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Abstract. The World Health Organization is currently developing the 11th revi-
sion of the International Classification of Diseases (ICD-11). ICD is the standard
diagnostic classification used in health care all over the world. In contrast to pre-
vious ICD revisions that did not have a formal representation and were mainly
available as printed books, ICD-11 uses OWL for the formal representation of
its content. In this paper, we report on our work to support the collaborative de-
velopment of ICD-11 in WebProtégé—a web-based ontology browser and editor.
WebProtégé integrates collaboration features directly into the editing process. We
report on the results of the evaluation that we performed during a two-week meet-
ing with the ICD editors in Geneva. We performed the evaluation in the context of
the editors learning to use WebProtégé to start the ICD-11 development. Partici-
pants in the evaluation were optimistic that collaborative development will work
in this context, but have raised a number of critical issues.

1 Creating a Formal Representation of ICD-11

Ontologies and terminologies are a critical component of many knowledge-intensive
systems. In recent years, we have seen a considerable growth both in the tools that sup-
port the development of ontologies collaboratively and the projects that include contri-
bution by a community of experts as a critical part of their workflow.

The development of large biomedical terminologies and ontologies is possible only
in a collaborative setting. The Gene Ontology (GO) is one of the more prominent ex-
amples of an ontology that is a product of a collaborative process [3]. GO provides
terminology for consistent description of gene products in different model-organism
databases. Members of the GO community constantly suggest new terms for this on-
tology and several full-time curators review the suggestions and incorporate them into
GO. The National Cancer Institute’s Thesaurus (NCI Thesaurus) is another example of
a large biomedical ontology that is being developed collaboratively [4]. The Biomed
Grid Terminology (BiomedGT) restructures the NCI Thesaurus to facilitate terminol-
ogy federation and open content development. NCI is using a wiki environment to so-
licit the feedback about the terminology from the community at large. The Ontology for
Biomedical Investigations (OBI), a product of the OBI Consortium, is a federated ontol-
ogy, which has more than 40 active curators, each responsible for a particular scientific
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community (e.g., cellular assay, clinical investigations, immunology, etc.). Developers
of these ontologies use a variety of tools and a broad range of editorial workflows to
achieve consensus and to ensure quality [[L1].

The International Classification of Diseases (ICD) is the standard diagnostic clas-
sification developed by the World Health Organization (WHO) to encode information
relevant for epidemiology, health management, and clinical use. Health officials use
ICD in all United Nations member countries to compile basic health statistics, to mon-
itor health-related spending, and to inform policy makers. In the United States, use of
the ICD is also a requirement for all medical billing. Thus, ICD is an essential resource
for health care all over the world. The ICD traces its formal origins to the 19th Cen-
tury, and the classification has undergone revisions at regular intervals since then. The
current revision of ICD, ICD-10, contains more than 20,000 terms. In 2007, WHO ini-
tiated the work on the 11th revision of ICD (ICD-11) with the mission “to produce an
international disease classification that is ready for electronic health records that will
serve as a standard for scientific comparability and communication. ]

ICD-11 will introduce major changes to ICD, which the WHO characterizes as
(1) evolving from a focus on mortality and morbidity to a multi-purpose and coher-
ent classification that can capture other uses, such as primary care and public health;
(2) creating a multilingual international reference standard for scientific comparabil-
ity and communication purposes; (3) ensuring that ICD-11 can function in electronic
health records (EHRSs) by linking ICD to other terminologies and ontologies used in
EHRs, such as SNOMED CT; (4) introducing logical structure and definitions in the
description of entities and representing ICD-11 in OWL and SKOS. In addition to these
changes in structure and content, the WHO is also radically changing the revision pro-
cess itself. Whereas the previous revisions were performed by relatively small groups
of experts in face-to-face meetings and published only in English and in large tomes,
development of ICD-11 will require a Web-based process with thousands of experts
contributing to, evaluating, and reviewing the evolving content online.

We have developed a custom tailored version of WebProtégé, called iCAT, for au-
thoring the alpha draft of ICD-11 (Section IZ])E WebProtégé is a Protégé client that
supports collaboration and enables distributed users to edit an ontology simultane-
ously, and to use their Web browsers for editing. The application presents users with
simple forms that reflect the fields in the ICD-11 content model. The tool also in-
corporates many collaborative features, such as the ability to comment on ontology
entities.

In September 2009, WHO gathered its ICD-11 managing editors for iCamp—a two
week meeting with the goal of introducing the editors to the new development process
and to the customized WebProtégé tool, developing requirements for further tool sup-
port, and evaluating the open development process. In this paper, we report results from
an evaluation performed during iCamp, where we focused on the feasibility of an open
process for ontology development and the requirements for such a process.

To the best of our knowledge, the development of ICD-11 is the largest open collab-
orative ontology-development experiment of its kind. Thus, we believe that the insights

! http://sites.google.com/site/icdllrevision/home
2 A demo version is available athttp: //icatdemo.stanford. edu
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that we gained from our evaluation will be informative to the organizers and developers
of similar projects. Specifically, this paper makes the following contributions:

— We describe the customized WebProtégé system that is being used in the collabo-
rative development of ICD-11.

— We use WebProtégé as the context for an evaluation of feasibility and requirements
of a collaborative ontology-development process.

2  WebProtégé and the ICD-11 Customization

Our goal in developing a customized version of WebProtégé is to support the collab-
orative development of the ICD-11 content. In this section, we give an overview of
the main artifact that we are building—the ICD Ontology (Section 2.1) and describe
the WebProtégé architecture (Section 2.2). We highlight the key elements of the user
interface in iCAT, the custom-tailored version of WebProtégé, in Section 2.3l

We joined the ICD revision project in its infancy, when many fundamental issues
(content model, representation, workflow) and requirements for the tooling were unde-
fined. Thus, we had to build tools that we can adapt on the fly when changes are made
to the underlying model, user-interface requirements and the workflow. In Section 2.4}
we describe our design of WebProtégé as a pluggable and extensible platform to en-
able each project to customize it according to its own requirements. iCAT is in fact a
particular configuration of WebProtégé.

Finally, we present the support for collaboration among a large number of distributed
users as an integral requirement of the ICD revision process. We discuss the collabora-
tion features of WebProtégé in Section[2.3]

2.1 The ICD Ontology

The previous revisions of ICD stored only limited information about a disease, such as
the code, title, synonyms, example terms, and simple conditions. The goal of the 11th
revision process is to extend the description of diseases to include other attributes: a tex-
tual definition of the disease, clinical descriptions (body system, signs and symptoms,
severity), causal mechanisms and risk factors, and the functional impact of a disease. To
support the richer representation of diseases, the WHO has defined a formal represen-
tation of the model in OWL, the ICD Content Model. The content model describes both
the attributes of a disease (e.g., Definition, Body System, Severity, Functional Impact,
and so on) and the links to external terminologies, mainly to SNOMED CT [[14]].

The ICD Ontologyﬁ is the formal representation of the ICD content model in OWL
(Figure[T). The class ICDCategory is the top level class of the ICD disease hierarchy.
The ontology uses a meta-model layer to describe the attributes that a disease class may
or should have. For example, the class representing Acute Myocardial Infarction disease
has as a type (among others) the ClinicalDescriptionSection metaclass that prescribes
that the range for the property bodySystem should be the class BodySystemValueSet.
In this example, the class Acute Myocardial Infarction has the CirculatorySystem as a
value for the property bodySystem.

3 Accessible athttp: //icatdemo.stanford.edu/icd_cm/
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Fig. 1. A snippet of the ICD Ontology. The ICDCategory is the top-level class in the ICD disease
hierarchy and has as types the metaclasses from the meta-model (gray background). The property
values of a disease class are instances of the class Term. The ValueSet has as subclasses the
different value set hierarchies used in the ontology.

All property values describing diseases are reified—they are instances of the class
Term. For each value, we use this reification to record the source of the value (e.g., for
a definition of a disease we need to record the supporting evidence in the form of cita-
tions or references) and other salient information. We use LinguisticTerms to represent
property values that have different labels in different languages. ICD aims to become a
multi-language classification, providing support for multi-linguality is paramount.

Property values that are instances of the class ReferenceTerm represent links to other
terms in external terminologies, such as SNOMED CT. For example, a disease has an
associated body part. Rather than defining its own anatomy hierarchy to serve as values
for the bodyPart property of a disease, [CD-11 references classes in SNOMED CT that
represent anatomical parts. Since it is not practical to import the entire SNOMED CT
into ICD-11, the ReferenceTerm class models all the information needed to identify
uniquely an entity in an external terminology: the fully qualified name of the external
entity, the name of the ontology, the label of the term, and other auxiliary information.
This construct allows us to import references to terms in external terminologies and
ontologies in a uniform and practical way.

2.2 Architecture of WebProtégé

Figure [2 shows a high level WebProtégé architecture diagram and the interaction of
the software components. The core functionality of the application is supported by the
Protégé server, which provides access to the ontology content, such as retrieving and
changing classes, properties and individuals in the ontology. The ontologies that the
server accesses are stored in a database on the server side. To facilitate the manage-
ment and reuse of the ICD ontology, we modularized it into several smaller ontologies
that import each other. Both the Web-based Protégé client (WebProtégé) and the “tra-
ditional” Protégé desktop client access the Protégé server to present the ontologies to
the users. Any number of clients of either type can access and edit the same ontology
on the server simultaneously. All changes that a user makes in one of the clients are
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Fig. 2. An architecture diagram of the customized WebProtégé for ICD. The ICD ontology con-
tent is accessible through both a Protégé desktop client and in a Web browser. WebProtégé ac-
cesses BioPortal for searching terms to import as external references. Both WebProtégé and the
Protégé desktop clients connect to a Protégé server to read and write the ontology content and
information that supports the collaboration features.

immediately visible in all other clients. The ICD editors use the WebProtégé client to
browse and edit ICD-11. The technical-support team often uses the desktop client to
make corrections or perform operations that are not supported in the Web interface.

In order to search external biomedical terminologies and to import terms from these
terminologies, WebProtégé accesses BioPortal, a repository of about 200 biomedical
ontologies and terminologies [9]. BioPortal provides REST service access that enables
search across different ontologies and access to information about specific terms.

Support for collaboration among users is one of the key features of WebProtégé. We
have developed a general-purpose collaboration framework in Protégé [[15]] and we use
the same framework in WebProtégé. This framework provides Java APIs for tracking
changes in an ontology, and for storing notes and discussion threads attached to ontol-
ogy entities. We also reuse the generic access policy mechanism of the Protégé server
that allows us to define customized access policies for an ontology (e.g., a user who has
only read access will not be able to edit the ontology).

2.3 Features of the WebProtégé User Interface

WebProtégé is a web portal, inspired by other portals, such as myYahoo or iGoogle.
Our vision is to enable users to build a custom user interface by combining existing
components in a form that is appropriate for their project. The user interface is com-
posed of rabs—either predefined ones or user-defined. A new tab is an empty container
in which users can add and arrange by drag-n-dropping portlets. A portlet is a user in-
terface component that provides some functionality. For example, the Class tree portlet
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Fig. 3. The WebProtégé user interface customized for ICD. The interface is composed of tabs.
Each tab contains one or more panels, called portlets that can be arranged by drag-n-drop. The
left hand-side portlet shows the disease class hierarchy of the ICD ontology. The right portlet
shows the fields of the selected disease in the tree, in this case D04 Carcinoma in situ of skin.

displays the class hierarchy in an ontology and has support for class level operations
(create and delete class, move class in hierarchy, etc.).

Figure 3] shows one of the tabs in the customized WebProtégé interface for ICD,
known to the domain experts as iCAT. The /CD Content tab contains two portlets: the
class tree portlet—showing only a branch of the ICD ontology, and a details portlet—
showing the property values of the class selected in the class tree in a simple form-based
interface. The domain experts are familiar with this type of interface from many other
applications. For each property, we use a specific widget to acquire the property values.
For example, we use a text-field widget to record the values of the ICD title property
(Figure 3). As we have mentioned in Section 2] all values of properties describing a
disease are reified as instances of the Term class. We use an instance-table widget to hide
this extra reification layer from the user and to present all the details about the reified
instance directly in the form for the disease. The widget presents a pre-configured set of
property values for the term instance as columns in the table. You can see an example
of this widget for the External Definition property in Figure 3l

Most attributes for diseases have values that are references to terms in external termi-
nologies and ontologies. For example, the property bodyPart takes as values references
to the Anatomy branch of SNOMED CT (see Section[I)). We have developed a generic
Reference Portlet that supports the simple import of an external reference with a single
mouse click. The portlet uses RESTful Web services to search terms in BioPortal. For
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example, the bodyPart for Acute Myocardial Infarction should be a reference to “heart”
from SNOMED CT. The search in BioPortal will return a list of matched terms. To
decide which SNOMED CT term to import, the user may get more information about
each search result either in textual form or as a graph visualization that are also retrieved
via Web Service calls to BioPortal. The Reference Portlet is also configurable. We can
specify in what ontology the search should be performed. We can also restrict the search
to a particular ontology branch in the configuration of the portlet (e.g., Anatomy branch
in SNOMED CT).

2.4 Configuring the User Interface

We noted earlier that one of our key goals in designing WebProtégé was to have a tool
that can be configured easily for many different settings, workflows, and types of users.
Indeed, users can configure almost everything in the WebProtégé portlets, by describing
the configuration in an XML file with a a predefined schemdl. Building a new tool based
on WebProtégé can be as simple as defining a layout configuration for existing portlets.

To support this flexibility, each portlet has a property list attached to it in the XML
layout file, which we can use to provide additional configuration information. For ex-
ample, the class tree portlet in Figure 3] displays only the disease hierarchy of the ICD
Ontology, with the ICDCategory class as the root. We defined one property topClass of
the portlet that points to the ICDCategory class in the configuration file. Thus, we can
reuse the class tree portlet to display different class-tree views by simply changing a
property of the portlet.

The declarative user interface also allows us to define custom views for different
users. In WebProtégé, layout configurations can be defined per user and per project.
Therefore, different users can see the same ontology rendered in different ways. One
can imagine a scenario in which a user works only on a branch of an ontology, or one
in which users should see only a selection of portlets. We can support these scenarios
by defining different configuration files for users.

We mentioned earlier that portlets provide independent pieces of functionality. There-
fore, we tried to avoid creating hard-coded dependencies between portlets in order to be
able to reuse them in different configurations. For example, selecting a class in the class
tree portlet should trigger the display of property values in a different portlet. Rather
than hard coding this dependency, we defined a generic selection-model mechanism.
Each tab has a controlling portlet—the portlet that provides the selection for the other
portlets in the tab. Each time the selection in the controlling portlet (e.g., the class tree
portlet) changes, the other portlets are informed via a listener mechanism about the
change and can update their content accordingly. XML layout configuration file speci-
fies the controlling portlet for a tab that can be changed at runtime.

2.5 Support for Collaboration

We implemented the collaboration framework on the server side (Section[2.2) and we
expose it in the user interface. Distributed users can edit the same ontology simultane-
ously and see immediately the results of one another’s changes.

4 XML layout configuration examples available at: http://tinyurl.com/y35gazg
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Users can add notes to classes, properties, and individuals in the ontology. They
can also reply to notes that were posted by others. At the time of this writing, there
are more than 1,300 notes in the production version of WebProtégé for ICD. Notes
may have different types, such as Comment or Explanation. When a user browses the
class hierarchy, he can see the number of notes that are attached to each class, and the
number of notes in the subclasses of that class. In Figure 3 the icon next to the class
name indicates, for example, that the class D04 Carcinoma in situ of skin has two notes
attached to it. The shaded icon next to it indicates that there are also two notes in the
subtree rooted at this class. Knowing the number of notes in a subtree, enables users to
identify quickly the branches of ontologies that have most activity and discussions, and
also to find the notes that are attached somewhere deeper in the class hierarchy. Users
can also attach notes to specific triples. For example, a user may want to comment on a
particular definition of a disease. The user may do so by clicking on the comment icon
next to a particular property value (see Figure3). The Notes and Discussions Tab is a
dedicated interface for browsing and creating notes and discussions.

WHO plans to use peer review to ensure the quality of the ICD content. In the current
implementation, WebProtégé supports a prototypical implementation of a reviewing
mechanism in the Reviews Tab. A user with the appropriate priviledges can request a
review for a particular disease class. The user may choose from a list of predefined
reviewers who are specialized on the particular domain of the disease. Once the review
is complete, the reviewer may log into the system and add a review to a class. Internally,
we represent Reviews as a specific type of notes in WebProtégé.

The WHO is still working to define the workflow of the ICD-11 revision process.
We envision that WebProtégé will support this workflow in a generic and flexible way.
Currently, we support only parts of the workflow. WebProtégé already has a generic
access-policy mechanism, which we use to define the different user roles (TAG mem-
ber, managing editor, etc.) and their access rights. The user interface enforces the ac-
cess rights and we can configure it for different user roles. However, much remains
to be done. The main workflow defining how the operations should flow for different
user roles is still under development. We currently plan to expose the WebProtégé plat-
form to a larger audience, which will likely have a lower level of expertise than the
current users. Members of this broader community should be able to make proposals
for changes. We are currently working out the details on how such a proposal mecha-
nism should work. Once we have a well-defined workflow, we will investigate how to
develop the tool to support a flexible and generic workflow mechanism.

3 Evaluation

We evaluated the customized WebProtégé tool during iCamp—a two-week meeting of
the members of the ICD-11 revision project. The meeting took place in September 2009
in Geneva. It brought together editors who will manage the revision process and classi-
fication experts. The goal of the iCamp was to discuss the plans for the ICD-11 revision
and to gain experience using the WebProtégé software. The objective of the evaluation
that we performed during that meeting was two-fold: (1) perform formative evaluation
of the WebProtégé software and determine requirements for further development of the
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tool; and (2) to use WebProtégé and the users’ experience with it during the iCamp as
the context to evaluate the feasibility of and requirements for collaborative ontology-
development process in general. In this paper, we report on the results of the second
part of this evaluation—analysis of collaborative ontology development.

3.1 Research Questions for the Evaluation

Our objective for this evaluation was to determine how a collaborative authoring tool
can support a diverse community of domain experts in developing a large terminology.
Specifically, we wished to address the following research questions:

Q1: Do domain experts find a collaborative development process promising?

Q2: What are the features that users find useful? Which features are required?

Q3: What is the workflow for collaborative ontology-development that a tool must
support?

Q4: What coordination and communication mechanisms do the users need?

By answering these questions, we hope to elicit further requirements for tool support
for large scale collaborative ontology-development and to understand better the process
of collaborative development itself.

3.2 Participants

The participants involved in the tool evaluation consisted of eleven medical profession-
als that will be working as managing editors for ICD-11 and nine classification experts
working to ensure the integrity of the terminology. The domain experts (i.e. managing
editors) had varied areas of expertise: rare diseases, dermatology, external causes and
injury, and so on. Each managing editor is responsible for the development of the part of
ICD-11 in his area of expertise. The revision of ICD-11 is a large international project,
thus, English is not the native language for many of the participants.

3.3 Materials and Procedures

Developers of the WebProtégé software introduced the iCamp participants to the cus-
tomized WebProtégé tool through a series of tool demonstrations and presentations.
Then participants worked in pairs over several semi-structured ICD-11 editing ses-
sions. Each of these sessions lasted for two to three hours, and took place over four
of the iCamp days. The organizers instructed the pairs to explore the areas of the cur-
rent ontology that they will be responsible for as managing editors and to begin filling
out the different attributes of the content model. However, where users could make
changes and the type of changes they could make was not controlled. The organizers
encouraged iCamp participants to use social media, such as Twitter and Facebook as
well as the collaborative features of WebProtégé. There was also a team shooting daily
videos—a few minutes each—that described the activities in the iCamp for that day and
included interviews with participants, software developers, and iCamp organizersé

5http://www.youtube.com/user/whoicdll
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Table 1. iCamp survey: Impressions about the collaborative development process

# Question

1 Do you think the WebProtégé tool is developing into the right tool for authoring ICD-11?

2 Do you have faith that the open process of developing ICD-11 will succeed?

3 What are the two or three most important features you feel need to be incorporated into
WebProtégé?

4 Did you find the use of social networking and media tools during iCamp like YouTube, Facebook,
Twitter, and Blogger to be useful to the process?

5 Do you have any suggestions about how to evaluate the process of developing ICD-11?

Table 2. Questions to guide the iCamp focus group

# Question

1 Will the current WebProtégé approach/process work for you in terms of how you want or need to
work as a managing editor?

2 Will the current annotation/commenting support fulfill your collaboration needs?

3 Based on what you have been able to produce so far during iCamp, do you feel that you will be
able to develop an ICD-11 that is going to address your use cases or is the project moving in the
wrong direction?

4 In terms of the review process, how do you see the process working?

Our evaluation consisted of two parts: a survey of the participants and a focus group.
At the last day of the iCamp meeting, participants filled out a Web-based survey. Table[T]
shows the survey questions. We also conducted a focus group with the managing editors
on the last day of the first week of the iCamp. The focus group was moderated by a
researcher and the four questions shown in Table 2] guided the discussion.

3.4 Results

Once the ICD-11 editing sessions were complete, a total of 3,977 changes were made
and 392 notes were created. Out of these changes, 244 ICD-11 category terms were in-
volved and 19 of these involved multiple authors. This implies that a substantial amount
of activity took place over a relatively short period of time. In the following two sub-
sections, we discuss the specific results from the survey and the focus-group. We use
these results to derive findings that help address our research questions (Section M.

Survey Results

The goal of the survey (Table [I)) was to evaluate the participants’ impressions of the
proposed open process for developing ICD. Eleven participants responded to the survey.
We first asked participants whether the approach taken by WebProtégé was the right
one for the development of ICD-11. The responses were primarily positive. Five of the
eleven responses were a clear “yes,” others were optimistic but had some concerns, e.g.,
one respondent indicated that the “tool is focused on expert editing, not casual users.”
The second question asked whether the participants felt that the open process of
developing ICD-11 would succeed. Four out of eleven respondents answered “yes” to
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this question, while others had some level of concern. In particular, one participant was
concerned that an open process will engage users with limited knowledge. Monitoring
the contributions of these users will require extra time on behalf of the managing editors.
Others were concerned that the editors will be overwhelmed with the feedback that they
get or that a lack of ontological expertise among the participants will result in a poor
terminology. However, one respondent felt that the “wisdom of the crowd is good.”

Following this question, participants were allowed to describe their top three feature
requests. Seven participants responded to this question with at least one feature request.
The following features were listed by more than one participant: six respondents re-
quested better hierarchy management support, two wanted to view the list of proposals
in progress, two requested communication support, and two requested status reports.

We also asked participants about the use of social networking and media tools dur-
ing iCamp. There was mixed feedback, only a few of the responses were positive. Many
participants felt that face-to-face meetings are far more effective, and that the informa-
tion needs to be centralized rather than spread across multiple social networks. One
respondent suggested that the information should be integrated into the WebProtégé
tool and one felt that the use of so many media was “media overkill.”

Next, we asked for suggestions on how to evaluate the development process of ICD-
11. Respondents were keen on eliciting feedback about the development through future
face-to-face meetings as well as periodic web-based surveys. One respondent also sug-
gested monitoring participation by editors and the general public.

Focus Group

The focus group consisted of a two-hour semi-structured moderated discussion. The
participants felt that WebProtégé was a good initial step, but a lot of work needed to be
done in terms of supporting an open collaborative process where anyone can propose a
terminology change. Participants indicated that it was unclear to them at that moment
what this process should entail in terms of peer review and conflict resolution.

Participants indicated that the current WebProtégé support for commenting was very
granular, enabling users to comment on anything in the system. Participants proposed
that another, higher-level type of discussion also needed to be supported. Such discus-
sions would not be attached to any specific element in the terminology.

Awareness and tracking of changes to the model was also a key discussion issue. Par-
ticipants felt that appropriate users need to be notified when certain changes take place.
Moreover, participants felt that the WebProtégé model, where changes are immediately
committed and visible to everyone, was “too permanent’”: There was no obvious way to
experiment with changes to the terminology without having the changes immediately
impact everyone else who was editing or navigating the terminology.

Finally, participants felt that the process of managing proposed changes needed to be
defined better and eventually supported by WebProtégé. Participants raised the concerns
about privacy for the reviewers of a change. Some participants felt that if a review was
not anonymous, then reviewers would be reluctant to be completely honest about a
proposal or that it would create more pressure for the reviewers.
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4 Findings and Discussion

In this section we return to the research questions that we introduced in Section [3.1]
Based on the results from our two evaluation procedures, we attempt to answer these
questions in order to address our research objective.

4.1 QI1: Do Domain Experts Find a Collaborative Development Process
Promising?

Our survey results indicated that participants had mixed impressions about the collabo-
rative development process. Their central concern about the open process was not only
the resources that are required in order to develop the process and software for handling
such an ambitious goal, but also the time it would take to manage change proposals by
unqualified users of ICD-11. Such a “crowdsourcing” approach has the advantage that
potentially many participants will help with the development process and with main-
taining the integrity of the terminology, yet it also opens the development to anyone
who is interested, regardless of their expertise level.

We can compare the collaborative-development process of a terminology, such as
ICD-11, to other “crowdsourcing” projects. We can draw parallels, for example, with
open-source software development: the potential number of contributors is probably
on a similar scale to the number of contributors to specialized terminologies, since
making contributions requires expertise in a specific domain of knowledge (software
development in one case, medicine in the other).

In open source software development, the openness of the source code can actually
help increase the overall quality of the code. Because everything that a developer pro-
duces is freely available to the public, there is both social pressure to make the source
code as readable, maintainable, and stable as possible and there are more people avail-
able to evaluate the code quality: “given enough eyeballs, all bugs are shallow” [[10].
Mockus and colleagues [7]] found that both the open source projects Mozilla and Apache
had very low defect density levels after release in comparison to commercial software,
in part due to the larger community of users contributing to bug reports.

Few code contributions to large open-source projects come from unqualified devel-
opers. Instead, highly qualified developers often make up the core set of contributors,
as their only incentive is to improve the software for their own use or for the intellec-
tual challenge [6/16]]. Finally, since open-source developers often pick and choose what
to contribute to, they choose the components that most interest them. This flexibility
ensures that the developers are typically engaged in their work, versus a commercial
project where they are generally assigned work, regardless of interest [7]].

Researchers have observed similar results with the articles contributed to Wikipedia.
The online encyclopedia provides a means for those with specialized knowledge to
share that information with the rest of the world [[1].

However, there is also a significant difference between contributing to open-source
software projects or contributing to Wikipedia and contributing to ICD-11. Contributing
to source code requires certain level of technical expertise with the tools, if only to
compile your contribution. Tools such as WebProtégé are designed to require little or
no technical expertise to contribute. Thus, we must develop other mechanisms to control
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who can contribute content. For instance, we may require that contributors to ICD-11
have accounts that are validated by WHO or its subsidiaries in the respective countries.

At the same time, Wikipedia benefits from an extremely large user community, which
helps ensure its quality. Naturally, the number of users who can understand and evaluate
the ICD-11 content is far smaller than the number of Wikipedia users. Hence, WHO
needs to develop a more structured revision and quality-assurance process.

4.2 Q2: What Are the Features That Users Find Useful? Which Features Are
Required?

Among the features that participants felt were critical for a tool to support collaborative
terminology development, multi-lingual support was mentioned by several participants
both in the survey and during the focus group discussion. In a large, international de-
velopment effort, this feature is critical. Participants also requested better hierarchical
editing support. Although the users found the terminology navigation easy to use, they
struggled with making modifications to the actual hierarchy. This is particularly in-
teresting, as WebProtégé uses the same hierarchy navigation and editing paradigm as
many other ontology-development tools. The participants struggled with understanding
how to rename category entries or moving parts of the hierarchy using the drag-n-drop
feature. They also struggled with tracking and revising changes that they made.

In collaborative terminology development, awareness of terminology changes is ex-
tremely important. Editors need to be aware of change proposals as well as have support
for working together with other editors to incorporate or review proposals. Users need
to be able to see an overview of an entire change proposal. Also, users need to know
when major changes take place, changes that may influence their use of the terminology.

The software will need to support an audit trail for tracking how a category and its
associated attributes change over time. There will need to be visibility about who made
certain changes and how a proposal was reviewed. As mentioned, in the WebProtégé
version that we used for the evaluation, it was difficult to track your own changes and
navigation history, both of which will need to be present to help support the continued
development of the terminology.

4.3 Q3: What Is the Workflow for Collaborative Ontology-Development That a
Tool Must Support?

The workflow for incorporating change proposals to the terminology was a major con-
cern of the participants in our evaluation. Currently, WebProtégé allows any authorized
user to make direct changes to the terminology. However, once the wider community
starts contributing to the content, they will be able to do so by creating change propos-
als. General users will make the proposals for changes, and there will be a series of
steps that will be required to review and accept the proposal. For example, managing
editors will receive the change-proposal and determine whether it should be reviewed.
If review is necessary, the change-proposal will pass through a peer review stage and if
approved, the change-proposal will then be reviewed by the Topic Advisory Group.
Any large scale collaborative development process will need tool support for in-
corporating, tracking, and reviewing changes. The exact process for performing this
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tracking and how it can be best supported is not yet clear, but it will most likely
blend ideas from journal review processes, open source software development, and ex-
isting work on conflict resolution in ontology versions [5]. However, our analysis of
workflows in several large-scale collaborative ontology-development projects [[1248113]]
shows that the workflow for each project is different and involves different steps re-
quired by a changed approval. Indeed, there are several efforts to develop a declarative
representation of customizable collaborative workflows [2l11]].

4.4 Q4:What Coordination and Communication Mechanisms do the Users
Need?

Our participants indicated that they needed at least two levels of communication sup-
port: low-level commenting on ontology elements and changes (already supported by
WebProtégé) and higher-level discussion that could encompass multiple parts of the
terminology (supported by the collaboration framework on the Protégé server, but not
yet exposed in the user interface). Separate, perhaps private, communication support
mechanisms will be necessary for editors working together to review proposals. These
comments will possibly involve cross-cutting concerns that include categories within
separate branches of the hierarchy or may be of a general nature, for example, com-
ments relating to the review and editing process. The results or verdict of these reviews
will also need to be communicated to the public.

Our analysis did not produce a clear picture of what role, if any, common social-
networking sites, such as Twitter and Facebook, can play in the social process of termi-
nology development. The participants did not enthusiastically embrace the use of this
media in the context of iCamp. However, this may have been in part due to the partic-
ipants all being co-located, thus, face-to-face communication was most effective. This
may also be biased if most of the participants were not already Facebook and/or Twitter
users. Unfortunately we do not have statistics about this information.

Again, drawing parallels to open source software (OSS) development, successful
projects like Apache and Mozilla rely heavily on somewhat archaic technologies like
mailing lists and bugzilla as their main coordination and feedback tools [7]. However,
these are older OSS projects. Newer companies like EclipseSourceﬁ, make heavy use
of tools like Twitter, blogs, YouTube, and Skype. There is great potential to re-use such
tools in collaborative ontology development, but there needs to be buy in from the users
as well as integration into the development process. As the ICD-11 project progresses,
contributors will be working distributively. At that point, existing social-networking
sites may play a larger role.

5 Conclusions

We have presented WebProtégé, a Web-based tool for distributed collaborative develop-
ment of ontologies. WebProtégé is currently being used by the World Health Organiza-
tion as the primary development environment for ICD-11, a key international medical

6 http://eclipsesource.com/
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terminology. Developers of other terminologies within the WHO Family of Interna-
tional Classifications (WHO-FIC) are beginning to use WebProtégé as well.

The open development of ICD-11 promises to be an exciting experiment in how
far collaborative terminology development can go. At the same time, WHO members
depend critically on the high quality and timely availability of the 11th revision of the
ICD. Hence, the cost of failure is extremely high. However, the ICD experts believe that
opening ICD development to a wider international audience is the only way to assure
its comprehensive coverage, availability in multiple languages, and correspondence to
the latest understanding of clinical practice.

Participants in our evaluation—none of whom are ontology experts or have previ-
ously participated in such an open development process—were optimistic that collab-
orative development will indeed work in this context. They have raised a number of
critical issues, including the trade-off of having more experts contribute to the content
and requiring more resources to assess the quality of these contributions. They also
highlighted critical requirements for tool support such as change tracking, awareness of
the state of the change proposals, discussions and notifications mechanisms.

We are currently working on the next version of WebProtégé that will address many
of the requirements for the initial state of the development. Simultaneously with the tool
development, ICD-11 contributors are already developing and extending content using
the current version of the tool. Indeed, in the past month, 12 users have made over 4000
changes and more than 1400 comments.
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