may provide an intensive and affordable way to increase the physical activity
of people at high risk for cardiovascular disease.

Objective: The objective was to test the feasibility of adding tailored, computer-generated, step-count feedback to a face-to-face
nutritional counseling weight loss intervention.

Methods: We recruited 12 participants, 4 from each of three Department of Veterans Affairs medical centers. There were 11
male participants and 1 female participant. Each had a body mass index of 30 or greater and at least one of the following
cardiovascular disease risk factors: diabetes, hypertension, hypercholesterolemia, obesity, or coronary artery disease. Participants
attended one-on-one counseling sessions with a registered dietitian for four sessions over three weeks. At the initial session, each
participant received an enhanced pedometer to record time-stamped, step-count data. Participants wore the device daily throughout
the intervention. At the three follow-up sessions, the dietitian uploaded the computer data, reviewed a Web-based graphical
display of step-count feedback, and helped set new walking goals.

Results: All 12 participants completed the program (100% attendance). Initial mean weight was 255 lbs (SD = 49 lbs), and
weight loss was just over 4 lbs (n = 12, paired t test, P = .004). Mean daily step counts during the first week averaged 6019 steps
per day, increasing to an average of 7358 per day after the third week (average increase of 1339 steps per day, or 0.6 miles, or
12 minutes of walking, n = 10, paired t test, P = .04).

Conclusions: Enhanced pedometer feedback in conjunction with nutritional counseling is feasible and results in significant
weight loss and increased walking among individuals at high risk for cardiovascular disease.

(J Med Internet Res 2005;7(5):e56)   doi:10.2196/jmir.7.5.e56
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Introduction

Being sedentary and eating a poor diet increases the risk of
developing diabetes [1-3], heart disease [4-8], hypertension [9],
depression [10-12], and many other chronic diseases [13]. We
now know that with intensive monitoring, counseling, and
encouragement, individuals can change their diet and exercise
behaviors and that such changes result in dramatic improvements
in health outcomes. In the Diabetes Prevention Program study,
over 1000 individuals at high risk for developing diabetes who
were randomized to an intensive diet and physical activity
intervention decreased their risk of developing diabetes by
almost 60% over three years compared to individuals in the
usual care arm [2]. Unfortunately, brief clinical interventions
designed to help patients change their diet and physical activity
have not been effective [14]. The challenge is to find
cost-effective and feasible ways to integrate intensive diet and
exercise interventions into clinical practice.

One approach to decreasing the cost and increasing the intensity
of lifestyle interventions is to automate the process of diet and
activity counseling using tailored Internet-based systems. While
such systems have shown promise, low participant adherence
in terms of returning to the website for reinforcement has proven
to be a major barrier [15-18]. Automated systems may work
better to augment existing relationships with health care
providers rather than replacing the health care provider all
together.

Behavioral researchers have shown that people have poor recall
of daily walking duration, intensity, and frequency [19]. This
poor recall makes it difficult to set short-term, incremental
behavioral goals or to reward successes [16,20]. Clear and
objective feedback about daily walking patterns can be useful
in overcoming barriers, setting goals, and rewarding successes.
Pedometers are devices worn on the waist or belt that count
steps taken throughout the day. Walking interventions that use
pedometers and specific step-count goals are more effective
than walking interventions that use time-based goals. Hultquist
et al found that sedentary women who were given pedometers
and who were instructed to walk 10000 steps a day walked
almost 2000 steps per day more than women who were
instructed to go for a brisk 30-minute walk each day [21].

Unlike simple pedometers that keep a single running total of
step counts, enhanced pedometers record detailed, time-stamped,
step-count data. Once these data are uploaded to a computer,
they can be used to automatically generate individually tailored
reports about the duration and intensity of walking bouts
throughout the day. Users can then review the tailored step-count
feedback in graphical or numerical form.

In this study, we examine the feasibility of integrating an
Internet-based enhanced pedometer system into routine
nutritional counseling for individuals with cardiovascular disease
(CVD) risk factors. Our primary goal was to assess health
service delivery parameters, including required face-to-face
counseling time, participant satisfaction, and technical barriers
to delivering this type of intervention. We also assessed weight
loss and increased walking among the participants.

Methods

Study Design
This was a multi-center intervention feasibility study with a
pre-post design. The intervention consisted of four individual
face-to-face nutritional counseling sessions for weight loss over
a three-week period. Dietitians incorporated computer-generated,
tailored, step-count feedback and goal setting to increase
walking into each of the four visits. We recruited 12 participants,
4 from each of three different Veterans Affairs (VA) medical
centers to assess portability and feasibility of the intervention.
This study was approved by the Investigational Review Boards
at the participating sites and by the Ann Arbor Veterans Affairs
Medical Center. All eligible participants signed written informed
consent documents prior to enrollment.

Study Population
Participants were adult VA patients who were referred by a VA
physician for outpatient nutritional counseling. Dietitians at
each site offered patients the opportunity to participate if they
were ambulatory, sedentary, overweight (body mass index
[BMI] > 28), and were at high risk for CVD. Patients were
considered ambulatory if they could comfortably walk one
block. Sedentary was defined as less than 150 minutes of
physical activity of at least moderate intensity each week by
self-report. Individuals were considered at high CVD risk if
they had one of the following diagnoses: (1) type 2 diabetes,
(2) hypertension, (3) hypercholesterolemia, (4) obesity (BMI
> 30), or (5) known coronary artery disease. CVD risk status
was assessed by self-report and confirmed by chart review.
Smoking was not included in this list because there is relatively
little evidence that physical activity reduces CVD risk in
smokers who have no other CVD risk factors. All participants
were either in the contemplation or preparation stage for starting
a walking program [22,23].

Participants were not required to get medical clearance to
participate in this study. Because the study emphasized a gradual
increase in walking at a moderate pace, the risk of adverse
cardiac events while walking was low. However, participants
who reported chest pain, shortness of breath, or lightheadedness
while walking, who had been advised by a physician not to
walk, or who were undergoing a cardiac work-up were excluded
from the study. Individuals who had been enrolled in another
nutritional counseling program within the past 28 days were
excluded. Participants were also excluded if they could not
comfortably communicate in English or if they were not
competent to give informed consent.

The Pedometer
All participants were given a SportBrain First Step enhanced
pedometer (www.sportbrain.com) to wear throughout the
intervention period. The device we used uploaded step counts
over a phone line to a central computer. The SportBrain website
then displayed individually tailored graphs of step counts along
with motivational messages. Participants wore the pedometer
every day, all day, for approximately 22 days per participant (4
weekly sessions). While more recent versions of the enhanced
pedometers display the total daily step count on the pedometer
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itself, the First Step device used in this trial did not have a
display on the pedometer. The only way to review the step-count
feedback was to upload it to the computer and review it online.
Figure 1 shows a sample of the Internet-based feedback provided
on the SportBrain website. A wide variety of graphs are
available on the website. The graph in Figure 1 shows time on
the x axis and miles per hour on the y axis for a period of high
activity on one day. Time stamping in the step-count data allows
estimation of physical activity intensity and duration of activity
bouts. Figure 2 shows the SportBrain pedometer and upload
dock that we used in this intervention.

Intervention
Each participant met with a dietitian during four individual
face-to-face sessions for both diet and physical activity
counseling. The diet intervention was a structured nutritional
counseling intervention based on the American Dietetic
Association’s Medical Nutrition Therapy Weight Management
Protocol [24]. This is a detailed six-session program, which we
modified to a more feasible four-session protocol.

During the first session, which lasted approximately one hour,
the study was described, and patients who agreed to participate
and met eligibility criteria completed a written informed consent
process. Participants were given a SportBrain First Step
pedometer and were taught how to position the pedometer on
their waistband, attach the safety clip to their belt or clothes,
and check to see if the pedometer was counting steps properly
using a 20-step test walk. Participants also completed a brief
nutritional assessment and received preliminary nutritional
counseling.

During visits 2 through 4, participants met individually
face-to-face with their study dietitian for both nutritional
counseling and reinforcement of the walking program.
Participants reviewed step-count data on the computer with the
dietitian and negotiated new step-count goals for the upcoming
week. Step-count goals were increased gradually. For example,
a participant who averaged 3000 steps a day during week one
might have set a new goal of 3500 steps per day for week two.
Dietitians then discussed nutritional counseling topics using
standardized handouts and set new nutritional goals for the
week. Finally, participants filled out a brief questionnaire about
attitudes toward the Internet-based step-count feedback,
problems using the enhanced pedometer, and self-efficacy for
achieving walking goals. Participants received US$10 for each

of the four visits attended. At the end of the session, participants
who returned the enhanced pedometers received a “Veterans
Walk for Health” T-shirt valued at US$10.

Measures

Feasibility Outcomes
The following components of feasibility were measured
explicitly:

1. Participant satisfaction with the intervention as measured
by responses to a brief satisfaction survey. This survey
included questions about overall satisfaction with the
intervention and about willingness to pay to continue to
have access to the intervention after the study was over.
Finally, participants were asked what they liked and did
not like about the enhanced pedometer component of the
intervention in a series of open-ended questions.

2. Participant adherence to the intervention was assessed
using three measures: (1) attendance at visits, (2) self-report
of the number of study days that pedometer was worn, and
(3) electronic step-count data indicating days that the
pedometer was worn.

3. Counseling time: Mean face-to-face dietitian counseling
time required to deliver the physical activity and nutritional
counseling components of the intervention was recorded
at each visit by the study dietitian on a study visit data
collection form.

4. Technical problems with uploading the pedometer data to
the website were logged by the study dietitian on the study
visit data collection form at each visit.

Intervention Outcomes
1. Participant weight: A single clinical scale at each site was

designated as the study scale. Scales were zeroed before
each participant was weighed. Participants were weighed
without shoes, and weight was recorded at each visit.

2. Mean daily step count: During the final week of the
intervention, this was recorded electronically by uploading
the data to the website.

3. Participant self-efficacy for adhering to a walking program
as measured by participants' response to a single question:
"I am confident that I can reach my new step-count goals
next week." (possible responses were "Strongly Disagree",
"Disagree", "Neutral", "Agree", and "Strongly Agree").
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Figure 1. Sample graph and table from the SportBrain website

Figure 2. The SportBrain First Step enhanced pedometer and Sportport interface
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Training for the dietitians who participated in the study took
place in two phases. After an introductory conference call, all
participating dietitians wore the pedometer for one week,
uploaded their own walking data at least twice during this trial
period, and learned to navigate around the SportBrain website
by viewing different formats for step-count feedback and
changing their step-count goals. After the trial period, we had
a series of conference calls to discuss and troubleshoot technical
problems with the devices and to review counseling guidelines.

Sample Size
We did not power this feasibility study to be able to detect
clinically significant weight loss or increase in average daily
step counts. Instead, we intentionally kept the overall sample
size small but recruited from three different VA medical centers
that were remote from the coordinating center. Recruiting from
multiple sites increased the complexity of the study in that we
were required to get human subjects committee approval from
four different medical centers, and we had to train six different
dietitians. However, recruiting from multiple sites increased
the power to examine potential barriers to implementation and
feasibility issues across multiple settings.

Data Analysis
Means and standard deviations were used to estimate time spent
in both the step-count and the nutritional counseling components
of the intervention. Mean participant satisfaction and percentage
of sessions attended were also calculated. For pre-post
comparisons, we used paired t tests. We compared mean daily
step counts for the first 7 days of the intervention with mean
daily step counts for the final 7 days of the intervention.

Similarly, paired t tests were used to test for statistically
significant weight loss.

We anticipated that, as the participant became more familiar
with the pedometer and with the nutritional counseling
component of the intervention, the time required for counseling
might decrease. To test this hypothesis, we compared the
counseling time difference between the second and fourth visits.
We did not use the initial session for time comparison because
of the substantial time required to enroll the participant in the
study and explain the intervention. Finally, participant comments
in response to open-ended questions about the intervention were
tabulated and reviewed for common themes. All statistical
analyses were performed using Stata version 8 [25].

Results

Quantitative Results
From September to December 2003, a total of 12 participants
(11 male and 1 female) were enrolled from three different VA
hospitals. Recruitment of four eligible and interested participants
was completed within one month at each of the three sites for
an average recruitment rate of one participant per week per site.
Though obesity was not a criterion for enrollment, all 12
participants had a BMI greater than 30. Participants weighed
an average of 255 pounds (SD = 49) at baseline. BMI averaged
37 (SD = 6.5). Ten of the 12 participants also had at least one
other CVD risk factor in addition to their obesity. The
participants were followed for an average of 21 days (range
18-27 days), including the initial day and last day. Table 1
provides details on the participants’ baseline characteristics.
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Table 1. Participant baseline characteristics (N = 12)

N (%)Chronic Conditions

2 (17%)Diabetes

8 (67%)Hypertension

6 (50%)Hypercholesterolemia

12 (100%)Obesity

1 (8%)Coronary artery disease

Mean+SD

69.4 + 2.5Height (inches)

254.9 + 49.4Baseline weight (pounds)

37 + 6.5Body mass index (kg/m2)

52.7Age (years)

Mean+SD or (%)

3.6 + 0.5Comfort with Computers (1 = not; 4 = very)

01

02

5 (41.7%)3

7 (58.3%)4

4.5 + 0.7Initial Self-Efficacy to Increase Walking (1 = not; 5 = very)

01

02

1 (8.3%)3

4 (33.3%)4

7 (58.3%)5

All 12 pedometers were returned in working condition at the
end of the study. Of the 36 attempts to upload step-count data
(12 participants times 3 sessions), 32 were successful. During
4 (11%) of the sessions, there were problems with uploading
the data. Two of the upload attempts failed for administrative
reasons related to access to the website, and one failed because
the Internet connection was down. The remaining session failed
because the pedometer was not recording steps properly.

Table 2 provides participant satisfaction measures as well as
face-to-face time per visit. All 12 participants attended each of
the four scheduled study visits for a 100% attendance rate and
a 100% follow-up rate. Electronic monitoring data show that
participants wore the pedometer for more days than they could
recall. Participants reported remembering to wear the pedometer

for the whole day for 95% (243 of 257) of patient days in the
study. According to electronically recorded step-count data, the
pedometers were worn at least part of the day for 99% (254 of
257) of patient days of the study.

Overall participant satisfaction at the final visit averaged 4.4
out of 5 on a 5-point scale, in which 5 indicated very satisfied;
11 out of 12 were very satisfied or satisfied. Satisfaction was
also assessed by asking participants if they would be willing to
pay for the enhanced pedometer. The cost participants were
willing to assume ranged from US$0 to $100 per year. The
average price a veteran was willing to pay for a year of
pedometer service was US$20.50. The average total time per
face-to-face counseling session was 33 minutes.
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Table 2. Main results

Mean+SD or (%)

20.50 + 30.8Willingness to pay for service (US$)

4 + 0Nutritional counselling session attendance, 4 total

Participant satisfaction with intervention (1 = very unsatisfied; 5 = very satisfied)

1 (8.3%)1

02

03

3 (25.0%)4

8 (66.7%)5

Post-Intervention Self-Efficacy to Increase Walking(1 = not; 5 = very)

01

02

03

8 (66.7%)4

4 (33.3%)5

Counseling time for nutrition (min)

19.49 + 12.15Visit 1 (initial set-up)

21.25 + 10.47Visit 2

14.00 + 6.99Visit 3

13.64 + 8.97Visit 4

Counseling time for step count (min)

13.92 + 11.85Visit 1 (initial set-up)

16.82 + 9.02Visit 2

18.64 + 8.09Visit 3

14.09 + 6.64Visit 4

Total counseling time for both (min)

33.41Visit 1 (initial set-up)

38.07Visit 2

32.64Visit 3

27.73Visit 4

The average weight loss was 4.1 pounds over three weeks (n =
12, paired t test, P = .004); 11 out of 12 participants lost weight.
Weight loss ranged from –1.8 pounds to 9.7 pounds. Only one
of the 12 participants gained weight. By the last week of the
trial, participants significantly increased daily step counts. Mean
daily step counts during the first week averaged 6019 steps per
day, increasing to an average of 7358 per day after the third
week (average increase of 1339 steps per day, n = 10, paired t
test, P = .04). This increase translates into a daily increase of
0.6 miles, or 12 minutes of walking assuming that 2200 steps
is a mile and that the average walking pace is 3 miles per hour.
There was no significant change in self-efficacy between the
first and final session. There were no major adverse events and,
in particular, no adverse cardiovascular events during the
intervention.

Qualitative Results
The most common problem with the pedometer was difficulty
attaching it to the waistband or belt. Participants liked viewing
graphs of step counts because it documented their successes
and made it easy to see step-count targets or goals. One
participant commented that “it is a new way to look at my
walks…” and another liked “knowing what [he] accomplished
for the week.” Others liked seeing the relationship between
steps taken and calories burned, which is printed in a table on
the website. Participants also liked being able to see the number
of steps taken during a particular activity, such as on a specific
walk or while shopping. In general, the participants did not like
seeing that they were not doing enough walking to meet their
step-count goals. Even participants who regularly met their
step-count goals were worried about how they would feel if
they failed.
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Discussion

Our study demonstrates the feasibility of incorporating enhanced
pedometers and Internet-based feedback into traditional
nutritional counseling programs to promote weight loss. We
were able to implement the enhanced pedometer intervention
in three different medical centers with minimal training and
technical support. While participants did have some trouble
wearing the pedometer, they did not have trouble understanding
the step-count feedback graphs, and satisfaction with the
intervention was high. While we did not expect to see significant
changes in either weight or step counts in this small and brief
feasibility study, results for weight loss and step-count increases
were both statistically and clinically significant.

Several recent studies have examined the effectiveness of
Internet-based weight loss programs without face-to-face
counseling [18,26,27]. The interventions tested in these studies
have relied primarily on self-reported diet and physical activity
logs and text-based behavioral counseling. Our intervention
differs from these previously tested Internet-based weight loss
programs in several ways. First, the enhanced pedometer and
Internet-based, step-count feedback were used as an intensive
and objective monitoring tool and not as a substitute for
one-on-one counseling. By automating the process of uploading
step-count data, enhanced pedometers reduce respondent burden
involved in filling out logs and also increase the detail and
accuracy of the data. Secondly, our intervention had a balanced
approach, focusing on both diet and physical activity in
approximately equal parts. While the exact role of physical
activity in initial weight loss is still being debated, there is a
consensus that physical activity is critical for long-term weight
control [28-30].

The theory of self-regulation suggests that helping individuals
learn how to more accurately and more intensively self-monitor
the behavior they are trying to change should result in improved
outcomes [16,20]. At least one study has shown that consistent
self-monitoring of diet leads to better weight loss and control
[33]. Similarly, success with simple pedometer interventions
suggests that objective monitoring and step-count feedback can
increase walking [21,34,35]. Using the existing information
technology to optimize self-monitoring of both physical activity
and diet in combination with one-on-one counseling, delivered
either face-to-face, by telephone, or by email, may prove to be
a cost-effective intervention for initially reducing weight and
for subsequently maintaining weight loss. Detailed step-count
feedback may augment the effect of face-to-face counseling
sessions and may reduce the face-to-face counseling time
required for effective behavior change interventions. More
research will be needed to determine the optimal frequency and
intensity of self-monitoring, group sessions, and one-on-one
contact to maximize long-term maintenance of weight loss while
keeping costs reasonable.

The cost of enhanced pedometer systems is dropping rapidly.
When this feasibility study was conducted, the cost of a
SportBrain enhanced pedometer, a Sportport computer interface
dock, and a year-long subscription to the website was about
US$200. Currently, the new and improved version of the
SportBrain enhanced pedometer can be purchased for US$30
or less, a device-specific interface port is no longer needed, and
basic Web access is free. There are a number of other companies
on the market that are producing enhanced pedometers, and the
cost is likely to continue to drop.

Limitations to this study include the small sample size, the short
duration of the intervention, and the lack of a control group.
Despite the small sample size and short duration, we did find
significant reductions in weight and increases in walking. In
addition, this study used enhanced pedometers with nutritional
counseling for all participants, and hence, we are unable to
estimate the component of weight loss that was attributable to
the enhanced pedometer system alone.

There are many advantages to having detailed time-stamped
data uploaded to a central computer rather than relying on the
participant to log daily step counts on a paper calendar or type
them into a Web page. The decreased respondent burden, the
ability to automate the creation of tailored motivational
messages based on previous step counts, as well as the ability
to examine detailed walking patterns throughout the day,
including duration and intensity data, may make enhanced
pedometers well worth the small increase in cost over simple
pedometers. The benefits of using an enhanced pedometer will
depend on our ability to create sophisticated, reliable, and
user-friendly, Web-based systems for clinical interventions.
This approach may be best suited to a health care system using
a team approach of dietitian, patient, and physician combined
with Internet monitoring. Creating disease-specific walking
websites that give enhanced pedometer feedback or websites
that can tailor motivational messages and set goals based on
current disease state may further increase the value of such
interventions [36-38].

Advances in information technology have yielded low-cost,
user-friendly, intensive physical activity monitoring and
feedback systems. Results of this study demonstrate that
enhanced pedometers with Web-based, step-count feedback can
be integrated into a nutritional counseling program focusing on
weight loss. This intervention is portable as it was successfully
implemented at three different medical centers. Participants lost
weight and increased their daily walking during the brief
intervention. Further research and randomized controlled trials
with assessment of long-term outcomes are needed to test the
impact of incorporating enhanced pedometer step-count
feedback into routine medical care for high-risk individuals.
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Abstract

Background: Children with type 1 diabetes and their parents face rigorous procedures for blood glucose monitoring and
regulation. Mobile telecommunication systems show potential as an aid for families’ self-management of diabetes.

Objective: A prototype designed to automatically transfer readings from a child’s blood glucose monitor to their parent’s mobile
phone was tested. In this formative stage of development, we sought insights into the appropriateness of the concept, feasibility
of use, and ideas for further development and research.

Methods: During four months, a self-selected sample of 15 children (aged 9 to 15 years) with type 1 diabetes and their parents
(n = 30) used the prototype approximately three times daily. Parent and child experiences were collected through questionnaires
and through interviews with 9 of the parents.

Results: System use was easily integrated into everyday life, and parents valued the sense of reassurance offered by the system.
Parents’ongoing struggle to balance control of their children with allowing independence was evident. For children who measured
regularly, use appeared to reduce parental intrusions. For those who measured irregularly, however, parental reminders (eg,
“nagging”) appeared to increase. Although increased reminders could be considered a positive outcome, they can potentially
increase parent-child conflict and thus also undermine proper metabolic control. Parents felt that system appropriateness tapered
off with the onset of adolescence, partly due to a potential sense of surveillance from the child’s perspective that could fuel
oppositional behavior. Parental suggestions for further developments included similar alerts of irregular insulin dosages and
automatically generated dietary and insulin dosage advice.

Conclusions: User enthusiasm suggests that such systems might find a consumer market regardless of whether or not they
ultimately improve health outcomes. Thus, more rigorous studies are warranted to inform guidelines for appropriate use. Potentially
fruitful approaches include integrating such systems with theory-based parenting interventions and approaches that can aid in
interpreting and responding to experiences of surveillance, virtual presence, and balances of power in e-mediated relationships.

(J Med Internet Res 2005;7(5):e57)   doi:10.2196/jmir.7.5.e57

KEYWORDS

home blood glucose monitoring; diabetes; self-management; parent-child relations; wireless communication; mobile phones;
pediatric psychology

Introduction

Parents of children with type 1 diabetes are often involved in
aspects of their children’s lives that they would ordinarily ignore
[1]. Increased blood glucose monitoring is associated with

improved glycemic control [2], which is essential in the
prevention of serious, even life-threatening, complications of
the disease. “Constant vigilance” is found to be a primary
behavior strategy for parents coping with the responsibility of
managing their child’s disease [3]. They are faced with the
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difficult balancing act of helping their child learn and conform
to the rigorous blood glucose monitoring (BGM) and regulatory
regimens, while at the same time allowing their child the trust
and independence necessary for developing their own sense of
autonomy and coping skills [4].

This challenge changes in character as children grow into
adolescence, and adolescents report parental worry and intrusive
behavior as a major source of conflict [5]. Heightened levels of
conflict and low levels of family cohesion and support are
associated with poorer metabolic control [1,6], poorer quality
of life [7], and poorer adherence among adolescents [3,8]. Thus,
conflict reduction and management is a major concern in
diabetes care. Facilitation of appropriate parent involvement is
also crucial since less parental involvement in diabetes care has
been associated with poorer diabetes outcomes [4]. Interventions
designed to enhance BGM but that inadvertently exacerbate
parent-child conflict or undermine parent involvement may thus
do more long-term harm than good.

Information and communication technologies (ICT) show
promise as a platform for facilitating evidence-based disease
prevention and self-management interventions [9]. Much of this
work has centered on Internet applications that facilitate
information, decision support, and social support [10-12]. These
types of applications may be enhanced by adaptation to mobile
platforms. As cell phones increasingly approximate personal
computer (PC) functionality with Internet access, they become
a highly accessible platform for facilitating a wide range of
health interventions, some of which appear particularly
promising [13,14]. Cell phone–based text messaging has become
a socially popular form of communication, particularly among
adolescents [15]. Cell phone usage is comparatively higher in
Norway (site for study) than other Western countries (eg, 96%
of Norwegians vs 60% of US population), with Norwegians
sending an average of 68 text messages per month [16].
However, since the dispersion of cell phones is expected to be
considerably higher than PCs, both in Western and developing
countries [17], the potentials for dispersion of disease prevention
and management support through mobile devices are
considerable. Still, mobile technologies coupled with specific
behavioral health strategies have yet to be utilized effectively
[14].

The working hypothesis that guided design of the prototype and
concept tested in this study was as follows: automatic transfer
of measures from the child’s blood glucose meter to the parent’s
mobile phone could ease parental worries and tendencies to

intrude in their children’s lives by unnecessary reminders and/or
questions. Potentially, this could, in turn, aid in decreasing levels
of conflict in parent-child interaction and thus also increase
adherence. While research into the psychosocial dynamics of
mobile communications among adolescent peers is increasing
[15], we are unaware of any studies that address these issues in
the context of family disease management. In light of the critical
role parent-child interactions play in the monitoring and
regulation of blood glucose, this issue warranted particular
attention in the formative stages of these applications. As argued
by others [18], a qualitative approach was considered most
appropriate in this phase. Also, since these types of
self-management technologies may well be used by consumers
without the supervision of health care professionals, it is crucial
to tap into the perspectives of potential users as early as possible.

The aim of this exploratory pilot study was twofold. First, we
sought initial user insights into the appropriateness of the
concept, feasibility of use in daily life, and desired system
functionality. Second, we sought indications of relevant
approaches for future developments of monitoring and
messaging systems in disease self-management. In this formative
stage of development, our concern was to better understand the
psychosocial issues potentially involved in the use of this type
of technology in families. This is useful as a basis for designing
systems, as well as the process and outcome studies that are
ultimately needed for determining appropriate roles for mobile
ICT in family health management.

Methods

The prototype was developed at the Norwegian Centre for
Telemedicine, a publicly owned non-profit national competence
center. Using a Bluetooth connection, the prototype
automatically transfers blood glucose readings from a blood
glucose monitor (OneTouch Ultra from Lifescan) to a mobile
phone after measurements are taken. The mobile phones (Nokia
7650) were programmed to automatically send the measurement
results by means of the text messaging Short Message Service
(SMS) to the parents’ mobile phone. The mobile phone sends
the SMS without intervention from the user (in this case, the
child) as long as the phone is within Bluetooth range (10 m) of
the blood glucose monitor at the time of the blood glucose
reading (Figure 1). When this range is exceeded, the blood
glucose readings are sent in batches of five the next time the
units are within range of each other.
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Figure 1. Blood glucose readings are sent to parent’s mobile phone

Prior to the project, three pilot users tested the prototype for a
period of 3 months, during which improvements were made.
Based on this, 17 prototypes were developed, 15 of which were
provided to the participants in the project and 2 of which were
kept as backup and reference.

Participants
Invitations to participate in the pilot study were sent to all 55
families of children with type 1 diabetes who, at the time, were
being followed by the University Hospital of North Norway.
The first 15 parent-child dyads (N = 30) who responded
positively were accepted as participants (thus, we do not know
how many nonresponders may have refused, had they been
pursued). The group of children consisted of 11 boys and 4 girls,
aged 9 to 15 years. The disproportionate number of boys may
reflect a greater interest for technical trials among boys since
gender distribution among the 55 approached parent-child dyads
was fairly even. All of the children had received initial training
courses for management of their diabetes, but they differed
greatly in experience; duration of the disease ranged from 8
months to 6 years. For insulin injections, 13 reported using an
insulin pen while 2 used an insulin pump. Before the trial, all
of the parents and 11 of the children were frequent users of
mobile phones, 3 of the children were nonfrequent users, and
1 child had not previously used a mobile phone.

Procedure and Instruments
All parents signed an informed consent form on behalf of
themselves and their children, and the intervention and methods
were approved by the Regional Ethics Committee. The children
were provided with the prototype-enhanced mobile phones,

while all parents used their existing mobile phones to receive
the SMS. They were trained in use of the system during a routine
hospital visit and used it for approximately four months between
October 2003 and February 2004. The participants were
requested to use the system a minimum of three times a day,
but they were reimbursed for the equivalent of 10 messages per
day (approximately US$1.40) regardless of use. At their own
cost, they were free to use the phone for private purposes during
the trial. A diabetic nurse at the hospital handled any questions
from users, channelling technical problems to the project
manager.

At the completion of the trial, all 15 children and their parents
completed separate questionnaires about use and satisfaction.
A semi-structured guide for parent interviews was designed to
elicit experiences and ideas regarding the potential benefits and
pitfalls and further system developments. The interview posed
open-ended questions addressing three overriding issues: stress
and coping, the parent/child relationship, and system
functionality. Parents were encouraged to freely share
experiences and thoughts. All but one of the interviews were
conducted over the phone. The interviewer, who was
unacquainted with the parents, interviewed those parents that
were available during a limited period, that is, 9 mothers and 1
father of children ranging in age from 9-14 years. After
interviewing 10 parents, no new information emerged (“data
saturation” [19]), and further interviews were deemed
unnecessary for our preliminary purposes. Of the 10 interviews,
1 was lost due to a faulty audio recorder.
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Analysis and Presentation
The questionnaires were analyzed and reported as
straightforward frequencies. For interviews, rigorous adherence
to qualitative analysis procedures was deemed premature for
our preliminary purposes, although efforts were made to comply
with the basic principles of qualitative research [20]. Two
co-authors (psychologists) independently read the transcripts,
noting emerging themes and corresponding quotes that
reoccurred across interviews thus allowing a broad range of
possible interpretations and/or misunderstandings. These were
then condensed to the nine themes presented as interview results.
Presentations rely heavily on quotes from parents. These are
edited to faithfully reflect what was said and meant, while at
the same time ensuring readability [21].

Results

The families used the system as requested, on average 3 to 4
times daily, mostly when the children were at school or away
from home. As indicated by questionnaire responses in Table
1, both children and parents reported that automatic transfer of
blood glucose measures was definitely a good thing (80% and
93%, respectively), that living with diabetes was at least to some
extent easier (73% and 80%, respectively), and that the system
helped parents feel reassured (100%). While children were split
as to whether they wanted to decide themselves about sending
glucose measures rather than having them sent automatically
(40% yes and 53% no), most parents (93%) did not think
children should make the decision to send measures.

Table 1. Questionnaire responses regarding child and parent satisfaction

No, not at all (%)To some extent*
(%)

Yes, definitely
(%)

Questions to children (n = 15)

03 (20)12 (80)Was it positive that your parents received your blood glucose measures?

4 (27)9 (60)2 (13)Did living with diabetes become easier with the system?

8 (53)Undecided

1 (7)

6 (40)Would you like to decide yourself whether the blood glucose measure should be sent
or not?

Questions to parents (n = 15)

1 (7)14 (93)Was it positive to receive the blood glucose measures from your child?

3 (20)6 (40)6 (40)Did it become easier to manage your child’s diabetes with the system?

01 (7)14 (93)Did receiving the blood glucose measure help you feel reassured?

13 (86)1 (7)1 (7)Did receiving the blood glucose measures add to your worry?

14 (93)Undecided

0

1 (7)Would you like for your child to decide whether the blood glucose measure should be
sent or not?

* For two questions, the middle category was formulated as “undecided.”

The qualitative interviews among parents provided additional
information and shed light on questionnaire responses. The nine
interviews resulted in the following themes that reoccurred
across interviews: (1) sense of security and reassurance, (2)
nagging and scolding, (3) control, responsibility, and
independence, (4) surveillance and opposition, (5) learning and
age-phased appropriateness, (6) focus upon illness, (7) if it’s
not automatic, forget it, (8) system type and functionality, and
(9) it depends on how you use it.

Sense of Security and Reassurance
The parents almost unanimously expressed appreciation for the
security of knowing whether or not their children had measured
their blood glucose and that they could intervene immediately
if the values were alarming. Several expressed a wish to continue
use. This was particularly apparent for newly diagnosed and
younger children and when children were away from home or
when the parent was traveling.

Both she and we slept better…. Without the system
you can go around for hours saying to yourself,
“What’s happened; What hasn’t happened; Should
we call? No, maybe she’s measured.” It’s stupid to
call and hassle her, you know. And then she’ll come

home and hasn’t measured...while [during the trial]
if we didn’t get an SMS we could just call right away.

When parents did not receive an SMS measure as expected,
various interpretations were triggered. These could range from
technical failure, to their child’s forgetfulness, to passiveness
bordering on conscious sabotage on the part of their child.
Parents describe this as a stress factor that had always been there
on one level but was now dispersed throughout the day, as
illustrated by two parents:

You didn’t [before the system] get stressed when you
didn’t know she hadn’t measured. Now, the minute
you expect it to come and it doesn’t, you start
worrying, which maybe is negative, but not worse
than you can live with.

I went around checking my phone all the time. I didn’t
go with it in my pocket, but I checked my purse pretty
often. That was pretty…what shall I say…but I guess
it was tolerable.

This increased vigilance may help explain the feeling of one
parent who responded in the questionnaire that the system added
to worry. In general, both questionnaire and interview responses
suggested that parents were more inclined to view the SMS
message as reassuring.
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Nagging and Scolding
Some parents reported that their nagging increased, while others
reported a decrease. This appeared to depend upon whether
children monitored their blood glucose regularly. For example,
one parent who received the updates on her child’s blood sugar
regularly reported that

I feel safer, so I pester him less.

In contrast, another parent whose child did not monitor regularly
reported that

Maybe I nag and scold more after seeing how
negligent he can be…. I call him at school and say,
“Why haven’t you measured as we agreed?” which
I’m sure annoys him…. Yes, I’m worse after we
started with this system…. But, as I tell him, it’s for
his own good…. He can avoid calls from me by
remembering to measure.

Several parents described making conscientious efforts to remind
their children in ways that would not be perceived as nagging,
for example, by finding other excuses to call and thus triggering
measures indirectly.

Control, Responsibility, and Independence
Regardless of system use, parents described their struggle to
find a balance between the control they felt necessary to ensure
the health of their child, while at the same time allowing for the
child to develop their own sense of responsibility and
independence. System use appeared to tip the balance in both
directions. While one informant thought “…it clearly placed
more responsibility with the child,” another said, “It’s obvious
that we’re the ones that have increased our responsibility.”

Those who felt that their children’s responsibility was enhanced
through use argued that they were provided with a safe
framework within which the child could learn to make their
own decisions with parental guidance.

He can feel secure knowing that others are part of
this and see, but that he can figure things out and do
his own thing anyway.

Another noted

There were a couple of times I forgot my phone, so
he called me wondering whether or not I’d seen his
measures, and if he should take something. So I think
it worked well.

Those who felt that the parents’ responsibility was increased
sensed that their child could be pacified. One parent described
her child’s likely thought process:

I don’t need to bother [measuring], since Mom will
start calling to hassle me pretty soon, and then I can
do it.

This parent was nevertheless uncertain about the degree to which
the system was to blame, since her child was “sick and tired”
of her illness long before the system was introduced. As she
put it,

It could well be that the system undermines children’s
responsibility for their illness, but during the period

we used it…in the situation she was in…it was a help
for us.

One parent alluded to a distant form of presence.

She always takes more responsibility when she’s
alone, than when she’s with us.

The meaning the system had for this child in this respect was,
however, unclear for the parent.

She knew it happened [that parents saw her
measures], but it happened so automatically, I don’t
think she thought about it.... At least it didn’t pacify
her.

Surveillance and Opposition
One concern is that the system may create a negative sense of
surveillance and thus fuel oppositional behavior. For older
children, and those with preexisting levels of conflict, the system
appeared to represent an additional source of tension.

This parent related episodes before the trial where their boy had
consciously deceived them:

Of course we’ve wondered if he’d measure a buddy
rather than get hassled by us. So who knows? But I
don’t think he’s done it [sent a buddy’s blood glucose
reading].

Another parent alluded to the possibility of her child consciously
refraining from measuring when she knew her measures would
trigger a reaction from the parent.

If she doesn’t want me to know she’s high or low,
she’ll refrain from measuring. She’d know she’d get
a message or phone from me, but she could elude me
anyway by not taking the phone or just turning it off.
So she escapes me regardless.

Parents differed in the degree to which they reported discussing
this issue with their child.

Learning and Age-Phased Appropriateness
Parents indicated that the potential of the system to facilitate
knowledge and skills about BGM and regulation was greatest
at the onset of disease. Parents were also fairly consistent in
their view that the appropriateness of the system tapered off
with the onset of adolescence. One indicated that the system
would have been particularly useful during the period when the
child was newly diagnosed and in preschool.

However, parents differed in their perceptions of when the child
became too old for the system. A parent with a 14-year-old
stated

He hasn’t really taken much responsibility himself….
I feel he’s a little too young.... He’s quite good at
following up, but I still prefer to be in control…so
this [system] has been positive.

Another parent with a younger child said

The messages are positive for us [parents]…for our
reassurance. But I don’t feel it’s right for him who’s
11 years old and should manage himself. It gets too
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controlling, I think. But he’ll have to speak for
himself.

Several parents appeared uncertain about age-appropriate
expectations of their children, suggesting that it may be helpful
to assist families in sharing experiences about how other parents
deal with this issue.

Focus on Illness
Can system use exacerbate or reduce the dominance of illness
as the focus of parent-child interaction? The parents who
explicitly commented on this tended to think that their focus on
illness was the same or less but that this depended on the way
it was used.

One parent didn’t think it made any difference since they had
no choice but to constantly focus on the illness:

We have to hang over her all the time anyway or else
things would fall apart. The system just helped us to
follow up, it didn’t make us more focused [on illness]
than we were already.

Another appreciated the system because it allowed focusing on
other issues in their relationship:

It was wonderful! We started talking about other
things—you know, mother-child dialogue—not blood
sugar and setting insulin that had been the main
content of our communication for a period, which
was bad. It was absolutely fantastic, especially in the
beginning [of the trial] when we noticed it so clearly.
And I think he experienced it too.

This parent underlined the importance of not responding to
every SMS, which could trigger an unnecessary focus on
disease.

If It’s Not Automatic, Forget It
Parents were adamant about the measures needing to be
transferred automatically, and they used expressions like “Alpha
Omega,” “extremely important,” and “very thankful for it” to
underline their view. They had no faith in a concept requiring
a conscious effort on the part of their kids to trigger the transfer
of measures to parents, arguing that they had enough to
remember as it was. Also, although schools made exceptions
to the mobile phone ban in class for these children, it was
appreciated that the phones could remain unhandled and hidden
in their bags.

Suggested Functionality
Suggestions for improving functionality included automatically
generated dietary and insulin dosage advice. One parent argued
for developing the same concept for the insulin unit, but only
for transmitting irregular doses. One time his child had taken
20 insulin units in response to high blood sugar, but a few
minutes later, he forgot he had done it and set 20 more, sending
him into a coma.

If we’d known, we could have prevented him getting
so traumatized…. These cases are about life and
death.

None of the parents thought the system would be useful in
interaction with their health care provider, except if
automatically generated historical graphics could be transferred
to their provider in preparation for their ordinary quarterly
checkups.

Depends on How You Use it
In varying ways, parents indicated that it was more the way
they used the system than the system itself that was important.
For example, one parent underlined how routines for system
use could limit the dominance of the system in interaction with
her child.

I think it’s very important that you have it on all the
time, even though it isn’t economically smart. You
get a message, and you just think “OK.” Of course,
if one talks about every single message, or sends a
response, that’s different. It [degree of interference
by the system] has to do with how one uses the
information and the system.

Discussion

The ultimate objective of the system tested is to improve health
and quality of life by supporting daily blood glucose monitoring
and regulation processes in families. In this study, we sought
an understanding of the tested system’s potential role, feasibility
of use in daily life, desired functionality, and approaches that
may be relevant for future developments and research.

Potentials and Concerns
Knowledge of their children’s blood sugar status eased parental
concerns. This appeared to lessen parental intrusions in those
cases where children measured regularly. For those who
measured irregularly, parental reminders (eg, “nagging”)
appeared to increase. While an increase in parent reminders
could be considered a positive outcome in light of studies
underlining the importance of parent involvement in monitoring
[2,4], it must be acknowledged that this can potentially increase
parent-child conflict, particularly among adolescents and those
with existing tensions. Discrepancies between parents and
children as to whether or not the measures should be automatic
underscore the need for more in-depth inclusion of children’s
perspectives in future studies.

Some parental responses could be construed to suggest that
receiving automatic measures throughout the day could be
experienced as an invasion in their lives that they would rather
be without, but that they could not or would not admit it (“…but
I guess it’s tolerable,” “...but it’s not worse than you can live
with”). Obviously, the disease itself is an unwanted “invasion”
both in the lives of their children and themselves. Presumably,
parents feel morally obligated to tolerate whatever is necessary
to ensure the health of their child, thus denying themselves more
“egoistical” reactions. If the virtual presence of children (through
expectations of regular SMS messages demanding attention)
exacerbates the existing burden of care among parents, it could
inadvertently undermine their long-term involvement and/or
fuel parent-child conflict. The concept of “constant vigilance”
[3] associated with the burden of diabetes care may be useful
in further exploring how system use may add to or relieve the
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burden of care. This should also include other caretakers’ (eg,
family, pre-school and school staff) and how system use may
influence their willingness to accept responsibility for care.

Concept Suitability and System Functionality
Parents suggested that the system might be most beneficial for
those who are younger and newly diagnosed. Our pilot users
were aged 9 to 15, having lived with the diagnosis of diabetes
from 8 months to 6 years, thus limiting our ability to shed light
on the appropriateness for younger (eg, pre-school) children.
One study found that mothers with pre-school children claim
lack of confidence in other caregivers as a major reason for not
having placed their children in day care [3]. The possibility that
system use could support involvement of other caregivers in
relieving the burden of care for parents of younger children may
be worth pursuing.

Suggested functionality included a similar concept for alerting
parents of irregular insulin dosages, as well as automatically
generated dietary and insulin dosage advice. Combinations of
information, decision support, and social support are core
elements of existing Internet-based self-management
applications [10,12]. Merging these types of applications with
mobile monitoring and messaging functionality may enable
relevant support whenever and wherever needed [14]. By
building on daily life technologies (eg, blood glucose meters
and mobile phones) the threshold for use should be relatively
low, as our study suggests.

Historical graphs of measures were also suggested. We are
currently working to enable such graphs, which may be used
in conjunction with follow-up consultations. This can enhance
both system evaluation and give health care providers an
opportunity to supervise system use.

Future Developments and Research
The enthusiasm expressed by interviewed parents is worth
noting, despite the weaknesses of our sample (see below). It
may very well be that such systems find a consumer market
regardless of whether or not they ultimately succeed in
improving health outcomes. Parents of children with chronic
health problems can face “life and death” issues, as one parent
put it. Some may find that relief from some of the worries
associated with chronically ill children is sufficient motivation
for system use, even if the way they use it inadvertently
exacerbates family tensions, and possibly also blood glucose
control. This provides all the more reason to take the technology
seriously and pursue more rigorous approaches to development
and evaluation. As is typical of eHealth innovations [9], we are
nowhere near reliable answers to very basic questions such as
for whom, under what conditions, and how monitoring and
messaging systems may relate to health outcomes.

Broader perspectives, two of which are suggested here, may be
helpful in guiding future developments and evaluations. First,
it may be useful to view these systems as an element of
parenting, rather than a simple monitoring and messaging
device. As illustrated by the parents in our study and others
[1,4,8], the ordinary challenges of parenting are compounded
when children have a chronic disease. Our findings suggest that
system use may merely intensify ongoing parent-child

interaction patterns—for better or worse—unless incorporated
into conscientious efforts to improve such patterns. There is a
growing body of evidence that behavioral family intervention
approaches are effective at reducing parent-child conflict,
increasing parents’ competence and monitoring skills, and
increasing child compliance, including families whose children
have chronic health problems[22,23]. As such, evidence-based
approaches to parenting practices may be useful in informing
both system design choices and guidelines for use. These
approaches incorporate various types of counseling and social
support, which we believe our pilot users could have benefited
from in conjunction with system use. As technologies such as
those described in this paper become more available, it would
seem important for health care providers to introduce them as
an element in more holistic, empirically supported approaches
to family interaction, coping skills, and child-rearing practices
in disease self-management.

Another perspective suggested for guiding further developments
relates to the dilemmas faced when introducing technology into
interpersonal (eg, child-parent, doctor-patient) relationships.
The parents in our study voiced some of these dilemmas. On
the one hand, they valued the security of knowing that they
could intervene if their child’s blood glucose values were
alarming. At the same time, they expressed concerns that the
system could inadvertently undermine the child’s independence
and confidence in their own coping skills and that a sense of
surveillance might fuel oppositional behavior, particularly
among adolescents. One potentially fruitful approach to such
dilemmas is outlined in Spears and Lea’s SIDE (Social Identity
and Deindividuation) model [24]. This model of
computer-mediated communication suggests how we might
anticipate and interpret experiences of surveillance, virtual
presence, and balances of power in e-mediated interpersonal
relationships. They remind us of the need to critically examine
assumptions about the role of technology and the implications
of use.

Study Limitations
The limitations of this study (beyond our exploratory and
formative purposes) are obvious. Our sample is quite possibly
biased since it is not random. Those who responded first to our
invitation may, for example, be particularly technology savvy.
The experiences of the five parents (one-third of pilot users)
who were not interviewed may have deviated consistently from
our respondents, although we have no reason to believe this
was the case. However, even if the last five were all negative
or all positive, our conclusions would remain the same.

Conclusion
The mobile monitoring and messaging system tested is feasible
to use in daily life. While system use eases parental worries,
and as such shows potential as an aid in disease
self-management, it is unclear if or how this will improve
child-parent interactions and/or health outcomes. User
enthusiasm suggests that such systems might find a consumer
market regardless of whether or not they ultimately improve
health outcomes. Thus, more rigorous studies are warranted to
clarify these issues and inform appropriate use. Potentially
fruitful approaches include integrating such systems with
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theory-based parenting interventions and approaches that can
aid in interpreting and responding to experiences of surveillance,

virtual presence, and balances of power in e-mediated
relationships.
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Abstract

Background: The rating tool DISCERN was designed for use by consumers without content expertise to evaluate the quality
of health information. There is some evidence that DISCERN may be a valid indicator of evidence-based website quality when
applied by health professionals. However, it is not known if the tool is a valid measure of evidence-based quality when used by
consumers. Since it is a lengthy instrument requiring training in its use, DISCERN may prove impractical for use by the typical
consumer. It is therefore important to explore the validity of other simpler potential indicators of site quality such as Google
PageRank.

Objective: This study aimed to determine (1) whether the instrument DISCERN is a valid indicator of evidence-based Web
content quality for consumers without specific mental health training, and (2) whether Google PageRank is an indicator of website
content quality as measured by an evidence-based gold standard.

Methods: This was a cross-sectional survey of depression websites using consumer and health professional raters. The main
outcome measures were (1) site characteristics, (2) evidence-based quality of content as measured by evidence-based depression
guidelines, (3) DISCERN scores, (4) Google PageRank, and (5) user satisfaction.

Results: There was a significant association between evidence-based quality ratings and average DISCERN ratings both for
consumers (r = 0.62, P = .001) and health professionals (r = 0.80, P < .001). Consumer and health professional DISCERN ratings
were significantly correlated (r = 0.77, P < .001). The evidence-based quality score correlated with Google PageRank (r = 0.59,
P = .002). However, the correlation between DISCERN scores and user satisfaction was higher than the correlation between
Google PageRank and user satisfaction.

Conclusions: DISCERN has potential as an indicator of content quality when used either by experts or by consumers. Google
PageRank shows some promise as an automatic indicator of quality.

(J Med Internet Res 2005;7(5):e55)   doi:10.2196/jmir.7.5.e55

KEYWORDS

Depressive disorder; medical informatics; consumer participation; evaluation studies

Introduction

There has been widespread concern about the quality of
Web-based health information designed for consumers [1]. In
response to this, a number of initiatives have been developed
to assist consumers in locating quality health information on
the Web. These include the use of quality labels based on
compliance with codes of conduct (eg, HON code), portals that
provide a gateway to websites of “high quality” (eg, OMNI),
and rating tools designed for consumer use [2].

One rating tool that shows particular promise is DISCERN, an
instrument designed for use by consumers and providers “to
judge the quality of written information about treatment choices”
[3, p. 106]. This tool is widely recommended and used by
authoritative sources for the evaluation of websites. However,
it has not yet been convincingly established that DISCERN,
particularly when used by consumers, is a valid indicator of
quality when compared against an evidence-based gold standard.

Three studies have investigated the relationship between the
DISCERN ratings of experts and “scientific” quality [4-6]. Two
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of the studies reported a significant association between
DISCERN and scientific accuracy [4,5], but the authors of the
third study found “no clear relationship between methodological
(DISCERN) and medical-scientific quality” [6]. Unfortunately,
except for the Griffiths and Christensen study [4], it is unclear
if the standard against which the DISCERN ratings were
compared was based on systematic reviews of the evidence.
Moreover, in each study, ratings were made by health
professionals. To date, to our knowledge, there has been no
assessment of the validity of DISCERN as measured by an
evidence-based gold standard when used by consumers without
technical expertise.

Although the developers trialed DISCERN with self-help group
users in a research context, it is a lengthy instrument, and it is
not clear if individual consumers would use DISCERN in
practice. Other simpler potential indicators of site quality include
those based on the link structure of the World Wide Web. For
example, Google PageRank is an automatically computed
measure of the importance of a website based on the number
and importance of Web pages linking to it. However, there is
little evidence as to the validity of link structure as an indicator
of quality.

The current study, therefore, sought to determine the following
for depression information websites: (1) whether DISCERN is
a valid indicator of evidence-based content quality for
consumers without specific mental health training, and (2)
whether Google PageRank is an indicator of content quality.
Depression websites were selected because depression is a
leading cause of disease burden [7], there is a high level of
unmet need among people with depression [8], depression is
one of the most common reasons consumers access health
information on the Internet [9], and evidence-based guidelines
for depression management are available.

Methods

Website Selection
Twenty-four depression websites with a Google PageRank were
selected from the Depression Directory of the DMOZ Open
Directory Project website (n = 127). Three sites for each Google
PageRank score within the range 0 to 7 were randomly selected
using the R Project statistical package [10] to ensure a range of
sites were represented. Each of the selected sites was then
captured (in April 2003) and electronically archived for
assessment using purpose built software. External links from
these sites were excluded.

Site Assessment
Sites were rated online by four researchers/health professionals
with expertise in depression and three consumers with a history
of depression but no professional experience in mental health
or research. Two of the health professionals (KG, HC) rated the
site using an evidence-based gold standard. They also rated the
characteristics of each website. The other two health
professionals (AJ, RK) and the three consumers rated the sites
using the DISCERN measures. All raters provided satisfaction
measures for each site. Sites were presented in a different
random order for each rater, and each rater was supplied with

a pro forma rating sheet. The consumer raters were employed
as casual research assistants during the study.

Site Characteristics
Each site was rated on a range of attributes, including ownership
structure, scope, editorial arrangement, and legal policies (Table
1).

Evidence-Based Guideline Score
Evidence-based quality was assessed using the depression
guidelines produced by the Centre for Evidence Based Mental
Health (CEBMH) at Oxford [11]. The guideline score was the
number of CEBMH items (maximum 20) correctly endorsed
by the website [4]. In the current study, the correlation between
evidence-based guideline scores for the two health professional
raters was 0.94 (P < .001). An average guideline score was
therefore computed for the two raters.

DISCERN Scores
The DISCERN instrument comprises 15 items (each rated from
1 to 5) and an additional “overall quality” item (rated 1 to 5)
[3,12]. Raters in the current study were informed that the
DISCERN questionnaire was designed to assess the quality of
information about medical treatments and that “In this study
we are focusing on the quality of web sites related to the
treatment of depression.” Each rater was provided with the
DISCERN instrument, which includes hints for rating each item,
and the DISCERN handbook, which contains detailed
information about the scoring of DISCERN items. Items in
DISCERN include questions about the reliability of the
publication (eg, are information sources specified, is it clear
where these information sources were produced, degree to which
the discussion is balanced) and the quality of information on
treatments (eg, description of the mechanism, benefits, risks of
possible choices and inclusion of multiple treatment options).

Previous research has demonstrated acceptable inter-rater
agreement on individual items of the instrument when used by
expert health professionals and “fair” agreement among
consumers [3]. The original version of the test used the overall
quality score as the measure of quality. However, subsequently,
a number of studies employing DISCERN have used a measure
of quality based on a total DISCERN score derived by
cumulating scores across the first 15 DISCERN items (minimum
score = 15; maximum = 75) (eg, [4,5,13,14]). This measure
shows acceptable inter-rater agreement (r = 0.88 [4], r = 0.82
[14]) and has been reported to correlate with the overall quality
rating (r = 0.8 [14]). In the current study, the correlation between
the total DISCERN score and the overall quality item score was
0.91 for consumers and 0.92 for experts. The DISCERN results
reported in the primary analyses are therefore confined to the
total DISCERN measure.

The correlation between the DISCERN ratings for the two health
professionals was 0.86 (P < .001). Intercorrelations between
DISCERN ratings for the three consumer raters were 0.78, 0.77,
and 0.68 (P < .001). An average score was therefore computed
for the health professionals and the consumers. The DISCERN
ratings for the health professionals and consumers were
significantly correlated (r = 0.77, P < .001). A paired t test
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demonstrated that mean DISCERN scores for the two types of
rater did not differ significantly across the 24 websites (t23 =
0.64, P = .53).

Satisfaction
Website satisfaction was measured using a series of 9 items
developed for the purpose of the study. Items included questions
about the target website’s perceived usefulness, relevance to
people with depression, trustworthiness, author knowledge,
esthetics, and whether the site could be easily understood, easily
navigated, and would be recommended. A total satisfaction
score was calculated by computing the total number of
satisfaction items endorsed by the rater (minimum 0, maximum
9). The correlation between satisfaction ratings for the two
evidence-based guideline health professional raters was 0.86
(P < .001) and for the two DISCERN health professional raters
was 0.83. Intercorrelations between satisfaction measures for
the three consumer raters were significant in two of the three
cases (rater 1 vs 2: r = 0.60, P = .002; rater 2 vs 3: r = 0.58, P
= .003; rater 1 vs 3: r = 0.26, P = .22). Therefore, although the
satisfaction measure for the evidence-based guideline health
professional raters was based on their average score, and an
average score was also computed for the DISCERN health
professional raters, the satisfaction measures for the three
consumer raters were treated separately.

Google ToolBar PageRank
Google PageRank is employed by the Google search engine as
a measure of the “importance” of a Web page. These PageRank
values can range from 0 to 10, with higher values indicating
greater importance. PageRanks are based on an iterative
algorithm developed by Google founders Brin and Page [15]
that takes into account the number and importance of pages
which link to a website. The importance of pages linking to a
site is assessed according to the number and importance of sites
linking to those pages. The PageRank score on the Google
toolbar is a transformed function (conjectured to be logarithmic
or distributional) of a raw Google PageRank score. The latter
are very small positive numbers which sum to 1.0 over the entire
Web and are known to be power-law distributed [16]. Google
PageRank differs from the ranking order in Google search results
in that PageRank is query independent, whereas the ranking
order in Google search results takes into account many other
variables, such as frequency of occurrence of search terms on
a page, anchor text used to link to sites, and a large number of
other tuning variables not disclosed by the company, as well as
PageRank.

The Google PageRank for each site was obtained by
downloading the Google toolbar and recording the integer
number attached to the toolbar. The lowest and highest identified
page ranks in the DMOZ depression directory were 0 and 7,
respectively.

Analyses
Intercorrelations between evidence-based scores, DISCERN,
and overall satisfaction were computed using Pearson r tests.
(Note that when these analyses were recomputed using

non-parametric Spearman rho tests, similar patterns of results
were observed.) Site quality was assessed as a function of site
characteristic using independent t tests (with Levene’s correction
in the case of unequal variances). Differences between
evidence-based scores as a function of individual satisfaction
items were analyzed separately using independent t tests except
that no analysis was performed for items for which the sample
sizes in a cell were very small (less than 6 sites). Multiple
independent t tests were also used in analyzing the effects of
site characteristics and for individual satisfaction items because
the data were not amenable to an overall multivariate analysis
such as a multiple regression or a MANOVA followed by
contrasts corrected for multiple comparisons. For example, there
were insufficient websites given the number of independent
predictors to apply multiple regression to the data. The
probability values cited in the results tables and text therefore
refer to error rate per comparison. Given that a large number of
comparisons were conducted in this study, the chance of
reporting one or more spuriously significant results is high. For
this reason, patterns of results, rather than isolated findings, are
emphasized in reporting and interpreting the study results,
particularly with respect to the satisfaction items. With the
exception of tests of the significance of differences between
dependent correlations, which were carried out using the SISA
online calculator [17], all analyses were carried out using SPSS
version 13.0 [18].

Results

Site Characteristics
Site characteristics are summarized in Table 1. Site ownership
was distributed relatively evenly between individuals and
organizations. Only a minority of the sites had an editorial board,
and a health professional was involved in fewer than 40% of
the sites. The majority of the sites were focused specifically on
the topic of depression as might be expected from sites selected
from a depression directory, although one-third contained more
general mental health or health content. Over 40% of the sites
promoted some type of product or service. Just under one-third
of the sites collected personal information, and one-quarter
required registration in order to obtain all of the site’s
information. One-third of the sites did not publish a privacy
policy. Surprisingly, over 40% failed to include a disclaimer
(eg, a statement that the website was not intended as a substitute
for medical advice).

Level of Quality and Satisfaction
Overall, the mean evidence-based score was low (3.6, SD =
3.9), and the mean DISCERN ratings for both the health
professional and consumer raters fell in the poor to average
range (health professionals: mean = 37.8, SD = 17.0; consumers:
mean =36.3, SD = 10.6). Mean satisfaction scores were low for
the evidence-based raters (mean = 2.8, SD = 2.1), were average
for the health professional DISCERN raters (mean = 4.3, SD =
2.6), and average for the consumer DISCERN raters (rater 1:
mean = 6.1, SD = 2.3; rater 2: mean = 4.7, SD = 3.0; rater 3:
mean = 4.4, SD = 3.7).
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Table 1. Site characteristics and evidence-based quality scores

Mean (SD) Evidence-Based Guideline Score
(max = 20)Number of Sites (%)Site Characteristic

1.5 (2.1)13 (54.2%)IndividualOwnership structure

6.1 (4.2)11 (45.8%)Organization*

t14.2** = −3.36, P = .005

7.7 (3.2)6 (25%)YesEditorial board

2.2 (3.1)18 (75%)No

t22 = −3.67, P = .001

2.4 (3.5)15 (62.5%)Depression specificScope †

6.2 (3.7)8 (33.3%)Broad scope

t21 = −2.41, P = .03

7.2 (3.0)9 (37.5%)YesHealth professional involved

1.4 (2.6)15 (62.5%)No

t22 = −4.94, P < .001

4.1 (4.2)10 (41.7%)YesPromotion of products/services

3.2 (3.8)14 (58.3%)No

t22 = −0.54, P = .596

6.4 (3.6)9 (37.5%)YesPrivacy policy

1.9 (3.1)15 (62.5%)No

t22 = −3.23, P = .004

7.0 (3.7)10 (58.3%)YesDisclaimer

1.2 (1.7)14 (41.7%)No

t11.7** = −4.64, P = .001

N/A‡22 (91.7%)YesFeedback mechanism

N/A‡2 (8.3%)No

6.6 (4.0)6 (25%)YesRegister for all information

2.6 (3.4)18 (75%)No

t22 = −2.38, P = .03

4.6 (4.1)7 (29.2%)YesCollect personal information

3.1 (3.9)17 (70.8%)No

t22 = −0.85, P = .41

3.6 (3.9)24All sites

* Commercial, consumer, or other organized group
** Levene's correction applied
† One site not depression related
‡ Not analyzed due to small sample size

Association Between Evidence-Based Quality and the
Potential Indicators of Quality

DISCERN
There was a strong correlation between the average
evidence-based score and the average DISCERN ratings for the
health professionals (r = 0.80, P < .001) and a moderately high
correlation for consumers (r = 0.62, P = .002). For health

professionals, intercorrelations between DISCERN ratings and
evidence-based scores for each of the items considered
separately ranged from 0.37 (P = .08) for Item 5 (Is it clear
when the information used or reported in the publication was
produced?) to 0.88 for Item 3 (P < .001) (Is it relevant? eg, Does
the publication address the questions readers might ask and are
the treatment recommendations realistic or appropriate?). For
consumers, this range was 0.18 (P = .40) for Item 5 to 0.68 (P
< .001) for Item 3.
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Google PageRank
There was a moderate correlation between the evidence-based
guideline score and Google PageRank (r = 0.59, P = .002). The
size of this correlation was almost the same as that between the
consumer DISCERN ratings and evidence-based scores.

Site Characteristics
Table 1 shows the evidence-based guideline scores as a function
of site characteristics. Evidence-based quality was significantly
higher for organizations, sites with an editorial board, sites with
broad health content, and sites involving a health professional
than for their counterparts. Similarly, sites which posted a
privacy policy, sites which included a disclaimer, and sites
requiring registration to obtain all information were of
significantly higher evidence-based quality. There was no
significant difference in evidence-based guideline scores for
sites that promoted products or services or that collected
personal information on visitors.

Associations Between Quality Measures and
Satisfaction
Evidence-based ratings were significantly correlated with overall
rater satisfaction (r = 0.85, P < .05). Sites that were judged by
consumers to have useful treatment information, to describe
what a consumer might wish to know about depression, to be
trustworthy, and to be written by people who knew about
depression showed better evidence-based quality, at least for 2
of the 3 consumers (Table 2). There were no significant
differences in evidence-based scores for consumers as a function
of the judged attractiveness of the site or whether they would
recommend it to someone else. Sites judged by health
professional raters as useful, relevant, written by a
knowledgeable author, and worthy of recommendation were of
higher evidence-based quality. There were no significant
differences in evidence-based scores as a function of whether
the site was judged by health professionals to be navigable. The
pattern of findings for the health professionals who provided
evidence-based ratings was similar to the pattern of findings
for health professionals who conducted DISCERN ratings.
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Table 2. Mean DISCERN scores for consumers and mean evidence-based and DISCERN scores for health professionals, as a function of individual
satisfaction items

Health Professional RatersConsumer Raters

DISCERNEvidence-Based

Rater 2Rater 1Rater 2Rater 1Rater 3Rater 2Rater 1Item

Useful treatment

5.82 (n = 11)

1.09 (n = 11)

t13.97* =−3.75

P = .002

7.50 (n = 9)

1.23 (n = 15)

t10.6* = −5.22

P < .001

8.93 (n = 7)

1.38 (n = 17)

t22 = −9.46

P < .001

8.93 (n = 7)

1.38 (n = 17)

t22 = −9.46

P < .001

4.45 (n = 11)

2.85 (n = 13)

t22 = −1.00

P = .32

6.17 (n = 9)

2.14 (n = 7)

t14 = −2.48

P = .03

6.45 (n = 10)

1.54 (n = 14)

t22 = −3.83

P = .001

Yes

No

Useful overall

6.89 (n = 9)

1.08 (n = 13)

t10.8* = −4.92

P < .001

6.73 (n = 11)

.92 (n = 13)

t13.7* = −5.11

P < .001

8.93 (n = 7)

1.38 (n = 17)

t22 = −9.46

P < .001

7.33 (n = 9)

1.33 (n = 15)

t9.93* = −4.57

P = .001

4.04 (n = 12)

3.13 (n = 12)

t22 = −.57

P = .58

5.23 (n = 11)

2.19 (n = 13)

t22= −2.02

P = .06

4.63 (n = 16)

1.50 (n = 8)

t22 =−1.96

P = .06

Yes

No

Relevant

8.19 (n = 8)

1.28 (n = 16)

t22 =−7.58

P < .001

8.75 (n = 6)

1.86 (n = 18)

t22 = −5.83

P < .001

9.90 (n = 5)

1.92 (n = 19)

–

10.0 (n = 1)

3.30 (n = 23)

–

3.88 (n = 13)

3.22 (n = 11)

t15.71* = −.39

P = .70

6.71 (n = 7)

2.29 (n = 17)

t22 = −2.89

P = .008

6.94 (n = 8)

1.90 (n = 16)

t22 =−3.70

P = .001

Yes

No

Trustworthy

5.07 (n = 14)

1.88 (n = 8)

t20 =−1.96

P = .07

6.22 (n = 9)

2.00 (n = 15)

t22 = −2.96

P = .007

9.25 (n = 4)

2.58 (n = 19)

7.20 (n = 5)

2.63 (n = 19)

4.77 (n = 13)

2.18 (n = 11)

t22 = −1.68

P = .11

6.71 (n = 7)

2.29 (n = 12)

t17= −3.14

P = .006

5.40 (n = 15)

.56 (n = 9)

t17.14* =
−4.57

P < .001

Yes

No

Knowledgeable

5.34 (n = 16)

.08 (n = 6)

t15.2* = −5.70

P < .001

5.82 (n = 14)

.45 (n = 10)

t15.4* = −5.23

P < .001

8.57 (n = 7)

1.53 (n = 17)

t22 = −7.15

P < .001

8.57 (n = 7)

1.53 (n = 17)

t22 = −7.15

P < .001

4.93 (n = 15)

1.50 (n = 8)

t21 = −2.16

P = .04

5.81 (n = 11)

1.83 (n = 12)

t21 = −2.78

P = .01

4.58 (n = 18)

.58 (n = 6)

t21.97* =
−3.76

P = .001

Yes

No

Understandable

4.38 (n = 17)

1.64 (n = 7)

t20.2* = −2.07

P = .05

3.90 (n = 22)

0 (n = 2)

–

4.08 (n = 19)

1.70 (n = 5)

–

2.27 (n = 13)

5.14 (n = 11)

t14.85* = 1.80

P = .09

4.55 (n = 10)

2.89 (n = 14)

t22 = −1.024

P = .32

3.74 (n = 23)

0 (n = 1)

–

3.58 (n = 24)

– (n = 0)

–

Yes

No

Navigable

2.98 (n = 20)

6.63 (n = 4)

t22 = 1.78

P = .09

3.08 (n = 18)

5.08 (n = 6)

t22 = 1.09

P = .29

3.84 (n = 16)

3.50 (n = 7)

t21 = −.19

P = .85

3.2 (n = 16)

4.3 (n = 8)

t22 = .64

P = .53

3.79 (n = 12)

3.38 (n = 12)

t22 = −.26

P = .80

3.95 (n = 21)

1 (n = 3)

–

3.3 (n = 23)

10 (n = 1)

–

Yes

No

Attractive

4.25 (n = 4)

3.45 (n = 20)

–

6.42 (n = 7)

2.41 (n = 17)

t22 = −2.55

P = .02

1.83 (n = 3)

3.92 (n = 19)

–

6.80 (n = 5)

2.81 (n = 18)

–

3.93 (n = 7)

3.44 (n = 17)

t22 = −.27

P = .79

3.92 (n = 13)

3.18 (n = 11)

t22 = −.46

P = .65

3.74 (n = 23)

0 (n = 1)

–

Yes

No

Recommended
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Health Professional RatersConsumer Raters

DISCERNEvidence-Based

Rater 2Rater 1Rater 2Rater 1Rater 3Rater 2Rater 1Item

7.36 (n = 7)

1.83 (n = 15)

t20 = −4.00

P = .001

8.75 (n = 6)

1.86 (n = 18)

t22 = −5.83

P < .001

4.25 (n = 2)

3.39 (n = 19)

10.83 (n = 3)

2.60 (n = 20)

–

4.04 (n = 12)

3.13 (n = 12)

t22 = −.57

P = .58

4.65 (n = 10)

2.19 (n = 13)

t21 =−1.66

P = .11

5.39 (n = 9)

2.5 (n = 15)

t22 =−1.84

P = .08

Yes

No

* Levene's correction applied

Consumer DISCERN ratings were strongly correlated with
satisfaction ratings (rater 1: r = 0.74, P < .001; rater 2: r = 0.85,
P < .001) as were expert DISCERN ratings (r = 0.95, P < .001).
By contrast, PageRank was correlated with consumer
satisfaction for one rater only (rater 1: r = 0.45, P = .03; rater
2: r = 0.35, P > .05; rater 3: r = 0.21, P > .05) and was only
moderately correlated with expert satisfaction ratings (r = 0.50,
P = .01). This difference in correlation for the DISCERN and
PageRank conditions was significant for two of the consumers
and also for the health professionals (consumer rater 1:
difference in r = 0.29, 95% CI = −0.02 to 0.60); rater 2:
difference in r = 0.50, 95% CI = 0.18 to 0.82; rater 3: difference
in r = 0.64, 95% CI = 0.26 to 1.02; health professionals:
difference in r = 0.45, 95% CI = 0.23 to 0.67)

Discussion

This study provides the first published demonstration that
DISCERN is an indicator of evidence-based website quality
when used by consumers. It also confirms our previous finding
[4] that DISCERN is an indicator of evidence-based quality
when used by health professionals.

The finding that DISCERN may be a valid means for consumers
to identify websites of high quality and satisfaction has practical
implications for consumers. It is unlikely that individual
consumers will invest the time required to use DISCERN solely
for their own purposes. However, used with caution and an
understanding that it is not a perfect predictor of evidence-based
quality, DISCERN may be relevant to consumer organizations
interested in assembling lists of links to high quality websites
for their membership or for visitors to their website. Moreover,
the finding that DISCERN may be useful for consumers raises
the possibility that DISCERN might also be validly applied by
other nontechnical experts, an observation of potential relevance
to any organization or Web constructor interested in
inexpensively assembling quality portals.

Interestingly, in the case of consumers, Google PageRank is as
strong an indicator of evidence-based quality as DISCERN.
Thus, this measure may be a simple and practical means by
which individual consumers can evaluate, albeit imperfectly,
the likely quality of mental health sites. Apart from the time
required to download the Google toolbar in the first instance,
its use requires minimal expertise and time. In addition,
PageRank is likely to be convenient for users seeking health
information on the Web since they typically do so by means of
a search rather than via directories or portals [19,20]. Since the
Google PageRank was correlated less highly with satisfaction

than was DISCERN, the latter may be the preferred rating tool
for organized groups for whom the overhead in learning to use
DISCERN can be justified. However, even in this circumstance,
it is possible that Google PageRank could be used as a screening
device to eliminate likely sites of low quality and the more time
consuming DISCERN instrument then applied to the remaining
sites. Alternatively, the reduction in sites may render the task
of assessment by a content expert feasible.

It is encouraging that sites regarded by consumers as more
useful, trustworthy, and relevant are, on average, sites of higher
evidence-based quality. This suggests that consumers’ own
judgment of and satisfaction with website content may be a
useful indicator of appropriate sites. Finally, consumers might
be guided by the finding from this and two of our previous
studies [4,21] that sites produced by organizations and sites that
have an editorial board are of above-average quality. In addition,
consumers may be able to place more reliance on sites that pay
attention to factors such as a privacy policy, a disclaimer,
feedback mechanisms, and on sites that involve health
professionals. By contrast, stylistic attributes (eg, judged
attractiveness) do not appear to be a useful basis for identifying
higher quality sites.

Limitations
This study suffers from several limitations. First, considerable
caution is needed in applying the results given that the
correlations between the evidence-based scores and DISCERN
and Google PageRank were of the order of 0.6 for the
consumers. Although considered a strong relationship in the
behavioral sciences [22], correlations of this magnitude will
result in misclassifications, including false positives and false
negatives. Second, the number of consumers employed in the
study was small. Third, the study was confined to the field of
depression. Fourth, a study of the psychometric properties of
the satisfaction measure has not been undertaken. It is therefore
difficult to determine if the lower agreement between
satisfaction and DISCERN among consumers reflects inadequate
reliability of the measure for consumers or a greater variability
among consumers than health professionals as to what
constitutes satisfaction. In addition, consumer scores on this
measure may have been influenced by their concurrent use of
DISCERN. Similarly, satisfaction ratings provided by the
evidence-based health professional raters may have been
influenced by their prior coding of site characteristics and ratings
of evidence-based quality. It would therefore be appropriate to
repeat the study with a larger number of consumers and health
professionals, to employ a design in which the ratings on
different instruments, such as DISCERN and satisfaction, were
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each provided by different consumers and health professionals
using a validated, reliable measure of satisfaction, and to
determine if the findings are robust across a range of mental
health and other health domains. In addition, although a number
of site characteristics were associated with better evidence-based
quality, the website sample size was insufficient to conduct
analyses to identify the independent effects of these
characteristics on quality. It is possible, for example, that
organizations are more likely to both produce high-quality sites
and incorporate a privacy policy, disclaimer, and feedback
mechanism. Finally, none of the raters—professional or
consumer—were experienced in the use of the DISCERN
instrument. The findings may therefore underestimate the
usefulness of DISCERN as an indicator of quality when used
by an experienced rater.

Conclusions
These results represent a first step toward identifying tools that
consumers who are not content experts can use as valid
indicators of the evidence-based quality of websites. Further
research is required to explore the utility of DISCERN and
Google PageRank. In particular, it is important to determine
optimal cutoff points for identifying higher quality sites and to
explore the sensitivity and specificity of the measures. It is also
of interest to document the relative utility of DISCERN for
nontechnical raters of differing educational backgrounds,
experience with the instrument, and Web experience. Finally,
given that not one but many indicators may be useful in
identifying high-quality sites, there may be value in identifying
optimal combinations of multiple indicators of quality. There
is also much to be gained by further identifying automatic
indicators of the type that could be factored into the relevance
algorithms of a specialized focused search engine.

 

Acknowledgments
This study was funded by a National Health and Medical Research Council Australia Program Grant to the Centre for Mental
Health Research and by a grant from beyondblue: the national depression initiative. The work described here was carried out
independently of the funders.

Authors' Contributions
KG conceived and designed the study, acted as a health professional rater (evidence-based), analyzed and interpreted the data,
and wrote the paper. HC designed the study, acted as a health professional rater (evidence-based), and edited the paper. Dr. Simon
Blomberg generated the list of websites, supervised the consumer research assistants, and collected the data. He and Kelly Blewitt
set up the database and entered the data. Three consumers provided DISCERN and satisfaction ratings and were employed as
research assistants for this purpose. Professor Anthony Jorm and Dr. Richard O’Kearney (health professionals) provided DISCERN
and satisfaction ratings for each site. Anthony Bennett developed the Web-capture software.

Conflicts of Interest
None declared.

References
1. Eysenbach G, Powell J, Kuss O, Sa ER. Empirical studies assessing the quality of health information for consumers on the

world wide web: a systematic review. JAMA 2002;287(20):2691-2700 [FREE Full text] [Medline: 22016241] [doi:
10.1001/jama.287.20.2691]

2. ; Commission of the European Communities eEurope. Quality criteria for health related websites. J Med Internet Res
2002;4(3):e15. [doi: 10.2196/jmir.4.3.e15]

3. Charnock D, Shepperd S, Needham G, Gann R. DISCERN: an instrument for judging the quality of written consumer health
information on treatment choices. J Epidemiol Commun Health 1999 Feb;53(2):105-111 [FREE Full text] [Medline:
99324793]

4. Griffiths KM, Christensen H. The quality and accessibility of Australian depression sites on the World Wide Web. Med J
Aust 2002 May 20;176 Suppl:S97-S104 [FREE Full text] [Medline: 22061104]

5. Bartels U, Hargrave D, Lau L, Esquembre C, Humpl T, Bouffet E. Analyse padiatrisch neuro-onkologischer Informationen
in deutschsprachigen Internetseiten. Klin Padiatrie 2003;215(6):352-357. [doi: 10.1055/s-2003-45491]

6. Turp J, Gerds T, Neugebauer S. Myoarthropathien des Kausystems: Beurteilung der Qualitat von Patienteninformationen
im Weltweiten Netz. Zeitschrift fur arztliche Fortbildung und Qualitatssicherung. In: Zusammenarbeit mit der
Kaiserin-Friedrich-Stiftung fur das arztliche Fortbildungswesen 2001;95(8):539-547.

7. Murray CJL, Lopez A. The global burden of disease: a comprehensive assessment of mortality and disability from diseases,
injuries and risk factors in 1990 and projected to 2020. Cambridge, Mass: Harvard University Press; 1996.

8. Andrews G, Henderson S. Unmet Need in Psychiatry: Problems, Resources, Responses. Cambridge, UK: Cambridge
University Press; 2000.

9. Taylor H. Explosive growth of 'cyberchondriacs' continues. URL: http://www.harrisinteractive.com/harris_poll/index.
asp?PID=117

J Med Internet Res 2005 | vol. 7 | iss. 5 |e55 | p.59http://www.jmir.org/2005/5/e55/
(page number not for citation purposes)

Griffiths & ChristensenJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://jama.ama-assn.org/cgi/pmidlookup?view=long&pmid=12020305
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22016241&dopt=Abstract
http://dx.doi.org/10.1001/jama.287.20.2691
http://dx.doi.org/10.2196/jmir.4.3.e15
http://jech.bmjjournals.com/cgi/pmidlookup?view=reprint&pmid=10396471
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=99324793&dopt=Abstract
http://www.mja.com.au/public/issues/176_10_200502/gri10081_fm.html
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22061104&dopt=Abstract
http://dx.doi.org/10.1055/s-2003-45491
http://www.harrisinteractive.com/harris_poll/index.asp?PID=117
http://www.harrisinteractive.com/harris_poll/index.asp?PID=117
http://www.w3.org/Style/XSL
http://www.renderx.com/


10. The R Project for Statistical Computing. URL: http://www.r-project.org/ [accessed 2005 Oct 24]
11. ; Centre for Evidence Based Mental Health, University of Oxford. A systematic guide for the management of depression

in primary care [treatment]. URL: http://www.psychiatry.ox.ac.uk/cebmh/guidelines/depression/depression1.html [accessed
2005 Oct 26]

12. Charnock D. The DISCERN handbook. Quality criteria for consumer health information on treatment choices. Oxford,
UK: Radcliffe Medical Press Ltd; 1998.

13. Hargrave D, Bartels U, Lau L, Esquembre C, Bouffet E. [Quality of childhood brain tumour information on the Internet in
French language]. Bull Cancer 2003 Jul;90(7):650-655. [Medline: 22837922]

14. Ademiluyi G, Rees CE, Sheard CE. Evaluating the reliability and validity of three tools to assess the quality of health
information on the Internet. Patient Educ Couns 2003 Jun;50(2):151-155. [Medline: 22667539]

15. Brin S, Page L. Anatomy of a large-scale hypertextual web search engine. Presented at: 7th International World Wide Web
Conference; April 14-18, 1998; Brisbane, Australia.

16. Pandurangan G, Raghavan P, Upfal E. Using PageRank to Characterize Web Structure. Presented at: 8th Annual International
Conference on Combinatorics and Computing (COCOON); 2002; Singapore.

17. SISA online statistical analysis. URL: http://home.clara.net/sisa/correl.htm [accessed 2005 Mar 11]
18. ; SPSS Inc. SPSS (12.0.1) for Windows. Chicago, Ill: SPSS. URL: http://www.spss.com/spss [accessed 2005 Mar 11]
19. Eysenbach G, Köhler C. How do consumers search for and appraise health information on the world wide web? Qualitative

study using focus groups, usability tests, and in-depth interviews. BMJ 2002 Mar 9;324(7337):573-577 [FREE Full text]
[PMC: 11884321] [Medline: 21881326] [doi: 10.1136/bmj.324.7337.573]

20. Fox S, Fallows D. Internet health resources. Washington, DC: Pew Internet & American Life Project; 2003.
21. Griffiths KM, Christensen H. Quality of web based information on treatment of depression: cross sectional survey. BMJ

2000 Dec 16;321(7275):1511-1515 [FREE Full text] [PMC: 11118181] [Medline: 20568134] [doi:
10.1136/bmj.321.7275.1511]

22. Cohen J. Statistical power analysis for the behavioral sciences. Hillsdale, NJ: Lawrence Erlbaum Associates; 1988.

submitted 20.01.05; peer-reviewed by H Witteman, S Shepperd; comments to author 18.02.05; revised version received 09.03.05;
accepted 21.10.05; published 15.11.05.

Please cite as:
Griffiths KM, Christensen H
Website Quality Indicators for Consumers
J Med Internet Res 2005;7(5):e55
URL: http://www.jmir.org/2005/5/e55/ 
doi:10.2196/jmir.7.5.e55
PMID:16403719

© Kathleen M Griffiths, Helen Christensen. Originally published in the Journal of Medical Internet Research (http://www.jmir.org),
15.11.2005. Except where otherwise noted, articles published in the Journal of Medical Internet Research are distributed under
the terms of the Creative Commons Attribution License (http://www.creativecommons.org/licenses/by/2.0/), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited, including full
bibliographic details and the URL (see "please cite as" above), and this statement is included.

J Med Internet Res 2005 | vol. 7 | iss. 5 |e55 | p.60http://www.jmir.org/2005/5/e55/
(page number not for citation purposes)

Griffiths & ChristensenJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.r-project.org/
http://www.psychiatry.ox.ac.uk/cebmh/guidelines/depression/depression1.html
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22837922&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22667539&dopt=Abstract
http://home.clara.net/sisa/correl.htm
http://www.spss.com/spss
http://bmj.com/cgi/pmidlookup?view=long&pmid=11884321
http://www.pubmedcentral.nih.gov/articlerender.fcgi?tool=pubmed&pubmedid=11884321
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21881326&dopt=Abstract
http://dx.doi.org/10.1136/bmj.324.7337.573
http://bmj.com/cgi/pmidlookup?view=long&pmid=11118181
http://www.pubmedcentral.nih.gov/articlerender.fcgi?tool=pubmed&pubmedid=11118181
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20568134&dopt=Abstract
http://dx.doi.org/10.1136/bmj.321.7275.1511
http://www.jmir.org/2005/5/e55/
http://dx.doi.org/10.2196/jmir.7.5.e55
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16403719&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Original Paper

Automated Assessment of the Quality of Depression Websites

Kathleen M Griffiths1, PhD; Thanh Tin Tang2, B.IT (Hons); David Hawking3, PhD; Helen Christensen4, PhD
1Depression & Anxiety Consumer Research Unit, Centre for Mental Health Research, The Australian National University, Canberra, Australia
2Computer Science Department, The Australian National University, Canberra, Australia
3ICT Centre, CSIRO, GPO Box 664, Canberra, Australia
4Centre for Mental Health Research, The Australian National University, Canberra, Australia

Corresponding Author:
Kathleen M Griffiths, PhD
Centre for Mental Health Research
The Australian National University
Canberra 0200
Australia
Phone: +61 2 6125 9723
Fax: +61 2 6125 0733
Email: kathy.griffiths@anu.edu.au

Abstract

Background: Since health information on the World Wide Web is of variable quality, methods are needed to assist consumers
to identify health websites containing evidence-based information. Manual assessment tools may assist consumers to evaluate
the quality of sites. However, these tools are poorly validated and often impractical. There is a need to develop better consumer
tools, and in particular to explore the potential of automated procedures for evaluating the quality of health information on the
web.

Objective: This study (1) describes the development of an automated quality assessment procedure (AQA) designed to
automatically rank depression websites according to their evidence-based quality; (2) evaluates the validity of the AQA relative
to human rated evidence-based quality scores; and (3) compares the validity of Google PageRank and the AQA as indicators of
evidence-based quality.

Method: The AQA was developed using a quality feedback technique and a set of training websites previously rated manually
according to their concordance with statements in the Oxford University Centre for Evidence-Based Mental Health’s guidelines
for treating depression. The validation phase involved 30 websites compiled from the DMOZ, Yahoo! and LookSmart Depression
Directories by randomly selecting six sites from each of the Google PageRank bands of 0, 1-2, 3-4, 5-6 and 7-8. Evidence-based
ratings from two independent raters (based on concordance with the Oxford guidelines) were then compared with scores derived
from the automated AQA and Google algorithms. There was no overlap in the websites used in the training and validation phases
of the study.

Results: The correlation between the AQA score and the evidence-based ratings was high and significant (r=0.85, P<.001).
Addition of a quadratic component improved the fit, the combined linear and quadratic model explaining 82 percent of the
variance. The correlation between Google PageRank and the evidence-based score was lower than that for the AQA. When sites
with zero PageRanks were included the association was weak and non-significant (r=0.23, P=.22). When sites with zero PageRanks
were excluded, the correlation was moderate (r=.61, P=.002).

Conclusions: Depression websites of different evidence-based quality can be differentiated using an automated system. If
replicable, generalizable to other health conditions and deployed in a consumer-friendly form, the automated procedure described
here could represent an important advance for consumers of Internet medical information.

(J Med Internet Res 2005;7(5):e59)   doi:10.2196/jmir.7.5.e59
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Introduction

At least 50% of households in the United States, the United
Kingdom and Australia are connected to the Internet [1-3]. In
addition, many people have access to the Internet outside the
home (eg, at work and in public libraries). A recent survey found
that 79% of American Internet users have searched for health
information online [4]. Moreover, there is evidence that online
health information can improve health knowledge and health
outcomes [5, 6].

To date, however, few health information websites have been
subjected to rigorous assessment of their effectiveness in
improving health outcomes. In the absence of such evidence, a
minimum requirement for a high quality health information
website should be that its content is evidence-based; that is, that
its content and recommendations are consistent with evidence
from a systematic review of the available medical literature. A
non-evidence-based site would recommend treatments that are
not supported by the evidence as effective, oppose the use of
beneficial treatments of demonstrated benefit or fail to mention
some effective treatments at all. For example, a depression
webpage on the official site of the Church of Scientology claims
that Dianetics is “the only proven effective technology of the
human mind” [7] and fails to mention other medical,
psychological and alternative treatments of demonstrated
effectiveness. Elsewhere on the site, Zoloft and Prozac are
described as “even more damaging than street drugs” [8].

Evidence-based health information is routinely disseminated to
health professionals with the aim of assisting clinical decision
making, improving healthcare and thereby improving health
outcomes. Such evidence, when provided to consumers, has the
potential to improve health outcomes by assisting consumers
to select effective, rather than ineffective self-help techniques
and by supporting shared decision making and
consumer-provider collaborative care [9]. Unfortunately, reviews
of the content of health websites have demonstrated that their
quality, when assessed relative to evidence-based standards, is
variable [10-13]. People seeking health information may
therefore require assistance to filter out lower quality websites.

Various mechanisms have been proposed for assisting
consumers to access high quality health websites [14]. These
include the use of quality portals (such as OMNI in the United
Kingdom and HealthInsite, Australia), pledges of webmasters
to adhere to codes of conducts (such as the HON code [15]) and
the use of consumer tools for assessing a site (for example
DISCERN [16]). However, the criteria for inclusion in a quality
portal typically do not include an evidence-based assessment,
so their validity as guides to quality material is uncertain.
Moreover, since such portals require time, effort and training
to maintain, it may be difficult to update the database in a timely
fashion. Similarly, codes of conduct and consumer tools employ
accountability criteria (such as the identification of the author,
their affiliations and qualifications) which are typically not
validated against an evidence-based standard [11, 17, 18]. One
exception is DISCERN, a tool designed to assist users without
technical expertise to assess the quality of health information
users. We have reported some preliminary evidence that

DISCERN may be a valid indicator of the evidence-based
quality of websites when used by consumers [19]. However,
the tool may not be valid for all consumers. Moreover,
DISCERN requires training and is lengthy, involving 15 items
and requiring assessment of all the pages on the target website.
In practice, individual consumers may lack the time and
motivation to undergo the necessary training or to apply the
tool to individual websites.

A potential solution to these problems is to develop assessment
tools based on algorithms that automatically evaluate the quality
of health information websites. To date there has been little
work directed to this possibility. There is some evidence of a
relationship between Google Page Rank and evidence-based
quality from two recent studies [19, 20]. However, the
association appears to be only of moderate strength, suggesting
that a more valid automatic indicator of website quality may be
required.

This paper describes the development of a computer algorithm,
the Automatic Quality Assessment procedure (AQA), designed
to automatically rank depression websites according to the
evidence-based quality of their treatment information. In
addition, it describes the results of an evaluation of the validity
of the AQA as an indicator of human-rated evidence-based
quality of treatment content. It also compares the validity of the
AQA and Google PageRank as indicators of evidence-based
quality.

The study focused on the evaluation of treatment information
in depression websites since depression is a primary source of
disability burden [21] and it has been reported to be a condition
for which users commonly seek information on the Internet [4].
There is also a high degree of unmet need in the treatment of
depression [22].

Methods

This section comprises two parts. The first describes the AQA
and its development. The second describes the methodology
used for the validation of the AQA as an indicator of
evidence-based treatment quality. The evidence-based rating
scale [12] employed in developing and validating the AQA was
based on clinical practice depression guidelines developed by
the Centre for Evidence-Based Mental Health in Oxford from
a systematic review of the evidence [23].

The Automatic Quality Assessment Procedure (AQA)
In the following we present the procedure for calculating AQA
scores and note its dependence upon two learned queries and
three numerical parameters. We then describe the development
phase during which the queries were learned and the parameter
values chosen. The development phase employed
websites/webpages not in the validation set but for which we
had collected human-rated relevance or evidence-based quality
measures from our previous studies [12, 19, 24].

The AQA assumes the availability of search engine software
that incorporates a web crawler and has the ability to effectively
score the relevance of documents to a query. The current study
employed the Panoptic search engine for this purpose. However,
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we believe that other similar search engines could be substituted
with similar results. A set of computer scripts were written to
learn queries, to set values of tuning parameters and to collect
and analyze output from the search engine. These scripts are
not part of the Panoptic search engine.

The Procedure
The AQA procedure comprised six steps as follows:

1. The target websites were downloaded using web crawler
software;

2. These downloaded pages were aggregated with a large set
of arbitrarily chosen general English language web pages
and the resulting collection indexed using the search engine.
This was necessary to avoid the extremely biased term
frequency distribution of a depression-only collection;

3. A previously learned relevance query (see below) was
processed over the collection created in Step 2 using the
search engine to produce relevance scores for all documents.
The relevance query consisted of many words and phrases,
each with a numerical importance weighting. Documents
with non-zero scores were not retrieved. For each site to
be evaluated, the number of retrieved documents |R| were
counted and the mean relevance score (r) computed.

4. A previously learned quality query (see below) was
processed in the same fashion as in Step 3, yielding |Q| and
q.

5. Site relevance and site quality scores were computed using
Equations (1) and (2). These scores were normalized such
that the highest Sr became 1.0 and the highest Sq was also
1.0.

6. An overall site score was computed using Equation (3).
Gamma is a scaling parameter designed to make scores
comparable with those from the human rating scale.

Equation 1: Sr=α × r + (1-α)× |R|

Equation 2: Sq= α × q + (1-α)× |Q|

Equation 3: S = γ × (β × Sq + (1-β)×Sr)

The following sections describe how relevance and quality
queries were learned and the values of α, β and γ chosen.

Learning Relevance and Quality Queries
Relevance and quality queries were learned using an extension
and novel application of the relevance feedback technique from
the field of information retrieval. In the relevance feedback
approach, a complex query consisting of weighted terms (words
and phrases), is automatically generated by comparing the term
frequency distributions of sets of relevant and irrelevant
documents. Good terms occur frequently in relevant text but
seldom otherwise. The resulting query is used by a text retrieval
system to derive relevance scores for documents. We extended
this method to learn a 'quality' query from sets of high and low
quality webpages.

Relevance query: During development of the relevance query,
query terms were selected by computing Term Selection Values
(TSVs) [25] for each candidate term, ranking them in descending
order and taking all the terms above a cutoff. Numerical weights

were applied to the selected terms using the Robertson-Sparck
Jones formula [26].

Using 347 documents previously judged relevant to the topic
of depression [24] and 9000 documents with very low
probability of relevance to that topic, we generated a relevance
query consisting of the words with the 20 highest TSVs and the
two-word phrases with the 20 highest TSVs. The cutoff of 20
was arbitrary but consistent with past information retrieval
practice.

Quality query: We generated a quality query in the same fashion,
using 110 documents judged to be relevant to depression and
of high quality as the “relevant” set and 3002 documents which
were judged either irrelevant or relevant but not of high quality
[24]. In this case the number of words (29) and phrases (20) in
the query was the minimum number needed to ensure the
inclusion of the names of all the evidence-based depression
treatments listed in our previously published systematic review
of the effectiveness of medical, psychological and alternative
treatments for depression [27].

Choosing Parameter Values
All the documents from 29 training sites for which we had
human evidence-based (Oxford) ratings from previous studies
[12, 19] were fetched using the Panoptic crawler and combined
with 10000 documents from the Yahoo! Directory which were
not in the depression category, as per Step 2 of the AQA
procedure.

In following Steps 3 and 4 of the procedure during training, we
computed |R|,r,|Q| and q based on scores obtained using the
Okapi BM25 [28] relevance scoring mode of the Panoptic search
engine. Okapi BM25 takes into account the frequency of
occurrence of query terms in a document, the discriminating
power of each query term, and the length of the document in
calculating a relevance score.

The parameter adjusts the balance between the average
document score and the coverage of a site. We then arbitrarily
chose α = 0.75. The parameter β adjusts the balance between
the relevance and quality scores for a site. We stepped through
the range of values between 0.0 and 1.0 and chose the value
which, when used in Equation 3, maximized the correlation
between the computed site scores and the human-assigned
quality scores. The best combination found, α = 0.75 and β =
0.70, yielded a correlation of 0.94 on the training data. It is
possible that better values could be found with a more
exhaustive optimization of parameters.

The parameter γ does not affect the correlation but scales the
raw AQA scores to match the range of the human assigned
scores. We chose γ = 17.27 which caused the highest AQA score
to be the same as the highest human-rated score.

The values determined in training (α = 0.75, β = 0.70 and γ =
17.27) were used in the validity testing phase.

Validity of the AQA versus PageRank
Here we describe the methodology used in a comparative
validation study of the AQA and the Google PageRank
procedures as an indicator of evidence-based treatment website
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quality. Each of two judges provided evidence-based ratings of
30 new depression websites. These ratings were compared with
automated scores derived from the AQA and Google PageRank.

Selection of Sites
The 30 depression information test websites were selected in
the following manner.

First, we compiled a master list of all depression websites from
the Open Directory (http://dmoz.org), Yahoo
(http://www.yahoo.com) and LookSmart
(http://www.looksmart.com) main and personal and treatment
depression subdirectories as of September 2004. DMOZ, Yahoo
and LookSmart are the three major human-compiled search
engines on the World Wide Web. The human-compiled
directories of many major crawler-based search engines such
as Google are derived from Open Directory and the
human-compiled content of the Lycos Directory is currently
supplied by LookSmart.

After excluding websites that were no longer accessible,
websites that were a subdirectory of an already included website,
or “websites” that were actually links to an individual article,
208 websites remained.

Using the Google Toolbar, Google PageRank scores were
recorded for each of these 208 websites. Sites were then pooled
into 5 PageRank bands (0, 1-2, 3-4, 5-6 and 7-8) and, from each
of the 5 PageRank bands, 6 websites were randomly selected
(using a computer generated random number function) to form
an initial set of 30 depression websites. Sites were stratified by
PageRank prior to sampling to avoid generating a spuriously
low correlation due to restricted range effects. A further 3
websites were excluded because the content was not free, there
was no depression information on the primary site, or the site
comprised only a single clinical tool for clinicians. These sites
were each replaced from the equivalent PageRank band using
the same computer generated random function.

Site content for each of the 30 websites was printed out in its
entirety by systematically following all internal links. Any audio
or video material content on a site was accessed online by the
evidence-based raters and incorporated into the overall
evidence-based score.

Content within a site was included for evaluation if it was free,
written in the English language, comprised core informational

material and focused on unipolar depression. Since the
evidence-based rating scale employed in the current study was
based on systematic guidelines for the treatment of major
depressive disorder, pages in a site were excluded from
evaluation if they focused on bipolar disorder, premenstrual
syndrome, premenstrual dysphoric disorder or seasonal affective
disorder. In addition, the following content on the target websites
was excluded from the evaluation: news sections, videos of
research conferences, book reviews, collections of PubMed
abstracts, poetry, message board and chatroom content. This
content was excluded because it was often unmanageably large
(eg, poetry archives and chatrooms) and peripheral to the core
educational material contained on the websites. General clinician
assessment instructions and survey databases were excluded as
they were not relevant to the study. Non-English content was
excluded for practical reasons.

Site Assessment

Site Characteristics
Test sites were coded independently by 2 raters according to
their ownership structure (individual vs organization); whether
or not they had an editorial board; whether or not the site was
depression specific, was somewhat broader in scope, or
comprised a clearinghouse; whether a health professional was
involved; and whether the site promoted products or services
(see Table 1). Where the two coders disagreed, the final
categorization was assigned by a third rater (KG).

Evidence-Based Score
Each test site was rated independently by 2 raters using a
20-item rating scale previously developed by us [12] (see
Textbox) from statements in the evidence-based, systematically
developed clinical practice guidelines for the management of
depression in primary care published by the Oxford University’s
Centre for Evidence-Based Mental Health guidelines [23]. Only
statements directly relevant to treatment were incorporated in
the 20-item scale. The 30 test sites were rated in a different
computer generated random order by the two raters. This rating
scale has previously shown high interrater reliability [12, 19].
In the current study, interrater reliability was also very high
(r=.93, P<.001) and there was no significant difference between
scores for the two raters (mean difference= 0.17, 95%
Confidence Interval (CI)= -0.96–0.62, P=.67).
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Textbox 1. Evidence-Based Rating Scale for Human Raters

The evidence-based rating scale [12] was developed from statements in the treatment section of A systematic guide for the management of depression
in primary care published by the Centre for Evidence-based mental health, Oxford [23]

• Antidepressant medication is an effective treatment for major depressive disorder.

• Antidepressants are all equally effective.

• The effectiveness of antidepressants is around 50 to 60%.

• Full psychosocial recovery can take several months.

• Drop out rate is same for different antidepressants.

• The side effect profile varies for different antidepressants.

• The choice of antidepressant should depend on individual patient factors (eg presence of co-morbid psychiatric or medical conditions, previous
response to a particular drug, patient preference regarding the desirability of specific side-effects, concurrent drug therapy, suicidal risk)

• Antidepressants are not addictive.

• A trial of 6 weeks at full dose is needed before a drug can be considered to have failed and another tried.

• A second-line drug should probably be from a different class of antidepressant.

• Once improved continuation treatment at the same dose for at least 4-6 months should be considered.

• Discontinuation syndrome may occur with abrupt cessation of any antidepressant so antidepressants should not be stopped suddenly. Where
possible antidepressants should be withdrawn over a 4 week period, unless there are urgent medical reasons to stop the drug more rapidly. [To
score 1, need to make general points that abrupt cessation can cause discontinuation syndrome and that antidepressants should not be stopped
suddenly]

• St John's Wort appears to be as effective as tricyclic antidepressants and causes fewer side effects, but little is known about any long term adverse
effects.

• Cognitive therapy can be an effective treatment for depression.

• Cognitive behaviour therapy is at least as effective as drug treatment in mild-to-moderate depression.

• Cognitive behaviour therapy may be valuable for people who respond to the concept of Cognitive behaviour therapy, prefer psychological to
antidepressant treatment, have not responded to antidepressant therapy. [Score 1 if mention at least one of these]

• Problem-solving may be effective for depression.

• [Generic] counselling is probably no more effective than treatment as usual from the GP for depression.

• Written information (usually based on a cognitive model of depression) can improve mild-to-moderate depression. [Score 1 if cognitive model]

• Exercise can be effective - alone or as an adjunct to other treatments.

For each item, score 1 if the site information is consistent with the statement. Cumulate item scores across the scale to yield a total evidence-based
score for the site.

Computing AQA Scores for the Test Sites
AQA scores were computed for the test websites by following
Steps 1 to 6 of the AQA procedure using the relevance and
quality queries and the values of α and β that were derived
during training.

Google PageRank
The Google PageRank was recorded for each home page.
Google PageRank is a measure employed by the Google Search
Engine company to evaluate the reputation of a webpage. The
PageRank is based on a computer algorithm that computes
iteratively the number and importance of links to a webpage
and in turn the number and importance of links to these linking
pages [29]. As noted above, we identified the PageRank for
each test site by downloading the Google Toolbar and recording
the integer value (range 0 to 10) on the toolbar for the homepage
of the site.

Statistical Analysis
The sample size was considered sufficient to justify meaningful
parametric analysis of the data. Intercorrelations between
variables were computed using Pearson correlation tests. The
validity of the automatic measure as an indicator of
evidence-based quality was evaluated using hierarchical multiple
regression. These analyses were performed using SPSS 12.0.1
[30]. Tests of the significance of differences between dependent
correlations were computed using the SISA online calculator
[31].

Results

Site characteristics
The characteristics of the 30 depression test sites used in the
validation are summarized in Table 1. Two-thirds of the sites
were depression-specific, a little over one-half were owned by
an individual, and a health professional was involved in
approximately half of the sites. One-fifth of the sites had an
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editorial board and over half of the sites promoted products or services or both.

Table 1. Characteristics of the websites employed in the test phase of the study

n (%) of sites (N=30)Site characteristic

Ownership structure

17 (56.7%)Individual

12 (40.0%)Organization*

1 (3.3%)Unknown

Editorial board

6 (20%)Yes

24 (80%)No

Scope

20 (66.7%)Depression specific

9 (30.0%)Broad scope

1 (3.3%)Clearing house

Health professional involved

16 (53.3%)Yes

14 (46.7%)No

Promotion of products/ services

19 (63.3%)Yes

11 (36.7%)No

* Commercial, consumer or other organized group

Quality scores
The mean (and standard deviation) of the evidence-based,
Google PageRank and AQA scores were 5.92 (SD = 5.46; n =
30), 3.67 (SD = 2.59; n = 30) and 8.07 (SD = 5.22; n = 29)
respectively. AQA scores were available for 29 test sites only

as one website included a robots.txt exclusion, an indicator that
the administrator of the site prohibited external crawlers from
accessing the website.

The relationship between the AQA score and the evidence-based
ratings is shown in Figure 1. The linear correlation between
these two measures was high and significant (r=0.85, P < .001).
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Figure 1. The relationship between the AQA and evidence-based scores

Table 2. Summary of hierarchical regression analysis for predicting evidence-based quality from automatic quality

PβSE(B)BVariable

Model 1

P<.001.85.10.85AQA

Model 2

P = .45-.22.30-.22AQA

P = .0011.11.02.07AQA2

Note: Model 1: R2 = .71 ; Model 2: ΔR2 = .10 (P = .001)

Visual inspection of the scatterplot in Figure 1 indicated a
possible quadratic component to the relationship. A hierarchical
multiple regression analysis was therefore performed to
determine if adding the square of the AQA score to the linear
solution improved the prediction (see Table 2). A substantial

71.4% of the variance in the evidence-based quality score was
explained by the automatic quality score alone. Addition of the

quadratic component significantly improved the fit (ΔR2 = 0.10,
FΔ (1,26) = 14.3, P = .001), the combined linear and quadratic
model explaining 82 percent of the variance.
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By contrast, the correlation between Google PageRank and the
evidence-based score was small and non-significant (r = 0.23,
P = .22, n = 30; see Figure 2). Excluding the missing case for
which AQA could not be computed, this association between

Google PageRank and the evidence-based score was
significantly lower than the association between the AQA score
and the evidence-based score (r(difference) (df = 26) = .64, t =
4.82, P = .0001).

Figure 2. The relationship between the Google PageRank and evidence-based scores.

Since it has been argued by some members of the search engine
optimisation community that PageRanks of 0 may constitute a
special subset of PageRank values (see Comment below), the
above analyses were recomputed after excluding sites with
PageRank of 0. The association between the PageRank and
evidence-based scores for remaining sites was significant (r =
0.61, P = .002, n = 24), but remained significantly lower than
the association between the AQA and evidence-based quality
scores (r(difference) (df = 20) = 0.22, t = 2.61, P = .02).

Discussion

Principal Results
A recent article concluded that “quality benchmarking of
health-related resources will always depend on a human assessor
…” [32]. We have demonstrated that an algorithm based on
relevance feedback (and involving no human judgment) is a
valid indicator of evidence-based quality of the treatment content
of depression sites. To our knowledge, this is the first published
study of the validity of a custom designed automated tool for
identifying the evidence-based quality of health information. If
replicable and generalizable to other health conditions, the
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current findings may have major practical implications for
e-health, consumer empowerment and self-managed healthcare.

Previous researchers have developed search systems designed
to identify medicine-specific Web-based information [33].
However, these systems focus on identifying material that is
relevant to the medical domain rather than selecting sites of
high content quality.

One published study has described a prototype system for rank
ordering Web-based health information by quality [34].
However, this paper used accountability criteria (eg, presence
of authorship information, detection of an HONcode logo,
detection that the page included information about the date it
was last updated) rather than content accuracy as a benchmark
of quality. There is little or no evidence that these accountability
measures singly or together correlate with evidence-based
content quality [10, 11, 17, 18]. Moreover, the researchers did
not evaluate the content quality of the retrieved pages in order
to validate their system of ranking against an evidence-based
standard. Finally, in contrast to the procedure described in the
current study, the system focused on individual pages rather
than on the entire website on a topic. It may be that only by
examining all the content of a site is it possible to gain a
comprehensive picture of its quality.

The finding in this study that websites can be automatically
evaluated for content quality is of considerable practical
significance. Suitably adapted, refined and integrated into or
used to post-process websites retrieved by a general search
engine, this system could assist consumers to identify websites
of higher quality. In the shorter term, the system can be used to
compile lists of websites for use in a focused search engine for
depression, such as that used on the BluePages Depression
Information website (http://bluepages.anu.edu.au). In addition,
the system may prove useful as a screening device for the use
of web developers interested in maintaining quality health
portals or links of high quality. Once filtered by the automatic
quality evaluator, developers could evaluate the remaining sites
manually to confirm accuracy of content, and to assess sites
according to other dimensions of quality (eg, usability) and
according to the needs of the organization and its users.

Consistent with previous studies [19, 20] we have demonstrated
in the current study that Google PageRank may be an indicator
of evidence-based quality. However, the fact that Google
PageRank was unable to provide a meaningful quality
assessment for sites with a zero score is a significant impediment
to its practical use. Moreover, even with zero PageRanks
excluded, the association between PageRank and content quality
is less strong than the association between the AQA score and
content quality. This suggests that relevance feedback (employed
by our AQA) may be superior to link structure (employed by
Google PageRank) as a method for identifying evidence-based
quality for a specific health domain. It also provides evidence
that a specialized tool such as the AQA is warranted. It might
be argued that a combination of relevance feedback and link
structure methods could improve the validity of the AQA
further. However, the preliminary indications are that this is not
the case. Supplementary analyses showed that when the Google
PageRank was added into the regression model along with the

AQA scores, it did not improve the fit of the model. This was
the case whether zero page ranks were included (explained 71%
of the variance compared to 82% in the original model) or
excluded (explained 65% compared to 82%).

The current tool is relevant only for identifying the quality of
depression websites. However, the relevance feedback method
used in the AQA is likely to generalize to other areas of mental
health and medicine. To apply the AQA in alternative health
domains requires that the procedure is trained to learn new terms
and parameter values specific to the new domain. The validity
of the technique in these other domains is a matter for empirical
investigation.

Limitations
There are some limitations of the system described here. First,
some minor changes to the AQA scaling procedure are necessary
before the system is used in practice (particularly for evaluating
a single website at a time). Applying a non-linear transformation
to the raw AQA scores (rather than linear scaling) might result
in a better prediction of the values of the evidence-based scores.
However, given that the base (linear) correlation coefficient is
already very high (0.85), the scope for improvement is limited.
Secondly, the AQA scores could be compromised if publishers
use “spamming” methods for optimizing their automatic quality
scores. General search engines are faced with a similar problem
when website developers attempt to artificially inflate the
relevance rankings for their websites. This problem is not
peculiar to automated methods for processing websites. It is
likely that website developers also use strategies to maximize
their scores on manually applied quality evaluation tools while
leaving unchanged the substantive content. Public search engines
incorporate algorithms for detecting attempts to distort rankings.
It is likely that the AQA could be refined to do the same. The
third limitation of the AQA system is that it is focused on
treatment information (as indeed is DISCERN) and does not
necessarily reflect the quality of other information on a site. In
addition, the system may not adequately rate sites which present
only one treatment type. The system will be most useful in
identifying sites containing high quality, comprehensive
treatment information. Another limitation relates to the gold
standard employed for rating the evidence-based quality of the
sites. It might be argued that to be considered valid, the rating
system should be validated against health outcomes or another
scale that has been thus validated. No such scales exist, and
given the paucity of efficacy studies of websites, such validation
exercises are not currently practical. Finally, one of the
evidence-based raters had been involved in the initial selection
of the sites which may have led to bias in the findings from the
validity studies. However, the pattern of results and conclusions
is identical if the findings are recomputed using the blinded
rater’s data only. This is not surprising given the higher interrater
reliability in this study for the evidence-based scale.

Conclusion and Future Work
The time has come to acknowledge that consumers do and will
continue to use the Internet as a source of health information.
We need to provide them with convenient, effective tools that
optimize the usefulness of this process. This study demonstrates
that automated methods offer considerable promise in this
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respect. The task before us now is to refine these methods, and
to test the usability, robustness and generalizability of the
systems we develop. In the process we need to test alternative
strategies for quality filtering, to identify if multiple methods
when combined improve the validity of the automatic algorithm,

and to evaluate whether the techniques generalize across health
domains. We must also construct a user interface for the
procedure, and conduct consumer user and satisfaction studies
on the resulting system.
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Abstract

Background: Working together efficiently and effectively presents a significant challenge in large-scale, complex, interdisciplinary
research projects. Collaboratories are a nascent method to help meet this challenge. However, formal collaboratories in biomedical
research centers are the exception rather than the rule.

Objective: The main purpose of this paper is to compare and describe two collaboratories that used off-the-shelf tools and
relatively modest resources to support the scientific activity of two biomedical research centers. The two centers were the Great
Lakes Regional Center for AIDS Research (HIV/AIDS Center) and the New York University Oral Cancer Research for Adolescent
and Adult Health Promotion Center (Oral Cancer Center).

Methods: In each collaboratory, we used semistructured interviews, surveys, and contextual inquiry to assess user needs and
define the technology requirements. We evaluated and selected commercial software applications by comparing their feature sets
with requirements and then pilot-testing the applications. Local and remote support staff cooperated in the implementation and
end user training for the collaborative tools. Collaboratory staff evaluated each implementation by analyzing utilization data,
administering user surveys, and functioning as participant observers.

Results: The HIV/AIDS Center primarily required real-time interaction for developing projects and attracting new participants
to the center; the Oral Cancer Center, on the other hand, mainly needed tools to support distributed and asynchronous work in
small research groups. The HIV/AIDS Center’s collaboratory included a center-wide website that also served as the launch point
for collaboratory applications, such as NetMeeting, Timbuktu Conference, PlaceWare Auditorium, and iVisit. The collaboratory
of the Oral Cancer Center used Groove and Genesys Web conferencing. The HIV/AIDS Center was successful in attracting new
scientists to HIV/AIDS research, and members used the collaboratory for developing and implementing new research studies.
The Oral Cancer Center successfully supported highly distributed and asynchronous research, and the collaboratory facilitated
real-time interaction for analyzing data and preparing publications.

Conclusions: The two collaboratory implementations demonstrated the feasibility of supporting biomedical research centers
using off-the-shelf commercial tools, but they also identified several barriers to successful collaboration. These barriers included
computing platform incompatibilities, network infrastructure complexity, variable availability of local versus remote IT support,
low computer and collaborative software literacy, and insufficient maturity of available collaborative software. Factors enabling
collaboratory use included collaboration incentives through funding mechanism, a collaborative versus competitive relationship
of researchers, leadership by example, and tools well matched to tasks and technical progress. Integrating electronic collaborative
tools into routine scientific practice can be successful but requires further research on the technical, social, and behavioral factors
influencing the adoption and use of collaboratories.
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Introduction

Collaborating across geographic and disciplinary boundaries
presents research initiatives with an unprecedented challenge
in terms of communication and collaboration [1-3]. Meeting
these challenges successfully requires unconventional tools and
novel scientific work practices [4,5]. The “collaboratory” [6-8]
has emerged as a concept for an infrastructure that supports new
methods for collaboration using electronic communication
networks. In a National Science Foundation workshop held in
1989, William Wulf proposed that “integrated, tool-oriented
computing and communications systems to support scientific
collaboration...can be called ‘collaboratories.’ Collaboratories
[are]...centers without walls, in which the nation's researchers
can perform their research without regard to geographical
location, interacting with colleagues, accessing instrumentation,
sharing data and computational resources, and accessing
information in digital libraries” [7].

Since the concept was initially proposed, collaboratories have
become more widely known and adopted in biomedical research
[9,10]. Examples of current and past biomedical research and
development projects that included formal collaboratories
include the following:

• the Biomedical Informatics Research Network (BIRN),
which enables data sharing across neuroimaging databases
throughout the United States [11]

• the Biological Collaborative Environment (BioCoRE),
which is a collaborative research environment for molecular
modeling and simulation [12]

• the Molecular Modeling Collaboratory, which is centered
around the development, deployment, and use of a highly
extensible, interactive molecular modeling software [13]

• the National Laboratory for the Study of Rural
Telemedicine, which established the Virtual Hospital, a
digital health sciences library and multimedia information
integrator providing just-in-time access to information for
medical practice, continuing education, and patient
education [14]

• the Visible Human Project (VHP), which created complete,
anatomically detailed, three-dimensional representations
of the normal male and female human bodies [15]

In this paper, we report on the implementation and evaluation
of two collaboratories funded by the National Institutes of Health
(NIH) that were created to support distributed research centers
in biomedicine. We use the term “center” to refer to the center
grant as a whole, and the term “collaboratory” to denote the

electronic infrastructure that supports communication and
collaboration within each center. In contrast to the projects
referenced above, most biomedical research centers do not
include a formal collaboratory. Many center directors, being
unfamiliar with electronic collaborative tools, simply expect
traditional methods, such as phone, fax, email, and occasional
face-to-face meetings, to support effective and efficient work
toward the project objectives. While centers using more
traditional communication methods reduce the technical
complexity of operating the center, opportunities for more
efficient, effective, and novel collaboration through new
electronic tools are lost.

The main purpose of this paper is to evaluate comparatively
two collaboratories that used off-the-shelf tools and relatively
modest resources to support the scientific activity of two
biomedical research centers. We first describe the two centers,
their goals, and their institutional participants and personnel.
Next, we discuss the requirements for collaboration and
communication within each center and how we supported these
requirements using commercially available electronic tools.
Finally, we present selected utilization and outcomes data and
conclude with a discussion of barriers and enablers that affected
the technology adoption within each collaboratory.

The main goal of this report is to help stakeholders in
geographically distributed research centers understand the
potential applications of a collaboratory and how to implement
one using off-the-shelf tools. Two secondary goals are (1) to
provide collaboratory architects with guidance on requirements
definition, tool selection, implementation, and evaluation, and
(2) to contribute to the growing literature on collaboratory design
and implementation [16-18].

The collaboratories we describe were funded as part of the Great
Lakes Regional Center for AIDS Research (HIV/AIDS Center)
and the New York University (NYU) Oral Cancer Research for
Adolescent and Adult Health Promotion Center (Oral Cancer
Center). Both centers were large-scale, cooperative research
projects funded by the NIH that focused on a single, complex,
biomedical research problem. The HIV/AIDS Center, which is
no longer operating, focused on HIV biology, immunology,
vaccines, therapeutic trials, and behavioral science, and it
included four academic institutions in the Midwestern United
States. The Oral Cancer Center is currently addressing the
reduction of health disparities in oral cancer and encompasses
ten institutions. Table 1 provides an overview of both research
projects.
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Table 1. Summary of the Great Lakes Regional Center for AIDS Research (HIV/AIDS Center) and the NYU Oral Cancer Research for Adolescent
and Adult Health Promotion Center (Oral Cancer Center)

Oral Cancer CenterHIV/AIDS CenterCenter

Health disparities in oral cancerHIV/AIDSResearch topic

Major organizational compo-
nents

•• 4 research studies7 research areas
• •8 cores (administrative, clinical research, nonhuman primate

model, genomics and proteomics, single-cell imaging and analysis,
immunology resource, biocomplexity, and collaboratory)

3 cores (administrative, biostatistics, and
collaboratory)

Research studies 1.1. Risk factors for oral epithelial dysplasiaHIV molecular biology
2. 2.HIV/AIDS pathogenesis research Oral cancer detection: current and

emerging technologies3. Epidemiology and natural history
3.4. Cancer screening and research subject

participation by minorities
Opportunistic infections and AIDS-related malignancies

5. Vaccine and other prevention research and development
4.6. Personalized risk feedback in dental clinic

smokers
Therapeutic research and development

7. Disease manifestations and metabolic complications

Number of

7 (4 studies and 3 cores; one study and one
core are directed by the same PI)

12 (cores)• principal investigators
(PIs)

15117• research personnel (in-
cluding PIs)

94• administrative personnel

Participating institutions 1.1. Boston UniversityNorthwestern University
2. 2.University of Michigan Howard University

3.3. Johns Hopkins UniversityUniversity of Minnesota
4. 4.University of Wisconsin Memorial Sloan-Kettering Cancer Center

5. New York University
6. Puerto Rico Health Department
7. Tuskegee University
8. University of Alabama/Birmingham
9. University of Pittsburgh
10. University of Puerto Rico

8/2001 to 7/20089/1998 to 8/2003Project duration

$8.3 million

(including $604000 for collaboratory)

$6.75 million

(including $559000 for collaboratory)

Budget

National Institute of Dental and Craniofacial
Research

National Cancer Institute and National Institute of Allergy and Infec-
tious Disease

Funded by

The HIV/AIDS Center was comprised of eight cores engaged
in seven research programs. The center’s mission was to
promote multidisciplinary AIDS research and to engage more
scientists in developing more effective measures to prevent and
treat HIV infection. Based on several proposed research areas,
the center created an infrastructure in which new projects were
developed and supported. The program was originally funded
for four years (1998-2002) and received an additional year of
bridging funds in 2003. Competitive renewal applications were
unsuccessful, leading to the dissolution of the center in
September 2003.

In contrast to the more developmental focus of the HIV/AIDS
Center, the Oral Cancer Center clearly defined four research
studies prior to the start of the project; a fifth study will be
developed later in the project period. Each of the study proposals
clearly framed research questions and methods and described
participating research personnel, infrastructure, and budgets.

The four research studies are supported by the administrative,
biostatistics, and collaboratory cores. While some of those
institutions are geographically close (such as the Memorial
Sloan-Kettering Cancer Center and NYU), others are quite
remote (such as the University of Puerto Rico). The project is
funded until 2008.

Both centers had a similar governance structure. They were
administered by a lead institution (Northwestern University for
the HIV/AIDS Center and NYU for the Oral Cancer Center)
and were guided and managed by the group of principal
investigators. Each center was advised by an external advisory
committee composed of leading scientists in the field and a
representative of the funding agency. The principal investigators
were responsible for the day-to-day operations of their respective
projects.

Unlike most research centers, both the HIV/AIDS Center and
the Oral Cancer Center proposed a formal collaboratory in their
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grant application. The principal investigator for the HIV/AIDS
Collaboratory was S. Teasley (University of Michigan), and for
the Oral Cancer Collaboratory, T. Schleyer (University of
Pittsburgh). Both individuals participated in their respective
centers as full members of the scientific and administrative
leadership.

In summary, the centers resembled each other in the following
ways: their multidisciplinary approach to a single, complex
research question; the involvement of several geographically
distributed institutional participants; the inclusion of a dedicated
collaboratory core; the size of the budget; and the length of the
funding period. The major difference was that the HIV/AIDS
Center built a platform to develop projects, while the Oral
Cancer Center is focusing on the completion of predefined
projects.

Methods

Needs Assessment and Initial Requirements Definition
Both collaboratories were developed by conducting a needs
assessment and defining requirements; researching, evaluating
and selecting off-the-shelf collaboration tools; creating custom
resources, such as websites, when needed; and implementing
and evaluating the collaboratory. To understand the specific
needs of investigators and projects, the collaboratory staff in
each center reviewed the grant application in detail and
interviewed each principal investigator and key research
personnel. These semistructured interviews addressed questions
about tasks related to projects, interaction between project teams
and center members, the project-related information generated
and/or managed, and other center characteristics. In addition,
we assessed the local computing infrastructure as well as the
software applications used by each investigator, both for desktop
computers and personal digital assistants. In both centers, we
also conducted contextual inquiry [19] sessions with selected
personnel.

Tool Evaluation and Implementation
Once the requirements for a collaborative activity were
sufficiently defined, technical staff researched and evaluated
existing tools. This typically involved compiling lists of
commercial and open-source applications, matching product
features against requirements, and testing selected products.

Once a product that satisfied a set of requirements was found,
we implemented it in a pilot installation with selected center
members. This approach allowed us to address most
implementation and functionality issues before a large-scale
rollout. Typically, the technical staff of each collaboratory
worked with remote technical support to install and configure
the tools on scientists’ desktops, conduct site-to-site pilot
sessions or tests to ensure smooth functioning, and to train the
research personnel. In this phase, technical staff members used
collaborative tools, such as Timbuktu Pro (Netopia, Inc.,
Emeryville, CA, USA) and NetMeeting and Remote Desktop
Connection (both Microsoft, Inc., Redmond, WA, USA).
Scientists were given enough practice and on-site technical
support to become comfortable with each tool as it was rolled
out.

Collaboratory Evaluation
The evaluation of the collaboratory implementation used three
main approaches. First, we collected utilization data through
manual and automatic data collection methods (such as Web
logs). For example, for Web conferencing, we tracked
parameters such as the number of sessions, participants, and
participating computers; for collaborative applications, the
utilization data included the number of participants, their usage
of tools (such as calendars and meeting tools), and the number
of shared files. Second, we conducted brief surveys to assess
participants’ experience with and attitudes toward the tools.
Third, we evaluated each collaboratory as participant observers
[20] and engaged in repeated discussions with principal
investigators and other research personnel, gaining valuable
contextual data. As a final step in the evaluation, we identified
barriers and enablers that affected the outcomes of the respective
collaboratory implementations. The behavioral research within
the HIV/AIDS Center was approved by the University of
Michigan (IRB Protocol #B03-00001782) and, within the Oral
Cancer Center, by the University of Pittsburgh (IRB Protocols
#020722 and #0309076).

Results

Needs Assessment and Initial Requirements Definition
None of the investigators, research staff, or administrators in
either center had experience with collaborative tools except
email and locally shared data stores. Some individuals had
participated in videoconferences, typically using PolyCom
(Polycom Inc., Pleasanton, CA, USA). Therefore, early in Year
1 in both centers, we conducted educational sessions for the
principal investigators and key research staff on the
collaboratory concept and corresponding tools.

Within the HIV/AIDS Center, the needs assessment identified
two activities as most important for supporting existing
collaborations and getting new collaborations started. First, the
scientists needed to run distributed lab meetings that would
allow conversation over shared data, including, for example,
images from a specialized microscope located at only one of
the sites. The expectation for this activity was that it be fully
interactive so that participants, from few to many, could interact
with each other in real time. The importance of high-quality,
real-time interactions has been shown to be important for
scientific research [21]. Second, the scientists wanted a way to
broadcast seminars to share information from experts inside
and outside the center.

The needs assessment of the Oral Cancer Center suggested that
the requirements for its collaboratory were different. One main
objective was to facilitate interaction and tasks among the center
participants at large, mostly from an administrative perspective.
The second objective was to support the work in each project
group. In this case, the requirements centered on facilitating
small group communication; sharing protocols, raw research
data, and analyses; and aiding workflow. The four research
projects, however, differed significantly in their goals and
objectives, operations, and personnel roles within the groups.
For instance, in the research project on cancer screening and
research subject participation by minorities, the initial work
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was highly sequenced and was either performed by one or two
individuals at a time or by a group of research personnel (such
as telephone interviewers) who required no support with
collaborative tools. By contrast, the research project on
personalized risk feedback in dental clinic smokers was highly
interactive and data intensive. In this project, the research
personnel at Memorial Sloan-Kettering Cancer Center (MSKCC)
(who designed the study and analyzed the data) and the clinical
personnel at NYU (who handled all patient interactions)
interacted frequently and intensively through email, telephone,
and face-to-face meetings. The other two groups suffered
operational delays, partially due to several regulations of the
Health InsurancePortability and Accountability Act coming into
effect, and were therefore less active during the first phase of
requirements definition.

Our contextual inquiry sessions with the project participants at
MSKCC, NYU, and the University of Puerto Rico provided a
detailed picture of information management across participating
institutions. In general, information was managed in a highly
fragmented fashion and in several different computing
environments/applications. Members typically worked on
several computers (such as home, office, and laptop) and
maintained project-related and other work-related information

in several places (such as Yahoo Calendar [Yahoo! Inc.,
Sunnyvale, CA, USA], personal digital assistants, application
programs such as Netscape Communicator [AOL Inc., Dulles,
VA, USA], and corporate email servers). While all subjects
used MS Windows, they did not all use the same applications
for the same tasks (eg, Netscape Communicator and Outlook
were both used for email). We observed several breakdowns in
the way information was shared among individuals. For instance,
group meetings were not always recorded in all personal
calendars, creating scheduling and coordination problems. In
Puerto Rico, the unreliability and limited bandwidth of network
connections made it routinely necessary to work around these
obstacles.

It is important to note that needs assessment and requirements
definition extended (and, in the case of the Oral Cancer Center,
are extending) throughout the centers’ funding period.
Collaboratory staff closely monitored how the activities in their
respective center evolved and continually evaluated
opportunities for support through collaborative software.

Tool Evaluation and Implementation
Table 2 provides a summary of representative collaborative
requirements and the selected tools.

Table 2. Collaborative requirements, sample tasks, and corresponding collaborative tools for the centers

Products ImplementedRepresentative TasksCenterRequirement

Oral CancerHIV/AIDS

X*XProvide a center-wide
website

•• HTMLpublish reports, announcements, and
member database • PHP

• launch collaborative applications • mySQL

XXInstall and support col-
laboratory tools

•• Microsoft NetMeeting, Timbuktu Proinstall software applications remotely
• •train end users one-on-one Microsoft Remote Desktop Connec-

tion (Oral Cancer Center only)• troubleshoot end user problems

XXTrain groups in use of
collaboratory tools

•• Microsoft NetMeeting, Timbuktu Prointroduce participants to tool concept
and functionality • CentraNow, Genesys Web/telephone

conferencing (Oral Cancer Center
only)

• practice using features of tools

XManage group meetings
and associated informa-
tion

•• Groove Meetings toolschedule meetings
• record agenda and minutes

XXConduct real-time,
small group meeting

•• NetMeeting, Timbuktu Conferencing,
Virtual PC (HIV only)

share textual and numerical data
• share analysis results (eg, SPSS files)

• Genesys Web/telephone conferencing
(Oral Cancer Center only)

• view histology slides through
telemicroscopy (HIV/AIDS Center
only)

XManage study patient
appointments

•• Groove Calendar toolschedule patients for multiple clinical
appointments

XAccess research
database and study-relat-
ed documents

•• Groove File Sharing toolmanage research data in MS Access
database

• co-author study protocols

XBroadcast seminars •• Placeware AuditoriumShare prepublication data and study
progress • iVisit

* Implementation of requirement suspended
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HIV/AIDS Center
Based on the initial set of requirements, the HIV/AIDS Center
implemented a comprehensive public/private website, several
tools for synchronous collaboration, and Web conferencing for
virtual seminars. The website offered progress reports about the
research collaborations, descriptions of core services, and a
searchable database of all existing members. The website was
also used for administrative tasks (eg, registering members,
making announcements of upcoming events, distributing
applications for developmental grants, archiving center
presentations, and providing help documents for the
collaboratory tools), launching collaboratory applications for
meetings and presentations, and evaluating the center’s activity
(eg, collecting survey data, recording observations, and creating
usage logs).

Point-to-point, real-time document, image, and equipment
sharing was supported by Microsoft NetMeeting (Microsoft,
Inc., Redmond, WA, USA). Because NetMeeting was not
available on the Macintosh platform, Macintosh users used
Timbuktu Conference (Netopia, Inc., Emeryville, CA, USA),
and later, Virtual PC (Microsoft, Inc., Redmond, WA, USA).
PlaceWare Auditorium (now owned by Microsoft, Inc. and
marketed as Live Meeting), a Web-based presentation tool, was
selected for virtual presentations. Since the quality of
voice over IP (VoIP) connections was insufficient at the time
of the HIV/AIDS project, we used telephones for audio during
online sessions. On occasion, we used iVisit (iVisit, Santa
Monica, CA, USA) to provide video in conjunction with
NetMeeting and PlaceWare (Figure 1).

Figure 1. Screenshot of a virtual lab meeting in the HIV/AIDS collaboratory (the bottom left window displays the tissue sample being discussed by
the participants shown in the four video feeds in the window at the right)

In order to implement these tools, the HIV/AIDS Collaboratory
staff identified and trained a local support person at each of the
four participating institutions. Although there was great
variability in the expertise of the local support staff, the tools
were successfully installed and tested before the project principal
investigators used them. In addition, the regional nature of the
HIV/AIDS collaboratory (including the fact that the
collaboratory staff resided at one of the four member

institutions) allowed collaboratory personnel to visit sites
relatively easily when needed.

Oral Cancer Center
Just like the HIV/AIDS Center, the Oral Cancer Center initially
focused on supporting communication and collaboration among
members of the Oral Cancer Collaboratory as a whole. Based
on the discussions with project personnel and the review of the
Oral Cancer Collaboratory grant application, the collaboratory
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core personnel had a good understanding of the structure and
workings of the center at large. On the other hand, gaining an
understanding of each research project required a much longer
period of time. In addition, because the individual research
projects were just starting, their personnel, operational
procedures, and infrastructure were still in development. We
therefore developed a prototypical website that could function
as the administrative “hub” for the center. After an initial period
of high interest, it became clear that interaction among all center
participants became less important than the increasingly
intensive work on the research projects. We therefore suspended
work on the center-wide website in order to focus on supporting
each individual research group.

We evaluated several groupware applications, such as Lotus
Notes (IBM, Armonk, NY, USA), eRoom (EMC Documentum,
Pleasanton, CA, USA), Groove (Microsoft, Inc., Redmond,
WA, USA), and Hyperwave (Hyperwave AG, München,
Germany). We chose Groove (Figure 2) for a pilot
implementation with the MSKCC/NYU research group for
several reasons. Groove is secure, peer-to-peer collaborative

software that integrates a wide variety of collaborative tools
(such as file sharing, threaded discussions, Web links, document
review, and calendar) into a single workspace (see Figure 2).
An administrator can choose which tools are available in a
particular workspace and therefore match the feature set to group
requirements. Groove is relatively well integrated with the MS
Office suite (Microsoft, Inc., Redmond, WA, USA), the
application environment used by all of the Oral Cancer Center
members. Due to its peer-to-peer architecture, Groove’s
administrative overhead is much lower than that of some
server-based applications (eg, Lotus Notes). Using NetMeeting,
we trained the study personnel remotely in Groove functions
relevant to their project tasks. The shared file area was the
repository for patient data, and both MSKCC and NYU accessed
and modified the same database. The shared calendar served as
a tool to record past, current, and future clinical appointments
for study participants. Groove’s meeting tool was intended to
provide a facility for organizing and recording meetings. A
member of the collaboratory core managed the group workspace
in Groove, monitored feature usage, and took weekly snapshots
of the workspace.

Figure 2. Screenshot of a desktop with two open Groove workspaces (the window on the right shows all available workspaces on this computer; the
top window displays the calendar tool of the DERT(New) workspace; the background window shows the file sharing tool of the PMS Analysis Group
workspace; the bottom center window contains the Groove Message History; messaging allows users to exchange short messages and can be configured
to display notifications such as the one displayed in the lower right corner of the screen)
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In Year 3, we evaluated Web conferencing software applications
for use in joint project meetings for research groups, as well as
for monthly updates of project and core principal investigators,
and NIDCR personnel. We evaluated and pilot-tested
CentraNow (Centra, Inc., Lexington, MA, USA), Elluminate
(Elluminate, Inc., Calgary, AB, Canada) and Genesys Meeting
Center (Genesys Conferencing, Inc., Reston, VA, USA). All
three tools adequately satisfied our synchronous collaboration
requirements, which included the ability to present PowerPoint
slides, share applications, manage participation (eg, turn-taking
for question-and-answer periods), and record online sessions.
However, only Genesys could work through a firewall
configured with standard ports, and thus was the default choice.
To date, the research group for cancer screening and research
subject participation by minorities has used Genesys for
collaborating on survey data analysis.

In contrast to the HIV/AIDS Center, local support for
collaboratory tools was problematic in the Oral Cancer Center.
Since the collaboratory personnel were not co-located with any
of the project principal investigators or research groups, they
often had to interact directly with the principal investigators
and research personnel. At some institutions, local IT support
was not available; at others, IT support staff did not consider
supporting the collaboratory tools as falling within their purview.
Support issues frequently had to be solved remotely, often
through screen-sharing tools. Occasionally, we provided support
on-site during visits to member institutions.

Collaboratory Evaluation

HIV/AIDS Center
Membership in the HIV/AIDS Center was open to anyone
engaged in AIDS and AIDS-related research at the four
participating institutions. By Year 4, there were 117 registered
members of the HIV/AIDS Collaboratory (ranging from 16 to
42 members per site), representing significant growth in
membership from the approximate 11 scientists involved in
writing the center grant application. During the total funding
period, the center sponsored the development of seven major
research studies and funded pilot projects for nine junior-level
scientists. The research portfolio of the center members
increased by 64% in a period when the overall NIH budget for
HIV/AIDS increased by 33%.

Virtual Lab Meetings

In the HIV/AIDS Center, a series of virtual lab meetings was
established after the initial technical demonstration in the third
quarter of Year 1. In the first six months of operation, the
collaboratory was used seven times for virtual lab meetings, a
rate of about once per month. The average attendance was 4.6
principal investigators (range 3-6) located at three to five
computers spread over three of the sites. The principal
investigators were typically joined by a number of members
from their labs, as well as occasional guests, including NIH
administrators, scientific advisory board members, and members
of the press.

The scientists valued the virtual lab meetings for the ability to
have real-time discussion accompanied by a shared view of a
screen and a shared pointer. Specifically, the scientists discussed

tissue sample images that were broadcast from a microscope
located at one of the sites (see Figure 1), other summary patient
data represented as graphics, research protocols, and co-authored
documents. The tissue samples and patient data were gathered
at several sites, but the expertise for analyzing these samples
was located at only one site. As a novel form of collaboration
for these scientists, viewing the data together gave them the
opportunity to see the data collected at all sites, discuss analyses
in real time and, for the tissue images, in the presence of the
pathology expert. The scientists also used these meetings to
initiate joint studies. The director of the center characterized
this as a change from “little science to big science.” By bringing
in members of their lab groups to these meetings, senior
scientists made their scientific practice more accessible to the
junior members of their research teams [22,23].

After the initial use of NetMeeting in the first six months after
collaboratory deployment, larger group meetings occurred with
less frequency. Specifically, there were five meetings over a
16-month period, organized when individuals generated research
results that they wanted to share. However, more one-on-one
use of the collaboratory tools emerged to support specific
research projects, representing several new cross-site
collaborations between pairs of scientists who had not worked
together before the center grant began.

Virtual Seminars

The method of broadcasting seminars using the PlaceWare
Auditorium software combined with a conference call was also
used as a mechanism for sharing pre-published data among the
center members. The first virtual seminar occurred at the
beginning of Year 2 of the grant. In total, there were nine
seminars, four in Year 2 and five in Year 3. Two HIV/AIDS
Center members and seven speakers from outside the center
presented these seminars. There were an average of 13
computers (range 5-19) logged into each presentation, located
at three to four sites. This figure greatly underestimates the
number of participants because people were typically assembled
in groups around monitors and projection screens. A more
accurate picture of seminar participation is derived from a survey
administered to the full membership, showing that 73% of
HIV/AIDS Collaboratory members who responded to the survey
attended at least one, and on average three, virtual seminars.
The primary reason for nonattendance was scheduling conflicts
(78% of survey respondents), and only 5% reported not
attending due to technical difficulties.

The collaboratory personnel in the HIV/AIDS Center attempted
to introduce asynchronous data sharing (such as file sharing)
to support group work. This effort was not successful, however,
because the application deployed, Docushare (Microsoft, Inc.,
Redmond, WA, USA), was agnostic about content, and the
scientists primarily wanted to use a common clinical database.

Oral Cancer Center

Shared Workspaces

The Personalized Risk Feedback in Dental Clinic Smokers study
performed by MSKCC and NYU offered multiple opportunities
for collaboratory support. A utilization analysis of the Groove
workspace after 20 months of use (Table 3) showed that group
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members used the workspace to collaborate on files and to
coordinate clinical appointments. After rapid initial growth, the
increase in Word and Excel files leveled off. Recorded patient
appointments grew at a steady pace because the clinical
personnel used them to closely coordinate their day-to-day work.
The group discontinued its use of the meeting tool to organize
and record meetings because it did not integrate with the
calendar tool in Groove or with the group members’ personal
calendars. The number of tools used within Groove changed

periodically as group members explored new tools and adopted
only those that provided value. The number of members in the
workspace fluctuated in the first five months, mainly because
of technical problems (which led two senior group members to
discontinue their use of Groove) and staff turnover. Subsequent
to the pilot implementation with the MSKCC/NYU research
group, the implementation of Groove with two other research
groups is now in progress.

Table 3. Summary analysis of the use of the Groove workspace in the Personalized Risk Feedback in Dental Clinic Smokers study (all numbers represent
the total number of objects at the time the workspace snapshot was taken)

Tools
Used

MeetingsOther AppointmentsPatient AppointmentsExcel
Files

Word
Files

Number of
Members

MonthYear

4200073May2003

440150145June

641644222July

75910610417August

761014311454September

771422811466October

681931811466November

682541911526December

682551211546January2004

682558213606February

682664715637March

682866115647April

682867415667May

683068515656June

683070117606July

683071217626August

683071917646September

68307227404October*

68307257427November

68307299457December

* In October 2004, the loss of a password resulted in the temporary loss of members and Word and Excel files.

Web Conferencing

So far, the Cancer Screening and Research Subject Participation
by Minorities project has used Genesys five times with six
participants each for biweekly meetings. The group is working
on analyzing a survey data set and has been using Genesys for
sharing analysis strategies and results. To date, the hour-long
meetings have typically included three activities. Technical
startup, which includes the time until all attendees have logged
into the meeting and are ready to participate, initially took
between 15 and 20 minutes, and has declined to between 5 and
10 minutes. The time dedicated to discussing shared visual
artifacts has increased from about 10 minutes in the first meeting
to an average of about 30 minutes. Telephone conference–only
phases, which address the analysis strategies, the work plan,
and organizational matters, consume the remainder of the time.

The lengthy technical startup phase is due in part to the low
general computer literacy of some participants, limited facility
with the Genesys client software, and software usability
problems. However, the added value of Web conferencing
outweighs the current technical drawbacks. The project director
commented, “I don't care that it takes us ten minutes to
connect—the tool still allows us to do something which we
could not do otherwise.”

Discussion

As this evaluation has shown, the two collaboratories described
in this paper exhibited some similarities, but they also differed
in fundamental ways both in terms of organizational issues and
technical needs. Table 4 briefly summarizes those aspects.
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Table 4. Comparative overview of the HIV/AIDS Center and the Oral Cancer Center, as well as their collaboratories

Oral Cancer CenterHIV/AIDS Center

closedopenMembership

predefinedloose, developmentalSpecification of research projects

individual project groupgeneral, cross-siteCollaboration emphasis

Need for

nonehigh• instrument sharing

lowhigh• real-time collaboration

highemerged late• data sharing

1 research assistant, 20% of collabora-
tory PI

1 research assistant, 75% of collaboratory PICentral collaboratory support

sporadicpredefined and dedicatedRemote IT support

MS Windows, MacintoshMS Windows, Macintosh, UNIXComputing platforms

The open membership and developmental nature of the
HIV/AIDS Center were the primary reasons for the collaboratory
focus on enabling general, cross-site collaborations with the
capability of both one-on-one and group interactions. In contrast,
the Oral Cancer Center was initiated with a much more specific
work plan, and, therefore, the collaboratory emphasis was on
supporting group work within individual projects. Real-time
collaboration in the HIV/AIDS Center used a rich array of tools,
resulting in types of collaboration that would not have been
possible otherwise (for instance, the real-time discussion of
tissue samples among pathologists and clinicians). For the Oral
Cancer Center, making sure that the information for working
on a particular project was available and up-to-date was initially
more important than real-time interaction between co-principal
investigators. The need for real-time collaboration only emerged
when the first project transitioned to data analysis and
interpretation.

Barriers to and Enablers of Collaboration
The comparison of collaboratories also identified several barriers
and enablers that affected the outcomes of the respective
implementations. These aspects should be addressed through
further research. The barriers included the following:

• Multiple computing platforms: Cross-platform issues
were more problematic in the HIV/AIDS Center (with MS
Windows, Macintosh, and UNIX platforms) than in the
Oral Cancer Center (MS Windows and Macintosh only),
but the collaboratory staff of both centers had to use various
workarounds (eg, Virtual PC on the Macintosh) to allow
certain members to participate.

• Network infrastructure complexity: A major hurdle for
the Oral Cancer Center was to find Web conferencing
software that worked with the firewall configurations of all
participants. For the HIV/AIDS Center, firewalls were less
of an issue as the local technical support staff could
negotiate with systems administrators to provide access as
needed.

• Variable availability of local versus remote IT support:
The availability of local IT support personnel facilitated

the installation and use of collaboratory tools in the
HIV/AIDS Center. On the other hand, limited remote
support was a major impediment for the Oral Cancer Center.

• Low computer and collaborative software literacy:
Limited computer literacy with groupware tools hindered
participants’collaboratory adoption and use in both centers.
While many scientists had some experience collaborating
with distant colleagues, these collaborations typically relied
on face-to-face meetings and email. Scientists in both
centers needed strong incentives and low risk for adopting
new ways of conducting their work.

• Insufficient maturity of collaborative software: Many
collaborative software applications are relatively new
products, and sometimes functional limitations, poor
interface design, and bugs negatively affected the scientists’
perceptions of the value of these tools.

• Lack of integration with existing application
environments: Collaborative tools should, as much as
possible, integrate seamlessly with a user’s existing
application environment [17]. This barrier was especially
obvious for users of Groove in the Oral Cancer Center, as
Groove provided stand-alone calendar and messaging
functions which did not integrate with other applications.
Similarly, in the HIV/AIDS Center, the need to use Virtual
PC significantly decreased Macintosh users’ enthusiasm
for several collaboratory applications.

Despite the problems described above, the comparison of the
two collaboratories also identified several factors that promoted
collaboratory adoption:

• Collaboration incentives through funding mechanism:
In both centers, the funding mechanism promoted
collaboration, albeit in two different forms. For the
HIV/AIDS Center, funding was predicated on the
development of projects and new collaborations, while for
the Oral Cancer Center, it depended on adequate progress
of predefined research projects.

• Collaborative versus competitive relationship of
researchers: In neither center did competitive pressures
among researchers inhibit their readiness to collaborate

J Med Internet Res 2005 | vol. 7 | iss. 5 |e53 | p.82http://www.jmir.org/2005/5/e53/
(page number not for citation purposes)

Schleyer et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


with other center members. The HIV/AIDS Center involved
researchers with complementary expertise, and the Oral
Cancer Center funded research projects with
non-overlapping scientific questions. This structure ensured
that each scientist’s own individual work did not threaten
to “scoop” the work of a center colleague.

• Leadership by example: In the HIV/AIDS Center, the
director led by example as he was an early adopter and one
of the highest users of the collaboratory technology in his
own center. In addition, several senior scientists not only
quickly adopted the technology for their work within the
center, but also began to use the tools for other
collaborations as well. In the case of the Oral Cancer Center,
the director actively sought out opportunities for the use of
collaborative tools and strongly encouraged members to
participate.

• Tools matched to tasks: In general, tools in both
collaboratories were relatively well matched with project
tasks. For instance, Groove provided the capability to reduce
or expand the feature set of a workspace depending on the
current needs of a project. On the other hand, in the
HIV/AIDS Center, the general functionality of the document
sharing application did not match the specific clinical needs,
and the tool was therefore not adopted.

• Technical progress: During the lifetime of the HIV/AIDS
Center, VoIP had not matured sufficiently to be a viable
option for multicast audio of acceptable quality. By the start
of the Oral Cancer Center, however, VoIP applications were
feasible. Conversely, the bandwidth of Internet connections
was sufficient to satisfy the performance demands of the
collaboratory applications in the HIV/AIDS Center where
the research sites were interconnected via Internet2.
Members who suffered from “the last mile problem” [24]
(eg, wiring in their buildings was not modern enough to
capitalize on the bandwidth enabled by Internet2) often
solved the problem by participating in the virtual meeting
in a colleague’s office or in their lab located in a newer
facility on campus.

Judging Success of a Collaboratory
Applying the collaboratory model for distributed biomedical
research will require further research on the factors related to
successful application of the tools to the scientific activity. It
is clear from the failure of the HIV/AIDS Center to be refunded
that the presence of a collaboratory does not ensure collaboration
between all participants. The success of this center in leveraging
Wulf’s “collaboratory opportunity” [7] was judged differently
by the NIH review panel and the center participants. A number
of center members felt that their research benefited tremendously
from the collaboratory and that they produced work with others
with whom they would otherwise not have collaborated. An
analysis of the scholarly output of 10 of the scientists who were
the original principal investigators for the grant showed that 7
of the 8 new grants funded in the first three years of the center
involved collaborators who had not previously been funded
together. However, the NIH reviewers believed that the
collaborations produced were not enough to merit the level of
funding provided by a center. This question of what constitutes
enough productivity to justify center-level funding is one that
is very much unresolved at the current time and that has been
articulated most recently by the National Science Foundation
[25]. It is also unclear if the presence of a collaboratory increases
the expectation for productivity that may lead to such centers
being evaluated with more stringent success criteria than centers
that employ more traditional mechanisms for collaboration.

Conclusions
As collaboration technology continues to mature and become
more commonplace in scientists’ everyday lives, the challenge
will be to figure out how to integrate these tools into routine
scientific practice in order to increase scientific efficiency and
productivity. Disciplinary social norms will undoubtedly drive
the pace and breadth of adoption of collaboratory tools [26].
For example, the rise in popularity of bioinformatics tools and
the emphasis on exploiting cyber infrastructure for data
archiving and management suggest that the capacity for sharing
data is an important functionality for collaboration tools.
However, without changes in the current reward structure for
scientific advancement, incentives for contributing to and using
such applications are unclear [27].
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Abstract

Background: It is increasingly difficult for clinicians to keep up-to-date with the rapidly growing biomedical literature. Online
evidence retrieval methods are now seen as a core tool to support evidence-based health practice. However, standard search
engine technology is not designed to manage the many different types of evidence sources that are available or to handle the very
different information needs of various clinical groups, who often work in widely different settings.

Objectives: The objectives of this paper are (1) to describe the design considerations and system architecture of a wrapper-mediator
approach to federate search system design, including the use of knowledge-based, meta-search filters, and (2) to analyze the
implications of system design choices on performance measurements.

Methods: A trial was performed to evaluate the technical performance of a federated evidence retrieval system, which provided
access to eight distinct online resources, including e-journals, PubMed, and electronic guidelines. The Quick Clinical system
architecture utilized a universal query language to reformulate queries internally and utilized meta-search filters to optimize
search strategies across resources. We recruited 227 family physicians from across Australia who used the system to retrieve
evidence in a routine clinical setting over a 4-week period. The total search time for a query was recorded, along with the duration
of individual queries sent to different online resources.

Results: Clinicians performed 1662 searches over the trial. The average search duration was 4.9 ± 3.2 s (N = 1662 searches).
Mean search duration to the individual sources was between 0.05 s and 4.55 s. Average system time (ie, system overhead) was
0.12 s.

Conclusions: The relatively small system overhead compared to the average time it takes to perform a search for an individual
source shows that the system achieves a good trade-off between performance and reliability. Furthermore, despite the additional
effort required to incorporate the capabilities of each individual source (to improve the quality of search results), system maintenance
requires only a small additional overhead.

(J Med Internet Res 2005;7(5):e52)   doi:10.2196/jmir.7.5.e52

KEYWORDS

Evidence-based medicine; clinical decision support systems; information retrieval; meta-search filters

Introduction

Clinicians need to keep up-to-date with the biomedical literature
in order to practice according to the best available evidence.
However, this has become increasingly difficult as the amount
of medical literature a clinician needs to consider grows

exponentially [1,2]. As a result, the effort required to find a
specific piece of evidence increases year after year [3].
Clinicians typically work under time pressure, which compounds
the problem. The need to develop robust methods and tools to
support evidence access is now widely recognized. Online
evidence retrieval methods are increasingly seen as a core tool
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in support of evidence-based health care [4]. In the traditional
model of online evidence services, clinicians have access to a
number of online information sources, such as journals,
databases, and Medline, each with its own idiosyncrasies and
search interfaces. This means users need to know which
resources are most suitable for their current question and how
the search query must be formulated for a given resource.
Interoperability standards for the efficient dissemination of
content are being developed (eg, the Open Archive Initiative
[5]), but until the majority of content adheres to such standards,
there is still a need to search through heterogenous data sources.

The meta-search engine approach [6,7] addresses many of the
limitations of these models by providing a mechanism to search
all the available resources at one time and by translating user
queries into the respective query languages of each resource.
This typically uses a least-common-denominator approach,
directly passing on user keywords to different information
sources without regard for the specific capabilities or limitations
of these resources. For example, a meta-search engine often
disregards the rich query language available with some resources
in order to simplify the overall meta-search process.
Consequently, while the user expects the meta-search to return
an integrated set of search results, the reality is that some
resources would have been able to perform much better had
they been queried individually; the user is unaware of the
variations in search quality across the different resources that
have been queried for them. Variants of the standard meta-search
engine approach have been shown [8] to provide search
capabilities beyond the least common denominator but still
require users to select the resources they wish to search. One
solution to this problem is to “federate” the different resources
so that they more genuinely behave as one uniform data source.
A federated search system may perform a syntactic
reformulation of a user query, translating it into queries that
have been optimized for the native query language of individual
evidence sources. Semantic reformulation is also possible [9].
For example, user keywords may be translated into equivalent
keywords or phrases using a terminological system.

However, a federated search can still produce an excessive
number of candidate documents, or hits, many of them failing
reasonable tests of relevance. One way to improve the chance
of retrieving clinically relevant information is to pre-program

a search system with specialist bibliographic knowledge using
search filters. Search filters capture expert strategies for
searching that are known to improve the precision of searches.
For example, Medline offers a small set of “clinical queries,”
which are pre-defined and validated search filters optimized to
retrieve documents that are most likely to be clinically relevant,
emphasizing disease etiology, diagnosis, therapy, or prognosis
[10,11]. Such search filters are necessarily highly customized
to the capabilities of individual information sources and their
native search engines. For a federated search system to
consistently use search filters, it would need to develop a
generalized approach to search filters, or meta-search filters.
Quick Clinical (QC) [4] is a federated evidence retrieval system
designed to meet the specific needs of clinicians. Its design
incorporates the novel use of meta-search filters to optimize
search strategies, and it is based upon a wrapper-mediator
architecture built around a universal query language. This paper
describes the system architecture of QC and the technical
challenges to the design of online evidence retrieval systems,
and it reports on the technical performance of the system from
a clinical trial with primary care physicians.

Methods

The Quick Clinical System

User Interface
In the QC user model, a user is presented with a single query
interface, which connects to an arbitrarily large number of
federated knowledge sources and incorporates query specific
meta-search filters called “profiles.” QC guides users to first
consider the purpose of their search through selection of a
profile, and it then asks them to provide specific keywords
related to that search task. As a consequence, users are guided
through a process that structures their query for them and
improves the chances that they will ask a well-formed query
and receive an appropriate answer. Figure 1 depicts the QC
search interface. On the left hand is a list of search filters that
describe typical search tasks and that are customized to the
specific information needs of different user groups. Figure 1
shows filters specifically designed for use by primary care
physicians.

J Med Internet Res 2005 | vol. 7 | iss. 5 |e52 | p.87http://www.jmir.org/2005/5/e52/
(page number not for citation purposes)

Coiera et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


Figure 1. The QC search query user interface

In QC, individual profiles are able to define different keyword
types, such as “disease,” which describe the keyword classes
typically associated with that profile. Thus, on the right of the
interface are four fields where users can provide keywords
describing the specific attributes of their search. Selection of a
different profile may thus alter the keyword types requested
from the user for a given search. QC then translates and submits

search queries to the sources specified in the chosen profile,
collects and processes the results, and presents them to the user
as a list of documents (Figure 2). The title of a document is
followed by the link and a short abstract of the content. A user
can drill-down into a specific group of results by source type
(eg, journal articles or guidelines).
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Figure 2. Screenshot of a QC results page

Quick Clinical System Architecture

Overview

Most information sources such as websites, online texts, and
databases have their own proprietary search interface, including
query language and format for the display of results. Therefore,
a federated meta-search engine that wishes to query a number
of different information sources needs to first represent a user
query using some internal query language [13] and then translate
that internal query into the specific query languages of the
relevant data sources. A well-documented [12] approach to this
problem is to use a “wrapper” (Figure 3), which acts as an
adapter between the proprietary language of individual
information sources and the internal language used within a
meta-search system. In QC, the internal query language is called
the unified query language (UQL). Each information source
known to QC has its own wrapper that translates queries from
UQL into the native language of the source. As a result, internal
components of QC only need to know UQL and not the

individual query languages of the data sources. System
maintenance is also simplified since the introduction of a new
data source to the system only requires one new wrapper
component to be generated. Once the results of a search are
returned by an information source, the information must again
be translated into a standard output format for presentation to
the user, which, in QC, is called the unified response language
(UReL). UReL also allows other components in the system to
modify the presentation of search results without needing to
understand the presentation format of individual sources (eg,
to remove duplicate documents). In Figure 3, a search is initiated
from the user interface, which forwards a query (in XML) to
the mediator. The mediator splits the query into several
subqueries and sends these to the appropriate wrapper (via a
capability manager if required). Finally, the wrapper translates
the query into the native query language of the data source (eg,
in HTML for Web data sources). Similarly, the result from the
data source gets translated back into the system’s XML
representation and sent back to the user interface.
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Figure 3. Architecture overview of Quick Clinical

Unified Query Language

UQL is used to represent queries obtained from users in a
consistent internal way, and UQL statements identify query
elements such as the external information sources to be searched
and a set of search attributes used to delimit the search. For
example, UQL expressions can store date range delimiters for
a search. UQL also contains statements that indicate whether
or not QC needs to process the query further. For example, we
may wish to remove duplicate items obtained from different
sources. In our current implementation, UQL is implemented
using XML. To define the structure of the data within the XML
document we use a data type definition (DTD), which allows
various internal components of QC to validate the XML data

received in the UQL query. The following example illustrates
how a UQL query might look in XML.
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<QUERY keyword = "iron AND deficiency"
  profile = "treatment"
  duplicateRemoval = "yes"
  sortBy = "rank"
  useLexicalVariants = "yes"
  timeout = "20"
  dateRangeBeginDay = "1"
  dateRangeBeginMonth = "1"
  dateRangeBeginYear = "1999" >
 <SOURCE name = "PubMed" />
 <SOURCE name = "Harrison’s online" />
 <SOURCE name = "Merck" />
 <SOURCE name = "MIMS" />
</QUERY>

Unified Response Language

Similarly to the UQL, the unified response language (UReL) is
used internally to guide display of information to users, also
represented using XML. Each separate result, or “article,” from
a source can be broken up into smaller chunks and given
meta-data labels to represent the different sections of the data
(eg, abstracts from journal articles). Since the majority of
sources accessed by QC are journals, the data that are retrieved
typically contain document elements such as Title, Author(s),
Journal Name, Date of Publication, and the URL where the
electronic version of the paper is accessed. Other sources, such
as drug descriptions from pharmaceutical compendia, have
sections such as Drug Name and Manufacturer. These different
document elements, based upon the typical sources QC expects
to find, are defined as specific fields in the UReL definition.
The following example illustrates how a set of documents
retrieved by QC might be represented in UReL.

<RESULT>
 <ARTICLE>
  <LINK>
   <HREF>
     http://www.ncbi.nlm.nih.gov:80
     /entrez/query.fcgi?cmd=Retrieve&db=PubMed
     &list_uids=12198020&dopt=Abstract
   </HREF>
   <LINKNAME>Abstract</LINKNAME>
  </LINK>
  <AUTHORLIST>Heath AL, 
    Skeaff CM, 
    Gibson RS.
  </AUTHORLIST>
  <TITLE>
    Dietary treatment of iron deficiency
  </TITLE>
  <DATE>
   <YEAR>2002</YEAR>
   <MONTH>9</MONTH>
  </DATE>
  <SOURCE>PubMed</SOURCE>
 </ARTICLE>
 <ARTICLE>
  <LINK>
   <HREF>
     http://mims.hcn.net.au
     /ifmx-nsapi/mims-data/?MIval=2MIMS_abbr_pi
     &product_code=288
     &product_name=Ferrum+H+Injection
   </HREF>
   <LINKNAME>More Information</LINKNAME>
  </LINK>
  <AUTHORLIST>
    Sigma Pharmaceuticals Pty Ltd.
  </AUTHORLIST>
  <TITLE>Ferrum H Injection</TITLE>
  <SOURCE>MIMS</SOURCE>
 </ARTICLE>
</RESULT>

Wrappers

For every information source known to QC, there is a specific
wrapper that translates a UQL query into the native query
language and format of the source. The wrapper also extracts
the relevant information from the HTML result pages returned
by the search engine and re-expresses it in UReL. Figure 4
shows the basic architecture of wrappers in our current system.
Each wrapper has three main components: a feeder, extraction
rules, and a sieve. The feeder converts the user query into the
native query language of the data source. The data source
responds to the query and returns HTML raw data. The feeder
passes the raw data to the sieve, which converts it to UReL in
XML format by using the extraction rules for the data source.
The UReL is then sent back via other components to the user
interface, which can interpret the XML and display the results.
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Figure 4. Wrapper components

Mediator

A key requirement of a multisource information retrieval system
is the ability to perform concurrent searches on multiple sources
with a single query [6,7]. The mediator addresses this
requirement. The mediator first analyzes a query and determines
how many sources are to be searched. It then creates a separate
search job for each of these sources and forwards the search job
to other system components. Additionally, the mediator collects
individual results as they arrive and amalgamates them for the
user into a single result. By introducing parallelism, the time to
perform a search across a number of resources should be reduced
to the duration of the slowest source. However, the potential
drawback of parallel processing is the increased administration
overhead of running multiple parallel processes within a system.
As a rule of thumb, we would expect the benefits of parallel
execution should increase with the number of sources queried,
as response times for Web resources can be many seconds long,

and computational execution of processes to manage parallel
search are typically much less than one second.

Connection speed and latency of response time from sources
are, for practical purposes, nondeterministic in an Internet
environment, and a meta-search engine can therefore experience
large fluctuations in responses from the same source under
different circumstances. Latency is subject to network traffic
conditions, making it impossible to guarantee that all resources
that are queried at a particular time will respond predictably
and equally. To counter this, the mediator has a time-out feature.
If a response is not received within the time-out specified by a
profile, the mediator will cancel a subsearch and forward all the
results currently available from other sources to the user
interface. This effectively guarantees a defined response time
irrespective of the state of the individual data sources and
provides some control over the speed/accuracy trade-off.
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Capability Manager

Search capabilities vary considerably between the search engines
that QC might wish to interrogate, and some sources will have
limitations in their ability to process search queries. One
approach to this problem is to try to raise all sources to as high
a level of common performance as possible by emulating
missing capabilities locally, usually by modifying the query
and/or search result [13]. A trivial example is mimicking the
ability to perform a Boolean search when a data source does
not have this capability. To emulate a Boolean AND, a
meta-search engine would perform two parallel individual
searches on the source and then itself perform the Boolean
operation on the two results.

In QC, a capability manager (CM) is responsible for mimicking
a range of search capabilities and is located between the
mediator and wrapper. The CM may modify a query and/or the
result depending on the capabilities of the sources about to be
queried. Capabilities of the CM within the QC system included
the following:

• Date-CM: search within a date range
• Duplicate-CM: remove document duplicates
• Sort-CM: sort results by title, author, document rank, or

date
• Lexical-CM: expand a search term with lexical variants of

the term. A lexical variant is a synonym, pluralization,
hyphenation, or other modification that changes the text
but not its meaning. Lexical variants are particularly
important in the medical domain [14] because many
concepts can be expressed in Latin or English (eg, cardio
vs heart). Moreover, there is a common confusion between
terms in American English versus British English (eg,
hemoglobin vs haemoglobin, epinephrine vs adrenaline).

QC uses a stacking mechanism to insert individual CMs into
the processing of queries for wrappers and the processing of
results from a source. A component called the search planner,
containing simple rules, is responsible for stacking the CMs.
This means that the sequence of CMs can be ordered to ensure
the correct outcome of query or result translations. Theoretically,
this corresponds to a composition of operations. A lexical variant
CM, for example, has to replace the search terms in the query
before the wrapper executes the search. The Date-CM, on the
other hand, can only perform its job after the successful
execution of the wrapper.

Search Filters

Expert searchers typically will use search strategies that are
more likely to accurately locate information, based upon an
understanding of the specific capabilities of an evidence source.
There is an increasing interest in the writing of search filters
which capture such strategies, usually focusing on the major
evidence repositories like Medline [10,11]. Search filters are
designed for typical clinical queries such as “diagnosis” or
“prescribing,” and they are crafted to find evidence most likely
to satisfy the query by first selectively searching resources
identified to be of high quality and, second, by automatically
adding specialist keywords to the general question posed by a
user. Within QC, search filters are stored in the profiles function.
For example, if a clinician selects the “diagnosis” filter and
enters the search term “asthma,” QC can add in the additional
terms when it queries Medline [10]:

sensitivity and specificity [MESH] OR sensitivity [WORD] OR
diagnosis [SH] OR diagnostic use [SH] OR specificity [WORD]

These terms have been shown to significantly enhance the
quality of Medline results, but they are unlikely to be known to
a typical clinical user.

Unlike standard search filters, QC profiles are meta-search filters
because they encode search filters for multiple different sources.
Profiles thus encode expert search strategies that are most likely
to answer a certain class of query, and they encode, among other
things, the most appropriate content sources to search (Table
1). For a primary care physician, these search profiles might be
for diagnosis, prescription, review, and treatment [4], but any
set of profiles can be created within QC to meet the specific
query types and search contexts of different users. In Table 1,
the Treatment profile describes a set of nine separate
source-specific search filters, which collectively describe the
search strategy believed most likely to retrieve an accurate
search result from each resource. The # symbol delimits
keyword variables that are to be instantiated with user keywords.
For example, #1# represents the keyword type “disease,” and
QC’s mediator component will substitute the user-provided
keywords for “disease” throughout the profile, prior to sending
the query to the individual wrappers for the different sources.
More than one search string can be created for an individual
source (eg, TGL 1 and TGL 2) as a single strategy may not
always retrieve all the relevant documents.
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Table 1. Quick Clinical meta-search filters

Search StringSource

(#1# AND #2# AND #3# AND #4#) AND+ ("treatment" OR "therapy" OR "therapeutic use")TGL1

(#1# AND #3#) AND+ ("treatment" OR "therapy" OR "therapeutic use")TGL2

#1# AND #2# AND #3# AND #4#HealthInsite3

#1# AND #3#HealthInsite4

(#1# ATTR+ [Title] AND #3# ATTR+ [Title] AND #4# ATTR+ [Title] ATTR+ /ther)

English 10 years Human

PubMed5

#1# ATTR+ [Title] AND (#3# ATTR+ [Title] OR #4# ATTR+ [Title]) ATTR+ /drug ATTR+ ther

English 10 years Human

PubMed6

((#1# AND #3# AND #4#) OR (#1# AND #3#)) AND+ ("treatment" OR "therapy")Merck7

DisconnectedHarrison’s8

DisconnectedHarrison’s9

System Platform

The system was constructed using Java, the Struts Web
application framework, and a MySQL database and is deployed
on a RedHat Linux platform. The user interface (JSP, servlet,
and HTML pages) is deployed through an Apache Web server
connected to a Tomcat servlet engine. The Apache-Tomcat
platform incorporates load balancing and fail-over and is suitable
for scalability and large-scale deployment.

Technical Evaluation
QC has undergone a series of clinical evaluations, which have
been reported separately [4,15,16].

In total, 227 family physicians from across Australia participated
in a trial of QC. Clinicians who had a computer with Internet
access in their consulting rooms were recruited and asked to
use QC for 4 weeks in routine care. Each participant was given
a personal username and password to access the system. All
clinicians completed an online pre-trial survey. QC was

configured to search a set of eight sources, including remote
sites such as PubMed, online journals such as BMJ and the
Medical Journal of Australia (MJA), and locally cached sources
such as The Merck Manual and Therapeutic Guidelines
Australia.

For every search, the time from the request arriving at the system
to the time when the results were sent back to the user was
recorded (Figure 5; search time = system time + slowest source
time). Note that there is a cap on search time when the time-out
cuts in. Time-outs are search-profile dependent and were set at
either 15 or 30 s. The time it took to conduct the search on the
individual sources was also recorded. The time taken to send
data between QC and the user’s computer (user time) is not
incorporated in these measurements.

In the following section we report on the technical performance
of the architecture and then reflect on its suitability for
supporting evidence retrieval in clinical practice.

Figure 5. Search time metrics
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Results

In the pre-trial questionnaire, 40% of the clinicians reported
having a broadband (ADSL, cable, satellite) connection, while
43% used a 56k or 64k modem connection. The remaining 17%
either did not know the type of connection used or had a slower
connection. A total of 1662 searches were performed over the
trial.

Search Speed
Under local network conditions (LAN, 100MBit), the user time
(from starting the search on a client computer to displaying the

results) was approximately 1.5 s. However, since most users
accessed the system through the Internet, latency was
significantly longer and slowed down the overall search speed.

The average search time was 4.9 s, with a standard deviation
of 3.2 s (N = 1662 searches). Figure 6 shows the distribution
of all search times over the trial. There are four distinctive
features in this chart. The first is a small peak at 1 s (ie, searches
that took up to 1 s to complete). The second feature is a peak
around the mean value. Third, there is a small peak at 15 s, and,
fourth, there is a small peak at 30 s.

Figure 6. Distribution of search time for all 1662 searches

System Time
System time for a search was computed by subtracting the
duration of the slowest source in every search from the search
time (see Figure 5). From the system time histogram in Figure

7, it can be seen that for the majority of the searches the system
takes between 100 ms and 130 ms (mean = 117.9 ms; SD = 68.4
ms; N = 1614 [48 searches had missing data, hence 1614
searches]).
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Figure 7. Distribution of the system time for 1614 searches

System Time Versus Number of Individual Sources
Involved
Depending on the search profile selected, the system will query
a certain number of information sources and combine the results.

To illustrate the dependency between system time and the
number of sources queried, Table 2 shows average system time
versus the number of sources queried in a search. The number
of sources queried is predefined by the search profile, and none
of the search profiles tested queried five, six, or eight sources.

Table 2. System time vs number of sources queried

Average System Time (ms)NNumber of Sources Queried

18.1481

31.892

73.3153

59.774

-05

-06

122.213737

-08

122.61629

Speed and Reliability of Individual Data Sources
In addition to the performance measurements of the whole
searches, the speed and reliability of the individual data sources
was measured. Reliability was measured as the number of error

cases (ie, queries that were not answered due to an error
condition, such as a network error, an HTTP error, or queries
that timed out). Reliability and speed figures are summarized
in Table 3.
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Table 3. Reliability and speed of data sources

Max (s)Min (s)SD (s)Mean Speed
(s)

Error
(%)

Number of
Errors

Number of
Searches

TypeSource

2.890.010.110.060.002144LocalMerck

2.850.010.120.050.002193LocalTGL

17.50.993.924.551.4173RemoteBMJ

22.31.081.083.091.8552993RemoteHealthInsite

12.51.091.361.870.00653RemoteMedlinePlus

8.300.281.140.980.53650RemoteMIMS

1.730.100.310.251.7158RemoteMJA

15.01.871.693.761.2393288RemotePubMed

9912052Total

10.40.680.63*1.830.8Mean

* standard error of the mean

The most reliable sources were the locally indexed sources
Merck (The Merck Manual) and TGL (Therapeutic Guidelines
Australia), both which did not have any error cases. On the other
end of the scale are HealthInsite (a national consumer site for
health information) and MJA. The slowest source in the trial
was BMJ, with an average of 4.55 s to process a query (SD =
3.92 s; N = 73). This was followed by PubMed, which returned

results at an average of 3.76 s (SD = 1.69 s; N = 3288). The two
locally indexed sources (Merck and TGL) returned search results
within an average of 0.061 s and 0.047 s, respectively. However,
the two local sources do have a relatively large standard
deviation. Figure 8 shows the distribution of query times to the
eight individual data sources.
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Figure 8. Histogram of search times for each of the eight data sources (x-axis is time taken for a search, in ms; y-axis is number of searches)

Discussion

System Time
From the results of the system time versus source time, we can
observe that system-processing time is only a fraction of the

total search time. However, there are exceptions, namely when
local data sources are used exclusively. From a user’s
perspective this still would not be an issue as the overall user
time is greater by at least a factor of ten. It could, however,
become a problem in a situation where many searches are
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dependant on the result of a previous search and have to be
executed in series. System time has thus been kept relatively
short, removing the initial reservation that too much parallelism
could slow down the system excessively. From Table 3 it can
be seen that the system time generally increases in line with the
number of sources queried (with the exception of four sources
queried). However, the order of this increase does not appear
to be squared or even exponential, but rather linear.

Search Times
The four distinct features in the histogram of search times
described in Figure 6 are due to the nature of the data sources
and the value of the time-outs. The first small peak at 1 s is from
search profiles that use exclusively local data sources. The
second feature is a peak around the mean value and is caused
by the six Internet resources. The small peak at 15 s is due to
the large number of search profiles that have this value as a
time-out. And finally, the tiny peak at 30 s is where the
remaining searches time out.

It was to be expected that local sources would be more reliable
and have a shorter latency in response time. This is due to the
controlled environment, compared to the uncontrolled Internet
environment of the external sources. It is interesting to note the
difference between the six external data sources. While some
sources are very popular (eg, PubMed) and therefore are
expected to be busy, others might lack the resources to keep up
with demand. The time-out value of individual data sources is
a trade-off between speed and quality of results and is
determined by the intended usage of the system. However, under
certain circumstances there are optimizations that can be carried
out without affecting quality of results. For example, the search
duration histogram for HealthInsite (Figure 8; top right) reveals
that if a search has not completed within 10 s it is highly unlikely

it will complete within 15 s. Therefore, a time-out value of 15
s can safely be reduced to 10 s without significantly
compromising search quality.

Future Work
The current QC architecture has demonstrated in trials that it
meets the technical design goals set for it, and it provides good
evidence that our general approach to federated searching is
sustainable and maintainable. We intend to pursue research and
development in areas of current interest to meta-search engines,
information retrieval systems, and artificial intelligence. These
include automatic wrapper generation [17,18] so that new data
sources can be easily integrated into QC. Using this approach,
a component could automatically generate a wrapper from
knowledge of the data source query inputs and results. Another
area of continued research will be automated data source
consistency checking. Data sources often change in their
formats, and this needs to be monitored with either automated
or human intervention in order to modify wrappers accordingly.
A third area will be intelligent search agents [19]. We envisage
incorporating an intelligent agent that will guide users through
the search process, using domain knowledge to help frame
clinical questions and choose search parameters. This agent
could learn to work with its user. An area of continued
development will be semantic understanding of result sets. We
would like QC to combine search results into a meaningful
coherent story that presents a concise, relevant, and digestible
response to the user [20]. These approaches, coupled with user
support, will allow us to develop and improve the system with
a view to it becoming an integral part of a clinician’s daily
practice. Even without these enhancements, we have
demonstrated that the QC framework is a functional and useful
approach for the delivery of online, just-in-time clinical
evidence.
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Abstract

Background: In 2003, the National Health Service in England and Wales, despite its large investment in information and
communication technology, had not set a national research agenda. The National Health Service has three main research and
development programs: one is the Service Delivery and Organisation program, commissioned in 2003, and the others are two
parallel “scoping exercises” to help set a research agenda. This paper reports on one of those projects. A parallel literature review
was carried out by others and has been reported elsewhere.

Objective: The objective was to explore the concerns of stakeholders and to review relevant policy in order to produce
recommendations and a conceptual map of eHealth research.

Methods: There were two parallel strands. For the stakeholder consultation, 37 professionals representing 12 “stakeholder”
groups participated in focus groups or interviews. Discussion was prompted by eHealth “scenarios” and analyzed using thematic
content analysis. Subsequently, 17 lay participants, in three focus groups, discussed and prioritized these themes. For the policy
review, 26 policy makers were interviewed, and 95 policy documents were reviewed. Recommendations were subsequently
reviewed in a conference workshop. Recommendations for research from both strands were combined into a conceptual map.

Results: Themes from stakeholder consultation and policy review were combined as 43 recommendations under six headings.
Four of these headings (using, processing, sharing, and controlling information) describe the scope of eHealth research. The other
two relate to how research should be carried out (ensuring best practice is first identified and disseminated) and to the values
considered important by stakeholders (in particular, measuring improvement in health).

Conclusions: The scope of eHealth research (using, processing, sharing, controlling information) derived empirically from this
study corresponds with “textbook” descriptions of informatics. Stakeholders would like eHealth research to include outcomes
such as improved health or quality of life, but such research may be long term while changes in information technology are rapid.
Longer-term research questions need to be concerned with human behavior and our use of information, rather than particular
technologies. In some cases, “modelling” longer-term costs and benefits (in terms of health) may be desirable.

(J Med Internet Res 2005;7(5):e54)   doi:10.2196/jmir.7.5.e54
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Introduction

In 2002, the National Health Service (NHS) in England and
Wales planned to invest over £2 billion in information and
communication technology (ICT) [1]. This includes initiatives
such as electronic patient records, electronic prescribing, the
NHS Direct Telephone and Internet Service, and the National
Electronic Library for Health [1,2]. Researchers from multiple
disciplines in the UK and elsewhere had been investigating
health informatics, but the NHS, despite its large investment in
ICT, had not set a national research agenda for ICT.

A one-day conference in 2002 on Health Informatics Research
and Development, sponsored by the research councils,
Department of Health, and Department of Trade and Industry,
concluded that the “lack of national strategy, capacity and career
paths in health informatics have been weaknesses and remain
threats to realising the informatics potential of the National
Health Service…. [L]arge investment in the National Health
Service and e-Science is unlikely to achieve its objectives
without radical improvement in support for academic health
informatics…. [This emphasizes the] importance of...clarifying
the academic agenda for health informatics” [3]. The short- and
medium-term challenges were seen as the following: (1)
establishing the foundations of a knowledge infrastructure, (2)
innovations in the clinician computer interface, (3) workable
privacy protection, (4) more creation of knowledge from
routinely collected data, and (5) finding the metrics of success
for health informatics.

The NHS has three main national NHS research and
development programs: Health Technology Assessment, New
and Emerging Applications of Technology, and Service Delivery
and Organisation (SDO). The SDO was launched on March 30,
2000, to consolidate and develop the evidence base on the
organization, management, and delivery of health care services
[4]. To respond to the needs of the “stakeholders” (service users,

health professionals, and policy makers), the NHS, through its
SDO research program, undertook an initial “listening
exercise”[5] to produce a document outlining its overall
priorities for research. It has continued to use this approach to
develop and commission research [6]. It commissions a “scoping
exercise” (normally a literature review and a stakeholder
consultation) and then uses that in subsequent calls for
proposals.

This study explored the concerns of professional and lay
stakeholders regarding future developments of eHealth and
reviewed relevant policy to produce recommendations for
eHealth research. A parallel literature review was carried out
by others and has been reported elsewhere [7-9].

Methods

Study Design
The study was reviewed and approved by the SouthWest
Multi-Centre Research Ethics Committee and the University of
Plymouth Faculty of Health and Social Work Ethics Committee.
Data collection was carried out between November 2003 and
June 2004. There were two parallel strands (Figure 1):

1. Stakeholder consultation: Focus groups and interviews with
“professional” stakeholders generated themes that were
subsequently prioritized by lay participants.

2. Policy context review: Policy makers were interviewed and
policy documents were reviewed in order to produce
recommendations that were subsequently reviewed in a
conference workshop.

The themes and research questions arising from the stakeholder
consultation and policy context review were compared, and
recommendations from policy context were adapted to take
account of stakeholder concerns. Diagrams were developed to
bring together stakeholder and policy maker views of the scope
of eHealth research.
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Figure 1. Parallel methods of stakeholder consultation and policy review

Stakeholder Consultation
In all, 12 groups (30 in each group) of professional stakeholders
were contacted via email. Potential participants were identified
by Web searches and by “snowballing” from existing contacts,
trying to get geographical coverage within England.
Stakeholders were defined as the following:

• NHS eHealth innovators and implementers
• University researchers in health informatics
• NHS staff in primary care
• NHS staff in secondary care
• NHS primary care trust managerial staff
• NHS acute trust managerial staff

• Suppliers of ICT to the NHS
• Professional organizations and royal colleges
• Informatics trainers
• Governance and other regulators
• Charities and other information providers
• Other NHS managers

These 360 people were sent an email inviting them to take part
in the study, with a consent form to return to the researcher via
email or post if they agreed to take part in the study. We asked
professional participants to rank themselves on a four-point
scale (from “I am pretty sceptical that eHealth will have any
benefits at all” through to “I am very positive that eHealth can
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help improve the NHS if used appropriately”) as a rough guide to attitudes toward eHealth (Table 1).

Table 1. Professional participants: locations and eHealth attitudes

Self-Rating on eHealth*Location in EnglandStakeholder Group (number of participants)

3South WestInnovators and implementers (5)

4South East

3South East

4South East

3South West

3MidlandsAcademic researchers in eHealth (4)

3Midlands

3South West

3South East

3South WestNHS staff in primary care (3)

4South West

4South West

3South EastNHS staff in secondary care (4)

3South East

4South West

3South East

3South WestPrimary care managerial staff (1)

3South EastAcute care managerial staff (1)

3South EastSuppliers (3)

4South West

3North

3South EastRoyal colleges (3)

4South East

4South East

3South EastInformatics trainers (5)

3Midlands

3Midlands

3Midlands

3South East

3South EastGovernance (3)

4South East

3South East

3MidlandsCharities and other providers (2)

3South East

3South EastOther NHS managers (3)

4South West

3North

* Self-ratings: (1) I am pretty sceptical that eHealth will have any benefits at all. (2) I think that there could be some possible benefits to eHealth methods
but on balance think that it is unlikely that the benefits will outweigh the costs. (3) I think that there are definitely benefits to eHealth but that we need
to choose and develop methods carefully. (4) I am very positive that eHealth can help improve the NHS if used appropriately.
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A convenience sample of lay participants was recruited via
snowballing from contacts in a local children’s nursery and
from older friends of the research team. Potential participants
were sent study information sheets and consent forms either via
email or post. Two groups of older people and one group of
parents took part in the study.

Scenarios depicting the current or future use of eHealth
technologies were constructed to prompt discussion among the
professional groups of the relevant themes regarding the use of
eHealth technologies. Subject matter of the scenarios was
developed from the content of news reports, informatics
conference proceedings, and general Web searches. Both patient-
and professional-centered scenarios were developed in order to
achieve a balance of perspectives. The research team developed
and discussed 32 scenarios: 15 were omitted, 7 were added, and
a number were reworded to ensure neutrality in presentation.

In total, 24 scenarios (see Multimedia Appendix 1) were
allocated to the 12 professional groups using a balanced

incomplete block design [10]. Each group had four scenarios,
and each scenario was used twice. A semistructured schedule
based on the scenarios was constructed for use either as focus
group or interview prompts. Some scenarios described patients
being monitored by an implanted device that sent physiological
information to hospital, a family doctor booking a hospital
appointment during consultation in primary care, and a woman
having an antenatal ultrasound in the community with expert
diagnosis from abroad. Textbox 1 provides four examples of
scenarios used as prompts in telephone focus groups. The topics
covered in the scenarios included patients’ use of the Internet
to order prescriptions, arrange doctor’s appointments, or join
patient discussion forums. Other topics were about patients
accessing their own health record, assessing the quality of a
website, using a digital interactive television for a program on
multiple sclerosis, or using a public access touch screen health
information point.

Textbox 1. Four examples of scenarios used as prompts in telephone focus groups

1. Ordering prescriptions: Sam, 45, drops off a repeat prescription for his high cholesterol medication every month and has a check-up routinely
every three months. Recently, the local pharmacy and Sam’s family doctor have started a scheme whereby patients can order their repeat
prescriptions online, thereby relieving the burden on administrative staff at the surgery (primary care health center). Following an order being
made by a patient, the pharmacy provides the doctor with a list of repeat prescriptions, which the doctor approves or not. The pharmacy then
sends an email to Sam when his medication is ready for collection.

2. Use of implanted device: James, a diabetic, has an implanted device that measures his blood glucose level and transmits this reading to the
hospital. If the reading is below a certain level, James is contacted on his mobile phone by an automated system. Recently, the hospital received
a signal that James’s blood glucose had dropped to 1.5. The doctor was alerted and visited the patient to review his medication.

3. e-booking: Peter, aged 45, attends an appointment with his doctor about his recent weight loss. His doctor decides that Peter should be referred
for an appointment at the hospital and uses the new e-booking system. Upon inputting Peter’s details into the system, an appointment was set up
immediately, and Peter was able to leave the surgery with his hospital appointment arranged.

4. Wireless technology: Ann Young is a district nurse who uses a palmtop with wireless access to the internet and PCT intranet. Ann regularly uses
her palmtop in order to ask advice of her colleagues or to obtain test results, and she now views her palmtop as an invaluable resource. At the
next practice meeting, Ann intends to present the benefits of using a palmtop to her colleagues.

Policy Context
A parallel, two-stage process was used to review the policy
context. First, policy makers were interviewed and policy
documents were identified and reviewed. The contents of
documents and interview notes were categorized under English
policies on ICT specific to health, English health policies
influencing eHealth, nonhealth policies influencing eHealth,
and European Union policies influencing eHealth. The reviewers
focused on seven specific topics: (1) birth to death records, (2)
country-wide access to quality health advice, (3) application of
ICT to pharmacy, (4) telemedicine, (5) reduction of adverse
incidents, (6) confidentiality, and (7) health data cards. In a
second stage, 28 recommendations from the policy makers and
documents were reviewed in a health informatics conference
workshop by 60 participants using discussion and an interactive
voting system. Participants scored each recommendation for
relevance to the needs of the NHS (using a nine-point scale
from “not relevant” to “highly relevant”). Recommendations
with “middle scores” were discussed with the audience in more
detail to obtain their views and decide if the recommendation
needed to be worded more clearly.

Synthesis and Conceptual Mapping
Two members of the research team (RJ and LC) independently
ranked the correspondence between the stakeholder concerns
and the policy context recommendations on a scale of 1 (no
correspondence) to 3 (strong correspondence). Analysis showed
there to be strong agreement between the researchers.
Stakeholder concerns, particularly of “technology meeting needs
and improving health and quality of life,” were not consistently
addressed by the policy context recommendations.
Recommendations were adapted to take stakeholder concerns
into account and were regrouped from “source-oriented” to
“research-oriented” groupings. The new policy context
recommendations were agreed upon between team members by
telephone conference discussion. The two lists, one from
stakeholder consultation and the other from the policy context
review, were then reviewed again and similar areas of research
were grouped. Reference was also made to the work of the
Scottish Consumer Health Informatics Network [11]. We
concluded that the scope of eHealth research could be described
by a simple block diagram with four elements with linked areas
of “best practice.” The recommendations were regrouped
according to this “conceptual map.”
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Results

Subjects and Sources
In total, 37 (10%) professional stakeholders consented to take
part in the study and were consulted either via telephone focus
group (25), telephone interview (6), videoconference (4), or
in-person interview (2). There were 17 lay people (12 older
people and 5 parents of young children) that took part in
in-person focus groups. We interviewed 26 policy makers and
identified and reviewed 95 policy documents.

Validity of Methods
One of the limitations of stakeholder consultation is that
participants have to be sufficiently interested in the topic to take
part. None of the 37 professional participants were “sceptical

that eHealth will have any benefits at all,” and none thought
“there could be some possible benefits to eHealth methods but
on balance think that it is unlikely that the benefits will outweigh
the costs.” On the other hand, 27 thought “that there are
definitely benefits to eHealth but that we need to choose and
develop methods carefully,” and 10 were “very positive that
eHealth can help improve the NHS if used appropriately.”

Scope of eHealth
The research questions identified by stakeholders and policy
review fell into six groups. Four of these (using, controlling,
processing, sharing information) were used to describe the
“scope” of eHealth. The other two groups of research questions
fall under principles of research and development and
stakeholder hierarchy (Figure 2).

Figure 2. Scope of eHealth research

Principles of Research and Development
Both stakeholders and policy makers referred to many examples
where, before innovative approaches are introduced, best

practice procedures and barriers to implementation should be
identified, and where professional and public stakeholders
should be involved in research and development. A number of
areas were suggested (Textbox 2).

Textbox 2. Seven research aims related to the identification and implementation of best practice in eHealth

1. Informatics training for health professionals, identification and exploration of examples of best practice to see how these can be disseminated to
achieve improved health care, exploration of the attitudes of health professionals toward such training and use of the skills acquired in practice

2. Working practices in other sectors (eg, e-business) to identify best practice and barriers to similar uses of ICT in the health sector

3. Web-based services for citizens in other sectors to see what lessons can be learnt on when to implement eHealth solutions for patients

4. Research on telemedicine (eg, using coronary heart disease or cancer services) and barriers to its implementation

5. The costs and benefits (including improved patient safety) of hospital systems that combine e-prescribing, order entry, decision support, bar
coding for medication management, and robotic dispensing

6. NHS procedures that aim to safeguard confidentiality of patient data and disseminate best practice

7. Assessment of the experience of UK citizens accessing health care in other countries (and vice versa) and identification of where health and other
outcomes could be improved through the use of ICT
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Scope of New Research in eHealth

Using Information
Information is used in decision support, in the organization of

services, for reassurance of professionals and patients, and in
information-based therapies. Four research aims (Textbox 3)
from the policy context review concerned the use of information
in decision support.

Textbox 3. Four research aims related to the way information is used

1. To assess clinicians’ and patients’ perceptions of the benefits and barriers to using decision support tools—in particular, to compare clinicians
who use decision support tools with clinicians who do not

2. To assess the quality of information available from repositories of health data and to assess how it can be legally, ethically, and cost-effectively
aggregated for public health policy and decision support

3. To explore the costs and potential benefits of birth to death records in relation to decision making and other aspects of health care and to identify
policy changes required to achieve them

4. To review decision support and expert systems used in the NHS to ascertain their impact on patient services

Sharing Information
Both stakeholders and the policy context review identified a
large number of research questions related to sharing
information (Textbox 4). These included how information

should be shared across sites (eg, between hospital and home),
across sectors (eg, between social services and NHS), and
between different professional (and patient) groups (eg, between
doctors, nurses, dentists, patients).

Textbox 4. Thirteen research aims related to the way information is shared

1. To examine how the NHS can work with other information and education providers to facilitate patient involvement in eHealth

2. To explore patient attitudes toward initiatives of patient involvement in eHealth

3. To identify the extent to which implanted or wearable technology removes patients’ control of their condition and to identify how ICT may best
be used to encourage and facilitate patients to take responsibility for their health

4. To investigate the extent to which recently introduced information technology–based systems (such as e-booking) increase patient expectations
and consequently decrease satisfaction if those expectations are not met

5. To investigate the efficacy of developing a code of collaboration under which organizations can explicitly share data and input to health records
consistently, unambiguously, and sensitively

6. To determine how we can best deal with combining multiple sources of data, dealing with apparently conflicting information from different
sources, with minimum patient risk, minimum cost, and patient consent and confidence

7. To examine the costs and benefits of cross-sectoral records and patient safety issues associated with cross-sectoral working

8. To investigate how ICT can best contribute to pharmacy clinic services sharing data between the NHS and patient

9. To investigate the potential of eHealth to enable effective interfaces, for example, between health and social care, local specialists and specialist
services, care givers and professionals

10. To investigate the costs and benefits of using different technologies to support community-based staff (eg, notepad computers, electronic links
to supporting organizations, teleconferencing in cancer services)

11. To explore the changes in work patterns, the potential for patient involvement, and legal issues in home care (eg, for older people)

12. To investigate ICT use in multisite work in relation to such issues as culture change, governance, health professional training, patient expectations,
and changes to health outcomes

13. To determine the costs and benefits of the use of health data cards

Controlling Information
This group of concerns was ranked second most important by
stakeholders. Ten research aims (Textbox 5) incorporated issues

of control, accessibility, reliability, confidentiality, security,
ownership, and regulation.
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Textbox 5. Ten research aims related to the way information is controlled

1. To investigate how health professionals and patients discriminate between reliable and unreliable information

2. To examine the circumstances in which regulation of information provision and use is necessary and, further, when education and empowerment
of professionals is a more effective option—additionally, what are health professional and patient attitudes toward the regulation of health
information?

3. To investigate the extent to which health professionals advise patients of reliable sources of information on the Web, television, and other media,
and further, to examine the level of preparation and support that health professionals require to provide such advice and to examine patients’
expectations of this advice

4. To determine the site of responsibility if health care errors are made as a result of information transfer

5. To explore how social organization and different technologies can be used to help prevent inequity of access to information for both patients and
professionals, and to identify initiatives whereby groups traditionally considered to have restricted access have successfully achieved training
and access to new technologies

6. To explore health professional and patient attitudes toward ownership and sharing of data

7. To develop and test guidance on regulation and responsibility

8. To examine the costs and benefits of different ways of addressing equity to inform citizens

9. To investigate ways (quality marks, portals, patient and health professional training) to assist the public in obtaining quality information from
the Web

10. To investigate patients’ knowledge and views on confidentiality and their attitudes as to how their data should be used (eg, in research) in terms
of potential benefits to health and quality of life

Processing Information
This covers a range of issues, including how best to present
information (eg, should it be tailored for different users) and
where it might be presented (eg, should it be sent to the user

[push], or should it wait until the user seeks it [pull]). It also
includes the coordinated integration of information derived from
a variety of sources, as demonstrated in the electronic ordering
and home delivery of medicines (Textbox 6).

Textbox 6. Seven research aims related to the way information is processed

1. To identify what extent health information should be tailored to the needs of certain groups of patients, professionals, or individuals

2. To examine the costs and benefits of providing information in different locations (eg, mobile versus static for professionals, NHS versus home
for patients)

3. To investigate how information can be better integrated so that patients can, for example, access their own medical record on the Web, obtain
relevant and validated information about it, and order a prescription

4. To identify instances or circumstances when patients want to enquire about health information through known professionals (eg, family doctor)
and when they want to use an anonymous source

5. To investigate what services patients desire for electronic ordering and home delivery of medicine and how they can be delivered safely, equitably,
and cost-effectively

6. To identify how eHealth technologies can enable or improve family support for seriously ill children and provide just-in-time information tailored
to individuals

7. To examine the costs, benefits, attitudes toward, and the use of, ICT support in their homes for patients with severe chronic disease (eg, video
links to NHS and voluntary services, smart cards with patient records)

Hierarchy of Stakeholder Concerns
The overriding concern of stakeholders was that spending money
on eHealth should be worthwhile and should lead to improved
health and quality of life. Particular research aims suggested by
the data included “to review the costs and benefits of a range
of recent eHealth applications, including the modelling of new
forms of care made possible by ICT support,” and “to present
those examples of eHealth applications, shown to have a
demonstrable effect on improved health and quality of life, to
professional and public stakeholders to obtain their views as to
the nature of the most appropriate investment in eHealth.” In
addition, the stakeholders identified themes concerned with
controlling information (responsibility; reliability; regulation;

accessibility; confidentiality, security, and ownership) as being
particularly important, and so placed them on the second level
of a hierarchy of concerns.

Discussion

In the context of the British health service, which is mostly free
at the point of delivery, the overriding concern of stakeholders
was that spending money on eHealth should be worthwhile and
should lead to improved health and quality of life. At first this
appears an unremarkable finding. However, although such an
aim is part of the political rhetoric and may be an unstated
assumption of policy documents in the United Kingdom, it is
not often explicitly addressed in service development and use
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of information and communication technology. It is significant,
for example, that the NHS recently funded a program originally
called the National Programme for Information Technology,
rather than a program for eHealth. (Subsequently, the program
has been renamed Connecting for Health).

On the other hand, we know that doing research that can show
a difference in health as a result of an eHealth intervention is
difficult, partly because partial implementation of an e-booking
system or a hospital information system is difficult. Gold
standard randomized trials whose results can be generalized for
widespread implementation are very difficult. In addition, to
see changes in health or to measure cost benefit is slow and
expensive, made more so now in the United Kingdom by the
time needed for increased levels of ethical and research control
and approval [12,13]. Thirty years ago, Blum noted that half
the papers about computer applications concerned systems that
were no longer operational [14]. We all know that ICT changes
become ever more rapid. Research, therefore, has to be more
about human behavior and how we use information and less
about specific organizational or technological environments. It
is essential to recognize the difficulties of addressing
stakeholders’ needs by measuring change in health outcomes.

In some cases, modelling the longer-term costs and benefits (in
terms of health) may be desirable. As systems continue to
evolve, the health benefits may be seen not in the immediate
change, but in a future evolution made possible by the initial
change [15-17].

Many of the recommendations derived from both the stakeholder
consultation and policy review confirmed the need to identify
best practice and the barriers to implementation of that best
practice. There are many examples of medical informatics
research with demonstrable benefit which decades later still
wait to be implemented more widely. For example, computers
have been used successfully for patient interviews for nearly
30 years. Slack et al first reported on a computer-based medical
history system in the New England Journal of Medicine in 1966
[18]. Yet, despite numerous research reports [19], the method
has not been routinely adopted.

Rogers’ description of the diffusion of innovations [20] is well
known, but stakeholders and policy makers want to see this
process accelerated. The recommendations included, for
example, identifying and exploring examples of effective
informatics training for health professionals to see how these
can be disseminated, or investigating working practices in other
sectors (eg, e-business) to identify best practice and barriers to
similar uses of ICT in the health sector.

In discussion, professional stakeholders often reverted to their
role as patient or consumer rather than, for example, speaking
as a supplier of ICT or from the point of view of primary care.
Thus, although we sampled from all segments of the stakeholder
population, there were no obvious differences between the
different types of stakeholder. (Our sample was small, however,
making our power to detect differences limited.)

The four categories which emerged as the grouped themes from
the data are similar to classifications and descriptions found in
textbooks of health informatics (eg, [21]). Blum, in a personal

review of Medical Informatics in the United States, 1950-1975,
presents a historical table of the Scope of Medical Computing
from 1950 to 1980 using the three headings Data, Information,
and Knowledge Applications [14]. He said, “Within a category,
research begins only after the supporting technology is mature
enough to support it beyond the conceptual level.” His table
showed that he viewed data applications in the 1980s as refined,
information applications as mature, and knowledge applications
as prototype.

Four limitations of our study are the following: (1) We were
not able to recruit people who were very sceptical about the
potential of eHealth. However, we think that a more sceptical
sample would be likely to have expressed similar concerns about
improved health and value for money. (2) We did not have equal
representation for the 12 predefined groups. However, we
achieved coverage (although, in some cases, only one member;
see Table 1) for all groups. Furthermore, as most participants
often “reverted” to their role as patient in the discussion, our
original idea that different professional groups might have
certain biases and try to put forward ideas to their advantage
seemed wrong (although numbers were small to detect any
differences between groups). (3) Our lay sample was recruited
only in the South East and the South West of England and did
not include any people from ethnic minorities. We have no
knowledge or hypotheses about how views may differ in groups
not represented. (4) An eHealth agenda derived from policy
review and stakeholder consultation in a country with a state-run
health service may not transfer well to countries with private
or insurance-based systems.

The purpose of our study was to produce a conceptual map and
research agenda for eHealth based on stakeholder views and
policy review. In a parallel SDO project, Pagliari et al [7-9]
developed recommendations based on a review of existing
academic and wider evidence sources, indicating the scope of
the eHealth concept, the effectiveness of eHealth innovations,
issues for implementation, and future directions for eHealth.
Their research evidence is grouped by four broad technological
categories:

1. Decision support tools for patients and clinicians
2. Networked digital technologies (Internet) used by patients

(eg, for information, self-management, or peer support) and
professionals (eg, for interprofessional communication,
education, or communication with patients)

3. Computerized patient records, including issues relating to
patient access and confidentiality and influences on health
care delivery

4. Telemedicine and telecare

Their results are also interpreted with respect to the following
broad content areas:

1. Specific research needs (evidence of effectiveness in
specific areas)

2. Generic research needs (eg, methodological challenges to
eHealth research, factors affecting implementation, effects
on behavior and relationships, educational interventions,
health inequalities, alternative delivery media, risks to the
health service and society, role in self-care, and consumer
empowerment)
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3. Challenges for implementation (demonstrating impact,
high-level support, strong project management, stakeholder
engagement, the digital divide, ensuring credibility and
quality, ethical, security and privacy issues, standards)

4. Emerging trends and future directions (eg. personalized
and tailored systems, new technological advances for the
information management and care facilitation, and delivery
modes)

While differences in emphasis were expected due to the
methodology of each study, the clear parallels between the
results offer support for our recommendations. Our conceptual
map, which has come from stakeholder discussion and policy
review, also helps to put both our own and other detailed
recommendations into a framework concerned with information
and how we use it.
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