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Abstract. A frequent challenge faced by ontologists and knowledge engineers
is the choice of the correct or most appropriate ontology for reuse. Despite the
importance of ontology evaluation and selection and the widespread research on
these topics, there are still many unanswered questions and challenges. Most
of the evaluation metrics and frameworks in the literature are mainly based on a
limited set of internal characteristics of ontologies, e.g., their content and structure,
which ignore how the community uses and evaluates them. This paper used a
survey questionnaire to investigate the notion of quality and reusability in ontology
engineering, and to explore and identify the set ofmetrics that can affect the process
of ontology evaluation and selection for reuse. Responses from157 ontologists and
knowledge engineerswere collected, and their analysis suggests that the process of
ontology evaluation and selection for reuse, not only depends on different internal
characteristics of ontologies, but that it also depends on different metadata, and
social and community related metrics. Findings of this research can contribute to
facilitating and improving the process of selecting an ontology for reuse.

Keywords: Quality metrics · Ontology · Evaluation · Ontology selection ·
Ontology reuse

1 Introduction

Recent uptake in SemanticWeb technology applications has urged researchers and ontol-
ogy engineers to develop ontologies in different domains. Increase in the number of
ontologies and the cost of developing them has urged researchers in this field to consider
ontology reuse [1]. Ontology reuse can be defined as the process of using the available
ontological knowledge as input to develop new ontologies. Building an ontology by
reusing the available ones will not only facilitate the development process but will also
make the outcome ontology reusable. Ontology reuse consists of different steps namely
searching for adequate ontologies, evaluating the quality and fitness of those ontologies
for the reuse purpose, selecting an ontology and integrating it in the project [2].

Regardless of all the advantages of reusing ontologies and the availability of different
ontologies, ontology reuse has always been a challenging task. Guidelines for building
ontologies are usually blamed for lack of reuse strategies and some argue that they are
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not explicitly concerned with ontology reuse. Others consider the first steps of ontology
reuse, that is the identification and evaluation of the knowledge sources which can
be useful for an application domain, as the hardest step in the process of ontology
reuse. Ontologists and knowledge engineers not only have to find the most appropriate
ontologies for their search query but should also be able to evaluate those ontologies
according to different implicit or explicit criteria. The lack of appropriate supportive tools
and automatic measurement techniques for evaluating and assessing ontology features
has been considered as a barrier for ontology reuse [3].

Ontology evaluation is at the heart of ontology selection and has received a consid-
erable amount of attention in the literature. The term evaluation refers to the process of
judging different technical aspects of an ontology namely its definitions, documentation
and software environment [4]. Evaluation has also been described as the process of mea-
suring the suitability and the quality of an ontology for a specific goal or in a specific
application [3]. This definition refers to the approaches that aim to identify an ontol-
ogy, an ontology module or a set of ontologies that satisfy a particular set of selection
requirements [5].

This paper is an extended version of [6], and aims to determine some of the metrics
that can be used to evaluate the suitability of an ontology for reuse. The fundamental
research question of this study was whether or not social and community related metrics
can be used in the evaluation process. Another question was how important those met-
rics were, compared to some of the well-known ontological metrics such as content and
structure. Qualitative and quantitative research designs were adopted to provide a deeper
understanding of how ontologists and knowledge engineers evaluate and select ontolo-
gies. This study offers some valuable insights into ontology quality, what it depends on
and how it can be measured.

2 Background

Evaluation is one of the most popular and also defined terms in the field of ontology
engineering. It is used to refer to several different activities including detecting faults
in an ontology, assessing an ontology’s quality, and measuring its fitness for a specific
purpose. There are many different ways of defining ontology evaluation; one of the
most popular and also the earliest definitions for ontology evaluation was provided by
Gómez-Pérez where the term evaluation was used to refer to the technical judgment
of an ontology considering its different aspects, namely its definitions, documentation,
and software environment [4]. According to this definition, evaluation encompasses
validation and verification; ontology validation is mainly concerned with the correctness
of an ontology whereas ontology verification is more about determining how well an
ontology corresponds to what it should represent [7]. In other words, ontology validation
focuses on building the correct ontology whereas ontology verification is about building
an ontology correctly [8].

Ontology evaluation has also been widely defined as the process of determining the
adequacy and quality of an ontology for being used for a specific goal and in a specific
context [3]. This definition is used to link the process of ontology evaluation to ontology
selection. Ontology selection aims to identify an ontology, an ontology module or a set
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of ontologies that satisfy a particular set of criteria or selection requirements [5]. Some
consider ontology evaluation as the core to ontology selection and argue that ontology
evaluation is influenced by different components of the selection process, e.g., selection
criteria, type of output, and the libraries that the selection is based on [5]. Ontology
assessment is also used to refer to this particular definition of ontology evaluation and is
commonly defined as the activity of checking and judging an ontology against different
user requirements such as usability and usefulness [9]. Unlike the first definition of
the ontology evaluation, in which the developer team is responsible for validating and
verifying an ontology, ontology assessment and evaluation for selection is done by the
end users [10].

Ontology evaluation can also refer to a function or an activity that aims to map an
ontology or a component of an ontology to a score or a number, e.g., in the range of 0
to 1 [11]. The main aim of these types of processes is to measure and assess the quality
of an ontology with regards to a set of predefined metrics and requirements [12]. This
definition is somehow similar to what [9] defines as ontology quality assurance, which
refers to the activity of examining every process carried out and every product built
during the ontology development process and making sure that the level of their quality
is satisfactory. Moreover and as it is seen in the literature, the expressions “Ontology
Evaluation” and “Ontology Ranking” are sometimes used interchangeably. While they
both tend to refer to a set of similar criteria, for us, ontology ranking is the process of
sorting ontologies in descending order and according to the scores that are assigned to
them in the evaluation process.

Ontology evaluation is important in the ontology development process, whether it
is built from scratch, automatically or by reusing other ontologies [13]. While building
an ontology from scratch, developers need to evaluate the outcome ontology, to mea-
sure its quality [14], to check if it meets their application requirements [13] and also
to identify the potential refinement steps [15]. Evaluation is also helpful in checking
the homogeneity and consistency of an ontology when it is automatically populated
from different resources [13, 16]. Building an ontology from scratch is very costly and
time-consuming [17, 18]; therefore, ontologists are urged to consider reusing existing
ontologies before building a new one [19]. Ontology evaluation is and has always been
a major concept when it comes to ontology reuse [20]. Some argue that ontology eval-
uation is one of the main issues that should be addressed if ontologies are to become
widely adopted and reused by the community [15, 18, 20, 21].

Moreover, the number of ontologies on the web has been increasing rapidly [13],
and users usually face multiple ontologies when they need to choose or use one in their
everyday activities [12, 15, 22]. Before using an ontology in an application or selecting
it for reuse, ontologists have to assess its quality and correctness and also compare it to
the other available ones in the domain. This is when ontology evaluation comes into the
picture; ontology evaluation is believed to be the core to the ontology selection process
[5] and is used to select the best or the most appropriate ontology among many other
candidates in a domain [15]. Evaluating an ontology is considered as a complicated
process [12, 23]; it is believed that failure to evaluate ontologies or to choose the right
ontology can lead to using the ontologies that are not right or have a lower quality [12].
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Being one of the most popular and also important parts of the ontology engineering
domain, ontology evaluation has long been at the centre of research attention in this
field. Since 1995 to date, there has been a variety of research on different aspects of
ontology evaluation including methodologies, tools, frameworks, methods, metrics, and
measures [4]. However, much uncertainty and also disagreement still exists about the
best way to evaluate an ontology generally or for a specific tool or application. As it is
seen in the literature, there are many different ways of evaluating ontologies and also
many ways of classifying those evaluation methods, algorithms and approaches. Some
of the most popular ontology evaluation approaches are reviewed in the following part
of this section. Ontology evaluation approaches can broadly be classified as follow:

User-Based Evaluation. Ontologists and knowledge experts can assess the quality of
ontologies [8] in two different ways: one is the criteria-based evaluation approach in
which the suitability of an ontology for a particular task or requirement is evaluated by
being compared against a set of pre-defined criteria [18]. Peer review based evaluation,
as the other type of user-based evaluation approach, allows ontologists and knowledge
experts to link subjective information to ontologies by providing metadata and extra
qualitative information about different aspects of them [24]. Despite their popularity,
user-based ontology evaluation approaches are blamed for being solely based on different
characteristics of ontologies and for ignoring the functionality of an ontology in an
application [12].

Golden Standard. This approach refers to the type of evaluation that is performed by
comparing an ontology to another ontology, also known as a “gold standard” ontology,
and aims to find different types of similarities such as lexical as conceptual between them.
This approach was first proposed by [25] and was then used in many other researches
namely [11], where a fully automated evaluation approach was proposed by introducing
a similaritymeasure called OntoRand index and comparing ontologies to a gold standard
one using that measure. This kind of evaluation is typically applied to the ontologies
that are generated semi-automatically and to measure the effectiveness of the ontology
generationprocess [22].Amajor problemwith this approach is that comparingontologies
is not easy [5].

Data or Corpus Driven Evaluation. This approach is similar to the “gold standard”
approach, but instead of comparing an ontology to another one, it compares it to a source
of data or a collection of documents [15]. One of the most popular architectures for this
type of evaluation is proposed by [19]; it is based on three main steps namely extracting
keywords from a corpus, applying some query expansion algorithms on the ontology
concept, and finally mapping the terms identified in the corpus to the concepts in an
ontology. They will then analyse how well the ontology is covering the source of data
[19].

Task-Based Evaluation. Also known as application-based [26] or black box evaluation
[21]; this approach aims to evaluate an ontology’s performance in the context of an
application [19]. One of the main assumptions of this approach is that there is a direct
link between the quality of an ontology and how well it serves its purpose as a part of
a larger application [27]. The challenges of performing this type of evaluation includes



The Evaluation of Ontologies for Quality, Suitability for Reuse 165

the difficulty of assessing the quality of the performed task as well as making sure that
the experimental environment is clean, and that the ontology is the only factor that is
influencing the performance of the application [5].

Rule-Based (Logical). This type of evaluation is proposed by [16] and aims to validate
ontologies and detect conflicts in them by using different rules that are either a part of
the ontology development language or are identified by users. Rule-based evaluation is
more relevant when evaluation aims to detect faults and inconsistencies in an ontology,
rather than when the quality assessment or ontology selection is concerned.

Other Approaches. Besides the above-mentioned categories, that are very popular in
the literature, there are some other ways of classifying ontology evaluation approaches.
For example, ontology evaluation approaches can be classified into glass-box or black-
box. Glass-box approaches tend to evaluate the internal content and structure of ontolo-
gies [20] and are blamed for not predicting how ontology might perform in an applica-
tion. In contrast, black-box approaches do not explicitly use knowledge of the internal
structure of ontologies and focus on the quality of an ontology performance and results
[20]. Ontologies can also be evaluated as a whole or according to their different layers,
e.g. data level, taxonomy level, and application level [15]. [17] has divided the concept
of ontology quality into two broad types: “Total Quality” and “Partial Quality”. Some
argue that evaluating an ontology as a whole, especially automatically, is not possible
or practical, especially considering the complex structure of ontologies [15].

From all the approaches mentioned above, much of the research in the ontology
evaluation domain has concentrated on criteria-based approaches, and many have tried
to identify and introduce a set of metrics that can be used for ontology evaluation. A
more detailed account of criteria-based ontology evaluation is given in the next section.

3 Criteria-Based Evaluation

Criteria-based evaluation, also known as metric-based, multiple-criteria [15] or feature-
based [16], is one of the most popular evaluation approaches in the literature. This type
of evaluation is mostly based on identifying and selecting multiple attributes or features
of ontologies and then evaluating them for ranking and selection purposes [15]. The
outcome of this approach is usually an overall or an aggregated score that is computed
by adding the scores that are assigned to each criterion [28]. Despite the wide use and
popularity of criteria-based evaluation, identifying the right set of metrics for ontology
evaluation and measuring them is still a challenge.

Criteria based approaches are different from each other in a number of respects. First,
the type of themetrics they use to assess ontologies can be different. Some approaches are
based on qualitativemetrics and tend to rely on expert users’ judgement and ratings about
an ontology or a module in an ontology [29]. Qualitative approaches can also be used to
evaluate an ontology based on the principles that are/were used in its construction [19].
Other are based on different quantitative criteria about different aspects of ontologies
such as its structure and content. These approaches, that are also known as formal rational
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approaches, are usually concerned with technical and economical aspects of ontologies
and use different goal-based strategies [18].

They can also be based on assessing internal and/or external attributes of ontologies.
Internal attributes are concerned with the ontology itself and its internal organization
whereas external measures mostly focus on how ontologies are taken-up or used within
the user communities [30]. [31], for example, has followed software engineering mea-
surement traditions and has proposed a method that aims to identify what they call key
internal attributes of ontologies including consistency, richness and clarity. They have
also mentioned maintainability and application performance as example for external
quality attributes of ontologies [31].

Moreover,metrics used in the criteria-based evaluation can either be query dependent
or query independent. Coverage, for example, aims to measure how well a candidate
ontology match or cover a set of query term(s) and selection requirements [32, 33] and
therefore, it depends on users’ queries. Popularity, in contrast, is measured by checking
the presence of an ontology in different well-known repositories as well as looking into
the number of visits or page views of an ontology in ontology repositories in a recent
specific period [28]; hence, it does not depend on the selection requirements.

For the purpose of this paper and according to the previous study conducted by [34],
ontology evaluation quality criteria are broadly classified into three main sub groups
including (1) Internal metrics that are based on different internal characteristic of ontolo-
gies such as their content and structure, (2) Metadata that are used to describe ontologies
and to help in the selection process, and (3) Social metrics that focus on how ontologies
are used by communities. The rest of this section moves on to explain different quality
metrics for ontology evaluation in more details.

3.1 Internal Metrics

Internal aspects of ontologies have always been used as a mean of their evaluation.
Different internal quality criteria such as clarity, correctness, consistency, and complete-
ness have been used in the literature to measure how clear ontology definitions are, how
different entities in an ontology represent the real world, how consistent an ontology
is, and how complete an ontology is [12]. Coverage is yet another significant content
related metric; the term coverage is mostly used in the literature to measure how well
a candidate ontology match or cover the query term(s) and selection requirements [32].
Structure or graph structure [20] is the other important internal aspect of an ontology
that can be used to measure how detailed the knowledge structure of an ontology is [35]
and also to evaluate its richness of knowledge [5] density [22], depth and breadth [35].

3.2 Metadata

Besides the internal aspects of ontologies, some of the frameworks and tools have sug-
gested evaluating ontologies using different types of metadata. Metadata or “data about
data” is widely used on the web for different reasons namely to help in the process of
resource discovery [36]. [37] believes that the primary connection between different ele-
ments of an ontology is in themind of the people who interpret it; so, tagging an ontology
with more data will help in making those mental connections explicit. Ontologies can
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be tagged and described according to their different characteristics, namely their type
and version. The language that different ontologies are built and implemented with can
also be used as a metric to evaluate, filter and categorize them [38].

There are different examples of using metadata in the literature to help with the
process of evaluating, finding and reusing ontologies. Swoogle [39] was one of the very
first selection systems in ontology engineering field to introduce the concept of metadata
to this domain. There is ametadata generator component in this system that is responsible
for creating and storing three different types of metadata about each discovered ontology
including basic, relation, and analytical metadata [39]. [24] has also proposed two sets
of metadata that can be used to evaluate ontologies: source metadata and third-party
metadata.

Moreover, metadata is created and used to help interoperability between different
applications and ontologies. Ontology Metadata Vocabulary (OMV) was proposed by
[40] and is one of the most popular sets of metadata for ontologies. OMV is not directly
concerned with ontology evaluation or ranking and its main aim is to facilitate ontology
reuse. [41] have proposed a guideline for minimum information for the reporting of
an ontology (MIRO) to help ontologists and knowledge engineers in the process of
reporting ontology description and providing documentation. It is believed that MIRO
can improve the quality and consistency of ontology descriptions and documentation.

3.3 Community Aspects of Ontologies

Besides how ontologies are built and what they are covering or even not covering,
some believe that how they are used by different communities can be considered as a
feature in their evaluation and selection. [8] define user-based ontology evaluation as the
process of evaluating an ontology though users’ experiences and by capturing different
subjective information about ontologies. According to a study that was conducted by
[42], relying on the experiences of other users for evaluating ontologies will lessen
the efforts needed to assess an ontology and reduce the problems that users face while
selecting an ontology. [23] have also highlighted the importance of relying on thewisdom
of the crowd in ontology evaluation and believe that improving the overall quality of
ontological content on the web is a shared responsibility within a community.

As it is seen in the literature, social or community features of ontologies have not
been the main focus of the evaluation frameworks until recently. However, some of
the very well-known frameworks for ontology evaluation consider social quality as
one of the metrics, among others, that can be used in the evaluation process. [31], for
example, applied a deductivemethod to identify a set of general, domain-independent and
application-independent qualitymetrics for ontology evaluation.This approachproposed
different social quality metrics namely authority and history to measure the role of
community in ontology quality.

Another example of social based quality application was proposed by [43], in which
the notion of the open rating system and democratic ranking were applied to ontology
evaluation. According to this approach, users of this system can not only review the
ontology, but they can also review the reviews provided by other users about an ontology.
A similar approach was proposed by [42] where users’ ratings are used to determine
what they call user-perceived quality of ontologies.
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[34] also attempted to investigate and explore how community and social aspects
of ontologies can affect their quality. According to their findings, knowledge engineers
consider different social aspects of ontologies when evaluating them. Those aspects
include: (1) build related information, for example, who has built the ontology, why
the ontology was built, do they know the developer team, (2) regularity of update and
maintenance, and (3) responsiveness of the ontology developer and maintenance team
and their flexibility and willingness toward making changes.

Overall, the above-mentioned studies highlight the importance of the criteria-based
approaches in ontology evaluation. They also outline the most important or used quality
metrics in the literature. The next sections discuss the methodology used to collect data
and the findings of this research.

4 Methodology

From all the groups of quality related metrics mentioned in the previous section, the
focus of this research is on different metadata and social characteristics of ontologies
that can be used in the evaluation process. This study was built upon the findings of the
previous interview study conducted by [34] and aims to clarify and confirm the metrics
identified in that study. To do that a survey questionnaire was designed based on a mixed
research strategy combining qualitative and quantitative questions.

The survey was sent to a broad community of ontologists and knowledge engineers
in different domains. Different sampling strategies namely purposive sampling [44]were
used in order to find the ontologists and knowledge engineers that were involved in the
process of ontology development and reuse. The survey was also forwarded to different
active mailing lists in the field of ontology engineering. The lists used are as follows:

• The UK Ontology Network
• GO-Discuss
• DBpedia-discussion
• The Protégé User
• FGED-discuss
• Linked Data for Language Technology Community Group
• Best Practices for Multilingual Linked Open Data Community Group
• Ontology-Lexica Community Group
• Linking Open Data project
• Ontology Lookup Service announce
• Technical discussion of the OWL Working Group
• This is the mailing list for the Semantic Web Health Care and Life Sciences
Community Group

There was a total number of 31 questions broadly divided into four different sec-
tions. Each section consisted of different number of questions and aimed to explore and
discover the opinion of ontologists and knowledge engineers regarding (1) the process of
ontology development, (2) ontology reuse, (3) ontology evaluation and the quality met-
rics used in that process, and (4) the role of community in ontology development, evalu-
ation and reuse. Different types of questions were used in the survey namely close-ended
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questions, Likert scale questions, open-ended questions, and multiple-choice questions.
Screening questions were also used throughout the survey to make sure that respondents
are presented with the set of questions that is relevant to their previous experiences.

The most important part of the survey aimed to explore the process of ontology
evaluation and the set of criteria that can be used in this process. Respondents were
first asked about the approaches and metrics they tend to consider while evaluating
ontologies. Theywere then presentedwith four different sets of qualitymetrics including
(1) internal, (2) metadata, (3) community and (4) popularity related criteria and were
asked how important they thought those metrics were, by offering a 5-point Likert scale,
ranging from “Not important” to “Very important”. The criteria presented and assessed
in this part of the survey were collected both from the literature and the previous phase
of the data collection, that was an interview study with 15 ontologists and knowledge
engineers in different domains [34].

5 Findings

As was mentioned in the previous sections, this research aimed to introduce different
metrics that could be potentially used for ontology evaluation. Prior studies have identi-
fied many different quality metrics, mostly based on ontological and internal aspects of
ontologies. This study was designed to determine the importance of those metrics and
also to explore how communities can help in the selection process. The findings of this
study are discussed in the following sections.

5.1 Demographics of Respondents

The aim of this section is to provide information on the profile of respondents to the
survey. This study managed to access ontologists and knowledge engineers with many
years of experience in building and reusing ontologies in different domains. Around
80% of the participants in the survey were actively involved in the ontology development
process and all of themwould consider reusing existing ontologies before building a new
one. The 157 respondents of this study are categorized by the following demographics,
all declared by responders:

Job Title. After conducting frequency analysis on the job titles providedby respondents,
78 unique job titles were identified, many of which were somehow related to different
roles and positions in academia such as researcher, professor, lecturer, etc.

Type of Organization. According to the frequency analysis conducted on the organiza-
tion types, 68.8% (108) of the respondents of the survey were working in academia. The
other 31.2% of the respondents were working in other types of organizations including
different companies and industries.

Years of Experience. Interestingly,most of the survey respondentswere experts in their
domain and only around 10%of themhad less than two years of experience. Around 46%
(73) of the respondents had more than ten years of experience. The second largest group
of the respondents were the ontologists with five to ten years of experience (26.8%).
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Main Domains They Had Built or Reused Ontologies In. Survey respondents had
worked/were working in many different domains such as biomedical, industry, busi-
ness, etc. Most of participants had mentioned more than one domain, some of which
were not related to each other.

5.2 Evaluation Metrics According to Qualitative Data

Before presenting participants with four sets of quality metrics that can be used for
ontology evaluation and asking them to rate those metrics, they were asked an open-
ended question about how they evaluate the quality of an ontology before selecting it
for reuse. This question aimed to provide further insight and to gather respondents’
opinions on different evaluation metrics and approaches. The responses to this question
were coded according to different categories of quality metrics namely (1) internal, (2)
metadata, (3) community and popularity related metrics.

According to the analysis, quality metrics thought to be the most important were
content and coverage (mentioned 51 times) and documentation (mentioned 41 times).
The fact that an ontology has been reused previously and the popularity of the ontology
on the web, or among community was the other frequently mentioned metric by the
respondents (38 times). Community related metrics such as reviews about the quality
of an ontology, existence, activeness and responsiveness of the developer team, and
the reputation of the developer team or organisation responsible for ontology were also
mentioned by many of the respondents (25 times).

The findings of the qualitative question in the survey confirmed the findings of the
quantitative part and the interview study previously conducted by [34]. It should be
noted that two of the metrics mentioned by the responders namely “fit” and “format”
were not presented as a Likert item in the quantitative part of the survey. Format was
only mentioned two times but how relevant an ontology is to an application requirement
was mentioned 37 times. The reason fit was not used as a Likert item is that it cannot be
used as a criterion to judge the quality of an ontology. However, it is a significant factor
in the selection process.

One of the emerging themes in the analysis was “following or being a part of a
standard”. Interestingly, 19 respondents had mentioned following or complying with
different design guidelines and principles or being a part of a standard like W3C, and
OBO Foundry as a criterion in the evaluation process. Some had also mentioned that
while evaluating an ontology, they check if it is built by using a method like NEON. A
similar question was proposed as one of the Likert items and respondents were asked to
rate how important “The use of a method/methodology (e.g. NEON, METHONTOL-
OGY, or any other standard and development practice)” is when evaluating an ontology.
Surprisingly, it was ranked 30th (out of 31) with a mean of 2.80 and a median of 3.

5.3 Importance of Quality Metrics

Table 1 shows the descriptive statistics of all 31 quality metrics, sorted by standard
deviation. The metrics are ranked from 1 to 31, with 1 being the most important and 31
being the least important metric considered when evaluating the quality of an ontology
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for reuse. Mean and median are used to show the center and midpoint of the data respec-
tively. Standard deviation is used to express the level of agreement on the importance
of each metric in the ontology evaluation process; the lower value of standard deviation
represents the higher level of agreement among the survey respondents on a rating.

As it is seen in Table 1, ontology content including its classes, properties, relation-
ships, individuals and axioms is the firstmetric ontologists and knowledge engineers tend
to look at when evaluating the quality of an ontology for reuse. Other internal aspects of
ontologies like their structure (class hierarchy or taxonomy), scope (domain coverage),
syntactic correctness, and consistency (e.g. naming and spelling consistency all over the
ontology) are also among the top ten quality metrics used for ontology evaluation.

Documentation is the second most important quality metric used in the evaluation
process. Survey respondents have also given a very high rate, five and eight respectively,
to other metadata related metrics such as accessibility and availability of metadata and
provenance information about an ontology. In contrast to these metrics, other criteria
in the metadata group like availability of funds for ontology update and maintenance,
use of a method/methodology and ontology language are among the bottom ten least
important metrics.

Community related metrics have some very interesting ratings. The results show
ontologists and knowledge engineers would like to know about the purpose that an
ontology is used/has been used for (e.g. annotation, sharing data, etc.) while evaluating
and before selecting it for reuse. They have also rated “Availability of wikis, forums,
mailing lists and support team for the ontology” as one of the very important quality
metrics for ontology evaluation. Having an active, responsive developer community and
knowing and trusting the ontologydevelopers are among the other top-ranked community
related aspects of ontologies that can be used for their evaluation.

Survey responders were also presented with a set of popularity related metrics.
According to Table 1, the popularity of an ontology in the community and among col-
leagues has the highest median and mean compared to the other metrics that can be used
for evaluating the popularity of an ontology. Respondents also tended to consider the rep-
utation of the ontology developer team and/or institute in the domain while evaluating an
ontology for reuse. Other popularity related metrics such as the popularity of the ontol-
ogy in social media (e.g. in GitHub, Twitter, or LinkedIn), the popularity of the ontology
on the web (number of times it has been viewed in different websites/applications across
the web), and the reviews of the ontology (e.g. ratings), were among the metrics with
the least mean and median.

Survey responders were also presented with a set of popularity related metrics.
According to Table 1, the popularity of an ontology in the community and among col-
leagues has the highest median and mean compared to the other metrics that can be used
for evaluating the popularity of an ontology. Respondents also tended to consider the rep-
utation of the ontology developer team and/or institute in the domain while evaluating an
ontology for reuse. Other popularity related metrics such as the popularity of the ontol-
ogy in social media (e.g. in GitHub, Twitter, or LinkedIn), the popularity of the ontology
on the web (number of times it has been viewed in different websites/applications across
the web), and the reviews of the ontology (e.g. ratings), were among the metrics with
the least mean and median.
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Table 1. Descriptive statistics of all the quality metrics in the survey (extracted from [6]).

Rank Metric SD Median Mean

1 The Content (classes, properties, relationships, individuals,
axioms)

0.57 5 4.59

2 The availability of documentation (both internal, e.g. adding
comments and external)

0.79 5 4.38

3 The Structure (Class hierarchy or taxonomy) 0.82 4 4.29

4 The Scope (domain coverage) 0.84 5 4.42

5 The ontology is online, accessible, and open to reuse (e.g.
License type)

0.85 5 4.52

6 The Syntactic Correctness 0.92 4 4.15

7 The Consistency (e.g. Naming and spelling consistency all
over the ontology)

1.00 4 4.03

8 Availability of metadata and provenance information about the
ontology

1.01 4 3.92

9 Availability of wikis, forums, mailing lists and support team
for the ontology

1.03 4 3.45

10 Having information about the purpose that ontology is
used/has been used for (e.g. annotation, sharing data, etc.)

1.03 4 3.77

11 The Semantic Richness and Correctness (e.g. level of details) 1.06 4 3.92

12 Having an active responsive (developer) community 1.09 4 3.62

13 Having information about the other individuals or
organizations who are using/have used the ontology

1.1 3 3.12

14 Having information about the other projects that the ontology
is used/has been used in

1.1 3 3.34

15 Knowing and trusting the ontology developers 1.11 4 3.42

16 Knowing and trusting the organization or institute that is
responsible for ontology development

1.11 3 3.38

17 The reputation of the ontology developer team, and/or institute
in the domain

1.12 3 3.31

18 The number of times the ontology has been reused or cited
(e.g. owl:imports, rdfs:seeAlso, daml:sameClassAs)

1.13 3 3.40

19 The flexibility of the Ontology (being easy to change) and the
ontology developer team

1.14 4 3.41

20 The frequency of updates, maintenance, and submissions to
the ontology

1.16 3 3.22

21 The popularity of the ontology in social media (e.g. in GitHub,
Twitter, or LinkedIn)

1.16 2 2.28

(continued)



The Evaluation of Ontologies for Quality, Suitability for Reuse 173

Table 1. (continued)

Rank Metric SD Median Mean

22 The popularity of the ontology in the community and among
colleagues

1.17 4 3.51

23 The number of updates, maintenance, and submissions to the
ontology

1.19 3 3.13

24 Availability of published(scientific) work about the ontology 1.19 4 3.56

25 The size of the ontology 1.19 3 3.02

26 The number of times the ontology has been reused or cited
(e.g. owl:imports, rdfs:seeAlso, daml:sameClassAs)

1.19 3 3.08

27 The availability of funds for ontology update and maintenance 1.23 3 2.77

28 The popularity of the ontology on the web (number of times it
has been viewed in different websites/applications across the
web)

1.24 3 3.05

29 The reviews of the ontology (e.g. ratings) 1.25 3 3.03

30 The use of a method/methodology (e.g. NEON,
METHONTOLOGY, or any other standard and development
practice)

1.26 3 2.80

31 The Language that ontology is built in (e.g. OWL) 1.30 4 3.70

6 Discussion

Finding a set of metrics that can be used for ontology evaluation and selection for reuse
has always been a critical research topic in the field of ontology engineering. As men-
tioned in the introduction and background sections, many different ontology evaluation
approaches and metrics for quality assessment have been proposed in the literature.
However, these studies suffer from some limitations; for example, they have not dealt
with ranking and the importance of the quality metrics, especially the community related
ones. Therefore, the focus of this research was on constructing a criteria-based evalua-
tion approach and determining a set of metrics that ontologists and knowledge engineers
tend to look at before selecting an ontology for reuse. This study also set out with the
aim of assessing the importance of the quality metrics identified in the literature and in
a previous phase of this research [34].

Previous studies have mostly been concerned with identification and application of
a new set of quality metrics [38]. However, the key aim of this study was not only to
identify the quality metrics used in the process of evaluating ontologies but also to find
how important eachof the qualitymetrics are. The results of this survey study indicate that
the internal characteristics of ontologies are the first to assess before selecting them for
reuse. However, some other aspects of ontologies such as availability of documentation,
availability and accessibility of an ontology (e.g. license type), availability of metadata
andprovenance information, and also having information about the purpose that ontology
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is used/has been used for previously (e.g. annotation, sharing data, etc.) are as important
as the quality of the internal components of ontologies.

Popularity, as one of the most defined and used term in the literature, refers to the
role of community in the quality assessment process. As a part of this study, respondents
were asked to rate the importance of six different popularity related metrics, four of
which were previously mentioned in the literature. The results suggest that ontologists
and knowledge engineers tend to care more about the popularity metrics, as identified
by [34, 45], such as popularity of an ontology in the community and among colleagues
(ranked14out of 31,when sorted bymedian) and the reputation of the ontologydeveloper
team, and/or institute in the domain (ranked 21 out of 31, when sorted by median) than
the popularity relatedmetrics that have beenwidely used in the literature and by selection
systems. Metrics used in the literature include the number of times an ontology has been
reused or cited [46, 47], the popularity of an ontology on the web [28, 31], the reviews
of an ontology [42] and the popularity of an ontology on social media [48]; while having
a lower median and mean, some of these metrics were ranked higher when the quality
metrics were sorted by standard deviation. Standard Deviation shows a higher level of
agreement among the survey respondents about the lower rank of those metrics.

7 Conclusion

This paper set out to explore and clarify the notions of quality and reuse in the field of
ontology engineering and to identify the set of metrics that ontologists and knowledge
engineers tend to consider when assessing the suitability of an ontology for reuse. It
also investigated the potential role of community and social interactions in the process
of ontology evaluation and selection for reuse.

The results of this study suggest that the process of ontology evaluation and selection
for reuse does not only depend on different internal characteristics of ontologies, such as
their content and structure, but it also depends on many other metadata and community
related metrics. Moreover, the results of this study indicate that ontologists and knowl-
edge engineers find some of the metrics identified in this research more important and
useful, compared to the ones proposed by the previous studies. The proposed ranking
based on the metrics identified in this research were also found helpful and useful in the
ontology evaluation and selection process.

Overall, the results suggest that the metadata and social related metrics should be
used by different selection systems in this field in order to facilitate and improve the
process of evaluating and selecting ontologies for reuse and also, to provide a more
comprehensive and accurate recommendation for reuse. Moreover, definition of some
of the quality metrics used in the literature, e.g., popularity and how they are currently
measured, may benefit from updating.
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