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Abstract. Communities on the Web capture, represent, and evolve their knowledge using ontologies, either explicitly or implicitly. The Gene Ontology
project is a typical and advanced case study of a community-driven ontology
creation and evolution. We use this case study to derive and illustrate factors
that limit dynamic knowledge sharing in community environments. Specifically, we analyze ontology evolution implemented by the Gene Ontology community over the period of five years, as well as the used infrastructures for knowledge management. We observe limitations of communication practices within
community-driven ontology construction, the lack of correlation between requested and actual changes in the ontology, and propose social and technical
guidelines for making ontology-based knowledge sharing and evolution more
responsive to users’ needs.
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1 Introduction
Community-driven ontology construction has been applied in a number of case studies in various domains, such as in environments to support work of an organization
as well as for entertainment and keeping in touch [5, 10, 16] or infrastructures for
Semantic Wikis [11, 15]. The Semantic Web approach [2, 6] and development of
knowledge portals [8, 13] brought numerous technologies for knowledge representation and sharing that serve as a ground for community-driven ontology evolution.
Ontology evolution with social aspects [3] become generally important as there is an
emerging need to understand how online communities advance their shared knowledge over time, how to measure and predict the ontology evolution rates, and how
these rates co-relate with communities’ successes or fruitful collaboration outcomes.
A promising area for community-driven ontology management application comprises environments supporting knowledge-intensive research communities, e.g., in
eScience. Typically, life sciences can be seen as an important domain of communitydriven Semantic Web application due to large amounts of domain-related information
and data that needs to be exchanged between the life scientists. In particular, a charter
for “Semantic Web for Health Care and Life Sciences Interest Group” (HCLSIG) has

been published by W3C1. Community-driven ontology construction is being addressed by the Gene Ontology (GO)2 developers and users on a large scale. The GO
Consortium [4] provides structured, controlled vocabularies and classifications that
cover several domains of molecular biology and are freely available for community
use in the annotation of genes, gene products, and sequences.
The GO community can be seen as far ahead of other communities in consensusgrounded and collaborative construction of ontologies [1]. Moreover, the ontology
size, its high dynamics rate, years of progressive development, and large number of
people involved in the project make the GO community one of the largest, representative and thus important case studies for application of community-driven semantics.
Our research objective in this paper is to observe how the collaborative community-driven ontology evolution is implemented in the real-life practical setting, and thus
identify successes and further challenges for the approach. We analyze the way the
GO community organizes the ontology construction process, track dynamics of GO
over time periods, identify correlations between community involvement and the GO
evolution, its up-to-dateness and representation. Using the GO case, we illustrate how
the communities’ working habits and the state of the art supporting tools can be further advanced towards making the ontology evolution driven primarily by the communities of its users and developers.
The paper is structured as follows. In Section 2, we describe the general relation
between goals and usages in Web community infrastructures, and in particular the GO
community: their goals and activities. Actual changes taking place in the GO over a
five year period are presented in Section 3, and an analysis of these changes is provided in Section 4. In Section 5, we discuss approaches that can assist to evolve the
GO. Section 6 concludes the paper.

2 Goals and activities of the community
Evidently, in many cases a community is created to reach certain goals, as it is the
case for the GO community. At the same time, the reality demonstrates that once the
community Web environment starts to run, it is very likely to be used to satisfy also
other goals than the ones set by the community environment hosts [12]. Thus “usages” of ontologies in community environments can differ from the creation purpose of
these ontologies and environments. In fact, “usages” can redefine the initial community “goals”. For example, software developers may find that communities have discovered and are using added-value functionality for a certain purpose whereas the product has not initially been designed for this purpose. The developers can set catering
this previously unexpected usage purposes as a goal of further development, thus
demonstrating a strong connection between goals and usages.
In Figure 1, we show the main interaction levels we distinguish characterizing
goals and usages in community environments, which are as follows.
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To structure information: Concurrent Versioning System (CVS), SourceForge
account3, editors such as DAG-Edit4, formalisms such as OBO language
(OBOL);
To distribute/disseminate information: websites geneontology.org, sourceforge.net, CVS, converters to different ontology languages such as to OWL5.

3 Structure and changes of GO
Structurally, GO as such consists of three sub-ontologies of the following domains:
• biological process ontology,
• cellular component ontology,
• molecular function ontology.
The molecular function defines what a gene product does at the biochemical level.
The biological process normally indicates a transformation process triggered or contributed by a gene product involving multiple molecular functions. The cellular component indicates the cell structure a gene product is part of. As a whole, GO contains
around 20 000 concepts.
The ontology structure is fairly simple: GO is a handcrafted ontology accepting
only ”is-a” and ”part-of” relationships [14]. The hierarchical organization is
represented via a directed acyclic-graph (DAG) structure similar to the representation
of Web pages or hypertext systems. Members of the GO consortium group contribute
to updates and revisions of the GO. The GO is maintained by editors and scientific
curators who notify GO users of ontology changes via email, or at the GO site by
monthly reports. When annotating the GO terms, the provided annotations should
include its data provenance or source a cross database reference, a literature reference,
etc.
GO is available in several different formats, such as: OBO flat file format (obo extension), GO flat file format (ontology extension), XML (RDF/XML) file format (rdfxml extension), OWL (RDF/XML) file format (owl extension), MySQL Version.
The structure of a GO Term is as follows:
• term name (e.g., “cell”),
• a GO identifier/accession number: an arbitrary (non-semantic, meaningless)
unique, zero-padded seven-digit identifier prefixed by GO (e.g., “GO:0005623”),
• optional synonyms (e.g., “synonym of apoptosis= type I programmed cell
death”),
• database cross references: identifiers used to maintain cross references among
databases (e.g., term “retinal isomerase activity” has the database cross reference
EC:5.2.1.3 which is the accession number of this enzyme activity in the Enzyme
Commission database),
• definition (e.g., ”The action characteristic of a gene product.”),
3
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comment (e.g., “Note that this term refers to both the old and new”).
An example of a GO term description in the OBOL 1.2 notation is as follows.

[Term]
id: GO:0000015
name: phosphopyruvate hydratase complex
namespace: cellular_component
def: "A multimeric enzyme complex, usually a dimer or an
octamer, that catalyzes the conversion of 2-phospho-Dglycerate to phosphoenolpyruvate and water." [GOC:jl,
ISBN:0198506732 "Oxford Dictionary of Biochemistry and
Molecular Biology"]
subset: gosubset_prok
synonym: "enolase complex" EXACT []
is_a: GO:0043234 ! protein complex
is_a: GO:0044445 ! cytosolic part
All changes in the gene ontology are listed explicitly in monthly reports6, apart
from being steadily executed in the shared repositories runtime. The monthly reports
contain a concise summary of what has happened in the GO ontologies over the past
months, specifically, information about
1. new terms,
2. term name changes,
3. new definitions,
4. term merges,
5. term obsoletions,
6. significant term movements,
as well as general statistical data for the ontologies, such as total quantities of
terms for every sub-ontology and the items from the SourceForge tracker that have
been closed over the past month.
Addressing the issues of explicit and implicit feedback in the GO community, one
has to primarily notice that active curation of the GO construction is one of the GO
success factors [1]. GO construction is moderated by about 40 GO team members.
However, involvement of a broad community of ontology users is limited to their
provision of suggestions on ontology modification. Such approach to ontology construction can be seen as restrictive in the light of current consensus modeling solutions which provide community members more opportunities to be involved in ontology construction [16].
Explicit feedback (i.e., what community members request to change) is mainly performed via SourceForge. Specifically, any community member can submit a suggestion on GO modification, e.g., as a “curator request” for issues on the ontology terms.
Four categories are offered to choose from when a request is submitted: “new term
request”, “other term-related request”, “term obsoletion”, and “none”. Explicit feedback features from sourceforge.org have been available from February 2002 and in
March 2002, the first SourceForge requests started to get resolved by the GO curators.
In Figure 2, we indicate how many “curator requests” to change the gene ontology
were explicitly proposed by the community (the lower line of the graph). As for the
6
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ontology evolution as a whole, a steady increase on the work around GO is observed,
both in terms added and in relations between these terms. In fact, the number of relations between the terms grows considerably rapidly than the number of terms [9]. On
the graph in Figure 2, we summarize the total number of changes in GO (the upper
line of the graph) over time. The horizontal axis indicates the time period and the
vertical axis indicates the total number of ontology changes.

4 Data analysis
In this section, we provide the community-driven ontology evolution challenges and
limitations derived from the case study. We also discuss the publicly available case
study datasets (see Section 2 and 3 for the references) and the specifics of measuring
or counting the changes in an ontology developed by a community.
4.1 Challenges and limitations of community-driven ontology evolution
Analyzing the GO dynamics data, certain challenges or issues can be identified with
respect to the general community involvement in ontology construction:
• dynamics of the ontology development only weakly correlates with the development of the actual domain (biology): in particular, at certain points in time substantially more changes are made merely because the curators are more active or
because a major formal restructuring of the ontology takes place (as for example,
the modification “peak” of April 2003 represented with the upper line of the
graph in Figure 2);
• in some cases, actual community involvement goes beyond model organism
database communities. For example, the development of the immunology component (comprising 726 new terms) of the GO did not come from any particular
model organism database community, but from the immunology community [7].
However, the GO community does not have typical automatized practices for integration of the ontology construction input from adjacent communities. Such integration is performed via ad-hoc modeling and merging, and face to face meetings between the community representatives;
• certain relatively old (e.g., dated from 2002) curator requests are still marked as
“open”, which shows that the communication process in the community can be
improved by employment of an infrastructure allowing support of alternative versions and enabling communities to agree on some parts of these ontologies.
Regarding evaluation of the quality of community involvement in the ontology construction and the completeness and comprehensiveness of the ontology, the following
observations have been derived from the GO community case study:
• implicit feedback (how GO is actually used) is currently directly not considered
in ontology construction;
• SourceForge requests from the community are far from directing or causing the
majority of changes: as one can see from Figure 2, most of the changes done in
the GO are still curator/expert-driven;
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changes in the function ontology: these term name changes constitute ca. 81% of the
total changes in the whole GO for this month.
In order to diminish the importance of the “bulk” changes and generally attain a
balanced representation of modification rates across different categories, we propose a
normalized measure for calculating an “adjusted” weight of total changes in one category over a specific period of time. Using the adjusted weights instead of the weights
calculated as the sum of the all the changes provides a semantic (versus “mechanic”)
view on the ontology evolution. The formula for calculation of the adjusted weight is
shown in Equation 1. There, ya,b is a new resulting adjusted weight of the ontology
changes made for month a and change category b, and xa,b is an absolute number of
such changes (as taken as an input for Figure 2). The total number of time periods
(here, months) analyzed in the use case accounts from 1 to n and is denoted as i. The
total amount of ontology change categories present in the use case accounts from 1 to
m and is denoted as j. The total adjusted weight of changes for a specific month can
be obtained as the sum of the adjusted weights of all change categories for this month.
,

,

∑ ,,
∑

,
,

(1)

Eq. 1: Adjusted weight of ontology changes for month a and category b
The formula is designed to decrease the weights of the change categories where the
large number of changes is regularly occurring on a “mechanical” or “bulk” basis and
increase the weights of the changes that are performed more rarely and require more
community members’ inputs and attention. In particular, application of the Equation 1
for month of March 2003 and the category “term name changes”, the resulting weight
of the changes in this category is 4206 vs. 5052 changes in an un-adjusted weight. For
the observed 5 year period, the changes in the category “term name changes” occurred more frequently than average changes in all categories by ca. 20%. The later
means that in calculation of the adjusted weights, changes made in this category are
counted as less significant than initial number-based weight, while changes in few
other categories result in higher adjusted weights than initial weights.
The formula of Equation 1 especially well reflects the situation where the intensiveness of the community feedback needs to be correlated with the intensiveness of
the actual ontology development. Different weight adjustment formulas for actual and
requested changes can be constructed depending on the needs of the use cases for
community driven ontology evolution. Here, as the requested changes the ontology
change requests do not normally come in “bulks” but are user-generated on a one-byone basis, the requested changes numbers are not as substantially influenced by the
formula as the adjusted weights for actual changes. However, as the GO use case is
not community-driven to its full potential, even after application of the formula and
recalculation of the weights of the requested vs. actual changes, the discrepancy between the community-driven and the actual ontology evolution remains.

5 Towards increased community support
As described in Section 3, the explicit feedback to the ontology editing can be partially obtained via ontology development environments like SourceForge. However,
current community-driven ontology evolution is hardly influenced by the communities’ implicit feedback, and we are not aware of tools for integration of such feedback
in the ontology evolution process. The contribution of implicit feedback to the ontology construction could be substantially improved by applying emerging social software practices. In particular,
• applications employing the ontology could automatically report the difficulties
encountered by the GO users;
• relying on the community in adding, making obsolete or dislocating ontology
terms, and not on a curator. The latter involves considerable amount of human
labor, long time to perform the change, and the risk of acquiring a single point of
failure in the process;
• new and existing ontology items could be automatically suggested to other parties who are potentially interested in these items. For example, as discussed in the
community-driven ontology matching approach, the ontology items can be suggested for use to other people under condition that the users belong to relevant
communities and social networks [17].
Here we list challenges that are needed to be overcome in the current ontology and
knowledge management practices in order to attain the community-driven ontology
evolution [16]. In
Table 1, we name these challenges in its first column. The requirements on enabling technical infrastructures are listed in the second column of the table, and the requirements on communities’ habits are listed in the third column of the table.
Bringing community-driven ontology evolution to the GO and similar communities is targeted at the following audiences:
• Developers of various community environments (to illustrate by example the
influence of user and developer communities on ontology construction process,
and define requirements to the infrastructures allowing benefit from its communities at the highest degree);
• Developers of tools supporting ontology evolution and versioning (to give an
idea on which ontology change operations are especially useful and can be successfully captured and processed by the community);
• Computer scientists community, to spot gaps in the market with the case studies
for community-driven ontology construction, such as for the GO communities.
In this paper, technical factors of community-driven ontology construction have
been considered in more detail than social and organizational factors. This consideration is intentional as (i) the paper mainly addresses the readers with a technical background, (ii) collection and analysis of the social and organizational factors are very
complex and go beyond ontology engineering. For instance, a specific influence of
the GO community face-to-face meetings or the impacts of the GO advisory board on
the ontology evolution are very difficult to capture, represent and estimate quantitywise. Once the technical support enables to manage and measure aspects related to

social and organizational factors of the community-driven ontology evolution, the
impact of such factors would need to be further analyzed.
Challenge
Acquisition
of ontologies
and annotations

Notification
and search of
ontology
items
Ontology
visualization
and usability

Infrastructure functionality
requirements
Enable large scale implicit automatic production of ontologies
and semantic annotations that
represent results of users’ activities, such as creation and reuse of
ontology items in applications,
references to existing instance
data, etc.
Retrieval of relevant ontology
items on the basis of usage histories, personal profiles and preferences, social network and community information
Visualizing ontology taking into
account importance of the item
to a specific user, selection of the
usable presentation mode

Versioning
support

Maintenance and usage of the
versioning history in processing
of ontology items and annotations

Scalable,
distributed
infrastructure
support
Mobility

Accessing and using information
from different sources; extracting knowledge from large volumes of information
Connectivity between devices
used by community members to
work with knowledge; an opportunity to easily switch from one
device to another

Community habits requirements
Getting used to authorized sharing of the data arising from
person’s activities; understanding of security and privacy
issues

Learning how to use more complex search, notification and
user rules technologies to their
full potential
Understanding of the subjective
character of information that is
seen, i.e., why the software
demonstrates the ontology and
the annotations in the way it
does
Getting accustomed to consider
the date of the items, e.g., when
searching or designing applications that take into account
versioning information
Understanding that multiple
heterogeneous information
sources can vary in stability,
reliability and trustworthiness
A habit to contribute to the
community from wherever possible, in particular, situations not
only limited to a typical office
setting

Table 1: Habits and infrastructure requirements for community-driven ontology evolution

6 Conclusions
The paper investigates the current community-driven ontology evolution principles,
taking the GO community practices as an advanced use case for ontology-based
knowledge sharing and evolution. Discrepancies in correlation between the requested
by the community vs. the actually performed ontology changes are identified and
illustrated. The guidelines for development, measurement and use of advanced infrastructures supporting community-driven ontology evolution are suggested on the basis
of the GO case study. As GO is highly community-driven, observations and conclusions drawn from its case shall serve as a flagship for numerous less developed cases
of community-driven ontology evolution.
Curator-driven approach made the GO project a success of community-driven ontology development even before the later trend became common with communitydriven ontology management, Semantic wikis and Web 2.0 technologies. The restrictiveness of the curator-driven approach keeps the ontology development under control
to a higher degree and presumably helps to keep more facts in the ontology scientifically justified or “correct”. However, together with the imperfections of the current
ontology development infrastructures the “curated” approach makes the resulting
ontology less up-to-date, receiving less user feedback and less complete and representative than it could be. Challenges that are yet to be addressed in the communitydriven ontology evolution field are identified, and they generally shall address (i)
finding a balance between the “curated” and the purely user-generated content and (ii)
combining the technologies that assist to formalize and process more information
about the community, including its currently implicit social and organizational factors.
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