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Abstract. The goal of the Ontology Summit 2010 was to address the current shortage of persons with ontology expertise by
developing a strategy for the education of ontologists. To achieve this goal we studied how ontologists are currently trained, the
requirements identified by organizations that hire ontologists, and developments that might impact the training of ontologists
in the future. We developed recommendations for the body of knowledge that should be taught and the skills that should be
developed by future ontologists; these recommendations are intended as guidelines for institutions and organizations that may
consider establishing a program for training ontologists. Further, we recommend a number of specific actions for the community
to pursue.
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Editorial remarks

This document is the Joint Communiqué of the Ontology Summit 2010, the fifth in an annual sequence
of events in which the international ontology community explores a given topic over a series of online
meetings culminating in a face-to-face symposium held at the National Institute of Standards and Tech-
nology (NIST). The goal is to reach a position enjoying a broad consensus across the entire community.
The 2010 Ontology Summit was devoted to the education of ontologists under the heading “Creating
the Ontologists of the Future”. It was organized by the Ontolog Forum, NIST, the National Center for
Ontological Research (NCOR), the National Center for Biomedical Ontology (NCBO), and the Interna-
tional Association for Ontology and its Applications (IAOA). Our goal was to get an overview of how
ontologists are currently trained, whether the training meets the requirements that ontologists face dur-
ing their work, and of the degree to which this training is sufficient to meet projected needs. During
roughly three months the participants of the Ontology Summit organized seven teleconferences, two sur-
veys, and a Delphi study. The process culminated in a face-to-face meeting in Gaithersburg, Maryland
on March 15-16th, 2010, where this document was finalized. Its purpose is to communicate to the larger
ontology community and to the general public how the current training of ontologists falls short and
what steps should be taken to improve the situation. The Ontology Summit 2010 was co-sponsored by
61 organizations and this Joint Communiqué was endorsed by 93 members of the extended ontology
COmmunity.

1. Summary

Increasingly, major national and international projects and systems centered on ontology technology
are being developed and deployed by governments and by scientific and commercial organizations.
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This brings a growing need for ontology expertise and thus for new methods and organizations for the
education and training of ontologists. The goal of the Ontology Summit 2010 was to develop a strategy
for the education of ontologists. To achieve this goal we studied how ontologists are currently trained,
the requirements identified by organizations that hire ontologists, and developments that might impact
the training of ontologists in the future.

The main findings and results of the Ontology Summit 2010 are:

(1) That there is already a large demand for trained ontologists, and the demand is expected to in-
crease as ontology-based technologies become more successful and as the quantities and number
of different types of data continues to expand.

(2) That there are very few formal training opportunities for ontologists, and they often do not meet
the needs of trainees or of those who would hire them.

(3) That organizations wishing to hire ontologists often have difficulties in identifying qualified candi-
dates since there are so few formal qualifications in ontology, and there is no professional organi-
zation that certifies ontologists.

We developed recommendations for the body of knowledge that should be taught and the skills that
should be developed by future ontologists; these recommendations are intended as guidelines for insti-
tutions and organizations that may consider establishing a program for training ontologists. Further, we
recommend a number of specific actions for the community to pursue that will improve the education of
ontologists.

2. Introduction

Currently, data and information are often siloed, reflecting the fact that they have been collected in
ways designed to address narrowly tailored local needs and in the context of specific applications. As a
result, data is difficult to reuse for new purposes; different bodies of data do not cumulate; and possible
benefits of data integration are lost.

Applied ontology is designed to counteract these effects by creating so-called ‘ontologies’ that are
designed to facilitate more effective information exchange through machine-interpretable representa-
tions of reality of more global validity and scope. To this end, applied ontologists develop the theories,
methods and formal tools to support the creation, use and evaluation of ontologies.

Ontologies play a central role in the Semantic Web, the Linked Data movement, and in many other
technological developments, for example in the areas of semantic services and the semantic enterprise.
Multiple ontology-based approaches, loosely grouped under the heading ‘semantic interoperability’,
have come to the fore as potential solutions to critical interoperability problems. Further, technologies
that incorporate and rely on ontologies are used to increase transparency both within and across orga-
nizations, and also to enhance communication not only between computers but also between human
beings.

Major national and international ontology projects have been initiated by governmental, scientific and
industrial organizations, for example to support exchange of information across scientific, organizational
or linguistic boundaries. But the success of such efforts depends on the availability of well-trained ontol-
ogists, capable of designing and building the needed representations and of supporting their successful
implementation in the integration of data and information.

It is already clear that the resultant need for persons with ontology expertise goes far beyond the cur-
rent availability of appropriately trained personnel. Organizations seeking to hire ontologists often face
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difficulties in identifying qualified candidates since there is no professional organization that certifies
ontologists and few educational institutions that offer formal education and training in ontology.

Enhanced training would at the same time provide a developing body of knowledge not only con-
cerning the techniques of ontology but also concerning important successes and failures. In this way, it
would help those working in semantic technology and related fields to recognize where ontology can be
successfully used, and at the same time to avoid a variety of characteristic errors — and resultant project
failures — that have affected ontology initiatives in recent years.

To work effectively, the ontologist must command a specific set of skills, and it is important to examine
how formal education and training can help both to meet the increasing demand for those who have these
skills, and to enable project managers to distinguish qualified ontologists from those who simply claim
the title.

The goal of the 2010 Ontology Summit was to develop a strategy for a more coherent approach
to the education and training of ontologists, building on the results of previous Ontology Summits
(http://ontolog.cim3.net/cgi-bin/wiki.pl?OntologySummit). To achieve our goals the community con-
ducted two surveys, a Delphi study and several panel discussions, to address the following questions:

(1) How are ontologists currently trained?

(2) What abilities do ontologists consider as necessary for their work?

(3) What do employers expect from individuals that are hired as ontologists?

(4) What are the developments that might impact the training of ontologists in the future?

The responses to these and related questions allowed us to identify a number of different career paths
for ontologists as well as the associated knowledge and skills. On this foundation we developed recom-
mendations for the content that should be taught to future ontologists. In the following we will present
the results of our findings as well as our recommendations.

3. Current state of ontologist training

In this section we summarize our key findings about the current state of the training of ontologists,
requirements for training opportunities, and expected developments. More details can be found at the
Ontology Summit 2010 website (http://ontolog.cim3.net/cgi-bin/wiki.pl?OntologySummit2010).

The demand for ontologists is expected to rise considerably. There is general consensus from the panel
of experts that ontology-enabled applications and tools will become ever more widely used in the coming
years, and that a correspondingly large number of people with adequate ontology education and training
will be needed; about 5% of information systems and software engineering professionals in the next
5-10 years.

There is a large gap between education needs and education availability. Based on the surveys we con-
ducted, only one academic program was identified as devoted to education in applied ontology (a mas-
ter’s program at the University of Buffalo). In addition, we identified 21 programs that offer ontology-
centered courses. These are typically masters-level courses that form part of computing programs. The
institutions that have been identified as offering at least one course with partial coverage of ontology are
located in Belgium, Brazil, Germany, Iran, Italy, Japan, Netherlands, UK and the USA. These results
show that some students (mainly in computer science programs) have some exposure to ontology; and
that interest in ontology is not restricted to a particular geographic region. However, the main result is
that there exists only one academic program devoted to the training of ontologists. As a result, most
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of those who might consider an ontology career currently have formal training in other fields and must
therefore resort to on-the-job or self-directed training in ontology.

Significant demand for training opportunities for working professionals. We found that most training
opportunities exist within academic degree programs — for example, ontology courses within computer
science curricula. However, there is substantial demand for training outside of such contexts, including
single courses, professional certification programs, hands-on training with or without certification, and
familiarization courses as short as one week. This demand is perhaps best interpreted in conjunction
with the fact that the majority of respondents who expressed an interest in training already have some
level of familiarity with ontology and indicated that their interest in the field grows out of their current
work.

Available training opportunities for professionals do not meet needs. Logic and formal semantics are
identified as a requirement for ontologists by potential employers, evaluators, working ontologists, and
potential trainees. Typically, these subjects are covered in academic programs; however, they are not
included in shorter-duration training programs offered to working professionals. There is therefore a
significant need for more substantial training programs, delivering not just familiarity but also technical
competence, and offered in a way that makes them accessible also to those not pursuing an academic
degree.

Important subjects are absent from existing curricula. Experienced, working ontologists, potential
trainees, potential employers, professional collaborators, and senior professionals who manage, lead,
evaluate and depend upon ontologists identified a number of important subjects that are largely absent
from existing curricula.

Ontology is interdisciplinary. The surveyed ontology experts expect ontology education to take place
in interdisciplinary programs. Further, they themselves come from a wide variety of backgrounds, and
they consider their non-ontology training as relevant for their ontology-related work. These results sug-
gest that there is much to be gained by designing curricula that incorporate contributions from multiple
disciplines and welcome students from multiple backgrounds, in contrast to focusing more exclusively
on just a few feeder fields or departments.

Employers cannot easily recognize qualified ontologists. Because of the small number of designated
programs for ontologists, most people working in the field have no formal qualification in ontology.
Further, there does not exist a professional organization that certifies ontologists. Because of the lack
of formal qualifications, institutions that intend to hire ontologists often have difficulties in identifying
qualified candidates.

4. Recommendations for the training of ontologists

Based on our findings we present lists of the topic areas in which a student should be taught and the
abilities that should be developed in an ontology program. In Figs 1-3 we distinguish between skills
(the ability of a student to do something) and knowledge (basic notions grasped). Since skills build on
knowledge, the two must be taught together.

Since ontology is a highly interdisciplinary field and because the careers of ontologists are diverse,
it is unrealistic to expect students to learn everything that might be relevant. For this reason, one could
characterize our task as being one of identifying the most important knowledge and skills that an ontol-
ogist needs to do his or her job. Thus, we distinguish in Figs 1-3 between core and elective skills and
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Abilities required for developing, improving and lated resources; relevant data; domain ex-
applying ontologies: pertise, ontology expertise).
(9) Assembling an ontology from reusable mod-

(1) Clarifying the purpose of a given ontology,
understanding potential deployment, per-
forming requirements analysis.

(2) Analyzing existing legacy models and data
that are relevant to a given project.

(3) Judging what kinds of ontologies are use-
ful for a given problem (including: knowing
when ontologies are not useful).

ules.

(10) Using (reading, writing) different representa-
tion languages.

(11) Conducting ontological analysis, that is
identifying entities and relationships; formu-
lating definitions and axioms.

(12) Evaluating and improving ontologies (find-
ing errors via manual term-by-term in-

(4) Managing ontologies across their life cycle spection, solving interoperability problems,
(requirements analysis and planning, man- decomposing large ontologies into intercon-
aging a systematic update process, version- nected modules).
ing, documentation, help desk, ... ). (13) Documenting ontologies (e.g., providing nat-

(5) Identifying, evaluating and using software ural language definitions and providing con-
tools that support ontology development. cise explanations for axioms).

(6) Choosing the appropriate representation (14) Working in teams, including those which
language. support the distributed development of on-

(7) Choosing the appropriate level of detail. tologies.

(8) Identifying existing content resources (e.g., (15) Using at least one modern program-
existing ontologies, terminologies and re- ming/scripting language.

Fig. 1. Core skills.

knowledge. The idea is that any student should be required to gain competence in all of the core areas
and some of the elective skills and knowledge. How this content should be taught is beyond the scope of
this document: this is something that needs to be decided by each individual educational institution on
the basis of available resources. At least some of the content is likely to be covered by existing courses
in other programs (e.g., in computer science, information studies or philosophy). We stress, however,
that benefits accrue from the maximal possible degree of coordination and of shared content between
those offering ontology training programs.

One challenge in creating recommendations for the education of ontologists is that ontology is a young
discipline and thus has as yet no widely agreed upon body of shared knowledge, established method-
ologies, or common terminology. Instead, multiple terminologies are used in the different subfields of
ontology, for example, deriving from specific programming environments, from database design and the
conceptual modeling community, or from traditional philosophical ontology. This is a large obstacle for
communication between ontologists and the users of ontologies, and we strongly recommend that all on-
tologist training programs include survey modules designed to familiarize trainees with these multiple
terminologies.

Another challenge is that there are many diverse career opportunities open to ontologists. In the follow-
ing we illustrate this diversity and the resulting differences in training requirements with two examples.
IT-oriented ontologists are actively engaged in the deployment of IT systems involving many compo-
nents in addition to the ontology itself. For these ontologists it is essential to know how to integrate the
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(1) The basic terminology of ontology (relation (a) upper-level ontologies (Basic Formal
of ontology to knowledge representation, con- Ontology (BFO), Descriptive Ontology
ceptual modeling, data modeling, ... ). for Linguists and Cognitive Engineering

(2) Theoretical foundations: (DOLCE), Suggested Upper Merged On-
(a) first-order logic, basics of description tology (SUMO), ....);

logic, modal logic and second-order logic; (b) mid-level, domain-spanning ontologies
(b) set theory; (Process Specification Language, . ..);
(c) basic notions of philosophical ontology (c) domain ontologies (Gene Ontology, En-

(universals and particulars, mereology, terprise Ontology, .. .).

essence and identity, unity and plurality,

dependence, change in time, ...); (7) Examples of ontology applications (suc-
(d) philosophy of language (the use-mention cesses and failures):

confusion, sense and reference, speech
act theory, ...);
(e) knowledge representation, conceptual

(a) as controlled vocabularies/standards, to
achieve coordination among human be-

modeling, data modeling; metadata. ngs; ) .
(b) to solve interoperability problems among
(3) Representation languages, part 1: Resource external data resources:

Description Framework (RDF), Web Ontology
Language (OWL); Common Logic.
(4) Building and editing ontologies:

(c) reasoning with ontology content;

(d) improving search and retrieval;

(e) natural language processing;

(a) human aspects (application of classifica- (f) decision support, situational awareness,
tion principles, manual auditing, ...); information fusion, anomaly detection.

(b) software tools (Protégé, ...);

(c) addressing interoperability  problems (8) Ontology and the Web:

among ontologies. (a) general foundations (URIs, XML, etc.);

(5) Ontology evaluation strategies and theories (b) Semantic Web initiative;
(Ontoclean, ...). (c) semantically enhanced publishing, litera-
(6) Examples of ontologies, illustrating different ture annotation, data curation.

methodologies:

Fig. 2. Core knowledge.

ontology into the associated applications. For this purpose ontologists need some background in software
engineering, information systems design, system development, object-oriented programming, and data
analysis. Community-oriented ontologists specialize in developing ontologies within a given domain in
collaboration with subject-matter experts in relevant areas. One of the main tasks of such ontologists is
to facilitate the resolution of ambiguities in such a way as to build consensus within the different com-
munities involved. To fulfill this role, ontologists need not only to know the scientific areas covered by
the ontologies (e.g., protein biology or infectious disease), but also to possess the human-oriented skills
that enable them to lead teams of domain experts or to build communities that will support the effective
use of ontology resources.

The core knowledge and skills that we list in Figs 1 and 2 cover the basics any ontologist will need.
They are not of themselves sufficient to support a career as an ontologist; this will require either some ad-
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Elective skills

(1) Coordinating ontology development efforts.

(2) Creating meaningful visualizations of ontol-
ogy structure for use by human beings.

(3) Training people in the use of ontologies.

Elective knowledge
Underlying and related disciplines:

(1) Advanced logic (modal logic, temporal logic,
default logic, . . .).

(2) Advanced philosophical ontology (mereo-
topology, tropes, ...).

(3) Computer science:

(a) formal languages, formal machines, com-
putability, complexity;

(b) automated reasoning;

(c) database theory;

(d) artificial intelligence;

(e) logic programming.

(4) Linguistics/cognitive sciences:

(a) distinction between syntax, semantics
and pragmatics;

(b) natural language processing, natural lan-
guage generation;
(c) cognitive theories of categorization.

Supporting tools, technologies and methodolo-
gies:

(1) Representation languages, part 2: Seman-
tic Web Rule Language (SWRL), Rule In-
terchange Format (RIF), Simple Knowledge
Organization System (SKOS); OBO Format;
Unified Modeling Language (UML); Entity Re-
lationship Diagrams, IKRIS Knowledge Lan-
guage (IKL), ....

(2) Ontology content acquisition (role of text min-
ing, ...).

(3) Achieving ontology interoperability.

(4) Principles for building ontology repositories.

(5) Usability and user interface issues (visual-
ization/usability, principles of meaningful ar-
rangement, ...).

Application domains

Any domain can be an application domain for on-
tologists. Ontologies are already used in many
domains, including science, medicine, business,
government, military, education and culture.

Fig. 3. Elective knowledge and skills.

ditional background in systems development or domain-specific knowledge in some relevant application
domain.

There is a strong consensus within the community that although much academic knowledge is relevant
for ontologists, many important skills cannot be learned from lectures alone. Any education of ontolo-
gists has to involve hands-on training in the development and application of ontologies. Ideally, academic
programs should offer their students the opportunity to gain some of this experience by participating in
projects that apply ontologies to the solution of non-trivial problems in real-world environments.

5. Towards better education and training of ontologists

This document identifies the skills and knowledge a student should possess after successfully com-
pleting an ontology program. These recommendations are based on extensive studies of the current
training situation, the requirements ontologists face, and the developments that may impact the situation
of ontologists in the future.
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To improve the training situation in applied ontology we recommend the following actions:

e Each item on the list of requisite knowledge and skills for ontologists provided above should be
described in more detail.

e The development of a registry, allowing members of the community to add information about
ontology-centered educational and training initiatives.

o Inclusion of more ontology-related content into model curricula for computer science (e.g., those
of ACM/IEEE; http://www.acm.org/education/curricula-recommendations) and associated disci-
plines.

e The creation of a wiki to collect descriptions of case studies demonstrating the importance of certain
ontology engineering decisions. These might include examples of bad decisions, the problems they
caused, the associated costs, and how the problems were corrected.

The requirements survey revealed a non-alignment between the training available to ontologists and
the kind of training they need. As the field of ontology continues to evolve and training demand shifts
in tandem, we recommend conducting similar surveys at regular intervals. This will enable training
providers to ensure that their courses meet the needs of their students.

One important conclusion is that after more than two decades applied ontology still has no accepted
body of shared knowledge, techniques, and criteria for evaluation. It is in part for this reason that so few
ontology training programs in universities have been developed. We recommend taking advantage of the
need for trained ontologists, and thus for improved ontology training, as an argument for investing effort
in establishing the requisite shared body of knowledge.

Most importantly, we strongly encourage educational institutions to establish programs that address
the growing need for ontologists based on the guidelines set forth in this document.
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