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Abstract. In this paper we give an account of the current state of practice in on-
tology engineering (OE) based on the findings of a 6 months empirical survey
that analyzed 148 OE projects. The survey focused on process-related issues and
looked into the impact of research achievements on real-world OE projects, the
complexity of particular ontology development tasks, the level of tool support,
and the usage scenarios for ontologies. The main contributions of this survey are
twofold: 1) the size of the data set is larger than every other similar endeavor; 2)
the findings of the survey confirm that OE is an established engineering discipline
w.r.t the maturity and level of acceptance of its main components, methodologies,
etc. whereas further research should target economic aspects of OE and the cus-
tomization of existing technology to the specifics of vertical domains.

1 Introduction

Semantic technologies are entering mainstream IT and ontologies, as a core building
block of the semantic technology stack, are used to tackle a number of important as-
pects of modern IT, from enabling interoperability to sharing knowledge. The achieve-
ments of the ontology engineering (OE) community in the last over 20 years form
a solid basis for the usage of ontologies in all technical contexts across various do-
mains. OE has already found many applications e.g. in eCommerce while for other
domains initiatives such as VoCamps!| provide an organizational framework to meet,
reach a common understanding, and develop ontologies of general interest. Engineer-
ing methodologies provide process-oriented guidelines for the development and main-
tenance of ontologies. Numerous methods and techniques are available for extracting
ontologies from other structures or resources such as text corpora[3], classifications and
taxonomies(13]], folksonomies[36], or database schemes|[1]]; and for matching, merging,
and aligning ontologies[[7]. Finally, OE environments such as Protégeﬂ and TopBraid-
Composerﬁ provide a rich list of features supporting particular tasks within the ontology
lifecycle.

! http://www.vocamp.org
2 http://protege.stanford.edu
3 http://www. topguadrant .com/topbraid/composer/
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In this paper we present an update on the state of the art in OE in 2009 based on
an empirical survey performed between Oct. 2008 and March 2009 that collected data
from 148 OE projects from industry and academia in order to give an account of the
current OE practice and the effort involved in these activities. Just as our work from
2006[25]], the survey focused on process-related rather than modeling issues; it ana-
lyzed the impact of research achievements on real-world OE projects, the complexity
of particular ontology development tasks, the tool support, and the application scenar-
ios of ontologies. The main contributions of this survey compared to other related work
are twofold: 1) the size of the data set is by far larger than other similar endeavor,2) the
findings of the survey confirm that OE is by now an established engineering discipline,
providing the full range of methodologies, methods, techniques, and tools that allow
for real-world projects to be feasibly undertaken, to some extent without external OE
consultancy.

The paper is organized as follows: After a brief overview of the OE field (Sec. ) we
present the design of our survey and discuss its most important results (Sec.[3]). Sec. @
provides a summary of existing studies published in the OE literature, and explains their
relationship to our research. Sec. [5] summarizes the main findings of the survey.

2 Ontology Engineering in a Nutshell

Ontology engineering (OE) is formally defined as “the set of activities that concern the
ontology development process, the ontology life cycle, and the methodologies, tools
and languages for building ontologies”[[10]. OE methodologies[[10/31] can be classified
into two main categories, depending on the setting in which they are applied: central-
ized OE [21830] suitable for the development of ontologies for a specific purpose within
an organization; the engineering team is concentrated in one location and communica-
tion in team occurs in F2F meetings, and decentralized OE[16)27] more relevant in the
Semantic Web context or other large-scale distributed environments; the team members
are dispersed over several locations and affiliated to different organizations, commu-
nication is typically asynchronous and the ontology provides a lingua-franca between
different stakeholders or ensures interoperability between machines, humans, or both.
Methodologies decompose the OE process in varied steps with different activities.
[[LO]] distinguishes among: management (pre-development) covering the organizational
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setting of the overall process, development containing domain analysis, conceptualiza-
tion, and implementation, support including knowledge acquisition, evaluation, reuse
and documentation that are performed in parallel to the core development, and usage
(post-development) covering maintenance and use (cf. Fig.[I)). Methodologies also de-
fine the roles of the individuals involved in the OE process: domain experts providing
knowledge w.r.t the given domain, ontology engineers with expertise e.g. in knowledge
representation or ontology tools, and users applying the ontology for a particular purpose.

Recent OE research investigates how to apply Web 2.0 to the development of
community-driven ontologies. Approaches based on Wikis[34], tagging[3] or casual
games[29] are some of the most prominent examples. Methodologies for ontology
reuse[9126] or ontology learning[[T9/28] guide the support activities of the ontology life
cycle.

3  Our Survey

The aim of our survey was to: i) capture the basic OE understanding of semantic tech-
nology adopters; ii) give an account of the state of OE practice as of 2009; iii) assess the
level of support provided by OE methodologies, methods and tools;& iv) suggest direc-
tions for further research. Through its size and range of subjects (data from 148 projects)
the survey gives a comprehensive and representative overview of the current state and
can be seen as an indicator of the positive trends in the OE. The data was gathered
through F2F or telephone interviews (approx. 50% of the projects), and an online ques-
tionnaire. The respondents were representative for the OE community: IT practitioners,
researchers and experts from various disciplines, affiliated to industry or academia, par-
ticipating in the last 3 to 8 years in ontology development projects in areas such as
Information Systems, eCommerce, multimedia. More than 95% of the projects were
carried out in Europe, whilst nearly 35% originated from industry parties and “indus-
trial” ontologies were mostly used in commercial IT solutions. Most of the ontologies
were either domain or application, whereas few of them were core ontologies. The size
of the ontologies varied from 60 to 11 million entities. The representation language of
choice was OWL DL (30%), followed by WSML DL and WSML Flight (around 10%
each) and RDF(S) (9%). The effort of the OE projects varied from 0.02 to 156 PMs.
The survey was supported by an online questionnaireE consisting of 38 open-ended
and scaled questions divided into: i)general aspects of the OE project, including the
size of the resulting ontology, its purpose and the development costs, ii) questions re-
garding the ontology development phases, such as domain analysis, conceptualization,
implementation, and evaluation, iii) characteristics of the engineering team engaged in
the project, and iv) questions about the software used to support and guide the processﬁ

General Issues: The survey clearly pointed out that the use of methodological support
for developing ontologies varied from project to project. As with previous findings,
some IT professionals and researchers did not perceive ontology development as a sys-
tematic process which should be performed according to a predefined methodology,

4 The questionnaire is available at http://ontocom.sti-innsbruck.at
3 A detailed structure of the questionnaire can be found in our previous work in [23]].
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nevertheless, the process was largely inline with the general recommendations found in
the literature. On average, use of some methodology was observed in 1 out of 9 projects
though, in the case of more challenging, complex or specialized ontology development
projects, the ratio was 50%. Since process-driven methodologies are used in 1 out of 2
projects, in which assistance to the OE team is expected to be essential, we argue that
this is a clear indicator for level of maturity achieved by OE and, as in other engineering
disciplines, that an increasing number of projects resort to predefined methodological
support confirms the fact that OE is an established discipline. This finding is differ-
ent from the ones of previous surveys published two to more years ago. In terms of
directions for improvement, participants suggested that project settings in which re-
quirements/domain analysis and evaluation needs run high mandate domain-specific
adaptations of generic methodologies. This might be beneficial for development of on-
tologies with broad coverage or involving non-common-sense knowledge.

Process, Personnel and Project Issues: The structure of the survey assumed the ac-
tivities breakdown of OE processes (cf. Sec.[2) which proved to match to a satisfactory
extent to the way the surveyed projects carried out the process. The interviews empha-
sized, however, some discrepancies between i) the complexity of particular activities
as perceived by OE practitioners, ii) the significance of these activities as measured
in terms of their impact on the total development costs, and iii) the level of maturity
achieved by the OE community w.r.t methods and tools supporting these activities. To
investigate the relationship between the OE aspects, their interdependencies and im-
pact on the development costs, we performed a correlation analysis that provides an
overview of the importance of each aspect, and assists in identifying those aspects
whose impact might have been underestimated so far and would require additional
attention. Aspects can be positively (value between 0.1 and 1), negatively correlated
(between -0.1 and -1) or independent (between -0.1 and 0.1). Overall, the outcomes of
the correlation analysis were consistent with most of the interviewees feedback.

— Correlation between OE aspects and effort: Our findings (cf. Tab.[I)) point out that
activities like domain analysis, conceptualization, implementation, evaluation, level of
reusability of the ontology, and documentation requirements have a well-distributed

Table 1. Correlation between OE aspects and effort in person months

OE aspect Description Correlation with effort
DCPLX  Complexity of the domain analysis 0.496
CCPLX  Complexity of the ontology conceptualization 0.237
ICPLX Complexity of the ontology implementation 0.289
REUSE Required reusability of the ontology 0.274
DOCU Complexity of the documentation task 0.346
OEV Complexity of the evaluation 0.362
OCAP/DECAP Capability of the ontologists/domain experts -0.321
OEXP/DEEXP Expertise of the team -0.192
PCON Personnel continuity -0.134
LEXP/TEXP Level of experience with respect to languages and tools -0.172

SITE Communication facilities in decentralized environments -0.168
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correlation factor associated with the effort; these activities exhibit a relevant impact on
the effort, at the same time indicating that no activity plays a predominant role.

Domain analysis: Out of the 6 positively correlated factors, DCPLX had the highest
impact on the total effort, achieving a significantly higher correlation value. This is an
assessment of the time-consuming nature of the knowledge acquisition, which was also
confirmed by our interviews and previous surveys. Many interviewees questioned the
utility of tools for this activity, which were perceived as too generic especially when
it came to ontologies developed for highly specialized domains such as health care,
or in projects relying on end-user contributions. Our survey revealed that the majority
of participants at times used a variety of knowledge elicitation techniques in an infor-
mal manner, outside the stated guidelines of a specific methodology. These techniques,
complemented with detailed insights of the practices established in particular domains,
could be useful to design specially targeted OE methodologies and guidelines.

Ontology evaluation: The quality of the implemented ontology remains a major con-
cern among ontology engineers. Nevertheless, the surveyed projects seldom used any
of the existing ontology evaluation methods and techniques, but relied on expert judge-
ment. In projects in which systematic ontology evaluation practices were observed, they
immediately had a significant impact on the effort. More than 50% of projects reported
minor effort in formally testing the developed ontologies, 48% reported fair use of sim-
ple testing methods carried out mostly manually, only 3 projects performed extensive
testing using several methods. The survey indicated a combination of manual testing
and self-validation by the engineering team as the preferred and common choice in most
projects. Thus, ontology evaluation plays a passive role in ontologies developed in less
formal project settings, however, as evaluation practices increase with the demand for
quality assurance, the associated impact on effort can be substantial.

The dominance of DCPLX and OEV indicates that any easing in these activities may
result in major efficiency gains. The respondents indicated a low tool support or lack of
easy to use tools for these tasks - w.r.t. the domain analysis the situation could be im-
proved e.g. by applying automated document analysis or ontology learning approaches.

The impact of personnel-related aspects suggests that more training programs in the
OE area, better collaboration support, and an improved, fine granular documentation of
the decisions taken during the OE process may have positive effects. The data analysis
produced counter-intuitive results for the SITE parameter: emails lowered the effort
needed to build ontologies while frequent F2F meeting increased the effort significantly
(F2F meetings produced more different views on the ontology and resulted in more
discussions which raises the costs of ontology development).

— Correlation between OE aspects.ﬁ Personnel-related aspects (cf. Tab. 2)) were shown
to be positively correlated. This was obvious for questions referring to the capability and
experience of the OE team: the capability was largely based on the team experience.
The software support in projects carried out by the same OE team tended to remain
unchanged. When new tools were introduced, the learning period for experienced de-
velopers was much higher than for novel. High correlation was also measured between

® Since it is not possible to account for all possible relationships between certain OE aspects in
the scope of this paper, we restrict ourselves to the more important findings.
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Table 2. Correlation between Personnel-Related Aspects

OCAP/DECAP OEXP/DEXP

OCAP/DECAP 1 0.552
OEXP/DEXP 0.552 1
LEXP/TEXP 0.489 0.584

activities within the OE process: The correlation between evaluation and documenta-
tion was concentrated on large-scale OE projects since such projects run more extensive
evaluation tests, which might lead to additional documentation effort. Domain analysis
was most highly correlated with the conceptualization and implementation. In over 40%
of the projects the ontology development was performed mainly by domain experts,
who agreed that current editors are relatively easy to learn and utilize. This finding is
different from the result of previous studies, and confirms one more time the fact that
OE has reached an industry-strength level of maturity.

4 Related Work

This section gives a brief overview of the OE surveys and case studies previously pub-
lished: Analytical surveys analyze OE methodologies from the theoretical perspective
and identify open issues in this field. In the nineties the surveys focused on laying out the
foundations of OE[18I23], highlighted the need for guidelines and best practices on on-
tology development and reuse, and fully fledged, tool-supported methodologies[[T1I14]].
Some of these issues were still to be solved years later: a comprehensive survey
published in 2003[6] identified a lack of software support for many methodologies
and their limited scope as compared to the ontology life cycle. More recent surveys
emphasized the integration of OE into the enterprise (business process) modeling land-
scape and the study of OE economics as essential issues for the adoption of OE be-
yond academia[31]]. Empirical surveys focus on insights and findings derived from
real-world case studies on ontology development, management or reuse. Most of such
surveys reported on the application of self-developed methodologies, highlighting their
advantages as compared to alternative engineering approaches[33/35]]. Some surveys
described the deployment and evaluation of a particular OE methodology or tool in a
given context[9U17] while other reported on practical experiences in an ontology-related
project[2124]. Case studies evaluated several methodologies and methods w.r.t their
relevance and usability, prior to their application in a particular setting, or operated
the engineering process without nominally committing to existing techniques[135/32].
Additionally,[20/22]] provided some practical guidelines and recommendations for de-
veloping ontology-based applications in specific sectors. Other studies highlighted the
limited awareness of OE methodologies in commercial settings which hampered indus-
trial adoption[4]], recommended intensified promotion measures for OE methodologies
and their benefits, to raise the awareness of semantic technology researchers and prac-
titioners in this respect[23], and pointed out the need for advanced technology to cope
with ontology development and maintenance in rapidly changing domains[12].
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5 Conclusions

Even if industry is starting to acknowledge the technical value of ontologies, the infor-
mation known about the process underlying the development of ontologies in practice is
still very limited: The literature reports mainly on case studies which involved method-
ologists, while ontologies are envisioned to be developed by domain experts possessing
limited to no skills in OE and recent surveys are either of analytical nature or not sup-
ported by a critical mass of adopters. The aim of this paper was to fill this gap through
a study with 148 projects that developed ontologies for commercial and academic ap-
plications in a wide range of domains. This is by far the largest survey of this kind
investigating the systematics, development effort and problems encountered in a signif-
icant share of the most relevant and popular OE projects ever run in the rapidly evolving
semantic landscape. The main findings of the survey are: i) OE methodologies are used
in projects developing large ontologies or being under critical requirements; ii) an in-
creasing number of projects involve end-users in the development (editors seem to be
well-appropriate to be used by less technology-prone users, though teams are reluctant
to changing a tool environment due to the high learning curve); iii) ontology engineers
need cost benefit analysis methods to determine the transition point between OE activ-
ities; and iv) with the uptake of ontology-based technology the need arises for method-
ologies and techniques customized for the characteristics of particular vertical domains
(mainly for activities having a high impact on the development costs). All these find-
ings confirm the fact that OE can be considered an established engineering discipline
- methodologies are used in projects whose success critically depends on a systematic
operation of the engineering process, whilst end-users become more involved in the
development of ontologies with the help of mature ontology management tools.
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