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Abstract

In a very significant development for eHealth, a broad adoption of Web 2.0 technologies and approaches coincides with the more
recent emergence of Personal Health Application Platforms and Personally Controlled Health Records such as Google Health,
Microsoft HealthVault, and Dossia. “Medicine 2.0” applications, services, and tools are defined as Web-based services for health
care consumers, caregivers, patients, health professionals, and biomedical researchers, that use Web 2.0 technologies and/or
semantic web and virtual reality approaches to enable and facilitate specifically 1) social networking, 2) participation, 3)
apomediation, 4) openness, and 5) collaboration, within and between these user groups. The Journal of Medical Internet Research
(JMIR) publishes a Medicine 2.0 theme issue and sponsors a conference on “How Social Networking and Web 2.0 changes
Health, Health Care, Medicine, and Biomedical Research”, to stimulate and encourage research in these five areas.

(J Med Internet Res 2008;10(3):e22)   doi:10.2196/jmir.1030

KEYWORDS

Cooperative Behavior; Education; Information Storage and Retrieval; Interpersonal Relations; Organizational Innovation; Social
Behavior; User-Computer Interface; Online Systems; Patient Education as Topic; Terminology as Topic; Medical Record Linkage;
Self Care; Internet; Health Communication; Collaboration; Research

JMIR’s Theme Issue and Conference on
Medicine 2.0

In the past 9 years, the Journal of Medical Internet Research
(JMIR) has been publishing hundreds of research and opinion
articles on how the Internet is changing medical practice,
transforming biomedical research, and empowering health care
consumers. While we have seen many new concepts and terms
appear and disappear, the term “Web 2.0” (and its derivatives,
for example “Web 3.0”) is increasingly entering our discussions
and is likely here to stay.

It is easy to dismiss some of the “hype” around Web 2.0 as a
marketing gimmick or rhetoric geared towards attracting venture
capital for Web 2.0 startups. However, most Internet researchers
and developers probably also agree that recent advances in web
technologies and user interfaces have greatly changed the design,
appearance, stickiness, and pervasiveness of Web applications,
and in many cases transformed the way users interact with them.
Perhaps equally importantly, it also has changed the expectations

of users. After some hard lessons learned from failed Web
ventures which disappeared overnight taking any user-generated
data with them, people expect Web applications to be open and
interoperable. Improved communication between separate
software applications (“mashups”) via open Web standards
leads to improved collaboration and communication across
applications. Social networking approaches revolutionize the
way people collaborate, identify potential collaborators or
friends, communicate with each other, and identify information
that is relevant for them. And finally, Web 2.0 technologies
such as AJAX lead to improved Web interfaces that mimic the
real-time responsiveness of desktop applications within a
browser window. Semantic Web applications (sometimes called
Web 3.0) and 3D environments (such as Second Life) can also
be seen as second generation Web technologies.

The emergence and broad adoption of Web 2.0 technologies
and approaches coincides with the more recent emergence of
Personal Health Application (PHA) Platforms (also called
Personally Controlled Health Record [PCHR] platforms or
“health record banks”) such as Google Health, Microsoft
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HealthVault, and Dossia, where data is—at the request of the
consumer—pulled from various sources (including electronic
health records). As eloquently argued by Mandl and colleagues
in the New England Journal of Medicine, these developments
represent “tectonic shifts in the health information economy”
[1] with far-reaching consequences for patient involvement, as
the gravity shifts away from health care providers as the sole
custodian of medical data. PHA (or PCHR) platforms, “where
health care consumers independently decide about subsequent
disclosure [of health data]” represent nothing short of a
“disruptive innovation that inverts the current approach to
medical records in that they are created by and reside with
patients who grant permission for their use to institutions,
clinicians, researchers, public health agencies, and other users
of medical information” [1]. A randomized controlled trial with
the PCHR system Dossia illustrates the potential of PCHR for
public health [2].

It easy to imagine that the combination of both trends—Personal
Health Records combined with social networking, what I have
called “PHR 2.0” [3]—may lead to a powerful new generation
of health applications, where people share parts of their
electronic health records with other consumers and
“crowdsource” the collective wisdom of other patients and
professionals. Advances in genetic medicine will further
personalize and tailor health information, based on data stored
in personal health records.

Finally, we are seeing developments in biomedical research
(“Science 2.0”) and scholarly publishing which apply the same
principles of participation and collaboration across different
points along the continuum of knowledge production and
dissemination.

In an attempt to foster and stimulate research in these areas,
JMIR is proud to sponsor the new Medicine 2.0 congress series

[4,5] and to publish this theme issue on “How Social Networking
and Web 2.0 changes Health, Health Care, Medicine and
Biomedical Research”.

On the Scope and Definition of Medicine
2.0

While it may be too early to come up with an absolute definition
of Medicine 2.0 or Health 2.0, Figure 1 shows a suggested
framework, created in the context of a call for papers for the
purpose of scoping the Medicine 2.0 congress and this theme
issue [5]. The program of the first Medicine 2.0 conference [6]
also gives a good idea of what academics feel is relevant to the
field. An explanation of why we chose the title “Medicine 2.0”
over “Health 2.0” has been given elsewhere [4]; it suffices to
say at this point that most authors do not necessarily see a
significant difference between Health 2.0 and Medicine 2.0
[7]—if anything, Medicine 2.0 is the broader concept and
umbrella term which includes consumer-directed “medicine”
or Health 2.0.

According to the model depicted in Figure 1, five major aspects
(ideas, themes) emerge from Web 2.0 in health, health care,
medicine, and science, which will outlive the specific tools and
services offered. These emerging and recurring themes are (as
displayed in the center of Figure 1):

1) Social Networking,

2) Participation,

3) Apomediation,

4) Collaboration, and

5) Openness.
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Figure 1. Medicine 2.0 Map (with some current exemplary applications and services)

While “Web 2.0”, “Medicine 2.0”, and “Health 2.0” are terms
that should probably be avoided in academic discourse, any
discussion and evaluations concerning the impact and
effectiveness of Web 2.0 technologies should be framed around
these themes. Each of the 5 themes will be considered in detail
below.

Figure 1 also depicts the three main user groups of current
Medicine 2.0 applications as a triangle: consumers/patients,
health professionals, and biomedical researchers. While each
of these user groups have received a different level of “formal”
training, even end users (consumer, patients) can be seen as
experts and—according to the Web 2.0 philosophy—their
collective wisdom can and should be harnessed: “the health
professional is an expert in identifying disease, while the patient
is an expert in experiencing it” [8].

Current Medicine 2.0 applications can be situated somewhere
in this triangle space, usually at one of the corners of the
triangle, depending on which user group they are primarily
targeting. However, the ideal Medicine 2.0 application would
actually try to connect different user groups and foster
collaboration between different user groups (for example,
engaging the public in the biomedical research process), and
thus move more towards the center of the triangle.

Putting it all together, the original definition of Medicine 2.0—as
originally proposed in the context of soliciting submissions for
the theme issue and the conference—was as follows [5]:

Medicine 2.0 applications, services and tools are
Web-based services for health care consumers,
caregivers, patients, health professionals, and
biomedical researchers, that use Web 2.0 technologies
and/or semantic web and virtual-reality tools, to
enable and facilitate specifically social networking,
participation, apomediation, collaboration, and
openness within and between these user groups.

Interestingly, Benjamin Hughes' extensive literature review
published in this issue concludes with a very similar definition
[7].

There is however also a broader idea behind Medicine 2.0 or
“second generation medicine”: the notion that healthcare systems
need to move away from hospital-based medicine, focus on
promoting health, provide healthcare in people's own homes,
and empower consumers to take responsibility for their own
health—much in line with what others and I have previously
written about the field of consumer health informatics [9] (of
which many Medicine 2.0 applications are prime examples).
Thus, in this broader sense, Medicine 2.0 also stands for a new,
better health system, which emphasizes collaboration,
participation, apomediation, and openness, as opposed to the
traditional, hierarchical, closed structures within health care and
medicine.
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Social Networking

Social networking is central to many Web 2.0 and Medicine
2.0 applications and involves the explicit modeling of
connections between people, forming a complex network of
relations, which in turn enables and facilitates collaboration and
collaborative filtering processes. For example, it enables users
to see what their peers or others with a predefined relationship
(“friends”, “colleagues”, “fellow patients” etc.) are doing;
enables automated selection of “relevant” information (based
on what peers are doing and reading on the Web); enables
reputation and trust management, accountability and quality
control, and fosters viral dissemination of information and
applications (it is this “viral marketing” aspect that makes Web
2.0 applications so attractive to venture capitalists and public
health practitioners alike). Moreover, social networking is a
potentially powerful tool to engage users, in that it provides
“social” incentives to enter, update, and manage personal
information. Teenagers spend hours keeping their Facebook
profile current, constantly updating their status. Now imagine
the same generation of users turning their attention and energy
to similar tools for health (what I called a “Healthbook”
application). Will social networking be the killer application

that gets people interested in personal health records, motivates
users to take responsibility for their health and health
information, and—more importantly—retain their interest over
time? Will these mechanisms help to combat the “Law of
Attrition” [10], ie, the phenomenon that many patients lose
interest and stop using online health applications after some
time?

I predict that this will be a very active and interesting area of
research. The social networking idea, which involves modeling
relationships between actors, is a relatively new idea in health
informatics. For example, what is traditionally “modeled” in
electronic health records is usually medical information
(symptoms, diagnosis, therapy), but not relationships between
people. True, in most electronic health records we usually have
some database fields for storing the name of the family
physician, the attending physician, closest relatives and
emergency contacts, and perhaps a narrative free text social
anamnesis, but none of the existing health record systems
support the explicit modeling of the patients’ or health
professionals’complex social network. When we combine social
networking approaches with emerging technologies such as
Personal Health Records, a new class of applications
emerges—PHR 2.0 [3] (Figure 2).

Figure 2. PHR 2.0: Conceptual model of a second generation of personal health records, which not only allows patients to access their electronic health
record, but to share parts of it with other people, building communities around certain health topics and issues.

For quality management and collaborative filtering, the
application of social networking (and the attempt to model
relationships) is not an entirely new idea. In fact, almost a
decade ago, within the framework of the MedCertain and
MedCircle projects, we started thinking about this and
envisioned the explicit modeling of social relationships and
information concerning “who said what about a specific
website” as one promising way to guide consumers to
high-quality information. We developed a vocabulary to describe
relationships between those involved in quality initiatives on
the Web, with the eventual goal being to build intelligent tools

that can harness this information [11]. Today, this approach
might be called a Web 3.0 application (which is a bit misleading,
as the relevant technologies such as semantic web, RDF
[resource description framework], FOAF [friend-of-a-friend]
etc. pre-date most Web 2.0 technologies). Today we would
probably rely on a folksonomy, rather than trying to develop a
taxonomy.
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Participation

Participation is another central theme and core value in Medicine
2.0. This aspect is particularly important for consumers and
patients but also extends to health professionals and researchers.
Personal Health Records and, in particular, PHR 2.0 [3] are a
part of this development. Over the past decade we have come
a long way toward this goal of consumer participation in health
care. When I first wrote about the promise of consumer health
informatics opening up the possibility for consumers to access
their electronic health record [9], this way of thinking was far
from mainstream, and not many people thought this was a
realistic or even desirable goal. But the Web and related
technologies have changed attitudes and the culture in health
care. The Internet has been a tool for users and citizens to get
more involved and empowered, and Web 2.0 tools take this to
a new level, as the philosophy of end-user participation and
engagement (“trust your users”) is deeply ingrained in Web 2.0
thinking, exemplified by tools like wikis.

Wikis are the perfect example to illustrate that the
“participation” theme is also relevant for other user groups, such
as scientists or health professionals, and can be adopted for
tasks like scholarly communication.

There is another aspect of Web 2.0 and Personal Health
Records/Personal Health Application Platforms which excites
consumers and researchers alike: These platforms provide—at
least theoretically—unique opportunities to address directly the
concerns of patients regarding secondary use of their data for
research, and to facilitate obtaining informed consent for
participation and data use in research studies in an ethical
manner. For example, most patients do not want “the obtaining
of consent [to participate in a research study] to detract from
the reason for their appointment. They expected their health,
not research, to be the focus of the consultation” [12]. PCHR
platforms allow consumers to access and control their personal
health information and provide the possibility to obtain consent
in a different setting than during a clinical consultation: through
the Internet, where it is contextualized by educational
information. It can even be argued that patient-access to their
own data is a prerequisite for engaging the public. As Mandl
and colleagues argued: “Patients should be able to grant or deny
study access to selected personal medical data. […] All these
patient functions should be accessible from any web browser
in the world.” [13]

In summary, the emergence of social networking platforms and
applications such as Facebook or PatientsLikeMe [14],
potentially combined with “PHR 2.0”—personal health records
which allow users to share parts of their electronic health record
with other users—create new levels of patient participation, as
well as unique and unprecedented opportunities for engaging
patients in their health, health care, and health research, and for
connecting patients with informal and formal caregivers, health
professionals, and researchers. However, it also creates complex
privacy issues. For example, consumers—perceiving information
they post or disclose on the Internet as ephemeral—may be
unaware of the fact that web-information is often permanently
archived and may be accessible long-term (eg, by future

employers). Little is known about the actual consumer awareness
of these privacy and “persistence” issues, in particular when it
comes to young participating users [15].

Apomediation

Apomediation is a new socio-technological term that was coined
to avoid the term “Web 2.0” in the scholarly debate [16,17]. It
characterizes the “third way” for users to identify trustworthy
and credible information and services. The first possible
approach is to use intermediaries (ie, middlemen or
“gatekeepers”), for example health professionals giving
“relevant” information to a patient. Trusted Web portals
containing only information vetted by experts can also be seen
as an intermediary. The second possibility is to bypass
“middlemen” completely, which is commonly referred to as
disintermediation. Examples are patients searching for
information on the web, or travelers booking their flights directly
on the booking system of an airline, bypassing travel agents.
The third way, prevalent in the age of Web 2.0, is a special form
of disintermediation: an information seeking strategy where
people rely less on traditional experts and authorities as
gatekeepers, but instead receive “guidance” from apomediaries,
ie, networked collaborative filtering processes [16,17]. The
difference between an intermediary and an apomediary is that
an intermediary stands “in between” (latin: inter- means “in
between”) the consumer and information, meaning that he is a
necessary mediating agent to receive the information in the first
place. As a result, the credibility and quality of the intermediary
heavily determines the credibility and quality of the information
a consumer receives. In contrast, apomediation means that there
are agents (people, tools) which “stand by” (latin: apo- means
separate, detached, away from) to guide a consumer to high
quality information and services without being a prerequisite
to obtain that information or service in the first place, and with
limited individual power to alter or select the information that
is being brokered. While these distinctions are not absolute (in
practice, there may be a mix of both and people move back and
forth between apomediation and intermediation models), it has
been hypothesized that they influence how people judge
credibility, as elaborated in more detail elsewhere [16].

In the health context, disintermediation (cutting out the
middleman) means more direct access of consumers to their
personal data (eg, in web accessible electronic health
records—upper left circle of Figure 3) and general medical
information (on the web—upper right circle of Figure 3). The
traditional role of the middleman is to guide consumers to
relevant and credible information (the intersection of both circles
in the center of the diagram). Thus, the main problem of
bypassing the middleman is that consumers may “get lost” in
the vast amount of information and arrive at the wrong or
irrelevant information (dotted arrows). Apomediation theory
conceptualizes that “apomediaries” (which includes Web 2.0
approaches) can partly take over the role of the intermediary
and “push” or “guide” users to relevant and accurate information
(dashed arrows).

The Web 2.0 environment is essentially an “apomediated
environment”, meaning that all the issues related to the
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apomediation model, summarized in Table 1 [16], are relevant for Web 2.0 and Medicine 2.0.

Figure 3. Apomediation in the health care field from the perspective of a patient.
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Table 1. Issues in an apomediation vs intermediation environment [16].

Disintermediation/Apomediation EnvironmentIntermediation EnvironmentDimension

Overarching Issues

AutonomousManagedEnvironment

Decentralized; empowerment of information seekersCentralized; power held by intermediaries (ex-
perts, authorities)

Power

Information seekers are emancipated from intermediaries as
apomediaries (peers, technology) provide guidance; apomediaries
are optional

Information seekers dependent on intermediaries
(physicians, parents); intermediaries are necessary

Dependence

Consumers are “prosumers” (ie,, co-producers of information)Consumers tend to be passive receivers of infor-
mation

Nature of Information Consump-
tion

Complex individual- and group-based interactions in a networked
environment

Traditional 1:1 interaction between intermediary
and information seeker

Nature of Interaction

“Downstream filtering” with bottom-up quality assurance
mechanisms

“Upstream” filtering with top-down quality assur-
ance mechanisms

Information Filtering

More informal; learning through participation, application, and
information production

More formal; learning through consumption of
information

Learning

Higher elaboration required by information seekers; higher cog-
nitive load unless assistance through intelligent tools

Lower cognitive elaboration required by informa-
tion receivers

Cognitive Elaboration

More suitable for and/or desired by older adolescents and adults,
experienced or information literate consumers, or patients with
chronic conditions

More suitable for and/or desired by preadoles-
cents, inexperienced or less information literate
consumers, or patients with acute illness

User

Credibility Issues

Based on first-hand experience or that of peersBased on traditional credentials (eg, seniority,
professional degrees)

Expertise

May bestow more credibility to opinions rather than factsMay promote facts over opinion, but opportunity
for intermediary to introduce biases

Bias

Based on believability of apomediaries; message credibility and
credibility of apomediaries are more important than source
credibility

Based on the believability of the source’s author-
ity; source credibility is more important than
message credibility

Source Credibility

Based on understandable language, knowing or having experi-
enced issues personally

Based on professional and precise language,
comprehensiveness, use of citations, etc.

Message Credibility

Dynamic (opinion leaders)Static (experts)Credibility Hubs

SpectralBinaryCredibility Evaluations

Apomediation theory argues that apomediaries, such as users
and friends in the case of Digg, can help users navigate through
the onslaught of information afforded by networked digital
media, providing additional credibility cues and supplying
further metainformation. Other examples of apomediaries and
apomediation tools include consumer ratings on amazon.com
or epinions.com; technologies like PICS or MedPICS labels
and its RDF successors that enable machine-processable
dissemination and interpretation of user ratings [18];
collaborative filtering and recommender systems as exemplified
by StumbleUpon.com; and other second generation
Internet-based services and tools that let people collaborate on
a massive scale and share information online in new ways,

including social networking sites, social bookmarking, blogs,
wikis, communication tools, and folksonomies.

The Dynamic Intermediation-Disintermiation-Apomediation
model (DIDA) (illustrated in Figure 4) argues that whether or
not consumers prefer an apomediation or intermediation
environment is highly situation-specific, and key variables in
determining consumer preference for apomediation are
autonomy, self-efficacy, and knowledge in a specific area for
which information or support is sought. For example, a cancer
patient may initially prefer an intermediary to satisfy his
information needs, but with growing autonomy, self-efficacy,
and knowledge, the same patient may later prefer Web 2.0
approaches to guide him to information deemed trustworthy.
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Figure 4. Dynamic Intermediation-Disintermiation-Apomediation model (DIDA) [16].

Apomediation is not only important to the consumer as end user
and the health professional as former intermediary. Both health
professionals and scientists themselves are also switching from
intermediaries to apomediaries. For example, two decades ago,
researchers and health professionals still used intermediaries
such as information brokers to conduct a Medline search for
them, but then disintermediation took over, and they were able
to search in PubMed directly. Today, these tools are
complemented by “apomediaries”, for example shared
bookmarking tools such as CiteULike, Connotea, or WebCite,
where people receive pointers to recently published relevant
literature based on what others with a similar profile and
interests have cited or bookmarked.

In science, we are also witnessing an apomediation process
(sometimes called “Science 2.0”), with changing roles for the
former intermediaries such as journals and professional
publishers. Much of the communication between scientists now
takes place on the Web before an article is actually published
[19]. This onslaught of information necessitates the use of
“apomediaries” (such as shared bookmarks) to guide users to
relevant information on the Web. One can also predict that
journals themselves will experiment increasingly with
peer-review models that rely more on networked, bottom-up
review processes, as opposed to relying on traditional “expert”
peer-reviewers. Such models are not without challenges and
require a cultural shift as well as strong incentives. Nature’s
recent open peer-review experiment suggests that most
researchers “are too busy, and lack sufficient career incentive,
to venture onto a venue such as Nature's website and post public,
critical assessments of their peers' work” [20]).

These apparent failures highlight the problem that—as has been
previously pointed out [16]—what works for the entertainment
industry, namely rating tools for users to rate movies, music,

etc., may not necessarily work in the medical or scientific field.
Productivity tools (including health applications) have to pass
a different hurdle than “fun” applications such as Facebook –
they have to be trustworthy, secure and people have to see an
(immediate) benefit. There is the question of incentives for users
to participate and to contribute constructively to a virtual
community. Social networking sites such as Facebook or
Myspace work because for young people it is important to be
visible, and there is a considerable social and peer pressure for
youth to have a presence and a positive “karma” or reputation
on such sites, so much so that there is a grey market for users
to “buy” virtual friends [21]. This of course highlights another
problem – which is that even networked “apomediation” models
are liable to fraud and “Scam 2.0”. It is an open research
question whether, and under which circumstances, apomediation
models work better than intermediation approaches, and how
apomediation models can be made less susceptible to fraud.

Collaboration

Collaboration specifically means to connect groups of people
with each other who have not, or have insufficiently, interacted
with each other. In the “researcher” corner of the Medicine 2.0
triangle, this may refer to bringing together scientists using tools
and approaches such as the ones described by Schleyer [22] or
Falkman [23] in this theme issue. But it also involves
encouraging collaboration between diverse user groups,
including for example fostering public participation and
engagement in research issues, and user engagement in health
care decisions. Collaboration between researchers on one hand,
and the public or health professionals on the other hand, also
means improved possibilities for knowledge translation and
getting research findings into practice.

J Med Internet Res 2008 | vol. 10 | iss. 3 |e22 | p.10http://www.jmir.org/2008/3/e22/
(page number not for citation purposes)

EysenbachJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


Openness

Finally, I would argue that openness is another important and
emerging theme to consider in the Web 2.0 context. On one
level—the technical level—Web 2.0 stands for transparency,
interoperability, open source, and open interfaces: “Don’t lock
me in”, “my data belongs to me”, “web as operating system”,
and “open up your API” are popular philosophies associated
with Web 2.0. Personal Health Application platforms such as
HealthVault and Google Health both have APIs for other
applications to connect to.

What is perhaps most significant about this development is that
the “openness” philosophy of Web 2.0 tools will also raise the
expectations of the Facebook generation in terms of dealing
with their health data. Web 2.0 savvy consumers will push the
envelope and demand more than just an institutions-specific
“portal” (also called “tethered PHR”) which allows them to
view or access their data but not to do anything else with it.
Patients 2.0 will demand full control over their data (as a
minimum, XML export!). Many current Medicine 2.0
applications fall short in that regard, in that people can feed
information into the system but can’t get it out again.

On another—societal—level, Medicine 2.0 also implies
openness and transparency which enables access to other kinds

of information and data the public has historically had limited
access to, for example research and research data (open access
journals, open data etc.), and which even allows the public to
engage in the research process itself (open peer-review).

Conclusion

Openness being a key theme in Web 2.0, it is very appropriate
that the Journal of Medical Internet Research—an open access
journal—sponsors the first conference and publishes the first
theme issue on Medicine 2.0. Regardless of what labels we
attach to this emerging field, those interested in collaborative
tools and empowerment of end users will find stimulating new
perspectives for research and policy in both the conference and
this theme issue. We also do not see this as a one-time event,
as JMIR will continue to consider and publish submissions
which fall into this area, and the Medicine 2.0 Congress is likely
to be an annual event focusing on the latest technologies and
societal developments to support the five themes. In analogy to
what Tim Berners-Lee once said about Web 2.0—that it was
“what the Web was supposed to be all along” [24])—we could
also say that “Medicine 2.0 is what ehealth was supposed to be
all along”, and fostering and encouraging these developments
was why this journal was created in the first place.
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Abstract

Background: The term Web 2.0 became popular following the O’Reilly Media Web 2.0 conference in 2004; however, there
are difficulties in its application to health and medicine. Principally, the definition published by O’Reilly is criticized for being
too amorphous, where other authors claim that Web 2.0 does not really exist. Despite this skepticism, the online community using
Web 2.0 tools for health continues to grow, and the term Medicine 2.0 has entered popular nomenclature.

Objective: This paper aims to establish a clear definition for Medicine 2.0 and delineate literature that is specific to the field.
In addition, we propose a framework for categorizing the existing Medicine 2.0 literature and identify key research themes,
underdeveloped research areas, as well as the underlying tensions or controversies in Medicine 2.0’s diverse interest groups.

Methods: In the first phase, we employ a thematic analysis of online definitions, that is, the most important linked papers,
websites, or blogs in the Medicine 2.0 community itself. In a second phase, this definition is then applied across a series of
academic papers to review Medicine 2.0’s core literature base, delineating it from a wider concept of eHealth.

Results: The terms Medicine 2.0 and Health 2.0 were found to be very similar and subsume five major salient themes: (1) the
participants involved (doctors, patients, etc); (2) its impact on both traditional and collaborative practices in medicine; (3) its
ability to provide personalized health care; (4) its ability to promote ongoing medical education; and (5) its associated method-
and tool-related issues, such as potential inaccuracy in enduser-generated content. In comparing definitions of Medicine 2.0 to
eHealth, key distinctions are made by the collaborative nature of Medicine 2.0 and its emphasis on personalized health care.
However, other elements such as health or medical education remain common for both categories. In addition, this emphasis on
personalized health care is not a salient theme within the academic literature. Of 2405 papers originally identified as potentially
relevant, we found 56 articles that were exclusively focused on Medicine 2.0 as opposed to wider eHealth discussions. Four major
tensions or debates between stakeholders were found in this literature, including (1) the lack of clear Medicine 2.0 definitions,
(2) tension due to the loss of control over information as perceived by doctors, (3) the safety issues of inaccurate information,
and (4) ownership and privacy issues with the growing body of information created by Medicine 2.0.

Conclusion: This paper is distinguished from previous reviews in that earlier studies mainly introduced specific Medicine 2.0
tools. In addressing the field’s definition via empirical online data, it establishes a literature base and delineates key topics for
future research into Medicine 2.0, distinct to that of eHealth.

(J Med Internet Res 2008;10(3):e23)   doi:10.2196/jmir.1056
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Introduction

O’Reilly defines Web 2.0 by a series of case examples, noting
the characteristics of a Web 2.0 company, such as (1)
hard-to-recreate data sources that get richer as more people use
them, (2) harnessing collective intelligence, and (3) levering
the “long tail” through customer self service [1]. However,
critics have claimed this definition is too amorphous [2] and
have attempted to narrow it [3]. Despite these attempts,
researchers can view Web 2.0 in its widest sense, incorporating
all tools such as search (eg, Google) and Podcasts [4,5]. Since
many top websites [6] encompass some of these characteristics,
such as use of RSS feeds, it poses a concern that Web 2.0 and
the Internet are synonymous. Furthermore, existing research
fields in medicine, such as interactive health communication
applications (IHCAs), overlap significantly with components
of Medicine 2.0. These ambiguities imply that Medicine 2.0 is
not a separate research field. 

However, we argue that Medicine 2.0 has certain characteristics
that warrant analysis distinct from eHealth. First, there is the
number of online references to Web 2.0, Health 2.0, and
Medicine 2.0 (187-224 million, 0.5-1.7 million, and 0.1-0.4
million, respectively, depending on the search engine
used). Second, there is extensive literature loosely
associated with O’Reilly’s definition, such as Wikinomics [7],
Democratizing Innovation [8], or the literature identified in this
review. Third, related topics such as IHCAs and eHealth either
do not cover all aspects of Medicine 2.0 or have a different
focus. For instance, IHCAs were defined before recent Internet
developments such as Wikipedia, which is reflected in doubts
about which sites apply to IHCAs [9]. Hence, we believe the
main issue is that a clearer definition or demarcation of Medicine
2.0 is warranted.

We employ data garnered from practising online communities
to answer the following research questions:

1. Can a clear definition of Medicine 2.0 be established across
practitioner and academic literature that distinguishes this
field from eHealth?

2. Is there agreement between online discussions and academic
communities in their use of the term Medicine 2.0? If not,
what does such divergence imply for future research?

3. What are the major tensions between the main stakeholders
in Medicine 2.0 communities as identified by research?

Toward this aim, we used Google’s PageRank system to identify
the most popular online discussions and delineate key themes
through thematic analysis. We started by clarifying the Web
2.0 definition as some researchers suggest that aspects of its
application to medicine cannot be assumed [10]. We then
examined both academic literature and online discussions to
find key identifying terms and salient themes associated with
Medicine 2.0 (or other health “2.0”–related terms). Indeed, the
Medicine 2.0 definition was found to be different from simply
applying the rule “Medicine 2.0 = Medicine + Web 2.0,”
particularly in its emphasis on personalized health care and its
participants. In addition, we found only minor differences
between the salient themes in Health 2.0 and Medicine 2.0.

In a second phase, we applied these salient themes as a definition
to the academic literature associated with Medicine 2.0 to
broadly delineate the field. In doing this, we found four major
tensions in the field. Moreover, we determined that academic
literature does not explore personalized or customized health
care in the detail that this theme is treated online. Finally, as
could be expected, we found a gray area with papers that clearly
have implications for Medicine 2.0 but do not correspond to
many of the salient themes associated with it.

This paper makes a distinct contribution to the Medicine 2.0
field by empirically demarcating its thematic boundaries and
differentiating it from Web 2.0 and Health 2.0, as well as online
versus academic perspectives.

Methods

Identifying Medicine 2.0 Salient Themes and
Vocabulary
Medicine 2.0 focuses strongly on the use of Web 2.0 tools.
However, as a term only four years old and constantly evolving
as new tools emerge, academic literature is unlikely to have
achieved consensus on its scope as quickly as 2008. For this
reason, we used Google’s PageRank system to identify the tools
or benefits most important to Web 2.0. Google’s PageRank
relies on the democratic nature of the Web’s vast link structure
to indicate an individual page’s value. Google interprets a link
from page A to B as a vote by page A for page B. Google looks
at more than the sheer volume of votes; if the page that casts
the vote also has many links to it, this vote cast by that page
weighs more heavily [11].

To refine the approach, and to enable a contrast to Medicine
2.0’s salient themes, we started with Web 2.0. We searched
with Google for “Web 2.0” to identify the most linked pages
with the term. These pages were coded using thematic analysis
[12] to identify the terms describing both tool types and the
purpose or benefits of Web 2.0. Articles coded included not
only the Wikipedia entry and O’Reilly’s definitions, but also a
series of blog threads, including over 50 contributions from
users attempting to define Web 2.0. The full results of this
approach are available in a separate publication [13], but we
adapted the approach for this paper and used the result, which
summarizes Web 2.0 as:

Democratized Collaborations; a collaboration enabled by web
technology that promotes learning and innovation. Democratized
collaborations work by connecting participants to harness
network effects and knowledge in an open and interactive
manner.

Defining Medicine 2.0
A similar approach was used to delineate Medicine 2.0, but no
assumption was made that identifying terms such as Medicine
2.0 should take precedence over Physician 2.0 as the researchers
had a priori knowledge that numerous terms are associated with
the field. Hence, in the first two steps in the method below, we
try to determine the identifying terms that describe the field.
Step 3 identifies the most popular online discussions relevant
to the field, and, finally, steps 4-6 use the comparative method
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for thematic analysis as described by Techniques and Procedures
for Developing Grounded Theory [12] to understand the salient
themes. Steps 3-6 were effectively completed three times in
order to obtain intercoder reliability of 82% agreement for exact
phrases across all of the pages analyzed.

In a second phase, carried out in step 7, the original sample of
2405 academic papers identified as being potentially related to
Web 2.0 and health was reduced to 56 papers after excluding
those not directly addressing Medicine 2.0, duplicate search
results, or papers not available in English. The initial number
of papers and those selected for the review are shown in brackets
in step 1 of the methodology outlined in Table 1. 

Table 1. Methodolocial steps

DescriptionPurposeStep

We examined journals through search tools including PubMed (170:16), Blackwell Synergy (159:3), Science
Direct (52:2), Emerald Insight (21:1), SpringerLink (20:1), JAMA (10:1), Wiley Interscience (109:0), and Google
Scholar (1864:32). Any paper with a combination of “web” and “2.0” and restricted to medicine or health science
journals was considered. The Google Scholar search was based on “Web 2.0” and “medicine” or “health.” All
key “2.0” terms found in these paper titles or abstracts were identified (eg, “Medicine 2.0”). This and subsequent
use of literature covers papers up to the end of March 2008.

Determine the field’s
identifying terms from
academic literature

1

These terms were used to search Google to determine the support for the particular term (eg, the number of refer-
ences matching “Health librarian 2.0”) online.

Determine the populari-
ty of academic litera-
ture’s identifying terms
online

2

Identifying terms with the most online references (eg, “Health 2.0” and “Medicine 2.0”) were used as a search
term in Google to identify the most popular associated pages. Google’s PageRank system returns the most popular
and most viewed pages as denoted by the richer-get-richer phenomena noted by a number of authors [14,15].
While these pages are the most popular, their contribution to the field may not be the most important [16], neces-
sitating step 5.

Determine the most
popular pages associat-
ed with the identifying
terms

3

The online discussions in the popular pages were analyzed by two researchers using thematic analysis [12] to
identify salient themes. This process involves open coding, axial coding, and selective coding in an iterative
process of analyzing qualitative data (ie, text). Units of text (ie, words, phrases, sentences, or paragraphs) are la-
beled, compared, and grouped until no new categories emerge. Coders were instructed to look for manifest-type
content that describes the field. Manifest content is that which resides on the surface of communication and is
therefore easily observable, as this can improve reliability and puts less interpretative burden on coders [17]. As
such, exact phrases that were found in the pages were used, though the unit of analysis combined both the exact
phrase and the theme (an approach noted in studies such as [18]).

Identify salient themes
using thematic analysis

4

As noted in step 3, the most popular pages do not necessarily make the only important contributions to define the
field, even though they do potentially play a more important role than other pages. The exact phrases associated
with the different salient themes identified were re-entered into four different search engines to understand their
frequency of use online or their relative ranking.By ranking, we mean the frequency of use as indicated by the
count function of the search engine compared to other phrases using the same search engine. The search text in-
cluded the identifying term as set out in Table 2.In this way, we were able to identify the importance of this exact
phrase across all online content, reducing reliance on the popular pages analyzed. Exact phrase within themes
were excluded if they did not have minimum counts that met search engine reliability thresholds (eg, less than
1000 for Google, 8000 for Microsoft Live Search) [19,20].

Identify order of impor-
tance of pieces of exact
phrases associated with
salient themes

5

Additional online descriptions continued to be coded until saturation (eg, nine online articles were examined for
Health 2.0, and the next two examined did not identify any phrases with over a 1000 counts online). At this point,
the independent coders compared and returned to step 3, where required, to address interrater reliability and in-
tegrity.

Identify further salient
themesuntil saturation

6

This understanding of salient themes and the frequency of use of exact pieces of text online was used to provide
an updated definition of Medicine 2.0 and structure the academic literature into key themes. The original set of
academic papers identified in step 1 was critically examined to determine if the papers were, in fact, Medicine
2.0, to clearly delineate between Medicine 2.0 and eHealth literature. Two researchers independently assessed
the literature to determine if it was specific to Medicine 2.0. The differences were resolved by discussion between
the two researchers. Key tensions were identified via discussions with the whole research team.

Define field scope and
review academic litera-
ture to determine relat-
ed publications and key
tensions

7

Results

Determine Field’s Identifying Terms
The abstracts and titles of the 2405 papers indicated that
“2.0” was associated with Health 2.0, Medicine 2.0, Physician
2.0, Nursing Education 2.0, Medical Librarian 2.0, and Physician
Learning 2.0.

Determine the Popularity of Identifying Terms Online
Table 2 shows how often the terms used by academics are
replicated in the community itself (via Google search). The
results show that “Health 2.0” or “Health” and “Web 2.0” are
the most commonly discussed terms. The prominence of Health
2.0 and Medicine 2.0 meant only these terms were examined
for more precise definitions as detailed by steps 3-6 in the
Methods.
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Table 2. Online use of “2.0” terms identified in academic literature

Google CountSearch Term

1,617,000“health” and ”web 2.0” or “health 2.0”

474,900“medicine” and “web 2.0” or “medicine 2.0”

126,000“physician 2.0” or “physician” and “web 2.0”

9560“medical librarian 2.0” or “medical librarian” and “web 2.0”

5612“nursing education 2.0” or “nursing education” and “web 2.0”

271“physician learning 2.0” or “physician learning” and “web 2.0”

Identify Salient Themes and Popularity of Associated
Phrases
For both terms, open coding of the top online descriptions
quickly lead to saturation, in the case of Medicine 2.0, after
seven articles (articles coded: [4,21-25]) and after nine for
Health 2.0 (articles coded: [26-34]). In the early axial and
selective coding stages, four core terms were identified:
participants or actors, tools, methods, and purpose or objectives.
The salient themes or grouping applied to both identifying terms,
and there was almost no difference with the ranking (in terms

of counts) of exact phrases associated with these themes.
Overall, there were few differences between Health 2.0 and
Medicine 2.0 in terms of participants, and Table 3 and Table 4
show the individual counts for each term. It is worth noting than
one exact phrase, “Privacy,” was identified by both researchers
but was not possible to rank using search engines. Different
search engines provided widely different rankings for this term
(from first to last within the methods and tools grouping), which
we believe reflected the fact that some search engines perform
key word searchers through the footers of cached pages (see
Discussion).

Table 3. Medicine 2.0: relative frequency of use of associated text

Ranking (relative frequency of use online)Associated Exact PhraseSalient Theme

Average RankAsk.comMSNYahoo!Google

11111Doctors, physiciansParticipants

22222Patients

33333Scientists

44444Nurses

55555Medical students

66666Medical librarians

11111PodcastTools

22222Blog

3.754533Bookmarking, tagging

4.755644Search engine

4.756355Wiki

4.753466RSS feed

11111Commons, open accessMethods

2.754322Wisdom of crowds, network effects

3.253433User generated content

32244Accuracy

55555Expert community

11111Collaborate, facilitate collaborationPurpose/ Objectives

22222Personalized, customized information

33333Medical education

4.254445Free access, free services

5.255556Stay informed

5.56664Communication tool

77777Create knowledge
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Table 4. Health 2.0: relative frequency of use of associated text

Ranking (relative frequency of use online)Associated Exact PhraseSalient Theme

Average RankAskMSNYahoo!Google

11111Doctors, physiciansParticipants

22222Patients, citizens

33333Scientists

4.754654Medical students

4.55445Nurses

5.756566Clinicians

77777Health professionals

88888Caregivers

99999Medical librarians, health librarians

11111BlogTools

22222Podcast

3.753633Tagging, bookmarking, social search

44444Search engine

55366RSS feed

5.256555Wiki

77777Mashup

11111Open source, open platformsMethods

22222User generated, user innovation

33333Participation, power of networks

44444Aggregation

5.55665Taxonomy

5.56556Reliable information, medical errors

77777Virtual communities, social groups

11111Long tail, personalizedPurpose/Objectives

2.252322Collaboration

2.753233e-learning, medical education, mobile learning, health
education, active learning

4.254544Community

4.755455Online services

66666Knowledge sharing

7.257877Information infrastructure

7.758788Reference tool

Define Field Scope and Review Academic Literature
Given the similar definitions of Health 2.0 and Medicine 2.0,
and as suggested by other authors to encapsulate research
[35,36], we decided to use the term Medicine 2.0. However,
choosing either term would not have highly impacted the results
of the literature review. The ranking of the terms and the context
of use in the pages that we analyzed suggested the following
definition for Medicine 2.0:

Medicine2.0 is the use of a specific set of Web tools
(blogs, Podcasts, tagging, search, wikis, etc) by actors

in health care including doctors, patients, and
scientists, using principles of open source and
generation of content by users, and the power of
networks in order to personalize health care,
collaborate, and promote health education.

Supporting this are five salient or structuring themes that we
more accurately define as follows:

1. Participants: the different stakeholders in Medicine 2.0
2. Method/tools: the manner by which Medicine 2.0

information is created and owned (eg, its accuracy from
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user generation, open source or ownership, and the use of
specific tools such as wikis)

3. Collaboration and practice: Medicine 2.0 as a tool to
promote participant’s interests as a reader (staying
informed) or to communicate and collaborate collectively
for his or her own practice

4. Medical education: Medicine 2.0’s educational use for the
general public, training new health professionals, or ongoing
education for specialists (different than collaboration and
practice in its promotion of general skills, as opposed to
examining and collaboration on a patient’s particular case)

5. Personalized health: Medicine 2.0 as a mechanism to
provide customized health care, such as connecting patients
with rare conditions, and to improve an individual’s value
from health care

Discussion

Research Question 1: Definition
Can a clear definition of Medicine 2.0 be established across
practitioner and academic literature that distinguishes this field
from eHealth? Examining this question, we found common
salient themes for both Health 2.0 and Medicine 2.0 that describe
Web 2.0’s application to health. Its application to health and
medicine is not as straightforward as the rule “Medicine 2.0 =
Medicine + Web 2.0,” particularly in its emphasis on
personalized health care and its participants (not observed in
the Web 2.0’s democratized collaborations [13]). In addition,
while we did not complete a systematic review of eHealth,
previous publications have shown that the field emphasizes the
“communicative foundations of eHealth and specif[ies] the use
of networked digital technologies, primarily the Internet...for
all stakeholder groups” [37]. As such, neither the stakeholders
nor the principal tool used (the Internet) distinguishes Medicine
2.0 from eHealth. However, the principles of open source,
generation of content by users, the power of networks,
personalized health care, and the focus on collaboration across
all stakeholders are not always highlighted by eHealth and
suggest that these fields have different emphasis.

In addition, earlier in this paper we highlighted the issue that
the technology based view of Medicine 2.0 (ie, the use of Web
2.0–like tools) could not clearly distinguish eHealth from
Medicine 2.0. For example, we could conclude that every
Internet health search using Google becomes a Medicine 2.0
search as the search algorithm is based on user-generated
links. However, our definition implies that this cannot be taken
for granted as Google does not meet many criteria of the
Medicine 2.0 definition. First, it is not open; users do not have
transparency on the algorithm or the ability to change it. Second,
users do not have an intention to collaborate using Google or
to help Google when assigning a link within a page. Rather,
Google has commercialized a feature of Internet collaboration
for its search and has not created a Medicine 2.0 collaborative
platform. Despite this, other authors have argued that Google
is the quintessential Web 2.0 company [38] and its use of
network effects and user generated content will mean it will
probably remain across the eHealth and Medicine 2.0 gray
boundary.

Applying this definition to the original set of articles identified
via key word searches on health and Web 2.0, we found that
fewer papers were associated with the field. One main driver
was the fact that the search terms (eg, “Medicine 2.0”) often
found identified papers that had no relevance to the subject,
though we did not bottom at the root cause of this effect. Others
were relevant to eHealth in general, but not Medicine 2.0. For
example, the study “Influences, usage, and outcomes of Internet
health information searching: multivariate results from the Pew
surveys” by Rice [39] provides detailed analysis on the use of
the Internet in relation to health, but it does not address Medicine
2.0 issues specifically. A few papers ended on a similar gray
boundary to that demonstrated by Google, such as Tse et al [40],
and these were excluded from our review. This does not mean
their findings are not relevant, but rather we found that the
overall paper was not specific to Medicine 2.0 and should
consequently be treated as an eHealth paper with potential
implications for Medicine 2.0. 

Finally, we noted that rapid saturation in coding was achieved
to obtain the salient themes used online. And while we believe
this reflects a certain amount of common language used by the
Health 2.0 or Medicine 2.0 online community, this does not
mean all relevant themes were identified. For instance, social
networking is only encapsulated in the “power of networks,”
even though some authors would identify this as a very
important separate trend and term. As such, this definition only
identifies core or salient themes, not excluding other concepts,
as being part of Medicine 2.0. We believe any compact
definition will have difficulty in precisely delineating its
complete scope.

Research Question 2: Agreement
Is there agreement between online discussions and academic
communities in their use of the term Medicine 2.0? If not, what
does such divergence imply for future research? Regarding
research question 2, we identified 56 articles in the research
literature that covered four of the five major themes
underpinning the Medicine 2.0 definition. In reviewing the
literature and comparing it to prominent online themes, we
found limited research into personalized health but did find
extensive literature on methods and tools. We also noted
potential overlaps with a separate body of research into open
source health and a general call by authors for further research
in specific areas.

Despite the fact that personalized or customized health is a key
objective or benefit of Medicine 2.0 (based on online discussions
such as those typified by [41]), no academic publications were
found that focused extensively on this theme. Specifically, we
believe researchers may need to look at how personalized online
health care can evolve, such as the trade-offs between an active
global site (with rich, regular but fairly uncustomized updates)
versus a local site with very specific information to a regional
context (but with less contributors and, hence, the risk of
inaccuracy or less information).

By contrast, research responding to the tools and methods is
the most extensive. In this theme, papers looked at
the implications of a particular tool or method, such as the errors
in user-generated content or the implications of open-source
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methods. For example, Deshpande and Jadad [42] offer an
overview of the methods or drivers of Medicine 2.0, providing
some support for our identified themes and definition. In
addition to information inaccuracy and privacy, open-source
methods have been widely studied within this theme relating
to medical research. Examples can be categorized into two types:
those that address the issues and benefits of a common license
for the output of research (eg, [10,43]), and those that look at
open-source methods to develop information technology tools
for medical research (eg, [44,45]). However, open-source health
is not subsumed by Medicine 2.0. The extensive literature on
open source, such as the 3864 articles in PubMed as of February
2008, covers topics outside Medicine 2.0. For example, Hope
[10] explores technology licensing not connected with Internet
use, as opposed to Yang et al [46], who do consider a Medicine
2.0 open-source collaboration. As such, while Medicine 2.0
relies on open-source methods in health, and the topics overlap
in areas, we believe care should be taken to view them as distinct
research topics. 

Overall, there is a call for research in many areas, and Potts [47]
suggests that researchers are significantly behind trends in

eHealth and, more specifically, in Medicine 2.0 tools such as
the use of blogs and wikis. Potts argues that extensive research
is required to close this gap, which is supported by other
researchers’ calls for more evidence to understand best practice
models in using Medicine 2.0 for medical education and practice
[48-51]. 

In addition to this call for research, we would expect
publications on Medicine 2.0 to continue to grow in this theme
for two further reasons. First, Web 2.0 tools are constantly
evolving, and hence the impact of new tools will continue to
require assessment. Second, two major tensions or research
discussions exist that will also require investigation: information
inaccuracy, and information privacy and ownership. We return
to these tensions in the discussion on research question 3, and
detail them in Table 5 along with how papers responded to
salient themes. Note that some papers investigate Medicine
2.0’s impact for various stakeholders (indicated by “various”
in Table 5), while others either touch on multiple themes or are
difficult to classify (indicated by “over-arching or unclassified”
in Table 5).
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Table 5. Medicine 2.0 literature organized by themes and participants

TensionsPrinciple ParticipantAuthorYearSalient Theme

Field’s existenceResearchers/scientistsSkiba [52]2006Over-arching or
unclassified

n/aDoctorsManhattan Research [53]2007

Doctor’s concerns

Privacy and ownership

Patients/public healthFerguson [54]

Field’s existenceVariousEysenbach [35,36]2008

Field’s existenceVariousVersel [55]

Field’s existenceVariousGuistini [56]

n/aResearchers/scientistsBurk [43]2002Tools and meth-
ods

n/aResearchers/scientistsKillion et al [44]2003

n/aResearchers/scientistsBoyle et al [45]2004

n/aVariousBoulos et al [57]2005

n/aResearchers/scientistsHope [10]

Information inaccuracyVariousBoulos et al [51]2006

n/aVariousBoulos and Honda [58]

n/aVariousCastel et al [59]

n/aVariousJohnson et al [60]

n/aDoctorsGuistini [61]

n/aMedical librariansBarsky [62]

n/aMedical librariansBarsky [63]

n/aMedical librariansBarsky and Purdon [64]

Privacy and ownershipPatients/public healthKarkalis and Koutsouris [49]

Information inaccuracyPatients/public healthEsquivel et al [65]

n/aVariousBoulos and Wheeler [47]2007

n/aVariousLiesegang [66]

n/aResearchers/scientistsYang et al [45]

n/aDoctorsSaval et al [67]

n/aPatients/public healthAdams [68]

Privacy and ownershipPatients/public healthBoulos and Burden [69]

n/aPatients/public healthBoulos et al [70]

n/aPatients/public healthVan den Brekel [71]

n/aMedical librariansBarsky and Cho [30]

n/aMedical librariansBarsky and Guistini [33]

n/aMedical librariansCho [72]

n/aMedical librariansConnor [73]

Information inaccuracyPatients/public healthEysenbach [74]2008
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n/aPatients/public healthEysenbach et al [75]2004Collaboration and
practice

n/aDoctorsGuistini [4]2006

n/aDoctorsAtreja et al [76]

n/aPatients/public healthNavarro et al [77]

n/aVariousAltmann [78]

n/aPatients/public healthBonniface et al [79]2007

n/aMedical librariansSteyn and de Wee [80]

n/aDoctorsMclean et al [50]

Field’s existenceResearchers/scientistsPotts [47]

Doctor’s concernsPatients/public healthGoh [81]2006Medical educa-
tion

n/aVariousBoulos et al [82]

n/aPatients/public healthHeller et al [83]2007

n/aPatients/public healthCrespo [84]

n/aNursesSkiba [85]

n/aNursesSkiba [86]

n/aNursesSkiba [87]

n/aNursesSkiba [88]

Doctor’s concernsMedical studentsSandars and Schroter [5]

n/aMedical studentsSandars and Haythornthwaite [89]

n/aMedical StudentsMcGee [90]2008

Privacy and ownershipMedical StudentsSandars [91]

Research Question 3: Tensions
What are the major tensions between the main stakeholders in
Medicine 2.0 communities as identified by research? In relation
to research question 3, four key areas of debate or tension
between stakeholders were identified by our literature review:

1. The field’s existence: The definition of Medicine 2.0 and
its existence as a legitimate research field, which this paper
addresses, is an overarching issue, but it mostly concerns
researchers.

2. Doctors’ concerns with patients’ use of Medicine 2.0, even
if the information is accurate: This tension will mostly play
out between doctors and patients in regular practice.

3. Information inaccuracy and potential risks associated with
inaccurate Medicine 2.0 information: While this will
concern all participants, it will be researchers, doctors, and
patients who will have to understand the risks and
techniques involved.

4. Privacy and ownership issues with Medicine 2.0–generated
information: This may include such things as patient groups
driving research agendas in addition to those sought by
doctors and scientists.

The first main area of debate, an overarching theme, is related
to the lack of agreement on what Web 2.0 is, and if it really
exists [2]. Studies have generated justification for the study of
Web 2.0 by the sheer size of its participants and the number of
people who recognize it as a concept [92]. This debate has
trickled into the Medicine 2.0 domain in discussions by people
such as Skiba [52] and is continued by speculation that terms

such as Health 2.0 may be a fake “gold rush” [55]. The situation
is complicated further by authors introducing Web 3.0 for
medicine, speculating that some Web 2.0 tools such as social
bookmarking will become redundant [56]. However, we believe
people will continue to use Medicine 2.0 tools, and some
researchers have argued that Medicine 2.0 and Health 2.0 may
evolve into terms with relevance for different audiences, such
as Medicine 2.0 as an academic and international focus, versus
a business or consumer audience for Health 2.0 [35,36]. Our
results neither confirm nor reject this hypothesis, but they do
provide support for the idea that the terms currently have a high
degree of overlap and that both are more complex than simply
applying Web 2.0 to a health care context.

The second main debate surrounds collaboration and practice
by doctors and patients. Separate to the issues of information
inaccuracy, it encompasses resistance by some doctors to their
patients’ use of Medicine 2.0. Their concerns arise from
Medicine 2.0 causing unwanted behaviors in patients, such as
not consulting a physician, consulting a physician too late, or
coming to wrong conclusions about their disease management
even if the information available to them online is accurate. The
issue is not new and arose with eHealth. Ferguson [54] calls
these doctors “e-Patient resistant clinicians” and suggests a
sense of loss of control (and risk of being sued), paternalism,
or lack of training driving these doctors’ behaviors. However,
the issue is distinct in Medicine 2.0, where amplifying effects
to this behavior are identified by certain authors, such as lack
of training for doctors [5] or the difficulty of advising patients
on use of Medicine 2.0 tools [81]. Overall, authors claim that

J Med Internet Res 2008 | vol. 10 | iss. 3 |e23 | p.22http://www.jmir.org/2008/3/e23/
(page number not for citation purposes)

Hughes et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


doctors will need to recognize the emergence of Medicine 2.0
and that current training may not be sufficient to do so.

The third main discussion, based on the methods used to
generate Medicine 2.0 information, is the risk of inaccurate
online information. Misinformation has long been identified as
a hazard of eHealth. However, studies have found little support
for this concern [93]. These studies pre-date the rapid expansion
in Medicine 2.0 use. Looking more closely at Medicine
2.0–specific information, Esquivel [65] notes the error and
correction rate on an Internet-based cancer support group. The
study found that most information was accurate and most false
or misleading statements were rapidly corrected. Eysenbach
[74] also examined the impact of information accuracy and
credibility in relation to eHealth and noted that that patients will
tend to use both intermediated (experts, authorities) and
distributed (ie, Medicine 2.0) information to make their health
decisions, thereby reducing any risk from inaccurate online
information generated by users. In addition, apomediaries or
gatekeepers acting at the network or group level work as
collaborative filtering processes for distributed information that
help users navigate through the onslaught of information
afforded by networked digital media, reducing information risk
further [35,36]. However, despite this early evidence of low
risk, many practitioners and researchers remain to be convinced.
This is demonstrated by responses to articles on Medicine 2.0’s
potential, such as “the consequences could be disastrous for any
inexperienced trainee following the advice” [4], or the need for
authors to post a clarification after suggesting that Google could
be used as a diagnostic tool [38].

The fourth and final debate is related to the consequences of
the methods used to generate Medicine 2.0 information. Authors
note that in addition to accuracy of information, privacy, ethical,
legal, and ownership issues are also critical due to the nature of
health information [49,69]. This applies not only to patients but
to doctors who may use social networking sites for medical
education and debate [91]. They suggest that potential models
of identity management and authorization schemes should also
be investigated in the context of Medicine 2.0 research. Once
again, this tends to accentuate eHealth trends such as noted by
Ferguson [54], who also highlights that those patient groups
who run specific sites claim ownership over this data and are
increasingly using it to influence the research agenda. Overall,
new sources of health information are emerging via these
methods, which will impact not only doctors who carry out
research but could have potential implications for scientists
working in the wider industry, such as pharmaceutical
companies.

Potential Limitations
Our study has several limitations that warrant attention. Clear
risks arise from using Google and other search engines to define
Medicine 2.0. First, in step 3 of the method, Google’s PageRank
system may only identify popular self-referencing communities,
which as noted by some researchers has bias against newer
online content [16]. Second, search algorithms are rarely
published, and hence we cannot be sure of the consistency of
the counts, which has been subject to criticism at low levels for
both Google and MSN searches [19,20].   

We mitigated the first risk via the iterative manner in which the
definitions and themes were identified by comparing academic
and online definitions for inconsistencies and by searching for
theme rankings across all pages online to reduce the bias toward
the popular pages. We did not find any major inconsistencies,
even though the small differences in Medicine 2.0’s scope online
and in academic publications were established. Examples
include the online focus on personalized health and the lack of
online focus on social networking, which has been identified
as an important trend by other authors [35,36]. Other exact
phrases that we anticipated but did not see included “semantic
Web.” To mitigate their potential omission, we determined their
ranking anyway, but due to lower rankings, they would not have
emerged in the defining text of top salient themes used in our
paper. This does not indicate that these are not very important
themes, but rather that they are covered in more general concepts
such as the power of networks.

We also examined the specific criticisms, such as Google
returning inconsistent results below 1000 counts or Microsoft
Live Search being inconsistent below 8000 counts and hence
only ranked exact phrases above these levels. However, the use
of different search engines further emphasizes that only the top
exact phrases (eg, Blog or Podcast rather than Mashup) can be
used with confidence to identify the salient themes as there was
good agreement between search engines. Hence, we mitigated
this risk by only using the top two to three and commonly ranked
phrases, avoiding the bias that a term has been ranked highly
only due to a particular search engine’s internal mechanisms.

Concluding Remarks
Following the updated definition of Medicine 2.0, the literature
describes five major themes: (1) the participants involved; (2)
the impact on different collaborations and practice; (3) the ability
to provide personalized health care; (4) the use in medical
education; (5) its associated methods and tools.

There is now an emerging body of research into Medicine 2.0;
in addition to the 56 papers we identified that address it directly,
there are also many eHealth papers that have indirect
implications for Medicine 2.0. Overall, they suggest that
Medicine 2.0 will have a large impact on all areas of medical
practice. Most of these publications are recent, since 2004, and
call for more empirical research on various topics.

We expect research to continue to focus on the four major
tensions between stakeholders that were found in the literature:
the scope of the field including its definition and existence, the
patient-doctor relationships impacted by Medicine 2.0, the
methods and tools relating to information accuracy, and the
methods and tools related to ownership and privacy. These
issues are also found in eHealth; however, Medicine 2.0 is
accentuating their impact. While touched on by some
overarching publications, the lack of research into personalized
health does not indicate that its importance is overstated by
online discussions. Rather, we concur with other researchers
who suggest that research currently lags behind practice in
understanding the implications of Medicine 2.0.
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Abstract

The author provides a critical overview of three-dimensional (3-D) virtual worlds and “serious gaming” that are currently being
developed and used in healthcare professional education and medicine. The relevance of this e-learning innovation for teaching
students and professionals is debatable and variables influencing adoption, such as increased knowledge, self-directed learning,
and peer collaboration, by academics, healthcare professionals, and business executives are examined while looking at various
Web 2.0/3.0 applications. There is a need for more empirical research in order to unearth the pedagogical outcomes and advantages
associated with this e-learning technology. A brief description of Roger’s Diffusion of Innovations Theory and Siemens’
Connectivism Theory for today’s learners is presented as potential underlying pedagogical tenets to support the use of virtual
3-D learning environments in higher education and healthcare.

(J Med Internet Res 2008;10(3):e26)   doi:10.2196/jmir.1051
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Introduction

Despite the accelerating momentum of the development,
application, and adoption of immersive three-dimensional (3-D)
virtual worlds by academics as learning innovations
[1,8,12,15,27,28,33,34,35], there are some fundamental
questions which remain unanswered. Without doubt, one of the
most widely discussed of these is the relevance associated with
teaching medical/healthcare professionals [2,3,4]. Similar to
most basic issues in education, this question leads to challenges
at various levels of thought, and it is beneficial to address while
the race to adopt and implement highly engaging Web 3-D
virtual worlds is watched in healthcare professional education.
At the philosophical and cognitive levels, the value associated
with learning presents variables that influence the rate of
adoption by academics. The purported beneficial qualities of
virtual worlds, such as immersion, role-playing opportunities,
simulation, and personal interaction associated with the
technology and its influence on formative and summative
learning outcomes, requires analysis. Therefore, Roger’s

Diffusion of Innovations Theory [5] and Siemens’Connectivism
Theory [6] for today’s learners will serve as theoretical
frameworks for this paper. The purpose of this review is to
convey knowledge and ideas that have been established
concerning the use of 3-D virtual worlds in medical and health
professional education to date whilst describing, summarizing,
evaluating, and clarifying the current literature.

Virtual Worlds: Overview

A 3-D virtual world, also known as a Massively Multiplayer
Virtual World (MMVW), is an example of a Web 2.0/Web 3-D
dynamic computer-based application. According to Jutecht [7],
the vague term “Web 2.0” is used for what people see as a
second form of the World Wide Web (WWW) architecture and
applications that enable social publishing, such as blogs and
wikis. A few examples of this interactive Web are podcasts,
YouTube, and social networks, such as Facebook, Twitter, and
TeeBeeDee. Murray [8] outlines many examples of Web 2.0
applications on the Web. Eysenbach [9], found in Barreto [10],
explains:
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Web 2.0 is a term which refers to a) improved
communication and collaboration between people
via social-networking technologies, b) improved
communication between separate software
applications (“mashups”) via open Web standards
for describing and accessing data, and c) improved
Web interfaces that mimic the real-time
responsiveness of desktop applications within a
browser window.

Currently, the most popular virtual world used by the general
public is Linden Lab’s Second Life (SL) [11]. It portrays the
general qualities of a MMVW which include, but are not limited
to, streaming audio/video/TV/YouTube collections, 3-D virtual
libraries, virtual tourist attractions and destinations, social
interactive venues used by multiple, customized animated
characters, a health information island, global preparedness
discussions, lectures, conferences, and support groups [12].
Presently, it has 6.5 million virtual residents [13] from over 100
countries. US agencies, such as the Centers for Disease Control
and the National Institutes of Health conduct meetings in SL to
discuss the educational potential of SL [14]. Kusumoto,
Shorrock, Heinrichs, Dev, and Youngblood [15] describe a 3-D

virtual world online simulation incorporating a Massively
Multiplayer Online Game (MMOG) platform, which trains
healthcare professionals for a mass casualty event. This is an
example of how a virtual world may offer information about
disaster preparedness. Furthermore, virtual medical universities
exist all over the world [16]. Therefore, 3-D virtual worlds may
include MMOGs, which is one type of a “serious game”
including educational goals; however, the authors of the Horizon
Report [17] argue virtual worlds are not games and provide,
rather, examples of “pure” virtual worlds, which include SL
[11], “There” [18], and “Active Worlds”[19]. Many of the
programs allow the user to create 3-D virtual worlds, socialize,
shop, and participate in an educational universe, whereas
MMOGs are considered to be more “goal oriented” and may
include a multitude of players engaged in “collaborative”
gaming events of a competitive nature within a 3-D environment
[13,17].

Within the virtual 3-D platforms, end users choose a fictitious
name from an online menu (eg, the pseudonym of the author is
Maggie Waechter) and have the opportunity to create a unique
self (eg, human figure, animal or object) known as an “avatar”
(Figure 1).

Figure 1. A screenshot of an avatar in Ann Myers Medical Center [20]

The term “avatar” is an old Sanskrit word portraying a deity
which takes on a human shape [21]. These are animated figures
the user may navigate to stand, sit, fly, dance, gesture, eat, make
love, wind surf, swim, move, walk through doors, open drawers,
speak, and “teleport” to various regions and areas within the
virtual world via a computer’s keyboard. Furthermore, the player

may make and design physical objects and use cash (1000
Lindens = US $4.85) in order to purchase such things as planes,
boats, hair, birds, and even body parts. The colourful and
creative day-night environment that has a built-in weather
system incorporates other Web 2.0 social-networking capacities,
such as instant messaging (IM), wikis, users’ ratings, profiles,

J Med Internet Res 2008 | vol. 10 | iss. 3 |e26 | p.29http://www.jmir.org/2008/3/e26/
(page number not for citation purposes)

HansenJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


podcasts, and sharing user-created objects that may be viewed
in a virtual world. According to Boulos [12], the current SL
program is voice-enabled and provides the player the
opportunity to hear other avatar voices based on the avatar’s
physical location. For example, if an avatar moves away from
another avatar, the avatar’s voice will become fainter and, vice
versa, louder as you navigate closer. The New Medium
Consortium (NMC) offers a symposium on the evolution of
communication and how to use it in SL. The NMC offers media
presentations about the creation of movement and emotion in
SL educational virtual worlds [22].

Another idea is embedding Wii [23], a gaming software program
created by Nintendo, into SL. This combination may offer a
plethora of opportunities for all age groups because gaming
may motivate end users to log in and have fun while learning.
Wii offers a “motion sensitive controller (Wiimote)” and is
therefore very suitable for the geriatric population requiring
increased range of motion for the hands while building
endurance, strength, and coordination [24]. The Wiimote
requires body movements very similar to those demonstrated
in traditional physical therapy. The patients do rigorous exercises
while playing a game [24]. Also, the Wii medical game,
“Trauma Center: Second Opinion,” affords players of the game
the opportunity to be a surgeon by using the Wiimote. The
intuitive nature of the Wiimote allows for experiential learning
and the gaming factor may evoke competitiveness, fun, and
active learning.

Despite the theme-park atmosphere or paper-doll quality of
virtual worlds such as SL, audiences socialize, communicate,
build, seek facts, conduct business and participate in other Web
2.0 applications online. Residents in SL may benefit from each
other’s participation via networks, which offer dynamic,
evolving systems reflecting aspects of the semantic web [25,26].
Researchers make it a point to identify and evaluate budding
technologies having an effect on teaching and learning in higher
education and forecast a timeframe for potential adoption in
education [17]. Virtual worlds are currently being used as
educational spaces [1] and continue to grow in popularity on
campuses and businesses worldwide. Furthermore, access to
versions of virtual worlds on the Web, such as “Croquet,”

“Uni-Verse,” and “Multiverse” are predicted within two to three
years to be mainstream in education [17].

Pedagogical Potential

Many authors are expounding the educational and research
potential of virtual worlds and MMOGs [12,13,15,16,25,27,28];
however, educational research involving the use and
effectiveness of these innovative technologies is in its infancy.
More research is necessary regarding the educational outcomes
before collaborative encounters in virtual worlds are adopted
[28]. Nonetheless, there are reported advantages to having
students engage in these emerging technologies [1]. Learners
actively interact with content and role play skills associated
with their profession. By allowing students time to interact with
other avatars (eg, patients, staff members, and other healthcare
professionals) in a safe, simulated environment, a decrease in
student anxiety, an increase in competency in learning a new
skill, and encouragement to cooperate and collaborate, as well
as resolve conflicts, is possible. Active learning takes place due
to other participants being in the same virtual world and
constructing objects to represent ideas that may enhance
self-reflection and knowledge [1]. If a gaming component is
associated with the 3-D virtual world, the student may be
motivated to log in. High quality 3-D entertainment that is freely
accessible via Web browsing facilitates engagement
opportunities with individuals or groups of people in an
authentic manner that illustrates collective intelligence [29].

Healthcare Professional Education
Examples

Another example of a virtual world and MMOG exemplifying
global collaboration and fearless creativity is the Advanced
Learning and Immersive Virtual Environment (ALIVE) at the
University of Southern Queensland (USQ) [30]. The underlying
goal of the ALIVE team is to provide educators the opportunity
to develop learning content, which is brought to life in 3-D
virtual worlds. The ALIVE team provides YouTube video clips
on how to use ALIVE Classmate, an online virtual classroom
(Figure 2).
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Figure 2. ALIVE classmate tutorial via YouTube video [31]

The ALIVE DX Editor [32] is a simple-to-use 3-D multi- or
single-user interactive and serious game creator. Individuals
may “drag and drop” 3-D scenes from a gallery and create 3-D
learning environments for distribution via the Web or on a
Compact Disc Read-Only Memory (CD-ROM).The Carrick
Foundation funds the ALIVE project and USQ’s Vice
Chancellor’s Strategic Development Fund and continues to
involve academics from a variety of disciplines [30]. De Byl
[28], the team manager for the project, states the need for
educators to dabble in 3-D virtual worlds and gaming
applications as a method to promote interactive learning. The
open, non-proprietary AliveX3D program is based on the Web
2.0 ethos of social networking and exemplifies the creation of
a Web 2.0-Web3D hybrid platform which is “interoperable”
and contains reusable 3D learning objects with an overall
intention of “1) the re-use of data sources; 2) cost-effective
scalability; 3) user controlled data; and 4) collective intelligence
with respect to the e-Learning possibilities” (p. 6) [28].
Furthermore, when compared to the proprietary 3-D
environments of SL and Active Worlds, AliveX3D, as an
e-Learning application, has the capacity of being extended and
allows educators the opportunity to control the content. It is
relatively inexpensive to install and use because there are no
licensing fees attached to the program [28].

Who would imagine attending medical school in a virtual world?
For many years healthcare educators have developed online
learning opportunities for medical and nursing students. Stott

[33] reports universities are turning to SL’s virtual world and
encouraging students to “fly” into 3-D lecture halls as
“cybergoths.” Problem-based learning groups enrolled in a
clinical management course at Coventry University meet in SL
and are employed to build learning facilities for the next
semester of SL students. This management course teaches
students to manage healthcare facilities and is reported to be
the first healthcare-related class to use SL as a learning
environment. Another example of a medical school using SL
is St. George’s Medical School in London. The technology
enables students to interact with patient avatars in a simulated
world and, moreover, students from around the globe may listen
to invited guest lecturers in SL. The novel idea of combining
medical simulation with gaming technologies is happening, and
collaborators at Forterra Systems and the Summit group at
Stanford University medical school are developing human
avatars which exhibit life signs with the hope the learner’s active
participation will encourage awareness, team cooperation, and
decision-making skills [15].

Another virtual world project developed by staff at the Imperial
College in London, in collaboration with the National Physical
Lab in the United Kingdom, is the Second Health Project [34].
A detailed hospital comes to life in SL when physicians, writers,
videographers, animators, designers, and builders gather together
to create a fully equipped high technology system of healthcare
that primarily focuses on health promotion while providing
some detailed animations that simulate disease processes, such
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as heart attacks and other medical conditions. The community
hospital is designed to represent real life in a modern UK city.
Currently, the hospital is used for medical and other
healthcare-related training. Mesko [35] presents the top 10
virtual medical sites in SL. For example, the Ann Myers Medical
Center in SL is an environment where medical students may
practice conducting physical exams and analyse radiological
films, as well as learn how to detect heart defects. Boulos [36]
developed The Sexual Health SIM in Second Life. Avatars may
interact with different objects in an aesthetic “in-world”

environment and learn about safe sex and sexual health topics
(Figure 3).

The development and use of 3-D virtual worlds in nursing
education is increasing. For example, students may learn how
to provide step-by-step care for a patient suffering from chest
pain via SL [1]. According to Miller [1], students build SL
“objects” to show what they have learned. Furthermore, students
collaborate with other students from different countries and
other medical professionals. Miller uses “Centralia” island in
SL as a place to teach nursing students (Figure 4).

Figure 3. Maggie Waechter (the avatar of the author) visiting the Sexual Health SIM in Second Life  [36]
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Figure 4. A screenshot of objects representing lungs in nursing education [37]

Objects representing lungs connected to large airway objects
illustrate various lung disorders for student learning. Miller
claims the 3-D objects, representing body parts, are easy to
create. Learning objectives are provided for the students visiting
“Centralia”, and critical-thinking questions are posed along with
the anatomical objects. The student’s avatar may walk on
different electrocardiogram (ECG) tracings on a 3-D floor and
then names the represented rhythm. This is an example of
immersive interactive learning. The site allows students to view
objects in SL together and discuss different medical conditions
in a team approach.

Another example of a cognitive, experiential 3-D learning tool
is PULSE!! [38]. Researchers at PULSE!! state students respond
positively to using the virtual world as a method to learn clinical
skills and increase diagnostic thought processes. Of those polled,
80% of the participants stated the platform captured their
interest, and 82% expressed positive thoughts about using
PULSE!! The Office of Naval Research funds the program and
Congress has appropriated more than US $12 million dollars
to the project’s sustainability.

Practical and Useful Theories Expressed
for the Use of 3-D Learning Environments

Roger's Diffusion of Innovations Theory
When an academic or learner is introduced to a specific
innovation which may influence their intellectual prowess, an
assumption may be made that the innovation has inherent
characteristics, such as the creation of opportunities for enhanced
learning, versatility, simplicity, and enhanced, self-regulated
learning. Many academics are time poor, and the thought of
mastering a new e-learning tool, purported to enhance student
learning, may create more stress. Barriers begin to develop
between the educator and the new learning tool because there
is a lack of time to learn and understand how to use the new
tool. Often there is very little evidence of positive outcomes
when an innovation is newly introduced. The advantages of the
new technology may be introduced; however, the “why,”
“what,” and “what about” questions regarding the innovation
need to be answered in order for the technology to be accepted,
experimented, and adopted. Rogers [5] explains five attributes
having an effect on an individual’s decision to adopt an
innovation. These include a) the relative advantage of the
innovation over an idea that it supersedes; b) compatibility, or
how does the innovation meet the needs of potential adopters;
c) complexity, or how difficult the innovation is to understand
and use; d) trialability, or how the innovation may be tested in
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a timely fashion; and e) observability, or, in other words, the
outcomes associated with the innovation are visible to others.

Grant foundations and university development funds have
supported the development costs associated with educational
virtual worlds [39]. Wright states the development costs for a
SL virtual campus is approximately US $25,000 if constructed
by a commercial agency [39]. Even though there is an increased
demand for gaming, animation, and 3-D visual spaces in higher
education, there needs to be clear explanations to students,
academics, and employers, about the benefits associated with
virtual worlds. Professional skills, such as reasoning, teamwork,
and role playing, will need to be transferred to the workplace
before adoption is easily accepted [17,29].

Historically, 3-D learning-environment development required
complex and highly involved elements of software engineering
and computer science [40]. For many educators, an online 3-D
learning environment would not be perceived as being an
advantage because the “plasticity” associated with the virtual
worlds—or, in other words, the ease of constructing and
changing the learning environment as necessary would not be
understood until the educator played and experimented with the
virtual worlds [27]. The valuable communication tools built
into the 3-D system, and the ease associated with the learning
area to provide guidance and assistance, may not be fully
realized. In addition, some educators still do not see e-learning
beyond learning management systems and have not had
exposure to virtual worlds (eg, played in them). Therefore, a
low compatibility issue presents itself in the academic milieu.
Rogers [5] explains three types of decisions associated with
adopting an innovation: a) the system is “optional” and the
individual may adopt or reject the technology being considered,
b) the collective group makes a decision to adopt or reject the
technology, or c) one individual in authority makes the decision
with the idea the group will follow that decision. These types
of decisions have a large impact on the individual adopter and
the outcome for the social system as a whole. However, the
tides are currently changing with Google Corporation’s release
of “Lively” [40], in which individuals can easily create their
own avatar and personal room to embed at a location of choice
on the Web (eg, blog, social network site, or Web page).
Google’s goal is to create a massive virtual world where Google
account holders’ avatars may visit at any time and interact with
one another. Perhaps educators may use this new social network
tool to create class “rooms” and take advantage of the ability
to embed YouTube videos on virtual plasma screens. Perhaps
the idea of creating a 3-D learning environment may no longer
be perceived as a daunting task due to Web 2.0 advanced
technologies.

Siemens Connectivism: A Learning Theory for the
Digital Age
Siemens’ [6] Connectivism Learning Theory is about the
formation of “connections” and how, from these connections,
a building of “networked” learning occurs. Individuals are
continuously forming social networks and are being acted upon,
or act upon, while moving in and out of these networks. “Living
life” is a dynamic learning process, and we are constantly
developing new connections, moving toward larger networks

or breaking down into smaller groups, as we interact with one
another. Furthermore, the means of adapting and learning while
interacting with the world around us are ever changing. Learning
theories attempt to explain the complexity of learning, and many
educators are moving away from the static knowledge
development or the “destination” of knowledge and are
embracing a paradigm shift that is one of “a process of walking
in varying degrees of alignment with a dynamic environment”
(p. 1) [6]. Therefore, connectivism dovetails nicely with the
thesis of virtual 3-D learning environments being supportive of
communication, community, and sharing. Communication is
an aspect of effective teamwork, while another important aspect
of teamwork that is essential in healthcare and education is
“how” members interact with each other or develop connections
that form a community of practice. Hobbs, Brown, and Gordon
[40] state the benefits associated with developing communities
of practice within virtual world environments in order to transfer
skills that will enhance collaborative work within the work
environment. Moreover, there exists a commonly held belief
students will feel more satisfied with their course work if they
are involved and continue to develop relationships with their
peers in learning environments. Virtual world environments
allow for the transfer of skills from virtual worlds to the work
place and perhaps the development of lifelong skills.

Strengths Associated with 3-D Virtual
Worlds

Virtual worlds have been portrayed in film and literature for
many years and may play a role in education, business, and
healthcare education because this technology may change the
way people learn and live in the future [13,17,29]. The major
strengths associated with virtual worlds are one’s ability to
design and construct unique environments and then share them
with others in a collaborative fashion. Educators may write
specific learning goals for students to complete while learners
actively build and interact in environments that promote
creativity and social networking. Sibbet [21] outlines how virtual
worlds are “reshaping” learning, communications, social
interactions, and perceptions. Furthermore, Sibbet presents
interesting questions surrounding themes, such as
cross-generational communications, identity exploration,
cross-cultural exchange, problem solving, deep dialogue, and
ceremony. All of these questions have implications for
healthcare professional development and education, and even
healthcare delivery.

Since an online virtual world is available 24/7 there is an
anytime/anywhere benefit for distance education students. There
are other advantages, such as virtual training approaches that
yield results and are invaluable for healthcare professionals,
and, for the healthcare consumer, there is an advantage of
logging on and learning from events happening in SL, such as
the 2006 health fair. This is especially useful if the individual
is at a physical distance. The medium is excellent for improving
students’ access to places otherwise difficult to reach. The
technology makes spatial representation useful for hands-on
learning and heightened student engagement because the
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real-time social interaction and gaming aspect spurs chances
for “discovery-based and goal-oriented learning” [29].

Challenges Associated with 3-D Virtual
Worlds

With any innovative technologically supported pedagogical tool
there are critics who debate the usefulness of the application
[4]. However, one recalls when critics questioned the validity
and reliability of the stethoscope invented by Laennec in 1816
and how today it is second nature to use this assessment tool.
Hence, using virtual simulations to teach healthcare students
may be questionable until more research is conducted and
educational outcomes are realized. Two of the major challenges
associated with virtual worlds in education is the time involved
in creating learning spaces within a virtual environment, as well
as the cost involved. Blake argues since virtual world games
are played in real time, the flexibility of distance-learning tools
is not realized. The efficiency associated with sharing text,
images, and videos via an avatar versus a standard format on a
computer’s desktop is questionable (Adam Blake, written
communication, October 19, 2007). A negative human response
to other avatars in the learning environment is possible;
however, this may exist in traditional learning settings as well.
The allure of the dynamic colourful SL environment may distract
the student’s attention from the learning objectives. Of course,
these are all points of view that may be debated. Clearly
empirical research is needed for future use of virtual worlds in
healthcare training and general education. Striking challenges
facing developers of virtual worlds and serious gaming for
educational purposes are ownership of collaborative work and
certification of authorship. Both of these issues pose a problem
for evaluation for learning outcomes [29].

Research Efforts

Educational research regarding 3-D virtual worlds and the
effects on learning outcomes is lacking. However, Bainbridge
[13] states scientists and scholars are moving forward in
conducting research about virtual worlds and encourages this
research be completed in a timely manner because the current
transformation of the virtual worlds is time sensitive, and future
retrieval may be challenging. Ackermann, as stated in Schneider
[41], explains interactivity is a key to learning. “An increasing
number of software designers, cognitive scientists, and educators
have come to the view that experience is actively constructed
and reconstructed through direct interaction with the world, and
that, indeed, knowledge is experience” (p. 1) [41]. Byrne [42]
conducted a pre- and post-experimental study examining the
use of Virtual Reality (VR) as an educational tool and
discovered high-school students’ (N=38) knowledge of atomic
and molecular structures before and after a VR experience was
significant for “interactivity” but not for “physical immersion.”
Statistical results for the aforementioned study were not
presented. Chapman, Stone, and Nelson [43] indicate that
providing simulations in 3-D virtual learning environments
presents the potential of enhanced learning. Increased
interactivity with the learning material, provision of self-directed
and immersive learning experiences, and students’ co-creation

of learning content with other students and the instructor are
cited in the literature [43]. The same researchers [43] explain
simulations and case-based scenarios build upon well-defined
educational theories, such as constructivism, experiential
learning, adult learning theory, social presence, and situated
learning. The considerations determined by researchers are: a)
resources to develop the virtual worlds, b) available technical
support, c) ethical considerations, d) accessibility, e) usability
concerns, f) ownership of content, and g) peer review. More
research is needed to determine students’ satisfaction,
competency, and knowledge acquisition.

Vision for Future Use in Medicine and
Healthcare Professional Education

One may view online virtual worlds and serious gaming as a
threat to the adoption and purchase of high-fidelity computerized
patient-simulation mannequins that are currently purchased for
healthcare-profession training. For example, nurses may login
into SL and learn Advanced Cardiac Life Support at their
convenience, and it costs virtually nothing for the nurse and
perhaps a nominal fee for the developer. Why would an educator
want to recreate or even offer such a training opportunity when
it already exists on the Internet? Of course, one could argue that
it lacks a haptic quality essential for the procedure or lacks
one-on-one assessment of skill acquisition. The educational
opportunity in SL may not be a replacement for the doctor- or
nurse-patient interaction or relationship, but SL may serve as
an adjunct or pre- or post-learning tool. The advisory board
responsible for Educause’s Horizon Report [29] states
collaborative learning experiences taking place in virtual worlds
today are easier to find than a year ago when the authors
predicted virtual worlds being one to two years away from
adoption.

Discussion

Critical challenges associated with the development, adoption,
and evaluation of online virtual worlds for healthcare training
education do exist. However, there is an underlying push in
higher education to adopt these collaborative tools and shift the
paradigm from a traditional Socratic method of education to
one possessing a more active and interactive nature [29]. Virtual
worlds are a part of our present existence and offer online users
of all ages opportunities to explore, create, imagine, collaborate,
role play, interact, socialize, learn, and experience moments in
a safe and vivid manner. What better way to learn than when
you are having fun and actively participating in making choices,
decisions, and interacting with others in a safe space? Let’s look
forward and determine research methodologies, such as
experimental or qualitative design, to evaluate the relevance of
virtual worlds for teaching, learning, and creative expression.
Research will substantiate factors we suspect have an influence
on a learner’s ability to retain and search for and retain
knowledge. The educator is in a position to look at who the
learners are and what the learners really want from their learning
experiences. What motivates generations Y and Z to learn?
What are they accustomed to doing on a daily basis? Why not
research, investigate, and try this social networking and virtual
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reality tool and create learning moments in what may really be
a “now” in-world?

Conclusion

Virtual 3-D learning environments may encourage active
learning while students create and explore activities similar to
those of a “field trip”, versus the experience of a static classroom
setting. This reaching out and meeting new avatars and
practicing communication skills in an aesthetic environment
may help maintain today’s students’ interest in learning and
provide valuable experiences that may enhance student
engagement, promote participation, and motivate self-directed
learning. Educators that see “on-the-horizon technologies” in
higher education present an opportunity for today’s learners to
explore exciting worlds beyond the traditional classroom and
are showing an understanding of current students’ use of
technology. Moreover, participating or playing in a virtual world
may be enjoyable for the learner, encourages creative
expression, broadens socialization skills, promotes independent
problem solving, provides opportunities for self-teaching, and

sets the stage for group work. There are established opportunities
for educators to network with alliances that are already
developing, implementing, and researching 3-D virtual worlds
as learning spaces [1,21,27,28,38]. Therefore, the wheel of
technology does not need to be reinvented by individual
educators because, as outlined in this paper, there are
opportunities for educators to meet like-minded individuals.
Empirical research findings will help determine if learning
objectives are met by offering this type of educational tool.
Some educators may balk at adopting this technology because
there is a learning curve associated with the use of 3-D virtual
worlds. It is noteworthy to understand the necessity to educate
the educator in order to bring that willing individual up to speed
on how to operate the 3-D virtual world. However, there are
some very current Web 3-D programs, such as Lively [40], that
may decrease the learning curve and motivate the educator to
develop class “room” spaces. Let’s have fun, explore these
fascinating worlds and games, and network with others while
respecting diverse ways of life-long learning and current
researchers’ findings.
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Abstract

The aim of the present paper is to describe the role played by three-dimensional (3-D) virtual worlds in eHealth applications,
addressing some potential advantages and issues related to the use of this emerging medium in clinical practice. Due to the
enormous diffusion of the World Wide Web (WWW), telepsychology, and telehealth in general, have become accepted and
validated methods for the treatment of many different health care concerns. The introduction of the Web 2.0 has facilitated the
development of new forms of collaborative interaction between multiple users based on 3-D virtual worlds. This paper describes
the development and implementation of a form of tailored immersive e-therapy called p-health whose key factor is interreality,
that is, the creation of a hybrid augmented experience merging physical and virtual worlds. We suggest that compared with
conventional telehealth applications such as emails, chat, and videoconferences, the interaction between real and 3-D virtual
worlds may convey greater feelings of presence, facilitate the clinical communication process, positively influence group processes
and cohesiveness in group-based therapies, and foster higher levels of interpersonal trust between therapists and patients. However,
challenges related to the potentially addictive nature of such virtual worlds and questions related to privacy and personal safety
will also be discussed.

(J Med Internet Res 2008;10(3):e21)   doi:10.2196/jmir.1029
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Introduction

Since the introduction of the Web 2.0 in 2004 [1], there has
been a huge increase in the potential of Web applications,
allowing users to create, modify, and share contents using
multiple computers in various locations. The Web 2.0 is a
read-write Web that facilitates social networking, collaboration,
and participation between users [2,3]. One hugely successful
application of the Web 2.0 is represented by three-dimensional
(3-D) virtual worlds (eg, Second Life [4], There [5], and Active
Worlds [6]). These computer-based, simulated environments
are characterized by the simultaneous presence of multiple users
who inhabit and interact via avatars within the same simulated

space.The computer-simulated world typically appears similar
to the real world, with real world rules such as gravity,
topography, locomotion, real-time actions, and
communication.Over the last few years, the number of virtual
world users has increased dramatically, and today, Second Life,
the largest 3-D online digital world, boasts some 12 million
subscribers. 3-D virtual worlds can be considered as 3-D social
networks, where people can collaborate to create and edit objects
(like a collaborative 3-D wiki space) besides meeting each other
and interacting with existing objects. Compared with the
conventional Web 1.0 applications, virtual worlds offer novel
ways to develop social skills; socialize and interact with other
people via customizable, realistic, 3-D, fully textured, and
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animated avatars; attend and participate in live events like
lectures and conferences; build communities, including learners’
communities and patient support groups; relax and visit new
places; and browse document collections in 3-D virtual libraries.
3-D virtual reality (VR) worlds also show great potential for
health purposes. In particular, Second Life currently features a
number of medical and health education projects. By way of
example, the Nutrition Game proposed by the Ohio University
[7,8] simulates choices a user can make in various restaurants
and informs the player about the health impacts of those choices.
The Heart Murmur Sim [9,10] provides an educational virtual
world for cardiac auscultation training that enables clinical
students to tour a virtual clinic and test their skills at identifying
the sounds of different types of heart murmurs. The Second
Life Virtual Hallucinations Lab [11,12] aims to educate people
about schizophrenic hallucinations. The Gene Pool [13] is an
interactive genetics lab and learning area featuring simulated
lab experiments, tutorials, and simple videos to enhance the
learning experience. The Virtual Neurological Education Centre
(VNEC) [14] demonstrates a virtual simulated online experience
where people are able to actively expose themselves to the most
common symptoms that a person suffering from a neurological
disability may encounter, and the HealthInfo Island [15] is
funded by the US National Library of Medicine (NLM) to
provide consumer health information services. All of these
virtual initiatives are mainly centered on the promotion of an
innovative form of public health consisting of the diffusion of
medical information and the education of therapists and patients
[16].

The aim of the present paper is to introduce and discuss the use
of 3-D virtual worlds for an innovative online health service
called p-health. P-health provides personalized immersive
e-therapy whose key factor is interreality [17], ie the creation
of a hybrid-augmented experience merging the physical and
virtual world. In p-health, the interreality experience is achieved
through the following:

• an extended sense of presence [18-20]: P-health uses
advanced simulations (3-D virtual worlds) to transform
health guidelines and provisions into experience. In
p-health, users do not receive abstract information but live
meaningful experiences.

• an extended sense of community (social presence): P-health
uses hybrid social interaction and dynamics of group
sessions to provide each user with targeted—but also
anonymous, if required—social support in both the physical
and virtual world.

• real-time feedback between the physical and virtual worlds:
P-health uses bio and activity sensors and devices (eg,
PDAs, mobile phones) to track both the behavior and the
health status of the user in real time and to provide targeted
suggestions and guidelines. The feedback activity is
twofold: (1) behavior in physical world influences the
experience in the virtual one (eg, if I eat too much and I do
not exercise, my avatar will become fatter), and (2) behavior
in the virtual world influences the experience in the real
one (eg, if I participate in the virtual support group, I can
exchange SMS messages with the other participants during
the day).

Our hypothesis is that the introduction of the p-health approach
in eHealth services could extend the potential of the Web 2.0
and shared 3-D worlds to therapists and patients. To support
this claim, the paper will describe how the use of avatars can
improve social presence. Further, we will focus on the existing
applications of 3-D worlds in clinical settings and address some
ethical considerations and possible pitfalls of using 3-D worlds
for therapeutic purposes. Finally, we will introduce a possible
p-health scenario we are developing in Second Life for the
treatment of addiction disorders.

Psychological Features in Avatar-Based
Interaction

The p-health approach suggests that providing remote patients
with a feeling of social presence [21] plays a crucial role in
improving therapeutic effectiveness. Through social presence,
users experience a feeling of inhabiting a shared space with one
or more others, and their awareness of mediation by technology
recedes into the background [22]. Social presence requires
participants to experience themselves as co-located and mutually
aware of, responsive to, and responsible to one another [23].
As suggested by Casanueva and Blake [24], the sense of social
presence consists of the belief that the other people in the virtual
environment are real and really present and that the user and
the others are part of a group and process.

We suggest that 3-D virtual worlds are able to convey strong
feelings of social presence through avatar interaction, enhancing
the feeling of togetherness of remote users who are connected
through some form of telecommunication medium. Results of
recent studies about avatar-based social interaction lend support
to this hypothesis [25]. In their research, Bente and colleagues
[26] measured social presence and interpersonal trust in
avatar-based collaborative net communications, comparing this
condition with face-to-face communication as well as with
audio-based (phone) and text-based Web communication. The
results from 48 participants showed that the level of co-presence
was higher in avatar-based interactions than in phone or chat
interactions. In a subsequent study, Bente and colleagues [27]
investigated the experience of social presence as a relevant
effect dimension of avatar-mediated Web communication. A
total of 142 participants were randomly assigned to one of five
possible communication settings: (1) text only, (2) audio only,
(3) audio and video, (4) audio and low fidelity avatar, (5) audio
and high fidelity avatar. Results revealed a significant difference
between text and all other communication modes, indicating
that audio, video, and avatar systems work similarly and better
than text alone in creating the experience of social presence.
However, according to the authors, avatar platforms offer new
potentials to overcome many of the restrictions related to audio
and video communication modes. In particular, they suggest
that virtual worlds and avatars play a critical role in
contextualizing social interaction and fostering the salience of
nonverbal information by providing active filtering and
contingency management systems as opposed to being just the
virtual equivalents of a video conferencing system.

Other studies have suggested that even avatars with rather
primitive expressive abilities may elicit strong emotional
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responses in users sharing a collaborative virtual environment.
Experiments have shown that the avatar can readily take on a
personal role, increasing the sense of community feeling and
becoming a genuine representation of the underlying individual,
not only visually, but also within a social context [28].
Moreover, Yee and colleagues [29] investigated whether norms
about social space in the real world map onto how avatars act
in relation to each other in virtual space. In an observational
study, the authors collected data from avatars in order to explore
whether social norms of gender, interpersonal distance (IPD),
and eye gaze transfer into virtual environments even though the
modality of movement is entirely different. They found that, as
in the real world, male-male dyads tend to stand further apart
and look at each other much less than female-female dyads: (1)
male-male dyads have larger IPDs than female-female dyads,
(2) male-male dyads maintain less eye contact than
female-female dyads, and (3) decreases in IPD are compensated
with gaze avoidance. In summary, all these preliminary findings
suggest that avatar-based interaction in virtual worlds may have
the potential to enrich the level of emotional connections and
social presence conveyed by conventional telehealth tools, such
as Internet, videoconferencing, email, and telephone.

From a clinical perspective, the advantages presented by the
3-D, avatar-based interactions serve to facilitate the
communication process between therapists and patients, to
positively influence group cohesiveness in group-based therapies
and to create greater levels of interpersonal trust, which is a
fundamental requirement to establish a successful therapeutic
alliance.

3-D Virtual Worlds As a Support Tool for
Psychological Interventions

The strong sense of presence and social connection elicited by
avatar interaction suggests two possible clinical applications of
3-D virtual worlds. The first regards the potential to provide
VR-based treatments within the online virtual worlds, and the
second regards the creation of online virtual communities of
patients.

3-D Virtual Worlds and Virtual Reality Exposure
Therapy
In recent years, a number of studies have suggested the efficacy
of VR exposure therapy in the diagnosis and treatment of various
psychological disorders. Positive results have been obtained in
the treatment of specific phobias (in particular, aviophobia,
acrophobia, fear of driving, claustrophobia, and arachnophobia),
eating disorders, social anxiety disorders, sexual disorders,
posttraumatic stress disorder, and panic disorder with or without
agoraphobia [30,31].

During the VR exposure, the patient is immersed in a virtual
environment containing the critical stimulus. This procedure,
which has been shown to be at least as effective as traditional
techniques in reducing phobic symptoms [32], presents some
practical advantages offered by the use of VR technology. As
stimuli are computer generated, the therapist has full control
over their intensity, and the risk of unpredictable effects is
significantly lower than in vivo exposure since subjects have

the opportunity to explore threatening aspects of reality in a
safe environment where consequences are not real [33]. Further,
virtual exposure provides an opportunity to present the patient
with realistic 3-D visualization of the feared situation, which is
more effective than imagination, especially when the patient is
unable to recreate the critical scenarios because of pathological
avoidance of problematic memories, as is often the case in
posttraumatic stress disorder [34]. When used in combination
with specific instruments, the VR exposure has the added
advantage of allowing therapists to record different
psycho-physiological parameters before, during, and after
exposure to the feared stimuli in order to obtain objective
measures of the individual modifications.

3-D virtual worlds appear to have much to offer to exposure
therapy of this kind. The therapist and patient share the same
online virtual space and, in this way, the therapist can
accompany the patient through a particular threatening
experience just by logging onto a specific website and adopting
a preferred avatar. Interaction can be modified on the basis of
therapeutic needs. In the case of social phobia, for example,
after practising with the therapist within a closed environment
(ie, the therapist’s virtual office), the patient can be taken to a
virtual world populated by other avatars and asked to initiate a
conversation and obtain feedback from them in real-time audio
through the use of a microphone. Similarly, patients with
agoraphobia can be exposed to a variety of unfamiliar worlds
different from those the clinician can provide in an office setting.
Patients suffering from addiction disorders (eg, drug abuse,
pathological gambling, food craving) can be exposed to specific
kinds of dangerous stimuli without running the risk of
“succumbing to temptation” [35].

3-D Virtual Worlds for Creating Virtual Communities
of Patients
3-D virtual worlds may have the potential to bring several
innovative features to virtual patient communities by providing
mediated environments with appropriate social, nonverbal, and
contextual information that previous Web applications (Web
1.0) were unable to convey. Winkelman and Choo [36] surmised
that patients with chronic diseases possess a particular tacit
knowledge gleaned from their personal experience of illness
and experientially acquired by having to cope with the daily
challenges and needs posed by a chronic disease. These needs
include information on the disease, treatment side effects,
treatment plans, professional contacts, as well as supportive
information for family and friends. According to the authors,
if this tacit knowledge can be shared or socialized through a
program, tool, or medium, a patient’s sense of self-efficacy can
improve, thereby positively affecting health outcomes as well
as social functioning. This approach argues for a shift in the
role of chronic disease patients from external consumers of
health care services to a community of practice of internal
customers. Introduced by Wenger (1998), communities of
practice are social constructs that bring learning into lived
experience of participation in the world [37]. They are defined
as self-organizing, informal groups whose members work
together toward common goals, face common needs, share best
practices, and have a common identity. Drawing on these
concepts, Winkelman and Choo [36] suggest that with the
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implicit support of health care organizations, patients can benefit
from gaining access to the expertise of peers by integrating
knowledge gained from the experiences of living with chronic
disease into their self-management. In particular, they claim
that virtual patient communities can become effective tools of
communication if (1) members have common interests, needs,
goals, as well as an aspiration for mutual communication and
the furthering of relationships, and (2) they are able to
supplement already existing face-to-face communication
opportunities. Even in this case, the possibility to share specific
virtual environments from different parts of the world and to
interact via customizable avatars can presumably facilitate the
development and the diffusion of online communities of practice
allowing an efficient exchange of medical and experiential
information between patients and experts.

Existing Therapeutic Applications in
Second Life

In this section we will briefly explore some of the Second Life
virtual environments specifically created for therapeutic
purposes. Inspired by the therapeutic success obtained with
different kinds of virtual treatments [38,39], and taking
advantage of the potential of the Second Life platform, Brain
Talk Industries, the largest nonprofit organization in the world
dedicated to providing online communities for patients and
caregivers dealing with neurological issues, has created
Brigadoon, a private island in Second Life specifically designed
for patients with Asperger’s syndrome. Brigadoon aims at
providing an ideal place for people with a form of
high-functioning autism, characterized by enormous difficulties
in social interactions, to develop their social skills by interacting
with other people dealing with the same problems [40]. After
their initial experiences inside Brigadoon, many patients began
venturing into Second Life proper and mixing with nonautistic
people. Some of them are now active participants in other
communities, including two autistic women who have formed
"the autistic liberation front," a Second Life space where autistic
people can organize, educate, and advocate for themselves
[41-43]. A similar aim underlies the creation of Live2Give [44],
a Second Life island dedicated to people affected by cerebral
palsy. Like Brigadoon, this virtual place brings people together,
giving them the possibility to help each other cope with their
common struggles. According to Lester, the experience appears
to be empowering and revolutionizes the way the users feel
about themselves and the part they have to play in the world
[45]. Similarly, a British organization called ARCI has
developed a virtual environment in Second Life to help abused
children learn important life skills. The children enter the virtual
world to learn to socialize and work as a team and to learn
essential computer skills [46]. A very interesting therapeutic
experience related to Second Life is described by Roberto
Salvatierra, a medical student suffering from agoraphobia.
Within Second Life, he created an avatar that closely resembled
his own real-life appearance. By seeing himself in a simulated
3-D environment, Roberto felt he could become more
comfortable with unfamiliar open spaces and this was exactly
what happened. Thanks to his personal positive experience he
decided to set up an in-world group called the "Agoraphobia

Support Group," which he hopes other people with agoraphobia
will join to discuss their shared difficulties [47,48].

These examples show how 3-D online virtual worlds can provide
a richer variety of tools than email or typing text onto bulletin
boards, including the opportunity to build new customized
environments, create avatars, interact with others without
revealing one’s real identity (ie, the real physical disabilities
one has in the real world), and communicate with people in a
way that more closely resembles face-to-face meetings.
Moreover, the possibility to buy gestures—animations of avatars
making faces—enriches the way in which users can
communicate and represent themselves in these experiential
virtual worlds. So, even if the main aim of these virtual online
communities is to support rather than treat patients, their success
proves the potential of 3-D virtual worlds to become very useful
tools for an innovative form of eHealth dedicated to patients
with mental illness [16,49].

Despite the positive data we have presented, the use of the
Internet to provide mental health services is controversial, and,
in the ongoing debate about the value and ethics of therapeutic
virtual environments, there are proponents at both extremes.
Some conceive of technology as means to a bright future where
anyone's emotional needs can be instantaneously addressed;
others are obstinately opposed to the use of distance psychology
for any kind of intervention. In our view, virtual therapy is most
effective when it is used as an adjunct to traditional therapy or
as part of an aftercare plan. For these reasons, we advise against
any kind of therapy being practised exclusively on the Web
because of its supportive rather that exhaustive nature. This
point must be made clear to online therapy providers and the
general public.

Ethical Considerations and Important
Caveats in the Use of 3-D Virtual Worlds
for eHealth

Although the therapeutic potential of 3-D virtual worlds is quite
promising, there are challenges associated with an approach of
this kind that need to be addressed. In fact, if it is true that
people can explore threatening aspects of reality in a safe
environment, it also is true that if the use of online worlds
becomes excessive, there is a risk that it will prevent people
from forming meaningful real-world relationships. In fact, as
observed by Allison et al [33], an increased substitution of
cyberspace-based relationships at the expense of face-to-face
interaction may create a developmental double-edged sword.
In the case of socially anxious patients, for example, the Internet
is useful to modify peer group interactions, while it does little
to foster the development of genuine intimacy. When exposing
patients to virtual environments, therapists should consider the
risk of Web addiction and encourage patients to participate in
real-life social interaction as much as possible.

Another critical point regards anonymity: the chance to remain
anonymous offers a less intimidating opportunity for social
interaction and psychological reflection and would allow more
people to discreetly seek help on their own. On the other side,
anonymity represents a significant risk for patients and
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therapists. The computer-based interface does not guarantee
that the person on the other side of the screen is really who we
expect, and anybody can enter the virtual environment and
interact with patients, producing negative effects on their
experience and introducing uncontrollable and disturbance
variables in the environment. These aspects can be overcome,
for example, by creating private servers specific for controlled
environments designed and dedicated to therapy and using
protection codes personally given by the therapist to the patients.

Regarding the therapists, they need to first conduct
self-assessment and then enhance their knowledge and skills in
using these alternative forms of therapy [50] since the provision
of eHealth services is not simply a click of the mouse [51].

Besides the previous more clinical considerations, there are
some very challenging issues that need to be resolved to ensure
the safe and ethical use of eHealth in general. These include
complex and interrelated questions of security, confidentiality,
and privacy; licensure requirements; competency; standards of
care; and reimbursement that must be considered by
practitioners, researchers, consumers, health care organizations,
managed care companies, and federal and state legislatures [52].

The American Psychological Association (APA) has published
a statement entitled "Services by Telephone, Teleconferencing,
and Internet" [53]. This statement stipulates that in the absence
of specific telehealth standards, psychologists must take
reasonable steps to ensure competence in providing services
and to protect patients, clients, and research participants from
harm. The APA is also developing recommendations for the
board regarding ethical, legal, and clinical concerns related to
the practice of telehealth, with the aim of providing practitioners
with information about electronic activities. While conducting
interventions via telehealth applications, patients may believe
that the Internet sessions are secure and completely private and
confidential. To safeguard against a breach in confidentiality,
therapists and clinicians should fully inform patients of the
limits of confidentiality associated with telehealth and other
forms of telecommunications. In sum, the use of 3-D virtual
worlds as an advanced form of eHealth holds great promise as
long as their limitations and associated risks are taken into
consideration as well.

The Use of 3-D Virtual Worlds in Clinical
Practice

In the Introduction, we presented p-health as a possible new
paradigm for eHealth. From a technological viewpoint, a
possible p-health scenario would be based on the following
three technologies: 3-D virtual worlds, bio and activity sensors,
and personal digital assistants (PDAs) and/or mobile phones.
Each will be considered in turn below.

3-D Virtual Worlds
As we have discussed previously, 3-D virtual worlds enable
their users to interact with each other through motional avatars.
Residents can explore the world, meet other users, socialize,
participate in individual and group activities, and buy items
(virtual property) and services from one another.

Bio and Activity Sensors (Connection from the Real
World to the Virtual One)
Typically 3-D virtual worlds are closed worlds and in no way
reflect the real activity and status of the users. In p-health, bio
and activity sensors are used to track the health status of users
and to influence their experiences in the virtual world (avatar,
activity, and access). The link between real and virtual worlds
would be in real time, allowing the development of advanced
biofeedback settings, but would also ensure health tracking even
in situations where an Internet connection is unavailable.

PDAs and/or Mobile Phones (Connection from the
Virtual World to the Real One)
In p-health, the social and individual user activities in the virtual
world have a direct link with his or her life through a PDA
and/or mobile phone. This link is at three levels:

1. follow-up: It is possible to assess and improve the outcome
of the virtual experience through the PDA/mobile phone,
eventually also using information from the bio and activity
sensors.

2. training and homework: Due to the advanced graphic and
communication capabilities now available on PDAs/smart
phones, they can be used as simulation devices to facilitate
the real-world transfer of knowledge acquired in the virtual
world.

3. community: The social links created in the virtual world
can be continued in the real one even without revealing the
real identity of the user; for example, I can send an SMS
to a virtual friend in my own real context to ask for support.

It is our view that in p-health the creation of a direct link
between the real world experience and the virtual one would
serve to improve the accessibility of relevant information, the
real-time monitoring of relevant health parameters, the
motivation for change, the transfer of acquired knowledge in
the real world, the social support, and the availability of
anonymous expert guidance.

A Possible Scenario: Addiction

P-health is an approach to health that, in theory, can be used
for any kind of health concern. However, to discuss its
feasibility, we decided to identify one possible area of
intervention: addiction. The term addiction indicates a recurring
by an individual to engage in some specific activity despite
harmful consequences to the individual's health, mental state,
or social life. The term was originally reserved for drug
addictions, but it is now also applied to other compulsions such
as pathological gambling, compulsive overeating, alcoholism,
and so on. Addiction is a disease [54], a state of physiological
or psychological dependence on something manifesting as a
condition in which medically significant symptoms liable to
have a damaging effect are present. Treatment of dependency
is usually conducted by a wide range of medical and allied
professionals, including addiction medicine specialists,
psychiatrists, appropriately trained nurses, social workers, and
counselors, and is focused on the individual's ultimate decision
to pursue an alternate course of action. Behavioral treatments
usually involve the planning of specific ways to avoid the
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addictive stimulus and therapeutic interventions intended to
help a patient learn healthier ways to find satisfaction.

Literature on behavioral analysis and behavioral psychology
shows that behavioral therapy, community reinforcement
approaches, cue exposure therapy, social skills training, and
contingency management strategies are useful approaches for
the treatment of addiction [55]. Following these indications, we
are developing Eureka [56], a Second Life island for addiction
prevention and treatment. Eureka is a virtual immersive
environment organized around three different but interconnected

areas: the Learning area, the Community area, and the
Experience area.

The goal of the Learning area is to use motivation provided by
virtual worlds to teach users about how to improve their living
habits. The Learning area is organized around different learning
areas (Figure 1), both without and with teachers (classes). In
this area, users learn how to manage daily choices and activities,
acquire general and specific information about addiction, and
get the information needed to succeed, with daily tips and expert
ideas.

Figure 1. A screenshot from the Learning area [56]

The goal of the Community area is to use the strength of virtual
communities to provide real-life insights aimed at improving
living habits. The Community area is organized around different

zones (Figure 2) in which users discuss and share experiences
among themselves with or without the supervision of an expert
(physician, psychologist, nutritionist, etc).
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Figure 2. A screenshot from the Community area

In the Learning and Community areas, users enjoy support and
guidance, learn how to make wise choices and live healthily,
and benefit from the exchange of practical experiences and tips
from other users.

The goal of the Experience area is to use the feeling of presence
provided by the virtual experience to practise both emotional

and relational management and general decision-making and
problem-solving skills. This area includes different zones
(Figure 3) presenting critical situations related to the
maintenance and relapse mechanisms (Mall, Supermarket, Pub,
Restaurant, Kitchen, etc). Each of these environments is
experienced only under supervision.
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Figure 3. A screenshot from the Experience area (In particular, the kitchen has been created for people affected by food craving.)

In all three of these areas, the user is helped to develop specific
strategies for avoiding and/or coping with their problems. After
the experience, the coach explores the patient’s understanding
of what happened in the virtual experience and the specific
reactions—emotional and behavioral—to the different situations
experienced. If needed, some new strategies for coping with the
situations are presented and discussed. In all three areas, type
and intensity of care will vary depending on the type of
intervention (eg, prevention vs treatment).

In our vision, Eureka could be an interesting starting point to
test the efficacy of online virtual worlds in the prevention and
treatment of different psychological disorders.

Conclusions

This paper addresses a broad and emerging idea in the field of
eHealth: the use of 3-D virtual worlds for online mental health
applications. As we have recently discussed elsewhere [57],
3-D online worlds have become not only fertile ground for
psychologists exploring human behavior [58], but they are also
starting to play an emergent role in health services. Why should
this be so? Compared with traditional telehealth systems
(videoconferencing, email, telephone, Web 1.0 applications,
etc) and other available technologies (eg, CD or DVD), 3-D
virtual worlds provide users with a more immersive and socially
interactive experience, as well as a feeling of embodiment that
has the potential to facilitate the clinical communication process
and to positively influence group interaction and cohesiveness
in group-based therapies. Moreover, unlike the available VR
software (see, for example, NeuroVR [59]), 3-D virtual worlds,
being Internet-based applications, can be used by different
people from different places without physical limitations.

Although this new medium has the potential to improve existing
eHealth applications, there are several challenges that need to

be addressed. First, more basic psychological research is needed
in order to gain a clearer understanding of psychological,
communicative, and interpersonal aspects of avatar-based
interactions and of the differences between this and other
interaction modes. Second, to date, there is scant encouraging
data coming from traditional telepsychology applications [60-63]
and online communities [39,44] and no experimental or
controlled data about the therapeutic effectiveness of online
virtual worlds in patients with mental health disorders. Third,
3-D virtual worlds were not created with clinical purposes in
mind. This means that clinicians and researchers have to create
specific and protected environments to meet their clinical needs
as well as the needs of patients. Further, as for any kind of
eHealth system, it is important to define international guidelines
for the development of 3-D virtual world–based clinical
applications in order to reduce the risk of abuse and to guarantee
appropriate levels of privacy. Finally, online virtual worlds have
open access, meaning that it may be difficult to create safe
therapeutic environments in which patients can interact with
therapists without external interferences and with privacy
protection. Also, cost issues should not be overlooked. The vast
majority of virtual worlds have high subscription costs, which
may be too expensive for private therapists; in February 2008,
the price for an island in Second Life was US $1675 plus a US
$295 monthly fee. Finally, most online worlds provide users
with building tools (editors) that are not easy to use for
nonexperts as they often require the user to learn script-based
programming languages.

In conclusion, despite technical, ethical, and economic issues,
we suggest that 3-D virtual worlds, used as an adjunct to
face-to-face settings, may represent a valid opportunity for the
future developments in eHealth. Our hope is that the present
paper will stimulate a discussion within the research community
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about the potential, the limitations, and the risks that this emerging medium offers for cybertherapy applications.
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Abstract

Background: This project investigates the ways in which patients respond to the shared use of what is often considered private
information: personal health data. There is a growing demand for patient access to personal health records. The predominant
model for this record is a repository of all clinically relevant health information kept securely and viewed privately by patients
and their health care providers. While this type of record does seem to have beneficial effects for the patient–physician relationship,
the complexity and novelty of these data coupled with the lack of research in this area means the utility of personal health
information for the primary stakeholders—the patients—is not well documented or understood.

Objective: PatientsLikeMe is an online community built to support information exchange between patients. The site provides
customized disease-specific outcome and visualization tools to help patients understand and share information about their condition.
We begin this paper by describing the components and design of the online community. We then identify and analyze how users
of this platform reference personal health information within patient-to-patient dialogues.

Methods: Patients diagnosed with amyotrophic lateral sclerosis (ALS) post data on their current treatments, symptoms, and
outcomes. These data are displayed graphically within personal health profiles and are reflected in composite community-level
symptom and treatment reports. Users review and discuss these data within the Forum, private messaging, and comments posted
on each other’s profiles. We analyzed member communications that referenced individual-level personal health data to determine
how patient peers use personal health information within patient-to-patient exchanges.

Results: Qualitative analysis of a sample of 123 comments (about 2% of the total) posted within the community revealed a
variety of commenting and questioning behaviors by patient members. Members referenced data to locate others with particular
experiences to answer specific health-related questions, to proffer personally acquired disease-management knowledge to those
most likely to benefit from it, and to foster and solidify relationships based on shared concerns.

Conclusions: Few studies examine the use of personal health information by patients themselves. This project suggests how
patients who choose to explicitly share health data within a community may benefit from the process, helping them engage in
dialogues that may inform disease self-management. We recommend that future designs make each patient’s health information
as clear as possible, automate matching of people with similar conditions and using similar treatments, and integrate data into
online platforms for health conversations.

(J Med Internet Res 2008;10(3):e15)   doi:10.2196/jmir.1053
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Personal health records; data visualization; personal monitoring; technology; health care; self-help devices; personal tracking;
social support; online support group; online health community
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Introduction

This project investigates how patients react to the shared use
of what is often considered private information: personal health
data. Encouraged by technological trends and policies promoting
patients’ rights, there is a mounting demand for flexible access
to personal health information [1]. While personal health
information systems vary, the predominant model is that of a
central repository for all health information generated within
clinical contexts (eg, health history, diagnoses, allergies, current
treatments) that is kept securely for view only by patients and
their health care providers [2].

While research in this area is still sparse, this type of record
does seem to have beneficial effects for the patient–physician
relationship. Provider-supplied personal health records have
been shown to improve the communication and trust between
the patients and health care providers [1,3] and the completeness
of patient-reported data and the quality of the clinical encounter
[4]. Still, the utility of a personal health information system for
the primary stakeholders themselves—the patients—is not well
documented or understood. One risk is that a collection of static
medical information may be overly complex for the patient and
therefore overwhelming. The prospect of correctly interpreting
a large corpus of statically presented electronic health records
causes concern even for some physicians [5]. As a result, a
medical informatics working group asserted that the ideal
personal health record is more than just a static repository for
patient data; it should combine data, knowledge, and software
tools to help patients become active participants in their own
care [6].

This paper reports on a health information system,
PatientsLikeMe, designed specifically for patients to use
themselves and in cooperation with other patients with the same
disease. In this system, patients report their relevant health
information, which is presented as coherent graphical displays
on their profile. Member profiles are posted where other
members can have access to them, providing a basis for passive
information sharing and active dialogue among patients.

This system is based on two assumptions. First, that given
appropriate tools, patients will be able to interpret and learn
from visual displays of personal health data [7]. This assumption
is built on work on “imagery as data” in health care, suggesting
that, through collecting, analyzing, and explaining visual data
for themselves, patients can gauge the impact of daily behavior
on health outcomes [8,9]. Second, sharing personal health data
and collaboratively reviewing and critiquing it will enhance
utility of the data for each contributor. Research has shown that
peer-led communities that do not use personal data have
documented benefits for patient knowledge, discussion, and
health care utilization: users not only provide one another with
support, they teach each other the science and medical
information they need to understand their disease [10] and
empower one another to seek out physicians who will recognize
and treat their illness [11]. Communities have been shown to
support reciprocal information sharing and help move
participants from information gathering to positive behavioral
change [12] and to provide a venue for patients to discuss

morality and medical ethics [13]. Few studies isolate the effect
of peer-to-peer communities on health outcomes [14]. Outside
of the health domain, one quality of social Web, or Web 2.0,
applications is that the applications gain value through their use
[15]. Web 2.0 communities compile resources and create shared
knowledge that is beyond the scope of a single individual.
Framing online patient interaction around displays of personal
health information can create a Web 2.0 community that may
enrich patient conversations around health practice.

In this work we focus on patients who have an incurable and
relatively rare life-altering disease. We do so because these
patients may benefit more than other patients from a personal
health record [1,2] and because their mobility constraints
complicate face-to-face meetings. The platform was
conceptualized for a broad set of conditions and was first
implemented for amyotrophic lateral sclerosis (ALS), also called
motor neuron disease or Lou Gehrig’s disease. ALS is a rare
and fatal neurodegenerative disease that begins with loss of
voluntary motor function and progresses to the inability to
communicate, swallow, and breathe unaided. There is no cure
for ALS, but there is one FDA-approved drug for its treatment,
rilozule (Rilutek), which marginally lengthens life [16]. Patients
use other methods to manage some of the symptoms (eg,
fluoxetine [Prozac], an antidepressant, to help reduce excessive
saliva) and assistive technologies to take over when biological
systems fail. ALS patients and their caregivers have to decide
when and if to use end-of-life interventions such as a feeding
tube or ventilator.

The PatientsLikeMe platform is being continuously reviewed
to understand how this model of data sharing impacts patient
participation in medical decisions and organization of daily
self-care practices. The primary question of the current study
was how patients explicitly utilize visual displays of health
information to communicate with specific patients about their
treatments and disease experience. We also sought to describe
the kind of dialogues that emerge when individual health
information is made available within a patient community. To
successfully engage in these discussions implies both the ability
to draw useful conclusions from data and a level of comfort
with sharing, what is often considered, personal information.
We sought to answer this question by compiling and analyzing
the kinds of questions, comments, and discussions that relate
directly to shared, personal medical information.

Methods

This was a design-based qualitative research study [17,18] to
examine how users of the online PatientsLikeMe ALS
community refer to data in discussions with specific peers. In
this preliminary study, we only focus on how users employ
elements of another user’s personal health profile in a discussion
with that user.

The Platform
The PatientsLikeMe ALS community was opened to the public
in March 2006. Patients join the site based on the
recommendation of their health providers, other patients, or
patient blogs or after finding the site through online searches
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and Google “ad words.” A year and a half after launch, the
community contained 1570 verified patients, about 1140 living
in the United States. These members represent almost 4% of
the estimated ALS cases in the United States [19].

Personal Health Profiles and Data
On PatientsLikeMe, each patient enters a combination of
structured and unstructured data, which are compiled and
presented as a profile of his or her health history and shared
within the site. Profiles contain a summary representation of
the patient’s current status: a diagram that maps functional
impairment to areas of the body (Figure 1), a personal picture,
an autobiographical statement, a diagnosis history, and a series

of charts. The “nugget” summary diagram displays the current
function score as a color code mapped onto affected areas of
the body as well as the number of years with the disease, an
iconic representation of the equipment currently used, and stars
indicating level of participation on the site (see Figure 1). As
in similar projects [20-22], PatientsLikeMe created a graphical
display of health information as an alternative to static lists and
tables in order to make the data more accessible. The primary
chart on the ALS site is a line graph of the individual’s
functional level over time, superimposed onto a backdrop of
population-level data (Figure 2). Function is assessed through
an adaptation of the clinically validated, self-administered form
of the revised ALS functional rating scale (ALSFRS-R) [23].

Figure 1. Individual summary information (the “nugget”)

Figure 2. Charts comprising the personal profile
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Below the functional rating scale (FRS) chart are modified Gantt
charts representing all the treatments taken and symptoms
experienced by the patient. Although each user is asked about
a core set of common symptoms, both treatments and additional
symptoms are built with a flexible architecture such that patients
define and extend the underlying ontology. In other systems,
Gantt charts used to depict patient information facilitated faster
comparisons between data types and improved the recall of
medical information in comparison to tabular data [24]. The
patient can rearrange charts within the profile to explore
relationships between data types. The profile is available for
personal use and to be browsed and critiqued by other users of
the site.

Aggregate Resources
Data are also aggregated from all individuals in the community
to create community summaries of treatments and symptoms.
Treatment reports contain standard descriptions of the treatment
and display community-level data (eg, distribution of dosage
levels, time on the treatment, reasons individuals have started
and stopped the treatment) and relevant content culled from the
Forum on users’ impressions of the treatment. Symptom reports
show analogous information: the prevalence and severity in the
community of each symptom and the treatments people are
taking for each one. Each element in these reports is hyperlinked
to related items of interest, for example, to other people taking
the treatment for the same reason or in the same amount or to
Forum posts on that topic.

Social Tools
Using search and browsing tools, members can locate other
patients in similar circumstances and with shared medical
experiences. Members discuss the profiles and reports as well
as general health concerns through the Forum, private messages,
and comments they post on one another’s profiles. The Forum
is a threaded dialogue available to every member of the
community to pose questions, research findings, share coping
strategies, and so forth. Private messages are emails sent from
one user to another within the site; they are not read by other
users or site administrators. Comments are remarks that one
user posts on another’s profile, which are viewable by anyone
in the community. Users can delete comments from their own
profile. Each contribution made using any of these functions is
labeled with a graphic representation (the nugget) giving a
snapshot view of the contributor’s history and health status; the
nugget is also linked to the user’s complete profile.

Data Selection
On the site, there are five main categories of personal health
data reported within each profile: the “about me” section
(demographics, place of residence, and disease history data), a
free-form biographical essay, functional ratings, treatments, and
symptoms. Users interact with one another in three ways: the
Forum, private messages, and comments posted to patient
profiles.

For the present inquiry, we were interested in user remarks that
refer to another’s individual-level personal health data. On the
site, these data are displayed in the personal profile. We
excluded forum posts, which are not designed to connect

discussion and data of another specific user’s experience. Private
messages were not analyzed because we do not access or read
the content of private messages sent within the site. The analysis
focused on the comments left on personal profiles. These are
of prime interest in this analysis for two reasons. First, their
proximity, posted at the end of the profile, may lead users to
reference profile data within their comments. Second, their
accessibility to all users defines them as part of the site available
for research purposes.

Sampling
Over the history of the site (December 2006 to February 2008),
users in the ALS community generated a total of 17,059
comments affixed to another user’s profile. More than half of
these included a predefined message—“Thank you for filling
out your profile!”—that can be created with a single click,
edited, and then sent. To date, 7852 user-created comments
have been composed from scratch, so we focused on these
original messages in the analysis. A total of 63% (986/1570) of
the patients in the study period posted at least one original
comment on the site. To identify comments that explicitly
referenced profile data, we used a strategic sampling procedure.
In a preliminary analysis of 500 original comments, we
identified phrases that commonly co-occurred with references
to profile data. These phrases were “I see you,” “I can see you,”
and “notice you.” Approximately 30% of the 500 comments
contained these phrases. No other pattern could be identified to
characterize the remaining comments. An automated search of
the full set of 7852 comments identified all postings that
contained any of the specified phrases and added these
comments to a database table for manual analysis, along with
the relevant demographic data and whether these comments
resulted in a response. Privacy concerns were addressed by not
collecting identifying information and changing the demographic
data for published segments. Using a grounded theory approach
[25], a set of codes was developed. Using this set of codes, each
comment was independently coded by each of the authors,
differences were reconciled, and then themes were identified
and discussed by both authors. To better understand how these
comments fit into larger dialogues, we documented whether the
comments initiated the exchange and if the commenter received
responses in the form of either a private message or a comment.
We tallied the number of comment and private message
responses (without looking at the message contents).

Results

We identified 123 postings by 95 users that met the criteria
based on the key phrases. Among these comments, more referred
to treatments (29/123, 23%) than to symptoms or outcomes
(9/123, 7%). Almost half of the comments (56/123, 45.5%)
included at least one question, and half of these questions were
explicit requests for advice (34/123, 28%).

The following are typical examples of comments in three major
categories: (1) targeted questions to others with relevant
experience, (2) advice and recommendations, and (3) forming
and solidifying relationships based on similarity. We also
estimated how many of these comments led to ongoing
discussion among users. Names of users have been changed.
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Targeted Questions to Others With a Shared
Experience
When considering a new treatment, one user observed what
another member was using and stated:

I notice you are using ginger root and you believe it
is slowing your progression. I'm very interested in
this. Can you tell me more about how it's working for
you?

Another user, also curious about a nutraceutical, conducted a
more complete inquiry. He sent almost identical versions of an
in-depth request for information rather than addressing a specific
comment to each individual on the treatment:

I see you are using Glyconutrients. What are the exact
ones that you're using, how long have you been using
them for, and what benefits if any have you seen. I
have heard a lot of encouraging things about them,
but I have yet to hear anything about their use by ALS
patients. Are they helping with a particular symptom?
Please let me know what you have learned by taking
these supplements. Blessings to you and your family.

In such comments, users with a particular treatment question
often addressed their question to other members already using
that treatment. For the above two cases, the questions were
about nutraceuticals and their perceived efficacy. In other
comments, users asked about prescription pharmaceuticals,
dosage levels, or experience using a piece of equipment. In all
of these scenarios, one user with a question apparently identified
another user with relevant experience and then asked about his
or her perception of the treatment’s efficacy.

The graphic depiction of the length of time on a treatment (in
the Gantt charts) pointed one user to identify another as an
appropriate recipient for his question. Since this man was
considering a feeding tube, he asked a woman on the site about
her experience:

[Jen], I'm a new member of PLM like yourself. I
notice you have had a tube for about 8 months. I'm
having difficulty eating, so the neurologist suggested

I look into getting one. My meeting with the
gastroenterologist did not leave me with desire to get
one. It would help me if you would send me a message
about your experience, pro and con, with your feeding
tube. [Peter]

In this case, Peter explicitly referenced the amount of time Jen
had been using an assistive technology as evidence of her value
as an advisor. Although he had consulted with health care
providers, he sought out another patient’s opinion with the
implication that it would contribute to his own decision.

In the above cases, users identified a single feature of a profile
then asked an appropriate question. Other users made more
sophisticated observations based on multiple charts and data
types. For example, Adam, an ALS patient considering the use
of a breathing assistance device—bilevel positive airway
pressure (BiPAP)—asked the following:

Hi [D] I am [Adam] in the PLM web site. My als was
like yours breathing onset. I see your FRS improved
a bit after you went onto BIPAP in april 06. Did it in
fact make that much difference.?? [Adam]

To ask this question, Adam apparently cross-referenced two
charts in the profile to see the relationship between beginning
to use various interventions, including a BiPAP, which is
displayed in one type of chart, and experiencing improved
function, which is displayed in another. In this case, the
relationship looked clear (Figure 3). In fact, the displayed clarity
of the relationship appeared to give Adam pause since he asked
for confirmation.

In the preceding examples, users with a specific question
identified another member and addressed their question to him
or her. The criterion leading to that identification appears to be
simply taking the medication or using the treatment. In one case,
a user referenced the amount of time a member had been using
a technology as a factor in identifying an individual as a credible
resource. Using other members as a resource to inform treatment
decisions emerged as a reoccurring use of comments within the
site (29/123, 24%).
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Figure 3. Patient profile of PatientsLikeMe member “D” (with added explanatory remark "Based on the charts..", which is not part of the original
screenshot)

Advice and Recommendations
Browsing the site, users frequently posted their remarks on one
another’s profiles, in some cases sharing their own relevant
experience. One man observed another’s symptom:

I see you note emotional lability. I had that very bad,
but now I take a compound of dextromethorphan and
quinidine that controls it beautifully.

In this case, a user offered personally acquired knowledge to
another member listing a shared symptom (depicted within a
modified Gantt chart). This was not an isolated instance: in five
of the comments users provided similar recommendations
specifically around observed symptoms, including bed sores
and cramping. In each case, the comment offered advice based
on a positive personal experience and included a treatment
recommendation and a method for administering that treatment.

Users’ advice went beyond sharing personal treatment and
symptom experiences. Within the “about me” section of the
profile, many users provided their city and state of residence.
Some members reading the profile referenced this information
to make geographically appropriate suggestions. For example,
one patient wrote to a caregiver on the site about a local support
group:

Hi [Bill]. ... There will be another ALS support group
starting up next Tuesday Feb.20th in Holt. Just
checking to see if your parents were interested...

In similar references to location, four users either mentioned or
explicitly invited others to support groups.

In one case, a user noted the individual’s region and type of
onset to suggest a research study on a new technology designed
to address her specific situation:

[Joanne], I see you are legs onset; have you heard
about the new diaphragm implants they are doing at
Case-Western and Johns Hopkins? It means you don't
have to vent to breathe. [George]

George had a piece of information about a location- and
topic-specific resource available to patients. He referenced
Joanne’s diagnosis history (onset type) to make a
recommendation. Using posted data, he was able to connect the
individual to the resource.

In these cases, users offered advice and recommendations to
others. In most cases, these recommendations stemmed from
personal experience with taking a drug or using a device, but
they also stemmed from personal research, as in the last example
where a member offered knowledge of a research study to
another user. In other online applications, individuals may share
personal experience through messages broadcasted to a large
audience. In this context, users delivered targeted messages to
particular users they think may benefit from them.

Forming and Solidifying Relationships Based on
Similarity
Comments also function as a mechanism for creating and
maintaining relationships, particularly around points of
similarity: 25% (31/123) of the comments we analyzed identified
a shared attribute, hobby, or concern within a broader comment
or question. Locating a similar patient, one member quoted what
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they had in common medically as a basis to invite further
contact:

Hi [Michael], I see we are pretty similar. I am 62 dx
11/06 with leg onset. I need a walker to help me walk.
I move slower and have had a few recent falls due to
my leg dragging. I would like to be available if you
want to compare progress. I started noticing
symptoms a year ago, but just dx this month.

Referencing diagnosis history, this user made a connection with
another member in the community. For patients in unusual
situations, the site allows for finding a similar individual even
when there are only a few. In the following case, another user
expressed her pleasure in finding others with a shared but
atypical disease progression:

hi [Rachel]. yes same boat indeed. i am so glad to
find this site because i see there are many of us with
slower progression than stereotypical. the support
groups locally really focus of immediate need patients
and us long timers are not so immediate except we
still have concerns and fears, etc so it has been so
great to see how long timers cope with losing our
function slowly and wondering which part is going
to fail next. hers my personal email; … id love to talk
more.

In these cases, the first patient had explicitly invited further
contact, and the second suggested a willingness to share data
even beyond the anonymous structure of the site by giving her
personal email address.

In addition, there were examples of patients seeking out others
based on non-medical criteria: 18 of the 31 comments on
similarity were based on non-medical criteria including location,
employment history, astrological sign, and shared interests. As
with the medically based examples, the site facilitated meeting
of people with shared concerns—people who probably would
not have met offline.

Initiating Ongoing Discussion
All 123 comments were analyzed as single units, but the reality
is that comments may occur within ongoing exchanges. Without
looking at the contents of private messages, we examined the
full exchange of comments and messages between the sender
and the recipient of all the comments studied. We found that
these comments served to both continue an exchange between
the two users (59/123, 48%) and initiate new exchanges (64/123,
52%). In the initiate cases, 56% (36/64) of the comments
received at least one reply. In more than half the replies (20/36,
55%), the recipient continued the exchange in the “public”
sphere of the site either through comments only (12/36, 33%)
or through a combination of private messages and comments
(8/36, 22%). On the other hand, among the cases where a
comment emerged in an ongoing exchange, 57 of 59 comments
were responded to, with comments being used in 68% of the
exchanges.

Discussion

While there is growing demand by patients for access to their
own health data, there is little information on how other people
will use these data if they are made available to others with
similar medical concerns. For this study, we made use of a
platform designed to help patients share personal health
information by representing key data in a standardized graphical
format within accessible personal profiles. By looking at one
of the social behaviors within this platform—comments that
explicitly reference other users’ health data—we begin to get a
sense of how patients employ this information.

This analysis identifies and analyzes a small but illustrative
subset of all user-generated comments—those in which members
explicitly refer to another’s data, indicating that they have
examined and interpreted posted medical information. We see
cases where such data serve as a focal point for detailed
discussions of health-related topics such as treatment decisions
and symptom control. We identify three themes in the comments
studied: asking advice of a user with a particular experience,
offering advice to a user with a specific symptom or health
problem, and fostering relationships based on shared attributes.
In other situations, research has shown that perceived similarity
to self in attributes and attitudes predicts positive social
evaluations [26,27]; in these comments on PatientsLikeMe,
similarity appears to operate analogously, heightening interest
in another user. Unlike in other domains, this type of
similarity—based specifically on shared medical
characteristics—may contribute to positive medical outcomes
as others in similar situations may be able to offer pertinent
advice and suggestions and logistic as well as social support.
Although small in number, the comments selected for this study
represent an undetermined fraction of all uses of profile data.
Nevertheless, they offer insight into the potential value of
patients sharing health information.

This study represents a first examination of the use of shared
medical information, which is still a novel model for personal
health data. It is limited in scope by several factors, including
the functionality studied and the sampling method employed.
In this study, we focused deliberately on posted comments and
then only on those that fit a predefined search criterion for
identifying comments likely to explicitly reference another
user’s health data. Our sample is only a small percentage of the
total number of elements on the multidimensional site. As a
result, we do not know what an analysis of all the references to
data on the site would reveal. For example, data may function
to define the history of a patient, which in turn enhances the
forum conversation; viewing another’s profile may reduce a
sense of isolation that could result from living with a disease;
and other profiles may help individuals contextualize their own
experience within a community of fellow patients. Future
research based on interviews and surveys could investigate these
possibilities more thoroughly. We also need to understand why
the comments that passed our screen for prima facie use of data
are only a small percentage of the total comments generated on
the site. Perhaps the rule we employed to select our
sample—only including comments containing particular word
strings—did not capture all relevant comments. As a result, this
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may have been a convenient rather than complete sampling of
those comments. Another possible reason for the limited number
of data-centered comments is that discussing profile data is only
one of the many uses members make of each other’s posted
medical information, with one such use, posting prescripted
comments, being actively encouraged by the site design. A
member, with one click, can post a prescripted comment to
another member, thanking him or her for entering personal
information. Although we found that about half of the comments
did not include this prescripted comment and were written “from
scratch,” that design decision may influence how members use
each other’s profiles.

At the same time, the presence and apparent value of comments
that explicitly reference data suggest the need for design

innovations that promote data-centered patient conversation.
The current design does so by offering the ability to search for
other users based on criteria including treatments, symptoms,
and demographics, as well as by providing both open
commenting and private messaging. Future designs could
include single-click functionality to ask another user about a
shared experience, enhanced visualization techniques to facilitate
the interpretation of the health profile, methods to search for
people based on a larger variety of characteristics, and the ability
to comment on a specific portion of someone’s health profile.
Our analysis also suggests that particular comments may be
useful to a wider audience; therefore, a method of identifying,
archiving, and presenting such comments for other individuals
should be investigated.
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Abstract

Background: Blogs are the major contributors to the large increase of new websites created each year. Most blogs allow readers
to leave comments and, in this way, generate both conversation and encourage collaboration. Despite their popularity, however,
little is known about blogs or their creators.

Objectives: To contribute to a better understanding of the medical blogosphere by investigating the characteristics of medical
bloggers and their blogs, including bloggers’ Internet and blogging habits, their motivations for blogging, and whether or not
they follow practices associated with journalism.

Methods: We approached 197 medical bloggers of English-language medical blogs which provided direct contact information,
with posts published within the past month. The survey included 37 items designed to evaluate data about Internet and blogging
habits, blog characteristics, blogging motivations, and, finally, the demographic data of bloggers.

Pearson’s Chi-Square test was used to assess the significance of an association between 2 categorical variables. Spearman’s rank
correlation coefficient was utilized to reveal the relationship between participants’ ages, as well as the number of maintained
blogs, and their motivation for blogging. The Mann-Whitney U test was employed to reveal relationships between practices
associated with journalism and participants’ characteristics like gender and pseudonym use.

Results: A total of 80 (42%) of 197 eligible participants responded. The majority of responding bloggers were white (75%),
highly educated (71% with a Masters degree or doctorate), male (59%), residents of the United States (72%), between the ages
of 30 and 49 (58%), and working in the healthcare industry (67%). Most of them were experienced bloggers, with 23% (18/80)
blogging for 4 or more years, 38% (30/80) for 2 or 3 years, 32% (26/80) for about a year, and only 7% (6/80) for 6 months or
less. Those who received attention from the news media numbered 66% (53/80). When it comes to best practices associated with
journalism, the participants most frequently reported including links to original source of material and spending extra time
verifying facts, while rarely seeking permission to post copyrighted material. Bloggers who have published a scientific paper
were more likely to quote other people or media than those who have never published such a paper (U= 506.5, n1= 41, n2= 35,
P= .016). Those blogging under their real name more often included links to original sources than those writing under a pseudonym
(U= 446.5, n1= 58, n2= 19, P= .01). Major motivations for blogging were sharing practical knowledge or skills with others,
influencing the way others think, and expressing oneself creatively.

Conclusions: Medical bloggers are highly educated and devoted blog writers, faithful to their sources and readers. Sharing
practical knowledge and skills, as well as influencing the way other people think, were major motivations for blogging among
our medical bloggers. Medical blogs are frequently picked up by mainstream media; thus, blogs are an important vehicle to
influence medical and health policy.

(J Med Internet Res 2008;10(3):e28)   doi:10.2196/jmir.1118
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Introduction

A blog (a portmanteau of Web log) is a website where entries
are commonly displayed in reverse chronological order [1]. The
history of blogs is closely connected with the history of the
Internet itself. One of the world’s first websites was started in
1992 by Tim Berners-Lee, the inventor of the World Wide Web
[2], and featured a news section pointing to new websites as
they came online [3]. This website can be considered the earliest
predecessor of modern blogs. Most of the people who were
creating websites at that time were computer experts using them
as their online diaries to write about their personal lives. The
actual term “Web log” was coined in 1997 and shortened to
“blog” in 1999 [1]. It was not until 1999 that blogging started
to become popular among a broader population of Internet users,
coinciding with the launch of LiveJournal and Blogger [4,5],
the first dedicated blog hosting services. These blog publishing
systems allowed individuals to create and maintain their own
blogs without knowing hypertext markup language (HTML).
In fact today, due to the constant advancement of such blog
hosting sites, people with basic computer skills can start
publishing their own blogs for free in a matter of minutes.

According to report by the Pew Internet and American Life
Project (Pew), published in July of 2006, 8% (12 million) of
147 million adult users of the Internet in the United States keep
a blog, while 39% (57 million) read one [6]. This represents a
significant increase in numbers of both writers and readers of
blogs from data published a year before by the same
organization [7]. Additional evidence of the persistent growth
of the “blogosphere”, a collective term encompassing all blogs
and their interconnections, comes from the December 2007
issue of the Web Server Survey by Netcraft [8], an Internet
monitoring company. This widely respected survey, that
attempts to contact each and every website that is accessible on
the Internet, credited blogs as the major contributor to the
increase of nearly 50 million new websites in 2007 [9].
Technorati [10], the largest Internet search engine for blogs,
claims to be currently tracking 112.8 million blogs, with 175,000
new blogs emerging every day.

Modern blogs have come a long way from their ancestors,
evolving both technically and in terms of content. They can
combine text, images, audio and video content, and links to
other blogs, web pages, and other media related to their topic.
Most blogs encourage feedback by allowing readers to leave
comments, and it is through this knowledge sharing and debating
process that they often engage a large and loyal readership.
Many bloggers (blog authors) have ventured into professional
journalism and have made a career out of writing blogs [11,12].
Their blogs are highly influential and are considered to be
invaluable to readers who wish to follow the progress of a
certain topic.

Despite their popularity, the effects of blogs, and among them
medical blogs, are still largely unclear. However, it is well
known that many debates originating among top medical
bloggers have ended up in the pages of respectable journals,
such as The New York Times, or even in news sections of the
core scientific journals [13,14].

Scientific studies of medical blogs and their creators have so
far been very scarce, although there is a great need for such
research to help in the better utilization of blogs for the
enhancement of teaching and learning productivity,
advancements in scientific research, and support for continuing
medical and patient education [15].

The goal of our study was to contribute to a better understanding
of the medical blogosphere by investigating the characteristics
of medical bloggers and their blogs. We sought to gain a better
understanding of who these new medical storytellers are, what
they write about, when, where, and how they do it, and finally
what their motives for blogging are.

Methods

Survey
We used an online survey aimed at medical bloggers. In order
to identify potential participants, we consulted 4 different
websites, which aggregate medical blogs for their readers (Table
1).

We visited and took WebCite snapshots of these websites on
February 10, 2007. The total number of blogs found on these
websites was 740, but cross-referencing between the sources
revealed 113 identical blogs, leaving us with 627 unique ones.
All of these blogs were examined independently by all authors
and checked against inclusion criteria, which were
English-language medical blogs providing direct contact to the
author, either via e-mail or online contact form, with posts
published within the past month.

A medical blog was defined as a blog whose main topic was
related to health or medicine. Out of the 627 listed blogs, 126
no longer existed, 10 turned out not to be medical blogs, 8 were
written in languages other then English, and 152 were inactive,
since their last posts were more than one month old. Eventually,
a first examination of the blogs revealed 331 (53%) active and
English-language medical blogs, out of which 143 (36%) were
published on personal websites and 188 (64%) were published
on blog hosting services. All of these blogs were once again
visited and thoroughly inspected for the authors’ contact
information. Contact information was found on 197 (60%) of
these 331 blogs (169 e-mail addresses and 28 online contact
forms), which in 103 (52%) cases were hosted on personal
websites and in 94 (48%) cases on blog hosting services.
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Table 1. Characteristics of the websites used to identify medical bloggers and data about number of indexed blogs on February 10, 2007

Number of indexed blogsBlog enlisting procedureDescriptionWeb addressName

118Blogs are nominated for the
prestigious annual Medical
Weblog Awards by the
readers and verified by the
editors.

Independent on-line journal
covering the latest medical
gadgets and technologies,
discoveries in medical sci-
ence, and the progress of the
digital revolution in health-
care industries.

http://www.medgad-
get.com/archives/2006/12/the_2006_med-
ical_blog_nominees.html

Medgadget

383Readers send requests for
inclusion of their blogs,
which are later evaluated by
the editors.

News aggregator for medi-
cal topics offering one of the
most comprehensive listings
of medical blogs available.

http://www.medlogs.comMedlogs

173Only registered users can
add their blogs to the listing.

The world’s largest commu-
nity of health and medical
bloggers acting as a conduit
for connecting bloggers with
their audience and institu-
tions.

http://trusted.md/bloggersTrusted.MD Network

66Readers suggest a blog for
a Health/News and Me-
dia/Blogs subcategory,
which is then reviewed by
the editors.

Human created and main-
tained library of websites
organized into categories
and subcategories.

http://dir.ya-
hoo.com/Health/News_and_Me-
dia/Blogs/

Yahoo! Directory

Invitations to participate in the survey were sent in 3 phases to
these 197 bloggers. While 190 invitations were delivered, 5
e-mail addresses were not working and 2 online contact forms
provided error messages when we tried to submit the invitation.
The overall response rate was 42% (80), with 52 (65%) bloggers
completing the survey after the first invitation on February 20th,
17 (21%) after the second invitation on March 7th, and 11 (14%)
after the third invitation on March 22, 2007. The invitation
guaranteed anonymity and confidentiality to the respondents
and also informed them that the gathered data would be
published in a scientific journal.

Design of the survey questions was influenced by the Pew’s
Blogger Callback Survey [6], with crucial modifications made
to better address specific issues regarding medical bloggers and
their blogs. The survey consisted of 37 questions divided into
4 parts: A – data about Internet and blogging habits (7
questions), B – data about blog characteristics (19 questions),
C – data about blogging motivation (3 questions), and D –
demographic data (8 questions) (see Multimedia Appendix 1
for the complete instrument).

Statistical Analyses
Pearson’s Chi-Square test was used to assess the significance
of an association between 2 categorical variables, for example

gender and various blogging habits. Spearman’s rank correlation
coefficient (rho), was utilized to measure the strength of a
relationship between 2 ordinal-level variables. It was used to
reveal the relationship between participants’ ages, as well as
the number of maintained blogs, and their motivation for
blogging. Finally, the Mann-Whitney U test was employed for
measuring association significance of dependent variables at
ordinal level and dichotomous independent variables. It was
performed to reveal relationships between practices associated
with journalism and participants’ characteristics such as gender
and pseudonym use. All statistical values were considered
significant when the P value was less than 0.05. Statistical
analysis of data was performed using Statistica for Windows,
release 7.1 (Statsoft, Inc., Tulsa, OK, USA).

Results

Demographic Characteristics and Internet Habits
The majority of the surveyed bloggers were white, highly
educated males, between the ages of 30 and 49, working in
healthcare industry, and residing in the United States (Table 2).
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Table 2. General demographic characteristics of the responding medical bloggers (N=80)

n (%)Variable

Age

15 (19)   18-29

46 (58)   30-49

15 (19)   50-64

1 (1)   ≥65

2 (3)   Missing

Gender

47 (59)   Male

25 (32)   Female

7 (9)   Missing

Education

1 (1)   Graduated high school

1 (1)   Some college

12 (16)   Graduated college

8 (10)   Some postgraduate college

56 (71)   Masters degree or doctorate

1 (1)   Missing

Race

9 (11)   Asian

1 (1)   Black

59 (75)   White

3 (4)   Other

7 (9)   Missing

Country of residence

4 (5)   Australia

2 (3)   India

2 (3)   Philippines

5 (6)   United Kingdom

57 (72)   United States of America

8 (10)   Other

1 (1)   Missing

Job title

4 (5)   Faculty staff

14 (18)   Manager

5 (6)   Medical student

5 (6)   Nurse

7 (9)   Other medical profession

27 (34)   Physician

4 (5)   Researcher

4 (5)   Writer

4 (5)   Other

5 (7)   Missing
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n (%)Variable

Industry

7 (9)   Education

53 (67)   Healthcare

2 (3)   Information

5 (6)   Media

2 (3)   Pharmaceutical

5 (6)   Other

5 (6)   Missing

The majority of respondents, 56% (45/80), were heavy Internet
users, spending 20 or more hours per week on the Internet, with
almost all (77/80, 96%) utilizing a broadband Internet
connection. About 99% (79/80) of the respondents reported that
they get medical news from the Internet, 86% (69/80) from
other blogs, 75% (60/80) from e-mail newsletters, 63% (50/80)
from Really Simple Syndication (RSS) feeds, and 24% (19/80)
from podcasts. Concerning traditional news sources, 72%
(58/80) of the bloggers reported that they read newspapers, 56%
(37/80) read magazines, 53% (34/80) watch television, and 39%
(31/80) listen to the radio to access medical news. Male bloggers
used RSS feeds to get medical news more than their female

colleagues (79% vs 52%, χ2
1= 4.86, P= .03). Mass media and

blogs together were a preferred source of medical news for 54
(70%) of the respondents, while 15 (19%) expressed a
preference for mass media only and 9 (11%) only for blogs.

Blogging habits
Almost half (38/80, 47%) of the surveyed bloggers had a
personal website before launching their blog. The majority of
the participants can be considered experienced medical bloggers,
since 23% (18/80) of them were blogging for 4 or more years,
38% (30/80) for 2 or 3 years, 32% (26/80) for about a year, and
only 7% (6/80) for 6 months or less. Bloggers mainly wrote

under their real name (60/80, 75%), as opposed to using a
pseudonym (20/80, 25%). They preferred to write at home
(64/80, 80%), rather than at work (16/80, 20%). For 35 (42%)
of the participants, blog writing occupied 1 to 5 hours a week;
another 22 (27%) reported that they invest 6 to 9 hours a week;
and 15 (19%) bloggers reported that they write for more than
10 hours a week, while 10 (12%) of them do so for less than 1
hour a week. Most respondents had 1 blog (44/80, 55%), but
there were those with 2 (17/80, 21%), and 3 or more blogs
(19/80, 24%). In their main blog, more bloggers wrote about
several different topics (63/80, 79%) as opposed to about only
one topic (17/80, 21%) (Table 3).

Regarding the publishing of multimedia material on blogs, 63
(79%) bloggers reported that they posted photos, 60 (75%)
posted images other then photos, 25 (31%) posted video files,
and 26 (23%) posted audio files. RSS feeds where offered to
readers by 89% (71) and e-mail newsletters by 40% (32) of blog
writers. Those who got medical news from RSS feeds where

more likely to offer RSS feeds to their readers (χ2
1= 9.00, P=

.003). Again, as in the case of receiving medical news via RSS
feeds, female bloggers were less likely to offer RSS feeds to

their readers than male bloggers (72% vs 98%, χ2
1= 7.39, P=

.006).

Table 3. Representation of main blog topics among the responding medical bloggers (N=80)

n (%)Main topic

5 (6)Health economics and policies

10 (12)Information technology in medicine

6 (8)Medical education

6 (8)Medicine in general

4 (5)Patient experience

3 (4)Personal life

4 (5)Pharmaceutical industry

9 (11)Public health

8 (10)Specific illness

18 (23)Specific medical specialty

6 (8)Missing
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Journalistic activities
More than half of the responding medical bloggers have
published a scientific paper (43/80, 54%), 35 (44%) bloggers
have published a book or a chapter in a book, and 32 (41%)
have published a newspaper article. Highly educated bloggers
were more likely to have published a book or a chapter in a

book (50% vs 14%, χ2
1= 6.19, P= .01) and a scientific paper

(62% vs 21%, χ2
1= 7.57, P= .08) than those with lower levels

of education. When it comes to best practices associated with
journalism, the participants most frequently reported including
links to original source of material and spending extra time
verifying facts, while they rarely tried to obtain permission to
post copyrighted material (Table 4).

Table 4. Representation of practices associated with journalism among the responding medical bloggers (N=80)

Doesn’t apply

n (%)

Never

n (%)

Hardly ever

n (%)

Sometimes

n (%)

Often

n (%)

Practice

1 (1)0 (0)0 (0)6 (8)73 (91)Include links to original sources

1 (1)1 (1)4 (5)27 (34)47 (59)Spend extra time verifying facts

1 (1)2 (3)10 (13)25 (31)42 (52)Quote other people/media directly

2 (3)18 (22)0 (0)37 (46)23 (29)Post corrections

8 (10)28 (35)21 (27)17 (21)6 (7)Try to obtain permission for copyrighted material

Female medical bloggers were found to get permission for
posting copyrighted material more often than male bloggers
(U= 386, n1= 25, n2= 44, P= .03). Bloggers who have published
a scientific paper were more likely to quote directly other people
or media than those who never published such a paper (U=
506.5, n1= 41, n2= 35, P= .016). Blog writers who were blogging
under their real name were more inclined to include links to

original sources than those writing under a pseudonym (U=
446.5, n1= 58, n2= 19, P= .01).

Motivations for Blogging
Major motivations for blogging were sharing practical
knowledge or skills with others, influencing the way other
people think, and expressing oneself creatively. Making money
and staying in touch with friends and family were not reasons
to blog for a majority of the participants (Table 5).

Table 5. Motivations for blogging of the responding medical bloggers (N=80)

Not a reason

n (%)

Minor reason

n (%)

Major reason

n (%)

Motivations for blogging

2 (3)19 (23)59 (74)To share practical knowledge and skills

6 (8)29 (36)45 (56)To influence the way other people think

9 (11)29 (36)42 (53)To express creatively

19 (24)21 (26)40 (50)To document personal experiences

13 (16)29 (36)38 (48)To motivate others to action

22 (28)24 (30)34 (42)To store resources of information

26 (32)32 (40)22 (28)To entertain people

25 (31)34 (43)21 (26)To improve writing skills

32 (40)33 (41)15 (19)To network or meet new people

61 (76)10 (13)9 (11)To stay in touch with friends and family

51 (64)23 (28)6 (8)To make money

Younger bloggers were more likely than their older peers to
blog to improve their writing skills (r= .33, P= .049) and to
write for the reason of entertaining their readers (r= .32, P=
.008).

To bloggers who had more than one blog, staying in touch with
friends and family was an important reason for blogging, as
opposed to those with one blog (r= .31, P= .09).

Blog Attention
Almost all of the respondents received attention for their blogs
from other bloggers (79/80, 99%), 78% (62/80) from their
coworkers or colleagues, 66% (53/80) from news media, and
47% (38/80) from their families. Receiving family attention
was more common for those who had more than one blog (63%

vs 33%, χ2
2= 7.13, P= .028). Bloggers who wrote using their

real name rather than a pseudonym received more attention

from their coworkers or colleagues (86% vs 58%, χ2
1= 6.97, P=

.008), as did those who got medical news from other blogs (82%
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vs 43%, χ2
1= 5.89, P= .02). Three factors proved to be important

in getting news media attention: more years of experience as a

blogger (77% vs 48%, χ2
3= 10.23, P= .02), more hours per week

spent on the Internet (70% vs 30%, χ2
3= 8.29, P= .04), and

acquiring medical news from other blogs (71% vs 29%, χ2
1=

8.72, P= .01).

Discussion

Principal Findings
Our study has shed some light on the medical blogosphere by
examining the characteristics of medical bloggers and their
blogs. Responding medical bloggers were highly educated and
devoted blog writers, faithful to their sources and readers. Such
conduct has assured them attention from other bloggers, their
coworkers and colleagues, as well as the news media.

Design of our survey questions was strongly influenced by the
Pew’s Blogger Callback Survey [6], a well-constructed survey,
which, with minor modifications, perfectly matched our needs.
Furthermore, utilizing it allowed an opportunity for comparison
of our bloggers with those from the Pew’s survey [6]. This
survey was conducted through telephone interviews between
July 5, 2005 and February 17, 2006, producing a sample of 233
general bloggers from the United States. There were numerous
differences between our participants and those of the Pew’s
survey [6]. Most of our bloggers were male, between 30 and 49
years old, with a high percentage of those holding a master’s
degree or a doctorate. By contrast, the majority of Pew bloggers
were younger, 19-29 years of age, evenly split between genders,
and less educated. These bloggers were mainly writing about
their personal lives (personal diaries or journals), with only 1%
of them reporting health (general health, an illness) as the main
subject of their blogs [6]. Similar findings have been reported
by McKenzie, who surveyed 127 writers of personal journal
blogs from the United States [16]. Her respondents were also
younger and less educated than our sample, but with a strong
prevalence of female bloggers [16]. It might be the case that
writing about demanding topics like medicine, requires a certain
age, as well as a higher degree of education and experience.
The fact that 75% of our medical bloggers wrote under their
real name, as opposed to only 45% of Pew bloggers [6], further
emphasizes their maturity.

When it comes to medical news sources, our bloggers
demonstrated themselves to be avid consumers of online sources
as well as traditional ones, like newspapers and magazines.
Among other technically advanced social media, only podcasts
were used for receiving medical news by a small percentage of
medical bloggers. They are a relatively new development, so it
might be that medical bloggers are still not sufficiently informed
about their many benefits [15,17,18].

Responding medical bloggers demonstrated a captivating level
of adherence to best practices generally associated with
journalism. All of them included direct contact information on
their blogs. They also included links and quoted original sources
in their posts, more so than general bloggers from the Pew’s
survey [6]. This was especially true for those participants who

had published a scientific paper and were now successfully
transferring conventions of scientific writing to their blogs.
Additionally, it seems that reputation also played an important
role, since those blogging under their real name followed these
practices more than bloggers writing under a pseudonym.

Crucial differences, between our bloggers and those from other
studies [6,16,19], were discovered regarding motivations for
blogging. Sharing practical knowledge and skills, as well as
influencing the way other people think, were major reasons for
blogging among our medical bloggers, but not among general
bloggers. A study of 177 general bloggers from Taiwan
identified connecting with people and pouring out feelings to
be major motivators for blogging [19]. To entertain the blogger
and to allow the blogger to clarify thoughts and/or emotions
were the most important reasons to blog for bloggers from the
McKenzie study [16]. Staying in touch with family and friends
was of great relevance to Pew bloggers [6] but not to those
included in our study. Such dissimilarities could be, to a certain
extent, explained by the very differences in main-blog topics.
Medical bloggers responding to our survey predominantly wrote
about topics aimed at their fellow colleagues, specialists in
various health related fields, or patients. Only a small fraction
of our bloggers constructed their blogs around their personal
lives, which would be of far greater interest to their friends and
families. On the other hand, those who had more than one blog
identified communication with their friends and family as an
important motivator. We could speculate that this is because,
in blogs other than their main blog, they focus on topics aimed
specifically at friends and family.

Our bloggers were extremely successful in drawing attention
to their blogs. An astonishing 66% of them received attention
from news media for their blogs, compared with mere 9% of
Pew bloggers [6]. Responding medical bloggers offered their
recipe for such success, which calls for more years of blogging,
more hours spent on the Internet and getting medical news from
other blogs. While persistence in blogging speaks for itself,
getting medical news from other blogs is a great reminder of
the importance of listening to what others have to say. It seems
that news media find these popular stories originating from the
blogosphere particularly interesting, perhaps because they
frequently provide different and fresh perspectives.

Identifying and Contacting Medical Bloggers
Identifying medical, or any other types of blogs, and determining
their exact number is a challenging and hardly-achievable task.
It is unknown how many medical blogs actually exist, and their
number can only be estimated from the available data.
According to Technorati [10], there were 5713 blogs labeled
with the “medicine” tag on May 27, 2008. However, a quick
check of some of these blogs reveals that medicine is not even
a remote topic of most of them. We estimate that the actual
number of active and English-language medical blogs is
probably closer to 1000 to 2000. This inflation of supposed
medical blogs on Technorati is in part influenced by the fact
that bloggers are solely responsible for assigning up to 18 tags
to their blogs, for better description and visibility. Such practice
puts blogs with medicine as the main topic into the same
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category as those to whom authors have assigned such a tag
after 17 other, more important, and appropriate ones.

In our research, we decided to utilize more reliable sources of
medical blogs, which contrary to Technorati [10], require some
form of verification by the editors and moderators prior to
enlisting a blog submitted by its author. Following a thorough
search of the Internet and reading of numerous posts on various
medical blogs, we identified 4 such websites (Table 1). After
we analyzed lists of blogs from these sources and removed
duplicate entries, 627 unique medical blogs were identified.
Surprisingly, 46% of these blogs were found to be either
inactive, with latest posts on some being written even 1 to 2
years ago, or not to exist anymore. This fact clearly demonstrates
the dynamic nature of the blogosphere, where huge numbers of
new blogs emerge daily only to replace the ones abandoned by
their once enthusiastic authors. The credibility of the identified
websites listing medical blogs thus comes into question, since
it is obvious that they are not fulfilling their primary role. We
believe that, with only minor revisions, substantial
improvements to these websites could be made to increase the
reliability of their blog directories. Such measures should,
among others, include regular visits to the listed blogs and
removal of those inactive for a predetermined period of time.
Proposed measures could easily be performed automatically,
relieving the editors and moderators of such a repetitive and
weary task. For the time being it seems that the best and most
reliable sources of medical blogs are actually medical blogs
themselves, as most of them have lists, so called blog rolls, of
their favorite blogs. This was also confirmed in our study, since
the most useful source among those we consulted, turned out
to be a blog named Medgadget [20]. Only 2 out of 118 blogs
nominated by other medical bloggers for the annual Medical
Weblog Awards on Medgadget were demonstrated to be
incorrect [21].

Almost all of the blogs we identified allowed their readers to
post comments, but only 59% included the author’s e-mail
address or an online contact form. Such a low percentage was
somewhat unexpected, but it could be that bloggers felt the
comment sections were sufficient enough for discussion and
communication with their readers. Fear of spam messages is
probably another reason why so many chose not to reveal their
e-mail addresses. We noticed that a lot of bloggers who did
provide them employed some sort of method, for example
putting spaces in their e-mail addresses, intended to deceive
spambots, which are automated computer programs collecting
e-mail addresses from the Internet. Interestingly, bloggers who
hosted blogs on their own personal websites more frequently
provided direct contact information than others who used blog
hosting services. These bloggers probably have considerable
web programming skills and demand greater freedom and
flexibility than the blog hosting services have to offer. Since
the whole website is a product of their work and creativity,
including contact information, if for nothing other than
recognition, seems natural. Survey invitations were sent directly
to selected bloggers, rather than being posted to comment
sections of their latest blog posts, because we wanted only these
bloggers to participate in the survey. It is easily conceivable
that other medical bloggers not included in our sample could

have, after reading such an invitation in comment sections of
other blogs, decided to fill out the survey. This would
completely disrupt the design of our study, as we would not
know who our participants were, and whether their blogs met
our inclusion criteria.

Limitations and Future Studies
There were several limitations in our study, mainly concerned
with our strategy of blog inclusion. At the time we conducted
our research there were no comprehensive directories of medical
blogs for us to use. Available websites listing medical blogs
proved to have many drawbacks. Furthermore, a substantial
number of bloggers were excluded from our study because direct
contact information was not included in their blogs. Bloggers
to whom we eventually sent survey invitations, replied in good
numbers, but in lower numbers than we expected. We can
speculate that such a response rate could be to some degree a
consequence of overwhelming influx of data daily cramming
their e-mail inboxes in which some interesting pieces of
information can easily be overlooked. It would be useful for
future research to conduct a follow up study to identify reasons
why so many invited bloggers chose not to participate in the
survey. We plan to ask bloggers to whom we originally sent
invitations these questions when we notify them about the
publication of our results.

During the course of the survey, many bloggers have contacted
us to express their enthusiasm and compliment our efforts. Most
importantly, all of them were very interested to see the results
upon completion of the survey. Some even made it a condition
of their participation in the survey that study results would be
freely available. Bloggers are great supporters of open access
to information, and this is one of the main reasons why we chose
an open-access journal to publish our results. Hopefully their
experience with our survey will make them more confident of
similar research in the future.

It is clear that our results represent only bloggers who
participated in the survey and may likely be skewed towards
those who practice good blogging habits. Furthermore, we
cannot be sure whether our respondents adequately represent
all medical bloggers. Since this was a cross-sectional study, and
given the fact that the blogosphere is highly dynamic, our results
only present the situation at the time of the survey. Future
studies should continue to evaluate medical bloggers and their
blogs, presumably with larger numbers of participants included
in prospective studies. These studies should also include
blog-content analysis, as well as an investigation of the
characteristics of blog readers. Additionally, survey questions
should be further advanced. There should be more questions
regarding the social, rather than technical, aspect of blogs, such
as questions about the relationship with readers. Before such
research can be successfully coordinated, the issue of medical
blog directories, as depicted in our study, should be meticulously
addressed. Recently, several new blog directories have emerged
which have solved some of the issues mentioned in our study
and may prove to be highly valuable for future studies [22,23].
Last, but not least, we are looking forward to see more research
on medical blogs written in languages other than English to
disclose their particularities and impact on local communities.
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Abstract

Background: Information technology (IT) support for remote collaboration of geographically distributed communities of
practice (CoP) in health care must deal with a number of sociotechnical aspects of communication within the community. In the
mid-1990s, participants of the Swedish Oral Medicine Network (SOMNet) began discussing patient cases in telephone conferences.
The cases were distributed prior to the conferences using PowerPoint and email. For the technical support of online CoP, Semantic
Web technologies can potentially fulfill needs of knowledge reuse, data exchange, and reasoning based on ontologies. However,
more research is needed on the use of Semantic Web technologies in practice.

Objectives: The objectives of this research were to (1) study the communication of distributed health care professionals in oral
medicine; (2) apply Semantic Web technologies to describe community data and oral medicine knowledge; (3) develop an online
CoP, Swedish Oral Medicine Web (SOMWeb), centered on user-contributed case descriptions and meetings; and (4) evaluate
SOMWeb and study how work practices change with IT support.

Methods: Based on Java, and using the Web Ontology Language and Resource Description Framework for handling community
data and oral medicine knowledge, SOMWeb was developed using a user-centered and iterative approach. For studying the work
practices and evaluating the system, a mixed-method approach of interviews, observations, and a questionnaire was used.

Results: By May 2008, there were 90 registered users of SOMWeb, 93 cases had been added, and 18 meetings had utilized the
system. The introduction of SOMWeb has improved the structure of meetings and their discussions, and a tenfold increase in the
number of participants has been observed. Users submit cases to seek advice on diagnosis or treatment, to show an unusual case,
or to create discussion. Identified barriers to submitting cases are lack of time, concern about whether the case is interesting
enough, and showing gaps in one’s own knowledge. Three levels of member participation are discernable: a core group that
contributes most cases and most meeting feedback; an active group that participates often but only sometimes contribute cases
and feedback; and a large peripheral group that seldom or never contribute cases or feedback.

Conclusions: SOMWeb is beneficial for individual clinicians as well as for the SOMNet community. The system provides an
opportunity for its members to share both high quality clinical practice knowledge and external evidence related to complex oral
medicine cases. The foundation in Semantic Web technologies enables formalization and structuring of case data that can be used
for further reasoning and research. Main success factors are the long history of collaboration between different disciplines, the
user-centered development approach, the existence of a “champion” within the field, and nontechnical community aspects already
being in place.

(J Med Internet Res 2008;10(3):e25)   doi:10.2196/jmir.1059
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Introduction

Motivation
Oral medicine is a subdiscipline of dentistry concerned with
diseases related to the oral and paraoral structures, including
the principles of medicine related to the mouth as well as
diseases specific to the orofacial tissues and oral manifestations
of systemic diseases. Oral medicine is a quite small and growing
subdiscipline. It often deals with disorders of low prevalence,
and to enhance the knowledge, gathering of clinical data from
large geographic areas is needed. This means that cooperation
between geographically distributed clinics is vital for providing
a means of consultation and learning for a broader audience and
for collecting diverse and numerous cases for further analysis
and teaching.

The Swedish Oral Medicine Network (SOMNet) promotes
knowledge sharing and dissemination between clinicians and
researchers in oral medicine in Sweden. The central activity of
SOMNet is regularly held distributed meetings focused on case
discussions. These meetings are conducted using telephone
conferences. The cases to be discussed are distributed among
SOMNet members before the meetings. Before the introduction
of the system presented here, cases were presented as
PowerPoint presentations, which were emailed prior to the
meetings. As the number of participants grew, emailing was
abandoned in favor of an online repository of presentations
converted to HTML. Several drawbacks with this solution were
identified, such as the lack of connection between follow-up
presentations and the original case, no common structure for
information entered, and no support for searching and browsing
the cases. This led to considerations of developing an online
solution more tailored to the needs of SOMNet that should
complement the speech-based interaction with
Internet-supported management of structured case descriptions
and images.

Modern information technology (IT) in general and the Internet
in particular provide the technical infrastructure for supporting
interdisciplinary clinical teamwork [1]. Benefits include the
possibility of distance consultation and accessing remote
expertise [2], sharing clinical data and imagery, dissemination
of information and knowledge through broadcasted seminars
and online courses [3], and distributed virtual work places [4].
Internet and IT are of course prevalent within eHealth. However,
so far, most work has been on telemedicine and consumer health
informatics, and the utility of eHealth systems to promote
clinical teamwork and collaboration has received little attention
[1,3]. Even more so, given the current focus on evidence-based
medicine [5], the need for research on how daily clinical practice
can be used as a basis for further scientific activities within a
distributed medical community is eminent [3,6].

The design, development, and adoption of IT-supported tools
for clinical activities within distributed medical communities
is a sociotechnical problem [7,8], requiring more research on

the communication and knowledge processes used by
community members in everyday practice and research [1,9],
social and behavioral factors influencing the adoption and use
of tools [3,10], and research on how to take full advantage of
the capacities of the Internet and the computer as essentially
new media for conducting clinical practice and medical research
[11-13].

One way to promote the knowledge sharing and dissemination
is to provide IT support for communities of practice (CoP). A
community of practice is a group of people who share “a
concern, a set of problems, or a passion about a topic, and who
deepen their knowledge and expertise in this area by interacting
on an ongoing basis” [14]. Of special interest is the possibility
of using the Internet to support virtual CoP, where members
are geographically dispersed and where face-to-face meetings
are rare. A virtual CoP has at its disposal both traditional media,
such as telephone and telephone conferences, as well as more
recent technological tools, such as email, databases, websites,
and online meeting places [15]. Internet-based CoP can play an
important role in the externalization of tacit knowledge of the
individual (eg, clinical practice knowledge) into explicit and
diffused knowledge (eg, evidence, protocols, or clinical
guidelines) [16].

Semantic Web technologies have been put forward as enablers
of Internet-based tools supporting knowledge-intensive tasks
[15,17]. A key component of the Semantic Web is the
representation of knowledge in a computer-processable manner,
in the form of ontologies [18]. However, despite much effort,
the adoption of ontologies within the medical domain has turned
out to be more problematic and slower than many had hoped
[19], and there is a need for successful examples showing how
Semantic Web technologies can be put to use.

In terms of online health information systems, interactivity and
end-user control are instrumental in creating “a sense of
mutuality, connection, common ground, and shared
understanding, and, ultimately, participation in medical decision
making” and for enhancing “elaboration and learning of
complicated concepts that require understanding linkages
between concepts” [13]. Poor interface design and tools not
being well adapted to the tasks at hand and not seamlessly
integrated into workflows are causes of failure of medical
collaboratories [3]. Development of tools in collaboration
between user and developer, where prototypes are tested in the
daily clinical activity, has been identified as a key success factor
in the development and adoption of health information systems
[20,21]. Tools should be simple and adaptable to the individual
user’s preferences and needs [22].

Aims and Objectives
The aims of the presented research are to acquire (1) a better
understanding of how clinicians in oral medicine communicate
and collaborate, (2) more knowledge about the design,
development, and adoption of Internet-based tools for distributed
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clinical practice, learning, and research, and (3) experience in
applying Semantic Web technologies to realistic examples.

These aims are reached by fulfilling the following objectives:
(1) study the communication of distributed health care
professionals in oral medicine, within the framework of CoP;
(2) apply Semantic Web technologies to describe community
data and oral medicine knowledge; (3) design, develop, and
adopt an online CoP of oral medicine (SOMWeb) centered
around user-contributed case descriptions and meetings, which,
in order to increase user acceptance, should be user-centered
and user-controllable and should be based on iterative testing
and validation of the computer support in daily clinical work;
(4) evaluate the online CoP and study how communication and
work practices change with IT support.

Methods

Study Context
SOMNet was initiated in the early 1990s to share oral medicine
knowledge and make possible consultations in a fairly small
discipline where clinics are geographically dispersed. SOMNet
can also be seen as an instrument for continuing education, for
harmonizing terminology, and for building a database of
interesting cases in oral medicine. The participants are
distributed throughout Sweden, in clinics at hospitals, primary
care facilities, and in private practice. The members of SOMNet
are mainly dentists with an interest in oral medicine. Some, but
not all, of the participants have been certified by the Swedish
Oral Medicine Society (SOMS). Among the participants are
general practitioner dentists, hospital dentists, specialists in jaw
surgery and oral medicine, professors, and some oral
pathologists.

SOMNet’s members have had access to different generations
of IT support for their teleconferences. To identify drawbacks
with the previously described PowerPoint-based solution and

come up with requirements for a new system, we observed
meetings, interviewed several members, and used an online
questionnaire. The observations were done at the clinic of oral
medicine, at the Sahlgrenska Academy in Gothenburg. Among
the identified needs were the ability to add cases in a more
structured manner, to assign cases to meetings both for initial
consultation and for follow-up, to view cases allocated to a
given meeting, and to search and browse the case repository.

The SOMWeb system was constructed to provide the above
functionality. SOMWeb was developed in cooperation with
clinicians starting in spring 2005 and was introduced to all
SOMNet members in May 2006. Our primary contact is the
clinic for oral medicine at Sahlgrenska Academy in Gothenburg.
This is a continuation of more than 10 years of collaboration
during which a suite of software, called MedView, has been
developed to support the oral medicine clinicians [23].

In SOMWeb, no information is available that will reveal the
identity of the individuals in the presented cases. The case data
that each presenter has to provide do not contain personal
information, except for age, gender, and ethnic background. En
face images are prohibited, and intraoral images will not disclose
identity. All members of SOMNet have signed a professional
secrecy agreement as part of their clinical assignment. In
addition, all users need an individual username and password
in order to access the system.

Methods of System and Ontology Development

System Development
In order enhance user acceptance and system usability,
SOMWeb was developed iteratively, following a user-centered
design approach, which means that already from the start, a
select group of users were involved in the design process [20].
The users took part in the establishment of initial requirements
and have continuously provided feedback on developed
prototypes.
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Figure 1. A paper prototype of SOMWeb that shows a text-based search function, restricted to a specified clinic and clinician, which results in a list
of cases with associated photos shown as thumbnails, with the option of viewing and editing case data

As a first step toward replacing the old method of distributing
case presentations, a simple Web page was created where
submitted cases were made available to members of SOMNet.
In parallel, paper prototypes were developed as they are an
efficient means to provide initial presentation of a system to
users (see Figure 1 for an example). Based on discussions with
the user group, an interactive HTML prototype was developed.
This prototype, while not containing any real functionality, was
fully testable and provided the opportunity to try out what it
would be like to work with the system (Figure 2).

The presentation of the prototypes led to deep and lengthy
discussions with the user group concerning the exact details of
what should be included in the system, how cases should be
presented and entered, how follow-up cases should be handled,
and so on. Once initial consensus was reached based on the

prototypes, development of the first version of the system began.
According to the iterative development method, only the basic
functionality for adding cases and managing these at meetings
was implemented at first. In a later iteration, secondary features
like email messaging and a discussion forum were added to the
system.

The design rationales are to provide simplicity of interaction
and a clean and esthetically attractive user interface design. This
was to avoid often-reported problems with medical information
systems not having compelling and useful interfaces for the
user [24,25]. It was also our experience from previous work
that the IT-maturity among clinicians is not very high. To ensure
simplicity, only basic functionality is initially available. To have
full access to all parts of the system, the users must make an
active choice by changing their individual preferences.
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Figure 2. The first HTML prototype of SOMWeb showing a meeting page with new cases to be discussed for the first time and cases that are follow-ups
from previous meetings, with photos for each case displayed as a row of thumbnails

From a technical point of view, we have used object-oriented
software development methods, such as the Unified Process
(UP/RUP), and the Unified Modeling Language according to
established design patterns. SOMWeb is built on the Apache
Struts Model-2 Web application framework. In Model-2
frameworks, a variation of the classic model-view-controller
design paradigm, Java servlets execute business logic with
server pages handling the presentation.

Ontology Development
Ontologies are used in SOMWeb to represent oral medicine
templates and knowledge, as well as to represent community
models and data. The Web Ontology Language (OWL) and
Resource Description Framework (RDF), which became a World
Wide Web Consortium (W3C) recommendation in February
2004, are used. The knowledge representation and content of
MedView are taken as starting points in the design of the oral
medicine ontologies of SOMWeb. The OWL ontologies were
automatically generated from the previous representation, after
extensive work in identifying appropriate corresponding OWL
constructs. Identifying external sources for reusing medical
knowledge was attempted, but none was found with the
appropriate focus. Ontology elements related to community
aspects were identified through the iterative modeling and

development work described above. For reading and writing
OWL and RDF from Java, the Jena programming API was used.

Methods for Studying Community Collaboration and
System Evaluation
Our study of SOMNet’s collaboration and the use of SOMWeb
include interviews with participants, observations of
teleconference meetings, and an online questionnaire.

The interviews were intended to provide a greater understanding
of how SOMWeb is used and how it has affected SOMNet’s
meetings and the members’ knowledge use and to identify
processes that are part of SOMNet functioning as a distributed
CoP. A semistructured interview format was chosen in order to
have the flexibility to adapt the interview to the issues brought
up by the interviewee. Interviews were thus guided by a
semistructured interview guide, which included sections about
submitting cases, meeting participation and preparation,
knowledge needs and benefits of SOMNet, and use of the
SOMWeb system outside of meetings. Questions regarding the
addition of cases asked about how the interviewee decides to
add a case, how he or she gathers information about the case,
and opinions about the form used for entering cases. Regarding
meetings, questions asked about how the meetings had changed
since using PowerPoint, when the system works well and when
it does not work during meetings, how often the interviewee
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participates and how he or she usually prepares for meetings.
Regarding knowledge needs, interviewees were asked about
their own benefit in participating in SOMNet, how they
perceived the benefit of others, what kind of cases they thought
SOMNet should include, and if there was an example of when
SOMNet has helped solve a case that might not have been
resolved otherwise. Interviewees were also prompted for
whether there was anything they wanted to discuss that was not
brought up in the questions. The questions were not always
brought up in the same order.

We interviewed nine members of SOMNet. Five were
interviewed individually, and two interviews were carried out
with two members at a time. The first interview was carried out
in November 2007 and the last in March 2008. Each interview
lasted between 35 and 85 minutes. Three of the interviewees
have been members more or less from the start, three have been
members for at least 4 years, and three have joined more
recently. Two of the respondents are oral pathologists and do
not see patients themselves. The other seven all work at
hospitals, and two of these have a research background.

Interviews were recorded and transcribed. The questions for the
interview were used as initial themes for coding the interviews,
but matter that came up spontaneously during interviews was
also included in the coding. The interviewer carried out all
coding, first by hand on printed transcripts and then by collecting
responses from interviewees in a spreadsheet. This compilation
was used to compare and count interviewee opinions on different
themes. However, due to the qualitative nature of the study and
the open-ended responses, a deeper quantitative analysis is not
appropriate.

Observations are carried out by sitting at one of the clinics
during a telephone conference. The purposes of the observations
were to elucidate how cases are presented during teleconference
meetings, how clinicians behave locally during these meetings,
and how the SOMWeb system is used locally during meetings.
The same person did all observations. Notes were taken on both
what was said in the telephone conference as a whole and on
what the participants said and did locally. One meeting was also
recorded and transcribed. In analyzing the data, descriptions of
the meeting procedure and case presentations were generalized
from notes. Ten meetings were observed: six at the clinic for
oral medicine at the Sahlgrenska Academy in Gothenburg and
four at four other clinics in Sweden. The first meeting was
observed in February 2007 and the last in April 2008.

The online questionnaire contained both open-ended and
closed-ended questions. In the first category were questions
about reasons for participating and choosing to add cases; in
the latter were questions for comparing the SOMWeb system
to the PowerPoint-based approach along several facets, such as
submitting cases and viewing old cases, where a scale of better,
neutral, or worse was used. The questionnaire was made
available for about one month in the spring of 2007. Requests
for completing the questionnaire were made at a telephone
conference, on the news page of the system, and by email to
around 60 members, the total number of members at the time.
In total, 24 members completed the questionnaire.

Since these observations were carried out by one of the
developers of the SOMWeb system, there could be bias both
in what the developer observes and in the behavior of the users
when observed. This also applies for the interviews. Brender
[26] describes pitfalls and biases related to the use of
questionnaires and interviews, including psychological factors
leading to unwillingness to answer questions due to factors such
as prestige, differences between personal opinions and the
official account, and mood at the time of responding.

Results

The results include characteristics of collaboration as studied
through the use of SOMWeb, the SOMWeb system, and
evaluation aspects pertaining more directly to the system.

Communication and Collaboration Within SOMNet

Meeting Structure and Activities
The SOMNet distance consultations are held once a month (five
times in the spring and four times in the fall) by telephone
conference. The time scheduled for each meeting is one hour,
during which three to six cases are brought up for the first time,
and up to three are presented as follow-up cases. A chairperson
leads the meeting, for example, by providing transitions between
case presentations and by leading and summing up discussions.
When presenting a case, the presenter often tells the story of
his or her meetings with the patient, treatments tried, and results
of these treatments. After, and sometimes during, this short
presentation, the other participants ask questions for
clarification. Depending on the kind of case presented and what
purpose the clinician had for wanting to discuss it, the
participants will start suggesting possible diagnoses and
treatments. Similar cases or general treatment strategies will
sometimes accompany the suggestions. A more broad discussion
may ensue, for example, about reported side effects for
medications or whether a certain treatment is suitable in general.
The chairperson usually starts summarizing when several options
have been put forth, and suggestions are given to the presenter.
Few participants, apart from the chairperson, took notes at the
meetings that were observed.

SOMNet has a lot of experience with teleconferences, and there
is a flow in the conversation even though participants cannot
see each other. Most participants indicate who is speaking before
giving their comment. However, if somebody chooses to have
a small local discussion, the flow in conversation is quicker and
more interactive.

As of May 2008, 10 to 15 clinics join each meeting. At each of
these, there are between one and 10 participants, with an average
of three. Where the participants at a local clinic congregate for
a teleconference meeting depends on how many participants
there are. If only a small number, then they usually sit in front
of a computer in an office. If there are more than two or three
participants, then usually a meeting room with a projector is
used.

Meeting Preparations
All interviewees replied that they usually go through the cases
before the meeting, either the same day or the night before.
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While doing this they try to form their own opinion of the cases
and find that the benefit of participation increases with this
preparation. It was also indicated that there is an obligation
toward the case submitter to look at the case before the meeting.
The designated chairperson makes a more thorough review of
the meeting’s cases and tries to find relevant research literature.
Some also add private comments to cases.

A problem brought up is that the cases are submitted too late,
which makes it difficult for the members and especially the
chairperson to prepare.

Purposes for Presenting Cases
Interview responses and observations indicated mainly three
purposes for presenting cases: cases where advice regarding
diagnosis or treatment is wanted, cases of an unusual character,
and cases where the presenter wants to raise an issue for
discussion. The advice seeking is most common, but the
presenter may have several reasons for bringing a case to the
meeting. Examples of recurring discussions are how to monitor
patients with precancerous disorders and the reporting of
medication side effects.

Individual Member and Community Benefits
The value of SOMNet for the majority of participants is access
to external expertise and, in the end, better care for patients, in
addition to a means of continuing education. Interviewees
brought up concrete examples of when they benefited from
diagnosis and treatment discussions at meetings, both for cases
they presented themselves and from discussions of others’cases.
For example, one respondent described how a special kind of
plastic guard described at the meeting had been constructed and
used with good results. Another respondent reported how the
same technique had been related to, and later applied by, a
dentist at a nonparticipating clinic. A third respondent vividly
retold the lengthy discussion generated by a difficult case where
the symptoms could be construed to have three different causes.
Members that are more senior find SOMNet valuable for getting
references and comparative material, while maintaining
competency and enthusiasm. Meanwhile, the pathologists, with
no patients of their own, bring up the social aspects SOMNet
provides, in addition to a more complete clinical picture of
patients than they usually get. Members at teaching institutions

have also included participation in SOMNet as a part of the
curricula of some of their courses.

Identified Barriers and Issues
The interviewees often raised the issue of a lack of time due to
a heavy load of patients or teaching. One interviewee brought
up the differences that he feels exist between his work place,
where oral medicine is a small part of the overall activities and
where there is no research connection, and research institutions
with a specialty in oral medicine. He found that it was not
possible to set aside office hours to search for and read relevant
literature. Fortunately, there were no problems in setting aside
an hour for the meeting.

While interviewees at research institutions and some hospitals
had access to online articles, smaller hospitals and general
practitioners often lacked such access. Interviewees who mainly
see patients state that they do not use literature as much as they
would like with, again, time being the main barrier. Two
interviewees indicated that reading articles was mainly done
outside of work hours.

Another matter discussed in interviews was how the
participation of smaller clinics can be increased, regarding both
contributing cases and participating verbally in the meetings.
Connected with this is how the concern about exposing gaps in
one’s knowledge can be alleviated. This is also related to what
kinds of cases are submitted by the more active case presenters,
and some replies to the questionnaire stated that they had
considered entering a case but came to the conclusion that it
was not “advanced enough.” When this was brought up in
interviews with the more active participants, several said that
meeting discussions around what appeared to be straightforward
cases to them usually turned into very interesting discussions,
or as one of the most senior members said, “There isn’t one
case that is not interesting enough.”

The SOMWeb System for Community Collaboration

SOMWeb Community Functionality
The first page a member sees after logging in is a news page
(Figure 3), where administrative users put information relevant
to all members. Navigation in SOMWeb is done mainly through
a menu on the left, with subheadings for main functionality:
meetings, cases, communication, and members.
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Figure 3. News page with information for all members

Under the meetings subheading, there is a link to the current
meeting and to lists of past and future meetings. A meeting page
(Figure 4) displays the meeting’s date and designated
chairperson. It also shows a listing of cases added for discussion
at this meeting, which is divided into cases to be discussed for

the first time and those to be followed up from previous
meetings. For each case in the list, its owner and and a
descriptive case title are provided, as well as a link to the case
presentation page.
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Figure 4. Meeting page with date, chairperson, and list of cases added for discussion at the meeting

From the cases subheading, a user can add a case, display a
listing of all cases, and access a free-text search of all cases.
When wanting to add a case, the user is presented with a blank
form (Figure 5), generated from a consultation template, the
formalization of which is described in the next subsection. The
form includes questions about, for example, current medications
and tried treatments, and for each question, a list of allowed

values is shown. If a value is missing, the user may enter it into
the value list. The form also includes a free-text section. Images
associated with the case are also submitted with this form. After
adding a case, the user can assign it to be discussed at an
upcoming meeting. A meeting for follow-up discussion can also
be specified.
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Figure 5. A form for adding a new case based on a user-defined consultation template

All submitted cases generate a case presentation page (Figure
6), which begins with administrative data: the case owner with
affiliation, a short description provided by the owner, and any

assigned meetings. Then, the case’s consultations are displayed.
For each consultation, thumbnails of associated images are
shown along with a presentation generated from the consultation
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data. From these thumbnails, a larger image browser can be
accessed. Each case consists of a number of consultation
occasions, and there are currently three different types of
consultations: for initial case entry, for follow-up data, and for
recording suggestions from meetings. These have separate entry
forms with associated templates. All users can add follow-up
consultations to cases, to make it possible for pathologists to
add images and for users at the same clinic to share a case. Only
the chairperson of a meeting can add notes to cases with

suggestions from the meeting. All users can also add support
material to cases, both in the form of articles and more generally
related material such as images from a similar case. When
entering an article, there is a facility for searching PubMed and
automatically retrieving relevant article details.

A user can also choose to add private notes to cases. If a
discussion thread exists for the case, it can be accessed from
the presentation. If not, then clicking a link creates a new thread.

Figure 6. Case presentation page listing administrative data, consultation occasions with summarized case data and associated images, and related
material

Browsing cases can be done via the meeting pages, pages listing
cases of individual members, the list of all cases, or results of
searching. From the “Members” subheading, users can access
listings of all members and the clinics to which they belong,
along with contact details.

A discussion forum listing all case discussions is located under
the communication subheading. The users can also create threads
not related to cases. Another communication facilitated by
SOMWeb is reaching other clinicians by email. Messages can

be sent directly from SOMWeb either from the communication
subheading or to the case owner from a case presentation page.

It should be noted that SOMNet members have influence over
the form of content and presentation of cases. First, case
templates determining what information should be collected
from submitted cases are the result of agreement between
community members. As their needs change, they can update
the templates themselves, using an editor in which they never
interact with the underlying case representation. Second,
summaries of cases are generated from stored data using
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community-defined presentation templates and natural language
generation.

Semantic Web Technology Use in SOMWeb
Community aspects, such as users, meetings, cases, and news
are modeled using OWL, and community data related to these

are represented in RDF. Parts of the user descriptions make use
of classes and properties from an external vocabulary called
Friend of a Friend. All case data, that is all consultations, are
stored in RDF.

Figure 7. An example of a ConsultationCategory, GeneralAnamnesis, showing how OWL allValuesFrom restrictions are used to connect its inputs
(properties) to classes of the value list ontology

The form used in entering each kind of consultation is generated
from a community-defined template. The templates and
associated value lists are represented in OWL (as described in
[27]). Templates consist of categories with associated questions
(also called inputs). When filling out a form, values for each
input may be chosen from a specified class of the value list.
Each template is stored in a different OWL file. Additionally,
classes and properties common to all templates are defined in
a separate OWL file. A template defines categories that can or
need to be included in a consultation constructed from that
template. For example, ConsultationCategory, a class common
to all templates, is subclassed in an individual template by
categories such as PatientData and MucosAnamnesis. Inputs
are defined in the template, using OWL properties, along with
what subclass of ConsultationCategory they are associated with
and from what classes in the value list ontology values can be
chosen. An input can also have properties with descriptions for
when the input should be used and instructions to be shown
when filling out the form. All clinical terms in the value list
ontology (eg, Allergy) are represented as OWL classes, with
their values as individuals (eg, PeanutAllergy). See Figure 7
for an example.

System Architecture
The SOMWeb system is a layered architecture with four main
layers: view layer, session layer, model layer, and foundation
layer. The view layer consists of Java server Pages using
Expression Language constructs, including both custom tags
and tags from the Java Standards Tag Library and various

Apache struts tag libraries. Cascading Style Sheets are used for
styling and layout of content. The components of the session
layer deal with the current user session and transforming the
application’s internal state into the presentation JavaBeans used
by the server pages. The model layer handles the application’s
internal state. This includes persistence classes, which create
objects of the corresponding Java classes used by the system
from RDF descriptions of users, meetings, cases, and news.

Evaluation of SOMWeb
By May 2008, SOMWeb had 90 registered users located at 48
clinics; 93 added cases had been added and form the basis of a
community repository of cases in oral medicine, and 18 meetings
had utilized SOMWeb. Eleven users have submitted one case,
five users have submitted two to four cases, four users have
submitted five to six cases, four users have submitted seven to
eight cases, and one user has submitted 19 cases.

Usability
All those interviewed stated that the SOMWeb system has
improved the SOMNet collaboration. Several reasons were
given: making case entry easier and less time consuming,
prompting the supply of more uniform case data, enabling a
collected view of a case over time, and providing more structure
to SOMNet’s activities in general. Some also found that
SOMWeb gave a greater sense of presence since it is possible
to see in a clearer manner who other members are and who adds
cases. Table 1 displays questionnaire responses comparing
SOMWeb with the PowerPoint support.
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Table 1. Users’ experience of SOMWeb’s functionality compared to the previous form of collaboration (These questions were answered by the 20 out
of the 24 respondents who indicated that they had participated in SOMNet with PowerPoint support. Out of these 20, several did not answer all questions.)

ScoreRating ScaleFunctionality

14/4/0Better/neutral/worseUsing the case repository

13/2/0Better/neutral/worseAdding cases to the repository

15/2/0Better/neutral/worseViewing old cases

When the PowerPoint presentations were used in the meetings,
the users first went through the slides sequentially and then
looked at specific slides as appropriate in the discussion. When
using SOMWeb in meetings, users focus more on the images
while listening to the presenter and rely on the textual case
information for looking up facts as they need them. In
SOMWeb, the cases are presented in the order in which they
have been entered into the system, but the actual order of
presentation is usually based on the preferences of the
presenters.

Six of the nine interviewees had added cases. All of them found
that it was easier to enter cases with the new system, yet only
four found it very easy. The difference between these numbers
indicates that there is some variation in opinion regarding case
entry. Two respondents were concerned that the value lists had
duplicate and misspelled entries, while two other respondents
found the lists to be quite thorough and recognized that these
will always contain some odd values. One respondent thought
it took too much time to fill in the form and mainly used the
free-text entry of the form. Another respondent found it difficult
to select which data to enter for patients with a complicated
clinical situation. Yet another respondent thought that some
questions were missing from the form. Some users had trouble
finding out how to submit a case for follow-up consultation.

Another identified problem is that images are sometimes loaded
slowly when there is heavy system usage during meetings.

System Use
All interviewees use SOMWeb mainly in conjunction with
meetings. All of them use the system a few days before the
meeting or on the day of the meeting to go through cases and
form their own opinion about the case. One person indicated
that the personal comments in the system were used to remember
these opinions. Another person used these comments to record
notes during the meeting.

Though not explicitly asked of all interviewees, five reported
that they had logged in to browse previous cases. One of these
replied that this had never been done for the previous
PowerPoint-based approach. Three interviewees had used the
simple free-text search functionality but found that it needed
improvement. Two others replied that the search had not been
used since they found that the number of cases in the system
did not yet warrant a need for searching.

Impact on Chairpersonship and Recording of Meeting
Decisions
Included in the SOMWeb system is the possibility for the
chairperson to add a meeting consultation to the discussed cases,
where the group’s recommendations are entered. The idea is

that after the meeting, the chairperson goes through any notes
taken and adds relevant parts to each case. However, after about
a year of use we found that this functionality was underused,
partially because of a lack of time for the person chairing all
meetings during this year. With SOMWeb also came the
functionality of assigning a chairperson for each meeting. In
June 2007, it was decided that the chair should rotate, partially
because of the problem noted above. Since this decision, meeting
preparations are more thorough and notes have been added for
most cases (at five out of eight meetings since the start of
rotation). For the meetings where notes were not added, reasons
were found to be lack of knowledge that this should be done
and lack of time. The instructions for the chairperson have been
improved to alleviate this.

Impact on Use of External Evidence
In SOMWeb, article references can be added to all cases in a
structured manner. This functionality was not included initially,
and prior to this, articles were added as part of the chairperson’s
notes. The news page has also been used to communicate articles
of more general relevance. Though it was not part of the
interview questions, four respondents indicated that they usually
print and read the articles suggested. Only one of these has a
research position and thus follows new publications
independently of SOMWeb.

Impact on Collaboration Practices
The simple emailing facility of SOMWeb has also lead to more
contact between the clinicians outside of meetings. Interviewees
have found that this simple procedure saves them time in that
they do not have to update their own address list.

When the SOMNet activities started more than 10 years ago,
only four clinicians participated in the case discussions. In the
beginning, PowerPoint presentations were distributed through
email to less than 10 participants, all specialists in oral medicine.
At that time, there were no passive members (ie, SOMNet
comprised a small group of active clinicians who all participated
in the discussions). The breakthrough came when clinical cases
were distributed using SOMWeb. With little administrative
effort, all members were able to access the website, and during
the last 3 years, the number of members has increased tenfold.
There is still a nucleus of five to 10 specialists who conduct
most of the discussion. The more passive members are more
inexperienced clinicians who learn from the main discussions
and just occasionally ask questions. Holding more meetings has
been suggested, though it has been brought up that each meeting
might then get fewer participants. Another interviewee brought
up the fact that the meetings feel stressed and that there is not
time to discuss each case thoroughly. Dealing with this by
limiting the number of cases has been discussed, but there has
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been no decision regarding who should decide what should be
an adequate number of cases and how to choose between them.

Discussion

Semantic Web technologies have been used for formalizing
cases, examinations, and user data. As of May 2008, there were
90 registered users, 93 cases had been added to SOMWeb,
forming a community repository of cases, and 18 meetings
utilized the system. The introduction of SOMWeb has improved
the structure of the meetings and the discussions that occur
during the meetings, and a tenfold increase in the number of
participants has been observed. Users have been found to submit
cases to seek advice on diagnosis or treatment, to show an
unusual case, or to create discussion. Identified barriers to
submitting cases were lack of time, concern about whether the
case was interesting enough, and showing gaps in one’s own
knowledge. The provision in SOMWeb for assigning different
chairpersons changed the collaboration in that responsibility
for meeting preparations is now rotated.

Comparison With Prior Work

Web-Based Systems for Clinical Practice and Research
Fearn et al present the Caisis system as a “web-based system
for integrating clinical practice and research” [28]. There are
several similarities between Caisis and SOMWeb. Both are
based on a separation between data entry and data presentation,
recognizing that these are in essence two different activities.
Both adopt a user-centered approach with active involvement
from clinicians. Finally, both Caisis and SOMWeb can be said
to be structured around formalized patient histories (ie, cases).
However, Caisis lacks SOMWeb’s foundation in Semantic Web
technologies. A lesson learned from the Caisis project is that
“as the system becomes more complex and feature-rich with
each iteration, the learning curve becomes higher.” This problem
is explicitly addressed in SOMWeb by using a “multi-layered”
design for the user interface.

Based on Semantic Web technologies, the SWAN application
aims at providing Alzheimer disease researchers with “an
effective, integrated scientific knowledge infrastructure” [29].
The SWAN ontology and the SWAN information management
tool are used for representing the different steps in a scientific
discovery process and keeping track of hypotheses, with
supporting evidence, research documents, clinical tests, and
results in the form of data and publications. As far as we can
tell, SWAN uses RDF only, not OWL. In terms of what is
represented and handled by the system, SOMWeb and SWAN
complement each other, and it would be interesting to try to use
the SWAN ontology in the modeling of external evidence and
see how it supports a case in SOMWeb.

Vega et al present “a cooperative working environment for
sharing clinical experience over the Internet” [30]. Although
focusing on image data, the presented solution is very similar
to SOMWeb in terms of objectives and in focusing on “clinical
sessions,” which in purpose and structure correspond to our
“meetings.” However, the cases presented in clinical sessions
are not formalized to the extent our cases are, and Semantic
Web technologies are not used. As oral medicine is a discipline

that is very much centered on images of the oral mucosa, the
addition of the functionality presented by Vega et al for
manipulating, annotating, and discussing images in real time to
SOMWeb is currently being investigated.

Schleyer et al use an oral cancer center as an example of a
biomedical research collaboratory [3]. In contrast to the
collaborative work conducted within SOMNet, the functionality
used by the researchers in the oral cancer center was more
focused on distributed data analysis and preparation of
publications than on “conversation over shared data, including,
for example, images.” As is noted below, this is a shift in focus
that we expect to see within oral medicine in the near future. In
contrast to our approach, that of Schleyer et al is based on
“off-the-shelf tools.” Without diminishing the advantages of
this approach, it can be interesting to discuss its drawbacks in
terms of SOMWeb: the problem of being dependent on adequate
IT support is somewhat handled in SOMWeb by minimizing
the need for IT and computer science experts by adopting
end-user control. Problems associated with “poor interface
design,” tools not being “well matched to tasks and technical
progress,” and “how to integrate these tools into routine
scientific practice” are explicitly addressed and handled in
SOMWeb.

Communities of Practice
Wenger et al [14] suggest the need to design for evolution in
supporting CoP. In the case of SOMNet, this is very much the
case: they began with a simple technical solution, which has
successively become more advanced and adjusted to their work
processes. One can argue that it was necessary for the users to
get used to the system functionality before they identified the
need for new features (compare with [31]).

Inviting different levels of participation is another important
principle in supporting CoP, and Wenger et al [14] propose that
participants of a CoP can often be divided into core, active, and
peripheral groups. This reflects the observation that, while it is
hoped that all members participate equally, this is not a realistic
expectation since different members participate in a CoP for
different reasons. The core group consists of members that take
on leadership roles and set the agenda for the group. The active
members are regular participants in CoP events and sometimes
participate in discussions, but not with the intensity or regularity
of the core group. A large portion of the participants often
belongs to the last group, which mostly observes interactions
between core and active members. Reasons for not participating
may be that they do not believe that their observations are
valuable enough or that they do not have enough time. Wenger
and colleagues [14] hold that these periphery activities are a
very important part of CoP. Further, these peripheral members
are not as passive as they might seem. They take in what is said
and may bring it up in private conversations.

The different levels of member participation are clearly
discernable in SOMNet. The core members chair meetings,
contribute most cases, and are very involved in the discussions.
The group of active users participates in most meetings,
sometimes contributes comments and provides some cases.
Finally, there is a large group of peripheral members who have
not added cases and rarely or never make comments. As was
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noted previously, the number of peripheral participants has
increased with the introduction of the SOMWeb system, and
this has enabled the spread of oral medicine expertise beyond
the core and active groups.

A third principle of Wenger et al [14] that can be seen at work
in SOMNet is the community rhythm. The most prevalent
rhythm is the monthly teleconferences. These affect when cases
are entered and when members log in to the system. A system
in which members added cases with a request for advice and in
which other members could reply whenever would probably
not work in this case. This conclusion is supported by the
observations made by Moehr et al [31].

Multidisciplinary Medical Team Meetings
A SOMNet meeting can be seen as an instance of a
multidisciplinary medical team meeting [32], where the team
members meet to review patient cases, establish a diagnosis,
and decide on the most appropriate treatment plan for the patient.
The processes associated with a multidisciplinary medical team
meeting system are pre-meeting activities; case presentation
and discussion, including negotiation and reinterpretation of
findings; deciding on the diagnosis and treatment; recording of
the outcome; and postmeeting activities. As we have shown, a
SOMNet meeting contains the same set of processes. It would
be interesting to see how this structure could aid in the design
of future versions of SOMWeb, adding possibilities for cuing
chairpersons and participants in the discussions and securing
that decisions being made are supported by relevant external
evidence.

Impact on Communication and Collaboration in
SOMNet
In oral medicine, there is an ongoing discussion on how the
discipline should move from an eminence to an evidence-based
approach. The major hindrance to this amendment is the
traditional manner of conducting clinical work. There is virtually
no support to merge individual proficiencies with external
knowledge. This barrier is particularly obvious between
academic institutions and care providers serving different public
health organizations. In this perspective, SOMWeb serves as
an example of an expedient method to harmonize
evidence-based knowledge. Apart from probably saving both
time and effort [33], it is obvious that less experienced clinicians
are learning from both submitting their own cases and from
participating in discussions of cases presented by more
experienced colleagues, who often practise at an academic
institution. The opportunity within SOMWeb to agree on various
treatment modalities and to evaluate the outcome of these
suggested therapies are cornerstones of the learning process.
Most likely, this exchange of case-related information will be
followed by a demand for a more structured compilation of data
of various disorders related to oral medicine, probably in the
form of national registers. This movement is supported by
SOMS, which has adopted SOMWeb as the national website
for continuing education.

The main difference between SOMWeb and other similar
initiatives for distance consultations within oral medicine is
that, in latter systems, the clinical information is only shared

between the specialist and the general practitioner. No efforts
are made to save the data systematically for further use and
comparison with similar cases. Furthermore, there is no
follow-up of suggested treatment strategies, which will hamper
the learning process. SOMWeb also brings in knowledge from
external sources (eg, scientific papers). Thus, SOMNet internal
experiences will be integrated with best available knowledge
to the benefit of a single case, thereby contributing to a more
evidence-based oral medicine.

One change that the SOMWeb system has provided is that
SOMNet members are now more visible to each other via lists
of members and what clinic they work at. Another important
change is that the chairpersonship now rotates among core and
active members. This has several benefits, such as reducing
pressure on the original chairperson, which means that notes
about the cases from the meeting are more consistently entered.
It also means that more members feel involved in the work of
SOMNet and that knowledge of how this work is carried out is
spread to more people. Since it amounts to more external
evidence, such as article references, being added, those clinicians
less experienced in searching and using literature get more such
exposure.

Semantic Web Technologies in Practice
We have demonstrated the use of Semantic Web technologies
to represent community and case data in an online community,
where OWL could be used to address most but not all
requirements for our knowledge model.

There are benefits of using formalized knowledge modeling for
elucidating key concepts, and OWL has become widely used
in this area. In addition, using OWL and RDF has made it easy
to update the community model as the need has arisen. However,
OWL is still evolving, and best practices have emerged while
SOMWeb has been developed. We found a lack of guidance
for several design choices and for development of OWL
ontologies at different levels of sophistication.

A prospective benefit of using ontologies is the ability to reuse
external sources, but we have not able to do this to the expected
extent. Partially, this is due to the general lack of available
ontologies in OWL. At a more foundational level, one can
discuss to what extent ontologies can be readily reused since
they are often developed with a certain purpose in mind. Some
of the proposed benefits of Semantic Web technologies come
from being able to share data with a larger audience. However,
in the case of SOMWeb, such data sharing is not advisable given
the nature of our data. Thus, we were not able to test the
scalability of Semantic Web technologies in distributed systems.

Conclusions
We have shown how an online Semantic Web-based CoP,
SOMWeb, can successfully be developed and brought into daily
clinical practice. In contrast to most work on CoP in the medical
domain, SOMWeb aims at supporting activities related to both
clinical practice and research within a distributed medical
community, as exemplified by the SOMNet. Based on a firm
foundation in knowledge representation and management, where
OWL and RDF are used for representing community data and
oral medicine knowledge, and on studies of collaboration and
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communication within SOMNet, functionality for Web-based
distributed meetings has been developed iteratively, in close
cooperation with the clinicians.

Studies and analysis of the use of SOMWeb show that it is
beneficial for individual clinicians as well as for the SOMNet
community. The introduction of SOMWeb has improved the
structure of meetings and the discussions that take place, which
constitute the core activities of SOMNet. Since the introduction
of SOMWeb, there has been a tenfold increase in the number
of meeting participants. SOMWeb provides an opportunity for
its members to share high quality clinical practice knowledge
as well as external evidence related to complex oral medicine
cases, thereby contributing to a more evidence-based oral
medicine.

As an example of an interdisciplinary team that can successfully
address and solve complex research problems within the dental
informatics domain [34], SOMWeb is the result of more than
10 years of collaboration between medical practitioners and
researchers, computer scientists, and researchers within
interaction design. This is probably the main success factor of
the reported work. From the start, the composition of the
development team included members acting as a “bridge”
between the clinicians and the researchers, ensuring that the
results of the latter are of real use and are adopted into practice
by the former. A distinguishing feature of SOMWeb is the
delegation of control of fundamental parts of the system to the
end users. This means that the clinicians themselves have been
able to adopt the system to their specific needs, requiring little
interaction with computer specialists, contributing to the overall
acceptance of the system. As an application of Semantic Web

technologies, SOMWeb constitutes a sought-for experience
report to the Semantic Web research community.

Within CoP, the importance of a champion is stressed. The
champion is an authority within the domain in question, the
driving force behind the work within the CoP, a precursor within
the domain in terms of CoP-related technologies and tools, and
the guiding example that others will follow. In the case of
SOMWeb, a champion in this sense exists, together with a
dedicated group of core users who are prepared to try out new
ideas and solutions. In addition, SOMWeb has been designed
to be aligned with the rhythm of the collaboration within
SOMNet (ie, to use the SOMNet meetings as the basis for
SOMWeb).

Future Work
The overall aim of our research is to better understand
collaboration and interaction among clinicians in order to
improve IT tools that support evidence-based medicine.

In the short term, this translates to (1) continued study of the
collaboration and communication within SOMNet and the use
of the SOMWeb system; (2) further usage of the Semantic
Web-based foundation, by using the domain ontology and
reasoning (eg, to inform the browsing of cases) and by adding
user and organizational ontologies; (3) adding functionality for
real-time annotation of images during meetings; and (4) making
the transition to Internet-based telephone services.

In the longer term, since cooperative care and knowledge sharing
and dissemination are fundamental parts of evidence-based care
in any medical discipline, developing SOMWeb into a general
tool that builds online CoPs for other medical disciplines is an
interesting prospect.
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Abstract

Background: As biomedical research projects become increasingly interdisciplinary and complex, collaboration with appropriate
individuals, teams, and institutions becomes ever more crucial to project success. While social networks are extremely important
in determining how scientific collaborations are formed, social networking technologies have not yet been studied as a tool to
help form scientific collaborations. Many currently emerging expertise locating systems include social networking technologies,
but it is unclear whether they make the process of finding collaborators more efficient and effective.

Objective: This study was conducted to answer the following questions: (1) Which requirements should systems for finding
collaborators in biomedical science fulfill? and (2) Which information technology services can address these requirements?

Methods: The background research phase encompassed a thorough review of the literature, affinity diagramming, contextual
inquiry, and semistructured interviews. This phase yielded five themes suggestive of requirements for systems to support the
formation of collaborations. In the next phase, the generative phase, we brainstormed and selected design ideas for formal concept
validation with end users. Then, three related, well-validated ideas were selected for implementation and evaluation in a prototype.

Results: Five main themes of systems requirements emerged: (1) beyond expertise, successful collaborations require compatibility
with respect to personality, work style, productivity, and many other factors (compatibility); (2) finding appropriate collaborators
requires the ability to effectively search in domains other than your own using information that is comprehensive and descriptive
(communication); (3) social networks are important for finding potential collaborators, assessing their suitability and compatibility,
and establishing contact with them (intermediation); (4) information profiles must be complete, correct, up-to-date, and
comprehensive and allow fine-grained control over access to information by different audiences (information quality and access);
(5) keeping online profiles up-to-date should require little or no effort and be integrated into the scientist’s existing workflow
(motivation). Based on the requirements, 16 design ideas underwent formal validation with end users. Of those, three were chosen
to be implemented and evaluated in a system prototype, “Digital|Vita”: maintaining, formatting, and semi-automated updating
of biographical information; searching for experts; and building and maintaining the social network and managing document
flow.
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Conclusions: In addition to quantitative and factual information about potential collaborators, social connectedness, personal
and professional compatibility, and power differentials also influence whether collaborations are formed. Current systems only
partially model these requirements. Services in Digital|Vita combine an existing workflow, maintaining and formatting biographical
information, with collaboration-searching functions in a novel way. Several barriers to the adoption of systems such as Digital|Vita
exist, such as potential adoption asymmetries between junior and senior researchers and the tension between public and private
information. Developers and researchers may consider one or more of the services described in this paper for implementation in
their own expertise locating systems.

(J Med Internet Res 2008;10(3):e24)   doi:10.2196/jmir.1047

KEYWORDS

Expertise locating systems; computer supported collaborative work; information systems; collaborators; research; social networks;
translational research

Introduction

Social networking technologies have become one of the latest
“killer applications” on the Internet, with some sites such as
MySpace and Facebook amassing large numbers of users in a
very short period of time [1]. While those sites initially focused
on younger demographics such as teenagers and college
students, they are now encompassing rapidly growing segments
of adult and/or professional users. Professionals are beginning
to employ such systems for, among other things, extending their
professional networks (ie, by learning about colleagues of
colleagues), locating experts to solve specific problems, and
finding collaborators.

Social networking approaches have the potential to help
scientists find appropriate collaborators more quickly and
efficiently than is currently the case. Over the past several
decades, science has become significantly more collaborative,
both generally [2,3], as well as in biomedicine [4]. The
increasing frequency with which the terms interdisciplinarity
and multidisciplinarity appear in the literature [5] illustrates this
strong trend toward collaboration. As a result, collaboration
with the right individuals, teams, and institutions is becoming
ever more crucial to project success. New programmatic
initiatives such as the Roadmap [6,7] and the Clinical and
Translational Science Award (CTSA) [8] programs of the
National Institutes of Health (NIH) and the Janelia Farm
Research Campus of Howard Hughes Medical Institute [9] in
the United States demonstrate that funding agencies and research
organizations are not just passively observing this trend but are
actively encouraging it.

Currently, most researchers use one of two primary methods to
find new collaborators [10]. One approach is to turn to
colleagues in their existing social network [10-12]. Colleagues,
especially senior ones or those “in the know,” are often able to
quickly identify promising candidates for collaboration, to
provide input on their potential compatibility and credibility,
and to make an introduction. The second method is to search
for potential collaborators through published works [10], done
most commonly in online databases such as PubMed and Google
Scholar. Information from these databases helps the
collaboration seeker gauge the potential collaborator’s
competence, credibility, and interest, but it provides no support
for gaining access. Soliciting collaboration may begin with
“cold calling” if no connection through a third person is possible.

A third method for finding collaborators is to use databases of
researchers partially or exclusively designed for the purpose.
Knowledge management systems of this type, which include
“expertise locating systems” [13], “knowledge communities”
[14,15], and “communities of practice” [16,17], all provide, to
varying degrees, support for finding experts and, by extension,
potential collaborators. In the literature, the functions and
definitions of these types of systems are not cleanly separated.
It appears that expertise locating systems (also called expertise
locator systems) as their core function most directly focus on
the ability to find individuals knowledgeable in a particular
problem/domain.

The computer-supported cooperative work (CSCW) literature
contains numerous examples of systems designed to connect
people with each other to solve specific problems [13,18-23].
The Expertise Recommender [13] is a recommendation system
to help company workers locate persons best qualified to assist
with a specific problem. The Zephyr Help Instance [18] and
ReachOut [19] are examples of simple lightweight collaborative
systems to tap the expertise within a company. Email is
sometimes used to exploit weak and latent ties within a
professional community [24]. Most of these systems serve to
help a person solve a specific problem at a particular point in
time. Consequently, one of their most important functions is to
help identify the person who is best equipped to assist with
solving the problem in a specified time frame.

In this study, we are focusing on the much bigger challenge of
establishing the long-term collaborations typical in biomedical
science. In this case, not only are researchers looking for the
most qualified expert, but they also will most likely enter into
a long-term relationship. Evaluating an individual’s promise
for such a long-term relationship requires information,
engagement, and effort much beyond what is needed for finding
an expert for singular (or even episodic) problem solving. A
thorough literature search located only one report of a system
[21] specifically designed to help scientists meet this challenge.

In contrast to the dearth of reports in the literature, electronic
systems purporting to make it easier to help scientists find
collaborators abound. Similar to social networking sites such
as Facebook, such systems endeavor to help individuals make
connections to others that are not likely to be made in an off-line
context [25,26]. Among the more established systems is the
Community of Science (COS), which provides a “database of
detailed, first-person profiles of more than 480,000 R&D
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professionals and scholars” [27]. Another system, the Faculty
Research Interest Project (FRIP) [21], is in use at the University
of Pittsburgh and currently indexes 1926 research faculty of the
six schools comprising the Health Sciences Center. Another
system, ExpertFinder [20], has been designed to help employees
of The MITRE Corporation locate experts within the company.
LinkedIn, Innocentive, Index Copernicus Scientists, Research
Crossroads, and BiomedExperts are some of the more recent
commercial offerings that advertise large directories of
professionals/scientists. A thorough search for literature
evaluating how well these systems facilitate the initiation of
collaborations yielded no results. While these systems provide
significant value to individuals looking for someone with
specific expertise, anecdotal evidence suggests that they
currently do not play a significant role in helping researchers
establish collaborations.

However, there are good reasons to suspect that expertise
locating systems could help scientists find the most appropriate
collaborator(s) more quickly and efficiently than is currently
the case [26]. General trends in scientific research are
compelling scientists to become more collaborative than they
already are. As academic/research institutions extend the scale
and scope of their research portfolio and, in the process, the
numbers of their research faculty, more individuals are available
for collaboration, either locally or remotely. At the same time,
online databases, such as Google and PubMed, make locating
collaborators easier. The number of potential collaborators is
also increased by modern communication and collaborative
technologies—many remote collaborations that would have
once been considered impractical have now become feasible.
The result is an “embarrassment of riches” for scientists seeking
collaborators. Unfortunately, with this ever-expanding pool of
potential collaborators, the task of selecting optimal
collaborators is becoming more onerous and requires more effort
from researchers, simply because there may be many more good
options to choose from than previously possible. Studies have
shown that when faced with this type of social overload,
individuals are more likely to adopt competitive or withdrawal
strategies and thus tend to be less cooperative [28]. Systems
that help scientists “quality filter” the realm of possibilities for
the most promising potential collaborators could help alleviate
this social overload [29] and achieve more appropriate
collaboration decisions at lower cost to the collaboration seeker.

The confluence of the trends of increasing scientific
collaboration, the emergence of social networking as a powerful
mediator of social interaction, and the growing availability of
information about scientists and their work presents a significant
opportunity to investigate whether expertise locating systems
can make the process of finding collaborators more effective
and efficient. Current systems are relatively new and have an
uncertain track record. One immediate question that occurs is
whether those systems are responsive to the requirements of
scientists seeking collaborators. In answer to this question, the
main goal of this study was to develop preliminary,
generalizable requirements for expertise locating systems for
biomedical scientists. Its second goal was to design a set of
services responsive to these requirements, implement them in

a prototype system, and formatively evaluate them with
representative end users.

The main focus of this paper is to describe services and functions
useful for expertise locating systems in general, not their
implementation in a specific system. This study has been
conducted as part of the University of Pittsburgh’s Clinical and
Translational Science Institute in response to the core challenge
to accelerate scientific discovery and the application of its
results. As the other 23 current CTSA awardees in the United
States are pursuing the same goal, our results are highly
significant in that context. In addition, we hope that scientists
and developers of expertise locating systems consider our results
in the context of their own projects, potentially adopt/implement
them, and conceptualize and design additional services as
necessary.

Methods

This project proceeded in two phases: the background research
phase and the generative phase. While the background research
phase of the project emphasized discovering as much as possible
about the relevant problem domain, the generative phase was
intended to develop as many viable solutions as possible and
then to choose one or more approaches to implement in a
prototype. The project team included two faculty from the
Center for Dental Informatics (TS and HS), one faculty from
the Katz Graduate School of Business (BB) at the University
of Pittsburgh, and two faculty (Susan Fussell and Brad Myers)
and five senior masters students (SS, DW, LP, PR, and GM)
from the Human-Computer Interaction Institute at Carnegie
Mellon University. The project took place from January to
August 2007. We describe the two main project phases briefly
below.

Background Research Phase
We began the background research phase with a systematic
literature review on relevant topics from the computer-mediated
communication, social network theory, and computer-supported
cooperative work literature. Keywords included “expertise
locating systems,” “expertise management systems,”
“knowledge communities,” “knowledge management,”
“knowledge management systems,” “communities of practice,”
and “virtual communities.” We searched Medline, the ISI Web
of Science, the ACM Portal, and the IEEE Digital Library (all
available years). From this material, we generated an affinity
diagram [30] of issues and questions involved in the initiation
of collaboration. We then performed contextual inquiries (CI)
[31] with 10 researchers at Carnegie Mellon University and the
University of Pittsburgh from a range of disciplines and levels
of seniority. Since we could not directly observe researchers
forming collaborations, the contextual inquiry was based on
retrospective accounts. We also used a technique called directed
storytelling in which we presented hypothetical situations to
the interviewees and had them walk us through what they would
do in each given situation. For each CI session, we generated
workflow, sequence, and cultural models [31].
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Table 1. Researcher affiliation, gender, seniority, collaborator count, and
perceived collaborative load

Perceived Col-
laborative Load

Number of
Collaborators

Seniori-
ty

GenderSchool

too few3-4JuniorMMedicine

too few4JuniorFMedicine

too few4SeniorMMedicine

too few7JuniorFMedicine

too few7JuniorMDental

too few9SeniorMRehabilitation

too few10JuniorFPublic Health

too few25JuniorFPharmacy

just right6JuniorMPharmacy

just right6-8SeniorMMedicine

just right8JuniorFMedicine

just right8JuniorFNursing

just right8SeniorMRehabilitation

just right9JuniorMPharmacy

just right9SeniorMPharmacy

just right10JuniorMMedicine

just right10SeniorMMedicine

just right15SeniorMDental

just right20JuniorFNursing

just right20JuniorFMedicine

just right30SeniorMPublic Health

just right30-50JuniorMRehabilitation

too many16-20SeniorMPublic Health

too many24SeniorMMedicine

too many40SeniorFPublic Health

n/a7SeniorMPublic Health

n/a15SeniorMDental

In a parallel study, we conducted semistructured interviews
with 27 scientists at the University of Pittsburgh (see Table 1).
The interviews contained 10 main questions and focused on
current and previous collaborations, finding collaborators,
solving problems in research, and information needs and
information resource use of participants. The interview study
was conceived as a pilot study since few formal investigations
of these topics have been reported in the literature [10]. The
interviewers conducted the interviews individually and
transcribed their notes shortly thereafter.

We analyzed the semistructured interviews using grounded
theory [32], an approach in which the interviewer and one other
researcher annotated each transcript independently. Annotations
were formulated as themes from which the annotators induced
initial hypotheses about the attitudes, motivation, and behavior
of the interviewees. A third researcher summarized all

annotations and themes, as well as whether they supported or
refuted the particular hypothesis or hypotheses they related to.

We modeled three of the semistructured interviews in
accordance with the CI method described above and added the
resulting workflow, sequence, and cultural models to the 10
sets of models developed during the CI phase. We did this in
order to increase the variety of observations and add insights
that may have been articulated during the interviews but not
during the CI sessions. Subsequently, we consolidated the data
into single flow, sequence, and cultural models. The flow model
provided a good view of actors and their roles and the flow of
information among them. The cultural model identified the
cultural aspects that have a strong influence on whether and
how collaborations are formed.

We then derived a detailed set of requirements from the
consolidated models and the results of the interviews and
categorized them into five main themes: compatibility,
communication, intermediation, information quality and access,
and motivation. These themes served as the basis for developing
the design ideas during the generative phase, which we describe
next.

Generative Phase
The generative phase began with brainstorming design ideas
for systems to help facilitate the establishment of collaborations
in light of the system requirements we had formulated. Two
initial brainstorming sessions resulted in a total of over 40 ideas.
The ideas included semiautomatic updating of online profiles;
locating collaborators through colleagues or matching research
interests in published papers; utilizing online journal clubs,
online video presentations, and live question-and-answer
sessions; social tagging of research papers; facilitating directed
social contact through methods such as ride sharing and hobby
groups; and creating systems to support matchmaking through
“social hubs,” such as department chairs. Several of the ideas
drew on functions available in the Web 2.0 and
ubiquitous/mobile computing technology spaces.

Sixteen of the 40 ideas generated during the brainstorming phase
were selected for formal concept validation. During this phase,
we evaluated the design concepts with nine researchers at the
University of Pittsburgh Health Science Campus. The
participants represented scientists at the junior, senior, and
executive levels with varying research foci (basic, clinical, and
translational) at several schools. We presented each design idea
as a real-life scenario to the participant and solicited feedback
on its functionality and usefulness. Thus, we used the viewpoint
of the end user as a central guiding principle for shaping our
designs, an approach crucial to the development of user-centered
applications [31]. The scenarios employed “personae,” which
are archetypal representations of individuals that represent either
the participant or individuals they would encounter when
interacting with the system. For instance, “Carlos” was
characterized as an inexperienced junior researcher at the School
of Pharmacy in the early stages of his career. He had few
contacts and was willing to be less selective about collaborative
projects in order to gain experience and expand his network.
“Bernice,” on the other hand, was a well-known biomedical
researcher who demanded a rigorous work style and could afford
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to discontinue collaborations she felt were fruitless. The
personae brought life to the scenarios and allowed participants
to act and react naturally with regard to the proposed ideas. A
facilitator presented the scenarios and guided user feedback
through scenario-specific questions. At least one other observer
was present to record notes. The sessions were audio-recorded
as a reference for analysis.

For each design idea, the individual ratings of the researchers
were combined into a summary score that ranged from 1 (not
needed) to 4 (very much needed). At the same time, the project
team rated the feasibility of implementing each idea on a scale
from 1 (low) to 3 (high). The feasibility rating integrated
judgments about how difficult it would be to implement each
idea based on technical, environmental, and cultural
considerations.

Based on the feedback from the concept validation sessions,
we selected three related ideas for implementation and
evaluation in a prototype. We implemented the design first as
a wire frame, then as a high fidelity prototype. We performed
think-aloud evaluations with four scientists using three use
cases. The use cases described common scenarios that we asked
participants to complete using the Digital|Vita prototype. Two
observers kept notes on the interaction of each participant with
the system, focusing on functions that were found to be either
problematic or useful. The development team then brainstormed
system improvements and implemented them to the highest
degree possible. The high-fidelity prototype was used to produce
a video about the system, which served as a way to solicit input
from senior decision makers and external reviewers.

The studies conducted as part of the background research phase
and generative phase were approved by the University of
Pittsburgh Institutional Review Board (IRB approval numbers:
0612065 and PRO07050299).

Results

The background literature review, affinity diagramming,
contextual inquiry, and semistructured interviews yielded five
themes of requirements for systems to support the formation of
collaborations. The themes are compatibility, communication,
intermediation, information quality and access, and motivation.
We briefly describe the themes below.

Themes for System Requirements

Compatibility
Beyond expertise, successful collaborations require
compatibility with respect to personality, work style,
productivity, and many other factors [10,33]. Although
exceptions exist, the majority of researchers interviewed saw
compatibility of personality and work style as a prerequisite to
collaboration. Therefore, more than a simple overlap of interests
is needed to create a successful collaboration. The researchers
we interviewed indicated that they would not trust an impersonal
recommendation or suggestion made by a system about potential
compatibility, putting them somewhat at odds with what users
of dating sites and Facebook are apparently willing to do
[34,35]. If researchers cannot assess compatibility with potential

collaborators personally, they primarily appear to trust personal
recommendations from colleagues. For this reason, expertise
locating systems should show social connections between the
collaboration seeker and potential collaborators.

Communication
Finding appropriate collaborators requires the ability to
effectively search in domains other than your own using
information that is comprehensive and descriptive [29,36].
However, researchers are often unlikely to be very familiar with
the terminology they need in order to find a specific area of
expertise in another domain [29]. One way that researchers
currently solve this problem is by asking boundary-spanning
colleagues and friends familiar with both realms about whom
they should contact for help with solving a particular research
problem. While the system should provide researchers with the
ability to search directly for expertise, it should also make
explicit who in their own professional network may be able to
guide them effectively to other experts for resolving questions
in different disciplines, organizational units, or research groups.
A second requirement for communication is to broaden the
ability to search for experts using more information than just
publication databases such as Medline or Google Scholar. Those
databases typically describe the knowledge and expertise of a
researcher in less detail and less comprehensively than a
complete curriculum vitae (CV). The CV can support a richer
form of evaluation because it provides a more complete picture
of the individual’s research-related activities, such as grants,
grant reviews, patents, editorships, and positions in associations.
Expertise locating systems should therefore not only allow the
user to search a potential collaborator’s publications, but also
their research interests, grant submissions, and biographical
information.

Intermediation
Social networks are very important for finding potential
collaborators, assessing their suitability and compatibility, and
establishing contact with them. Established researchers often
use existing connections with colleagues as their primary
resource for locating new collaborators. However, junior
researchers with few or no contacts within the desired field may
have significant difficulty initiating collaborations [26].
Researchers are more likely to contact a friend or colleague who
they think will know an expert than to cold-call the author of a
relevant research paper [24]. Advantages of personal contact
include a higher likelihood of compatibility between parties,
increased chances of a timely response (which is an issue when
there is a status differential), and a less intimidating (and
potentially face-saving) method of contacting a new party.
Websites such as Facebook and LinkedIn circumvent
cold-calling by integrating recommendation services and
allowing users to see friends of friends. In this way, users’
networks are actually expanded to include their friends’
networks in addition to their own. The tendency to use
friends/colleagues as intermediaries strongly supports the power
and influence of existing social networks and suggests that a
successful collaboration-networking site will need to leverage
this construct for both identification and access [11,12].
Eysenbach [Eysenbach Medicine 2.0 Editorial, this issue]
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suggests the new scholarly term “apomediation” for the function
of the intermediary, emphasizing the positive guidance toward
high-quality resources (in this case, collaborators).

Information Quality and Access
Information profiles must be complete, correct, up-to-date, and
comprehensive and allow fine-grained control over access to
information by different audiences. Missing, incorrect, and
out-of-date information and poor indexing (for instance, through
the use of nonstandard vocabularies) of information profiles
[15,20,29,37] make it difficult for a collaboration seeker to
obtain the information necessary to assess the suitability and
appropriateness of a prospective collaborator. Several
commercial services, such as the Community of Science, rely
on the user to keep their profile up-to-date and correct at all
times. Others generate a “preliminary” profile for scientists
from public sources, such as PubMed, Computer Retrieval of
Information on Scientific Projects (CRISP), and the USPTO
database, which the individual must correct and complete in
order to generate a comprehensive, up-to-date profile. Several
researchers we interviewed indicated that they had public online
profiles but that they did not spend much time keeping them
current. Given the many factors that collaboration seekers take
into account when evaluating potential collaborations,
information profiles should be as complete, correct, and
up-to-date as possible [26]. In addition, some researchers
indicated that given a choice, they would be selective about
what information they would consider making public about
themselves. For instance, interviewees seemed much more

willing to disclose current ideas to collaborators from within
their institutions than to those from competing institutions.

Motivation
Keeping online profiles up-to-date should require little or no
effort and be integrated into the scientist’s existing workflow.
In order to provide relevant and up-to-date information to
colleagues, researchers must have an incentive to supply the
information and keep it current. For example, our study
participants regularly invested time updating information in
their biographical and professional documents, such as their
CV, biosketches for grants, and faculty evaluation forms. They
were highly motivated to do so because these documents must
be up-to-date in order to obtain grant funding, provide
background information when invited to lecture or consult, and
participate in university evaluations such as promotion and/or
tenure decisions. There is no such motivation to update online
profiles. In addition, our contextual inquiries showed that a
major problem with the existing workflow is that researchers
need to reformat and update the same information in multiple
documents. We recognized this as an opportunity to draw
researchers into using an online system. If it were possible to
streamline the process by synchronizing information in multiple
documents, the system would provide an incentive to keep
information updated. Therefore, before a database of personal
researcher profiles can be used as a tool to initiate collaboration,
it must to be adopted as a repository of biographical and
research-related information by a wide range of researchers.
This “critical mass” problem is one of the classic challenges to
the adoption of CSCW systems [38].

J Med Internet Res 2008 | vol. 10 | iss. 3 |e24 | p.92http://www.jmir.org/2008/3/e24/
(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/


Figure 1. Results of the concept validation phase for 16 design ideas using nine scientist participants; need rating: 1 (low) to 4 (high); feasibility rating:
1 (low) to 3 (high)

Services for Optimizing How Scientific Collaborations
Are Established
As described in the Methods section, the research team
generated a large number of ideas for one or more systems to
support researchers in locating collaborators. Figure 1 shows
the results of the concept validation phase for the 16 design
ideas. It is important to note that there is not a 1:1
correspondence between the requirement themes and application
ideas. Rather, the different application ideas are responsive to
one or more requirement themes to different degrees. In
selecting the ideas to be implemented, we aimed to respond to
the requirements as best as possible within the context of a
software application. The combination of three highly validated
ideas, Profile Updating, CV/Profile Formatting, and Connections
through Colleagues, appeared to satisfy our constraints most
closely and were chosen to be implemented in a prototype
system which we dubbed “Digital|Vita.” The three main sets of
services implemented in Digital|Vita are the following:

1. Maintaining, formatting, and semiautomated updating of
biographical information: This set of services allows users to
maintain biographical information and output it to several
standard formats.

2. Searching for experts: These services provide capabilities for
searching for potential collaborators using a range of search
criteria and allow searchers to exploit the social network
represented in Digital|Vita in the process.

3. Building and maintaining the social network and managing
document flow: These services allow users to build a network
of social connections, group colleagues into teams, and manage
the flow of biographical documents within their teams.

The following sections briefly describe these sets of services.

Maintaining, Formatting, and Semiautomated Updating
of Biographical Information
This service is provided by the My Information (see Figure 2)
data management function in DigitalVita, which stores
biographical information about a user in a comprehensive and
detailed manner. Information typically found in CVs, such as
education, academic appointments, grants, and publications,
can be entered and edited by the user. The items making up
each collection, such as single publications, are stored as
separate records and logically divided into fields in the database,
enabling fine-grained information extraction and display.
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Figure 2. The My Information component in Digital|Vita allows the user to enter and update biographical information through manual or semiautomated
processes

Three services in My Information allow the user to enter and
update biographical information:

1. Importing information from existing sources: The primary
method for populating biographical information is extraction
from existing sources such as the National Library of
Medicine’s Medline and the National Institutes of Health’s
CRISP databases. A similar approach to retrieving and
aggregating data from existing sources is being used in
many other systems [13,20-23]. In Digital|Vita, records
from these sources are pre-matched (for instance, through
a name search) to the user, and the user simply confirms
which records pertain to them. (This approach is used by
the Faculty Research Interests Project (FRIP) [21] system
currently in use at the University of Pittsburgh. When
Digital|Vita is implemented at the University of Pittsburgh,

publications will be imported from the existing FRIP
database.)

2. Propagating information through social networks: A second
mechanism for acquiring biographical information is the
semiautomated synchronization of updates made by
colleagues in Digital|Vita. The process is semiautomated
because all affected scientists are automatically notified
about updated information, but each of them has to
manually approve the update for inclusion in their own
information. For instance, when Digital|Vita users manually
enter a paper, they have the option of selecting coauthors
from within the Digital|Vita system. When an entry is saved,
Digital|Vita automatically propagates this update to the
coauthors and displays it on each user’s Digital|Vita home
page (see Figure 2). The coauthors can then confirm or
reject the update for their own personal profile.
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3. Manually entering and updating information: The third
mechanism for entering and updating information is manual
entry. This is appropriate for data for which existing sources

are neither available nor accessible. Examples of such data
include professional appointments, degrees, and publications
indexed in services that do not allow automated retrieval.

Figure 3. The My Documents component provides functions to output biographical information to several standard formats, customize information
content, archive old versions, and include updates to biographical information selectively

While My Information allows the user to input and manage
their biographical information, the My Documents function
helps the user produce and archive several forms of output from
that data. My Documents includes three services:

1. Output to several standard formats: The current design of
Digital|Vita provides for several standard output formats
for biographical information such as a university-specific
CV, a brief CV, and NIH and NSF biosketches. Users can
choose the desired output format, generate the new
document, and edit it according to their preferences.

2. Customization and versioning: The ability to easily
customize document content was deemed essential for the
researchers we interviewed because they typically adapt
biographical documents for specific grant applications, even
if the format required for each is the same. With this service,
users can customize documents with a simple checkbox
approach—if an item is checked, it is included in the
specific document. My Documents also supports versioning
so that older versions of a specific document are available
on demand.

3. Selective updating: The system makes it explicit when the
existing version of a document does not include recently

updated information (see Figure 3) in order to allow the
user to make an informed choice about including or
excluding such updates. When the user customizes
documents with information that is not contained in the My
Information database, Digital|Vita allows the user to
back-propagate the information to My Information. Thus,
users do not have to interrupt their current workflow in
order to make updates to My Information.

As the user edits a specific document, the system displays the
length of the document in pages in order to allow the user to
observe page limits. In addition, the user can preview the printed
version of the document; send it to colleagues in their
professional network and recipients through email; and save
the document in predetermined file formats.

Searching for Experts
Our background research indicated that researchers consider a
variety of factors when choosing potential collaborators. For
many, searching Medline and Google Scholar is only the first
step in acquiring several types of information about their
colleagues. The purpose of the My Information section in
Digital|Vita is to store rich and comprehensive profiles of
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researchers in the database and make them available for flexible
and powerful searching by others.

1. Simple and advanced search of profiles: The first step in
finding an expert within Digital|Vita is to allow users to
query profiles flexibly. While the simple search in
Digital|Vita only offers the capability to query profiles using
keywords, the advanced search adds institution, department,
location (for institutions with multiple campuses),
publication activity, and relevance. (Relevance is a score
indicating the level of expertise of the “hit” regarding the
desired research topic.) Search results return key
information about each hit (see Figure 4). They include
academic affiliation, research interests, publications, and
number of citations. Users can sort the search results and
compare the appropriateness of potential collaborators. A
potential trade-off of this design results from the fact that
status, seniority, and relative experience of a person are
now explicitly communicated. This could affect the
decisions collaboration seekers make because a
well-published and experienced researcher is now clearly
identifiable as compared to a less published, less
experienced researcher. Making these distinctions highly
visible may potentially reduce the opportunities junior
researchers are offered. On the other hand, it may allow the
searcher to target a collaborator’s level of experience and

expertise more directly. When users have identified one or
more promising candidates for collaboration, they can
access detailed profiles. Researchers’ profile pages contain
information they have approved for inclusion by managing
the My Profile section of their Digital|Vita. Thus,
researchers have relatively granular control over which
information is published about them. Typically, the profile
page displays detailed information about their background,
research interests, and publications (with links to PubMed
for abstracts and, in some cases, full-text articles).

2. Exploiting the social network to search: The search results
page also displays connections through colleagues
(identified by an icon symbolizing a social network, see
icon next to "Wendy Roberts" in Figure 4). The icon shows
two nodes if the individual is a colleague who belongs to
the user’s social network and three nodes if the individual
is a colleague of a colleague. This design paradigm
resembles the functionality of sites such as Facebook and
LinkedIn. Users may elect to search only in their extended
network (ie, among individuals who are in the social
network of their colleagues). Junior researchers may find
this feature helpful to avoid having to cold-call potential
collaborators. The Digital|Vita design currently does not
provide a mechanism for asking a colleague for an
introduction electronically, as other systems do.

Figure 4. A sample search results screen in Digital|Vita shows brief profiles of potential collaborators
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Building and Maintaining the Social Network and
Managing Document Flow
This service is managed in the My Colleagues section of
Digital|Vita. It is intended for researchers to keep track of their
collaborators, colleagues within their department, and general
professional network of colleagues within Digital|Vita. It is the
area in the system where users build the social network that
they are able to exploit when they search for collaborators (see
above) and where they manage document flow between
themselves and their research teams.

1. Creating links to colleagues: The value of social networks
for recommending collaborators has been discussed earlier
[39-41]. An obvious hurdle to establishing a social network
is that there are few information sources from which data
can be drawn to populate it directly. Nonetheless, in order
to reduce the work for users, Digital|Vita generates
suggestions for individuals to be included in a user’s social
network by matching coauthors on papers and collaborators
on grants with existing researchers in Digital|Vita. Users
can then decide individually whether to include the
suggested individuals in their social network. However,
coauthorship and collaboration on grants are typically no
more than partial indicators of collaboration [3]. Therefore,
Digital|Vita users can ask anyone in the system to become
their colleague. In this case, the system sends an electronic
invitation, which the recipient either can accept or reject.
In case of rejection, the recipient can opt to provide a
reason. The requester is then notified about the recipient’s
decision. One design alternative that was considered was
not to notify the requester about the recipient’s decision.
This alternative would provide a way to save face for both
parties [42]. We decided against this design, however, in
order to prevent users from thinking that the system was
not working when receiving no response to their request.

2. Assembling research teams: My Colleagues also provides
a simple mechanism to label and organize groups of
colleagues. The primary use of these groups is to manage
the flow of biographical documents among them. The
rationale for this feature is that many collaborations in
academia arise within the context of pursuing a particular
funding opportunity. Since one key activity in preparing
grant applications is collecting biographical information
from each team member, it was logical to add functions to
Digital|Vita to support this effort. Users can create any
number of named groups drawing from their list of
colleagues on record in the system. As in real life, individual
colleagues can belong to more than one group. Groups can
be annotated with relevant information, for instance with
the identifier of the funding opportunity the group is
working on.

3. Managing biographical document flow: Once a Digital|Vita
user has created a named group, he or she can issue an
electronic request to the group specifying the type of
document requested (eg, NIH biosketch), the purpose for
the request, and the date the information is needed by. Team
members respond to requests through the system, which
gives each person the opportunity to customize the
requested document before it is sent. Digital|Vita issues

automatic reminders to team members who have not
responded by the due date. (Requesting documents in this
manner is also possible between individuals.) The status of
requests to and from other colleagues, as well as responses,
is tracked in a Document Inbox. The Document Inbox
allows users to send or request a document, as well as view
and manage their recent document requests. Historical
requests are accessible through a link to an archive. Before
sending a document, users can preview it to ensure they are
sending the correct document and that it contains the desired
information. If new additions to the user’s biographical
information have been made, the document can be edited
directly before sending. Users can also decline a document
request. Requests are archived automatically after the due
date of the document has passed or when the user has sent
the requested document.

In summary, maintaining, formatting, and semiautomated
updating of biographical information; searching for experts;
and building and maintaining the social network and managing
document flow are three sets of services designed to make the
process of finding collaborators more efficient and effective
and so facilitate the establishment of collaborations. We have
focused on describing the Digital|Vita functionality as separate
services in order to allow other researchers and developers to
implement them selectively or all together in other systems.

Additional Information About Digital|Vita
The preceding section presents a relatively abbreviated
description of the functionality of the Digital|Vita system. A
video illustrating a prototype of the system and its use is
available in the Multimedia Appendix. In addition, the final
report (dated July 2007) about the Digital|Vita prototype project,
which includes a comprehensive description of the problem
space, research, and development methods and the Digital|Vita
design and functionality, including the design rationale, is
available online. At present, the Digital|Vita development team
is writing detailed system specifications for the development
of a production application.

Discussion

The problem of connecting scientists with each other is not new.
However, doing so efficiently and effectively has taken on
particular relevance and urgency in an age when much of science
is migrating to a multidisciplinary, collaborative, and
team-oriented model. At the same time, while electronic systems
to help connect scientists have existed for some time, to this
point they appear to have played only a minor role in helping
scientists form collaborations.

Systematic approaches to designing systems to help researchers
find collaborators are only in their infancy. We began this study
with two basic research questions: (1) What requirements should
systems for finding collaborators in biomedical science fulfill?
and (2) Which information technology services can address
these requirements? We believe that we have made an important
contribution to the design of expertise locating systems with
regard to both questions. The five main themes we have
identified as requirements for such systems (compatibility,
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communication, intermediation, information quality and access,
and motivation) show that collaboration seeking is a complex
activity that does not depend simply on the ability to retrieve
factual information about potential collaborators. It is clear from
our exploration of these themes that social connectedness,
personal and professional compatibility, and power differentials
influence the formation of collaborations. This means that
systems that do not model and leverage the social context are
at a clear disadvantage in satisfying the social requirements for
establishing collaborations.

On the other hand, a rich informational representation of
potential collaborators also appears to be important. Checking
PubMed and Google for publications of a potential collaborator
was only a starting point for many of our interviewees. Detailed
investigation included other information resources, such as the
NIH’s CRISP, as well as patent and other databases. Because
of the fragmentation of information about potential candidates,
a thorough background search on potential collaborators is time
and effort intensive. The cost of a search, therefore, appeared
to be a barrier to finding the most appropriate and qualified
collaborators. It was therefore logical for our design to focus
on the most comprehensive and up-to-date, but customarily also
least accessible, information profile available: the CV of the
individual scientist.

Systems such as the Community of Science have long made
biographical information a centerpiece of researcher profiles.
Why do we think Digital|Vita may succeed where others have
failed? Digital|Vita is centered on one component of a workflow
that scientists almost universally perform on an ongoing
basis—maintaining and updating the CV—and adds functions
to support the establishment of collaborations. This design
mirrors Payton’s [37] approach to use trails through an
information space to identify individuals with common interests.
In both cases, information useful for expertise location is a
by-product of activities that are already being performed. In
addition, CV maintenance in Digital|Vita remains in its local
context. Moreover, institutions typically have idiosyncratic
formats for CVs and evaluations, and thus systems designed to
manage biographical information must be able to format it
according to local requirements. To our knowledge, while
DigitalVita includes this function, none of the major commercial
expertise locating systems, such as the CoS, Collexis, and
Research Crossroads, provide this functionality, which is a
major barrier to their adoption.

Managing biographical information within Digital|Vita not only
requires no extra effort from a scientist compared to the

traditional approach, it actually reduces effort because the raw
biographical information is converted automatically to several
frequently used standard formats. Making this workflow a
central feature of Digital|Vita may prompt researchers to at least
explore the collaboration-seeking functionality of the system.

However, the simple availability of features to search for
collaborators does not mean that they will be used. Encouraging
researchers to seek collaborators through Digital|Vita as opposed
to traditional methods faces significant obstacles. For instance,
established researchers often are so well-informed and
well-connected that they, on average, will outperform any
electronic system. We therefore anticipate that Digital|Vita may
be primarily attractive to younger scientists (who may be using
social networking tools in their life outside of work) and
scientists who are new to the University of Pittsburgh or who
are planning to collaborate with individuals in disciplines that
they are not very familiar with. Digital|Vita also faces a complex
challenge in keeping information about a researcher private
while at the same time marketing that researcher to maximum
effect. We believe that the granular control Digital|Vita provides
in determining what information is public and what is not will
help individuals adjust their public profile to their preferences.
Other potential barriers to adoption include establishing an
initial critical mass of profiles adequate for finding and choosing
collaborators and integrating the systems and its capabilities
with the regular work practice of the institution and individual
researchers.

Future work on the Digital|Vita system will take two major
directions. After development and implementation of the
production system, we plan to design additional functions
intended to improve the matching process among potential
collaborators. Most likely, this research strand will focus on the
development of algorithms to help pinpoint the most promising
collaborators and bring new potential collaborative opportunities
to a researcher’s attention. A second direction for the
Digital|Vita effort will be to identify other information
technology services to help scientists find and access resources
that are useful for their work. For instance, we are currently
working on a directory of computational resources at the
University of Pittsburgh to support scientific problem solving.

It is clear that electronic systems in support of research, and
specifically those supporting the establishment of collaborations,
will become increasingly important in the future. As more and
more science goes “digital,” both in its execution as well as in
its documentation, systems such as Digital|Vita will become
essential to the everyday life and activities of scientists.
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