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Abstract. The use of ontologies today is still unabated, with upcoming usage
scenarios through the rise of artificial intelligence. That increases the importance
and the need for automatic, reliable evaluation techniques.

Even though numerous ontology metrics have been proposed in the past years,
the interpretation of these metrics remains arbitrary. The specific influence of
these simple metrics on quality attributes is not validated in a scientifically sound
approach. The goal of this doctorate is to establish and validate a link between
comprehensive quality attributes like “understandability” or “completeness” and
the metrics proposed in the literature. Using a data-centric research design, the
objective is the identification of quality grades and improvement recommenda-
tions through the application of a novel, data-driven quality framework. This has
the potential to support especially inexperienced ontology engineers in assessing
their work and the creation of better ontologies.

The novelty of this research lies in the data-centricity of its design. Using a col-
lection of large amounts of evolutional ontology metric data, statistical relevant
correlations between these metrics over time are to be found. This enables the
validation of already proposed quality attributes and the identification of new
ones.
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1 Introduction / Problem Statement

Even though the use of computational ontologies dates back until the 90s [1], their us-
age today is still unabated with application scenarios not only in the sharing of infor-
mation but also in the inferring of new knowledge through reasoning or the enablement
of natural language processing. Trends like explainable A.l [2] autonomous driving [3]
or graph driven voice assistants like amazon alexa [4] further increase the use of ontol-
ogy technologies. But as ontological representations are on the rise — how can one en-
sure the quality and correctness of such artifacts?

The usage of objective, quantifiable metrics provides reliable ontological measure-
ments. Moreover, in the past, an enormous amount of metrics has been proposed, as-
sessing — among others - the graph and schema attributes, annotations, relations, or
instances. However, for most of the proposed measurements, their impact on the actual
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quality is not researched systematically. For example, how, and in what kind of com-
position do the metrics proposed by Tartir et al. in the OntoQA-Framework [5] influ-
ence the understandability of an ontology? How does Gangemi et al.’s graph metrics
[6] influence the reusability of an ontology? The impact of specific metrics on particular
quality attributes is often not described and if so, not validated in an empirically sound
approach. Even though the missing validation of the proposed metrics is criticized in
many papers [7-9], it has not yet experienced great attention from the research com-
munity. Further, most of the metrics stay isolated due to their heterogeneous structure,
degree of formality, and different objectives [10].

These shortcomings hinder the explanatory power and comprehensibility of ontol-
ogy metrics. Especially inexperienced modelers are facing challenges selecting the
right metrics for the right goals. Even though the ontology metrics are calculated ob-
jectively, their interpretation remains subjective [11].

Validated measurements of ontology quality attributes can help modelers to develop
high-quality ontologies based on their aimed usage scenario. The envisioned purpose
of this Ph.D. project is a translation of the abstract metrics into measurements for high-
level quality dimensions like, among others, “completeness™, “clarity”, or “adaptabil-
ity”. As a side effect, based on the calculated quality score, improvement recommen-
dations can be derived, highlighting the artifacts that are the most influential factors for
each quality dimension. In effect, it is expected that this can not only lead to better
ontologies but in the long term also to better-trained modeling workforce.

2 Related Work

Related work for this research endeavor originates from the field of ontology evalua-
tion. Over the past years, various evaluation methods have been proposed. The follow-
ing section discusses the most influential and relevant publications and motivates this
doctoral research through the shortcomings of the earlier approaches.

Often referenced is the categorization by Burton-Jones et al. into syntactic, semantic,
pragmatic, and social quality within a total of 10 associated metrics [7]. This paper
already assigns metrics to quality constructs like lawfulness or clarity. Nevertheless,
the framework heavily depends on user inputs, one has to provide weights for the met-
rics and their aggregation. The overall 14 user-assigned weights make the application
of this quality framework arbitrary, the practical implications for this framework re-
garding attributes like ontology reuse, understandability, or computational efficiency
are not examined.

OntoQa by Tartir et al. provides another set of metrics categorized in schema, class,
and knowledge base metrics. Even though an interpretation is provided for most of the
results, a holistic view on the ontology is missing and the metrics stay isolated [5].

Duque-Ramos et al. adapted the software quality framework SQuaRE towards on-
tologies, naming it OQuaRE. Here, ontologies are measured using 14 metrics. For these
measurements, threshold values are provided for the grading into a numerical scale
from 1 to 5. Further, these metrics are mapped to some quality characteristics like test-
ability or modularity [12]. Using an expert evaluation, the relation between the quality



attributes and the calculated metrics were empirically validated [13]. The maturity of
this framework regarding the validation of metrics and their linkage to quality attributes
exceeds the other approaches. However, even though the relationship between metrics
and quality dimensions were established, this relationship merely associates the calcu-
lated metrics to quality attributes, without proposing a composition.

A recent review on metrics by Lourdusamy and John came to the same conclusion
and criticized the missing holistic view on ontologies as well as the lack of empirical
validation [14].

Most of the current approaches just hypothesize the combination of the isolated met-
rics into intuitive, comprehensive quality aggregations. Even if a validation is per-
formed, it is often done in a rather narrow quantitative study with limited significance.
In conclusion, metrics for ontologies are already researched extensively, the room for
novelties in that area is limited. To ensure a useful application though, these proposed
metrics need to be validated and set into a useful context. This context can be provided
by the development of a holistic ontology quality framework as proposed in this Ph.D.
proposal.

3 Research Questions

In the previous sections, current challenges were outlined regarding the support of (es-
pecially inexperienced) knowledge engineers using empirically validated quality meas-
urements and improvement recommendations. The following research questions are
derived based on the identified shortcomings of the approaches currently available:

3.1 RQ 1: How do Ontology Metrics Develop over the Evolution of
Ontologies?

Ontology metrics just provide a snapshot of an artifact that is itself dynamic. Taking
into account historical data, the evolvement of the ontology can be made visible. As
Malone et al. stated, ontologies develop in different stages, that all come with specific
characteristics regarding the performed changes [15]. It is expected that these stages
can be identified using the historical development of the calculated metrics. The ma-
turity level of an ontology then indicates the kind of assessment and evaluation that is
needed to rate and improve the model.

3.2 RQ 2: How do Ontology Metrics Correlate with Each Other, and how do
these Correlations form Comprehensive Quality Dimensions?

The next research question is concerned with the correlations between metrics. The
combination of multiple isolated metrics into comprehensive quality attributes is ex-
pected to raise the understandability of the evaluation. The validation based on a statis-
tical analysis of a large metric repository ensures their significance. Further, the de-
crease in the amount of shown measurements can improve the comparability between
ontologies.



3.3 RQ 3: Under what Condition is the Quality of an Ontology Sufficient for a
Given Use-Case?

To be able to infer a quality indication out of measurements, an interpretation of these
values is obligatory. Without guidance, their interpretation remains arbitrary, especially
for inexperienced ontology engineers. Based on the analysis of large ontology reposi-
tories, their use-cases, and their respective threshold-values for other metrics, the goal
is to research quality scores that are common for often used knowledge representations.
These common threshold values can be taken as a threshold recommendation for future
ontology developments.

3.4 RQ 4: Which Improvement Recommendation can be Derived from the
Metric Calculations?

The awareness of the quality of an artifact is indispensable for its improvement. How-
ever, especially for inexperienced knowledge engineers, a pure numerical assessment
is not sufficient to ensure the creation of better ontologies. It is argued that the inexpe-
rienced workforce needs more support in the form of recommendations. Based on the
quality attribute calculations that are the output of RQ 2 and their suggested scores that
are the output of RQ 3, the goal is to derive modeling recommendations out of the
assessed characteristics. These scores enable the modeler to fix the weaknesses in his
ontology design that have the most significant impact on the respective quality score.

4 Research Plan and Preliminary Results

This section highlights the current methodological plan, as well as steps that have been
achieved so far. Especially the former is subjected to changes in the future, as the ma-
turity of this research grows.

4.1  Development of the Technical Prerequirements

As stated in section 2, most of the current approaches are based on argumentative qual-
ity aggregations and limited statistical validation. The approach proposed for this doc-
torate follows a more data-centric paradigm. Based on the extensive analysis of sizeable
evolutional data sets, metric correlations out of literature shall either be validated or
new ones detected. The data will be collected through the tool “OntoMetrics” of Ros-
tock University. First proposed in 2016 by Lantow [16], it offers 81 metrics, mostly
based on the work of [17] and [5]. While it currently just supports the analysis of single
ontology files, in the future, the tool will be extended towards support for git reposito-
ries and an easy to use GitLab and GitHub? interface. All metrics of the analyzed data
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sets will be stored for analysis. It is expected that the further development of the On-
toMetrics-tool increases its usage and enables a growing database of analyzed ontolo-
gies. Recently, a large-sized company approached Rostock University for collaboration
in assessing their ontologies. The collaboration with this industry partner can also lead
to a growing database of collected ontology metrics.

4.2 Methodical Blueprint for Answering the Research Questions

As soon as enough data is collected to infer valid correlations, the answering of the
research questions can begin. The planned methodological process is shown in figure 1
below. As the research is still in an early stage, the outlined process may be subjected
to changes in the future.
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Fig. 1. Research Questions, the planned methodological proceedings, and their outcomes

The research question 1 is at first concerned with the description of the gathered
data. An initial overview of how the various ontologies differ can provide an insight
into the variance of metrics as well as their historical development. It guides the deriv-
ing of the metric aggregations for the next research question, RQ2. These aggregations
shall include compositions of metrics into comprehensible quality dimensions like “un-
derstandability”, “reusability”, “learnability” and more. The creation of the metric com-
positions can be based on mere data analysis using statistical data mining approaches,
from already proposed metric aggregations in the literature or a combination of both.

The distinctive feature between this and previous research is the intense focus on the
data-centric validation of the measurements. Using the various analyzed ontologies, it
is expected to see that identified commonalities are to be true not only for a limited set
of ontologies but for a statistically relevant proportion of the ontologies that are avail-
able for analysis.

As the measurements are identified and validated, the next step for RQ3 is now to
find common, recommended threshold values for these metrics. Most likely, a prior
classification of the ontology is necessary — an upper-level ontology will look different
than a task-dependent domain ontology. With the metrics repository, it is expected to
derive threshold values for evaluation scores for the quality framework. An example of



this threshold could be that most mature, often used domain ontologies have an “under-
standability” of at least 4.3. This enables the ontology engineer to directly compare his
work against other ontologies that he knows or that that are used in his organization,
while at the same time having an idea when a desirable quality level is reached.

The metrics compositions that are the output of RQ2 are in the latter also the input
for RQ4. As ontologies get analyzed using these measurements, there are metrics within
these compositions that may have a significant impact on the calculated score. They
can be, therefore, identified as the most essential items to improve.

5 Evaluation of the Research

The created metric compositions for the measurement of quality attributes of RQ2 and
the created threshold values of RQ3 are based on statistical analysis. Using further col-
lected test-data, the mathematical validity of the metric aggregations can be proven.
But a mere mathematical construct does not guarantee the usefulness to the consumer
of such metrics. To perform this kind of user-centric evaluation and therefore ensure
that the research questions are answered to a sufficient degree, a last evaluation stage
is required. The embodiment of this affirmative study is not yet decided. There are,
however, various ideas for confirmative studies.

An often-used approach for the validation of usefulness to the user is a quantitative
survey. Here, it is possible to question the perceived level of experience, as well as the
perception of the usefulness of the various quality measurements.

In the beginning, we set up the hypothesis that especially inexperienced users tend
to need automatical supported guiding using an empirically grounded evaluation tool.
To connect the perceived impact of the tool with reality, the survey could be aligned
with metrics and metadata out of the git repositories. For some metrics, the metadata
can give a clear indication for its validity: Reusability, for example, should be visible
in downloads or forks. If the questionnaire before also captured the user name of a given
repository service, then a direct link between the perceived quality of individual users
and their performance can be established. Higher perceived productivity should affect
the number and size of commits. An improved perceived personal performance should
be observable through more elaborate modeling techniques, thus resulting in an im-
proved metric rating for their contributions. Using this approach, the actual effect of
the proposed metrics on the performance of the modeler can be observed.

6 Discussion and Further Outlook

At a first glimpse, the field of ontology evaluation seems to be mature. The technology
exists since the early 90s, and much work has been published. However, as outlined in
section 2, today’s ontology evaluation approaches lack a sound empirical validation
and the translation into human understandable, reliable metrics. This shortcoming is
getting addressed with this doctorate. This research can help especially inexperienced
knowledge engineers to create better ontologies by providing comprehensible, reliable
feedback, including improvement recommendations.



This research is focused on the structural attributes of ontologies. Measurement
methodologies that require additional input like golden standard, data-driven, or
task/application based [18] are not in the scope of this research. It is therefore not as-
sessed whether an ontology that might be not sufficient from a structural perspective
excels in a specific usage scenario. It is likewise not planned to include user ratings or
domain terminology coverage into the quality measurements. Nonetheless, further re-
search might consider the combination of different methodologies with the result of this
scientific work.

The collection of data is the main requirement for the planned research activities. As
stated in section 4, the tool “OntoMetrics” will be the foundation for further data col-
lection activities and is getting developed towards the integration of historical data and
repository services. As soon as these services are integrated, public available ontologies
like the gene ontology? can be analyzed towards a first outlook on RQ1, while the tool
builds up a more extensive user base and therefore collects more data.

The acceptance of the tool OntoMetrics and the associated data gathering is an es-
sential activity for the success of this research. The size and quality of the database will
strongly affect the quality and validity of the research, as well as the next steps. Re-
cently, the respective tool has gained some interest not only by researchers but also by
industry partners, further collaboration is planned. This supports our hypothesis for a
need for better evaluation of the growing amount of ontologies and motivates further
the optimism for the success of this data-driven ontology evaluation research.
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