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Abstract
Ontology reuse is a complex process that requires the sup-
port of methodologies and tools to minimise errors and keep
the ontologies consistent. Although many efforts have inves-
tigated ontology reuse for different tasks and purposes, this
body of work does not seem to translate to practice. Indeed,
neither sharable good practices within similar communities
have been addressed as a code of practice. The goal of this
ongoing research is a comprehensive “Ontology Reusability
Assessment”, that builds on and extends the current state of
the art ontology reuse. We carried out a community survey
to gain an insight into the gap between theory and practice,
in this paper we report part of the survey analysis addressing
reuse approaches, ontology types, ontology reporting details
and reusability challenges. The results demonstrate that soft
reuse is the most widely accepted approach while selecting
concepts either from domain ontologies or upper-level on-
tologies is highly dependent on developers’ experience. Also,
understanding a project’s context is necessary for steering
the search process in the right direction. Another impor-
tant issue detected concerned reusing ontologies that import
many other ontologies. A possible approach to lessen these
problems could be the creation of sharable good practices
recommendations that could be emerged in developing tools.

CCSConcepts: • Information systems→Ontologies;Con-
tent analysis and feature selection.

Keywords: Ontology reuse approaches, Ontology reuse prac-
tices, State of the art ontology reuse,Ontology reporting de-
tails, Reuse challenges
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1 Introduction
Ontology reuse is regarded as a fundamental step in all on-
tology design methodologies, and is seen as crucial because
it allows ontologies to be developed by saving effort and by
reusing ontological fragments that have been independently
validated [1, 10, 18, 19, 26]. Despite that, authors of [6] sus-
pected that ontology reuse within a given domain does not
seem to be widespread. This intuition had been reinforced
by the work carried out by Kamdar and colleagues [11], fo-
cused on BioPortal, which states, as one of their conclusions,
that reuse among biomedical ontologies is quite limited (less
than 5%). In addition, while different approaches to ontology
reuse exist, due to different motivations or different imple-
mentations, the decisions on such approaches are usually
taken by ontology engineers when bootstrapping a project [?
]. For example, as presented in [22], ontology reuse is often
not performed by means of importing the reused ontologies
(hard reuse), but only by referencing the reused ontology ele-
ments URIs (soft reuse). Reusing decision methods is claimed
to be biased and shallow as they are often taken on a case-
by-case basis, so not necessarily meeting the definition of
sharable good practice [? ]. Nevertheless, reuse seems to
pose a significant challenge to the community, owing to
a variety of factors that can hamper the effective reuse of
existing ontologies; (i) possible deficiencies in ontologies’
documentation make it difficult to find all ontologies suit-
able for reuse [15]; (ii) the lack of a standard way to verify
the accuracy of Competency Questions (CQs) against an on-
tology typically results in misconceptions in determining
the reusability of a candidate ontology [31]; (iii) the lack of
standardisation in designing an ontology through reuse can
introduce future errors, for example, by failing to keep track
of changes in reused ontologies [6]; (iv) insufficient informa-
tion about the requirements that ontology engineers aim to
satisfy when assessing candidate ontologies to reuse [6, 15].

From state of the art reviewed, it appears that some ontolo-
gies are reused more than others, possibly because they were
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documentedwhen theywere comparedwith others [21]. One
of the aspects affecting the reusability of an ontology is the
perception of its quality with respect to some evaluation
criteria. However, although much work has addressed the
evaluation of the quality of ontologies from the perspective
of reuse such as [4, 7, 28–30], there are no definitive prin-
ciples and practices, and, especially, there is no practical
mechanism for providing developers with a qualitative and
quantitative assessment of reusability.

In this ongoing research we aim to develop a comprehen-
sive framework for assessing ontologies for reuse, captur-
ing the requirements for reusing ontologies, identifying the
modalities of reuse, the ontology features, and any additional
information of which ontology engineers need to be aware
of when selecting a candidate ontology to reuse.
To achieve this objective, we analysed state of the art

reusing ontologies in a top-down and bottom-up manner:
we reviewed the current literature on the theory of ontology
reuse, whilst we compiled a questionnaire aimed at ontology
practitioners and experts to identify mismatches between
theory and common practices, condense best practices and
establish a mechanism on how to assess an ontology for
reuse.
We asked the survey participants (Section 3) to rank sev-

eral measures, which exemplify different ontology evalua-
tion metrics, from ’most preferred’ to ’least preferred’ with
respect to the reuse of ontologies. Such reuse metrics are
“scheme metric” [21, 28, 30], “instance metric” [21, 28, 30],
“community and social metric” [15, 29], and “documentation
metric” [5, 15, 29]. However, the aim of this paper is to report
part of the survey analysis addressing the following research
objectives:

• Objective 1(Obj1) : Identify howpeople practically
reuse. The questions associated with this objective are
the following: how do developers reuse in practice?
What are preferred ontology reuses, definitions and
functions? Do ontologists prefer to reuse domain spe-
cific ontologies or upper level ontologies?

• Objective 2 (Obj2) : Identify the significant reported
information about ontologies that are practically
investigated. This objective is focused on the ques-
tion: what are the aspects that developers are searching
for?

• Objective 3 (Obj3) : Identify the important em-
pirical obstacles that have hampered reuse. The
essential feature of ontologies that might reduce their
reusability.

The main findings of our work are that soft reuse is signif-
icantly more popular than hard reuse and reusing ontology
design patterns. In addition, experience highly influences
the decision to reuse specific domain ontologies or upper-
level ontologies. Furthermore, ontologies complexity con-
cerned ontologists and typically hampered reuse, mainly

being related to ontology size, conflicts within ontology and
importing many ontologies. The remaining sections of this
paper are organised as follows: Section 2 presents the re-
search methodology we followed for the study. Section 3
defines the survey participants, Section 4 provides the results
obtained during the study while Section 5 offers a discussion
of such results. Section 6 focuses on related work and finally,
conclusions and future trends are outlined in Section 7.

2 Research methodology
An empirical method through an online questionnaire aimed
at ontology developers was followed to fulfil the objectives
mentioned earlier (Section 1). The responses were processed
in a quantitative way; they were analysed in statistical tests
that assess the extent to which these objectives are associated
with participants’ experience in ontology engineering. The
particular steps carried out are presented below:

1. Definition of selective variables.
2. Evaluation of the variables by means of data collection.
3. Data analysis by means of mainly descriptive statistics.

The following (Section 2.1 to Section 2.3) show how each
one of these steps were performed.

2.1 Definition of variables
To carry out this step, we reviewed the state of the art
reusing ontology to define several aspects of preferences
related to each objective. We selected papers from three
main standpoints: recognised efforts to define reuse from
different perspectives [12, 22, 23]; proposals for meaningful
guidelines/ recommendations for ontology selection aiming
to increase the reusability of ontologies [4–6, 15, 21, 24, 27,
28, 30]; ultimately, studies that highlighted difficulties and
challenges of reuse ontologies [6, 13, 17].
The following variables represent ontology reuse defini-

tions and methods, a question related to these variables is
How would you typically reuse ontologies?

• Import the whole ontology (Hard reuse or As-is).
• Reference to the ontology elements URIs (Soft reuse).
• Reuse by removing some original axioms (Extraction)
• Reuse by adding new axioms to the ontology (Exten-
sion)

• Reuse by merging several ontologies (Combination)
• Reuse by extracting / using Ontology Design Patterns
(ODPs)

• Reuse by copying ontology’s structure.
The following variables account for features that developers
would investigate and might influence developers’ decision
to reuse. The question related to these variables is: Rank the
following ontology details in order of importance from 1 to 8?

• Ontology purpose
• Ontology scope
• Target groups and intended uses of ontology
• Ontology developers
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• The language used to express the ontology
• Requirement specification document (RSD)
• Competency questions (CQs)
• Ontology design specifications ( classes, properties
and relationship)

Finally, variables account for aspects that might hamper
reuse. The question regarding these variables is as follows:
Rank the following potential obstacles to the reuse in order of
significance from 1 to 5 ?

• Size
• Number of imports (e.g. importing a number of ontolo-
gies, that in turn import other ontologies)

• Complexity (large number of classes, axioms and prop-
erties)

• Versioning, the existence of different versions of the
same ontology.

• Known conflicts within ontology

Let us note that the variables were evaluated in relation
to the participants’ backgrounds, the latter was determined
by the participants at the start of the questionnaire.

2.2 Evaluation of the variables by means of data
collection

In the following section, we will describe the different
tasks, motivations, and themost decisive features. The survey
contains; (i) Popularity tasks for Obj1 to investigate the
most popular definition of reuse that was practically used
and how this differs based on the participant’s experience.
(ii) Ranking tasks forObj2 andObj3, each covering different
aspects of the engineers’ decision-making process. The goal
of these taskswas to aggregate and condense the participants’
experience and ’gut-feeling’ about empirical attitudes.

1. PopularityTask forReuse vs. Experience, this task
covers the topic of defining ontology reuse. We pro-
vided the participants with seven approaches of ontol-
ogy reuse implementation along with a brief descrip-
tion.

2. PopularityTask forOntologyType vs. Experience,
this task covers the topic of the popularity of upper-
level ontologies vs. specific domain ontologies within
the community. We provided the participants with ex-
amples that illustrate both cases and asked them to
select the most preferred choice and give a reason.

3. Ranking Task for Details vs. Experience, the first
ranking task is about ontology reporting details vs.
engineers’ background. We provided the participants
with eight features, which are common when search-
ing for ontologies and included in most popularity-
based metrics.

4. Ranking Task for Obstacles vs. Experience, the
second ranking task is about ontology reuse obstacles

vs. engineers’ background. We provided the partici-
pants with five difficulties, taken mainly from studies
that investigated why are ontologies not reused? and
studies that highlighted difficulties and challenges of
reusing ontologies in the literature.

2.3 Data analysis

The data analysis 1 was carried out by means of descrip-
tive statistics; a number of statistical tests used due to dif-
ferent analysis purposes and variant data types, such as the
Chi-square test to determine whether there is a statisti-
cally significant difference between the expected frequencies
and the observed frequencies in one or more categories of
a contingency table; the Friedman test a non-parametric
alternative to the one-way ANOVA with repeated measures
used for ranking tasks as the answers (dependent variables)
on an ordinal scale, used to detect significant differences
between aspects for each objective (with 𝛼 =.05); the pair-
wise Wilcoxon signed-rank tests with Bonferroni cor-
rection to determine if two or more sets of pairs are different
from one another in a statistically significant manner.

3 Participants

The target population of this study was the Semantic Web
community either in academia or industry. The question-
naire was disseminated during the period March to Novem-
ber 2020 through personal contacts, and relevant mailing lists
and conferences (e.g. the 19th International Semantic Web
Conference). The geographical distribution of the responses
originated primarily from Spain 15%, UK 13% and USA 13%.
Overall, N= 78 participants completed the survey, but only
N = 54 were eligible to take part, because we excluded re-
spondents who classed themselves as having no ontology
engineering experience as well as a subset answered of the
questions resulted in the discrimination of that response.

On average the participants have worked for 4 to 5 years
with ontology engineering (M =4:75; SD=2:64), and rated
their own expertise with ontology engineering quite high
(M =3:87; SD =0.933) on a 5-point-Likert scale from 1 (none at
all experienced) to 5 (expert). About 65% of the participants
consider themselves to be Highly Experienced (HE) or above
(4 or 5 on the Likert-scale) and 35% consider themselves to
have Moderate Knowledge (MK) or less. They also declared
their attitude toward reusing ontologies quite high (M =3:93;
SD =0.968) on a 5-point-frequency scale from 1 (rarely) to 5
(always). About 68% of the participants consider reusing on-
tologies high frequent (often to always on the Frequent-scale)
and none of the participants choose never consider reusing.
The frequency of reusing ontologies differ depending on

1We thank Statistical Department at the University of Liverpool for their
contribution to statistical analysis.
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the familiarity of the respondents with ontology engineer-
ing, as shown by a Mann-Whitney U test (U =200.500, p =
0.012). The highly experienced participants reuse ontologies
more frequently than the moderate knowledge ones (add the
percentages ).
In total, we can say that our participants are quite expe-

rienced in the field of ontology engineering and they are
willing to reuse ontologies. This makes the results of our
survey very promising with respect to their validity for iden-
tifying the shareable good practices of reuse.

4 Results

We encode the obtained both popularity and ranking po-
sitions with numbers starting at 1,2, and so on, i.e the lower
the ranking number the better rank position obtained from
the participants. Table ??, Table ??, summarises the results
for each group and gives a first insight into how the as-
pects of each task was ranked presented in the second and
fourth columns. Also, including the significant differences be-
tween the rankings which are provided in the third and fifth
columns. Let’s note that all tasks were completed by N=54
respondents, however, we categorised the analysis based on
the respondents’ experience; (HE) Highly Experienced, and
(MK) Moderate Knowledge.

4.1 Popularity Task for Reuse vs. Experience
The analysis showed that the most popular reuse approach
was Soft reuse as selected 74.3% HE, and 47.4% MK, while the
least favourable was Reuse by copying ontology’s structure
as selected 22.9%HE, and not selected byMK. The association
between different approaches and participants’ experience
were;

• Reuse approaches affected by participants’ experience
are:(i) hard reuse; a significant association between
familiarity level and this method. In other words, this
approach is dependent on the engineers’ experience,
selected 57.1% HE and 26.3% MK. (𝑥2 (1, 54) = 4.70, 𝑝 =

.030)
(ii) soft reuse: which is the participant’ best preferred
method, the analysis showed a significant association
between participants’ experience and this approach
(𝑥2 (1, 54) = 3.91, 𝑝 = .048)
(iii) copying ontology’s structure; that received the
least attention as reported only 22.9% HE. Furthermore,
the chi-square result (𝑥2 (1, 54) = 5.098, 𝑝 = .024) high-
lights that this approach is dependent on engineers’
experience.

• The chi-square results for the rest approaches showed
no relationship with the participants’ experience the
reported preferences varied between both groups. The
following are the approaches in descending order from
the most selected approach to the least.

1. For HE; extension 51.4%, using ODP 34.3%, extrac-
tion 28.6%, and combination 25.7%.

2. For MK; extension 42.1%, extraction and combina-
tion same percentage 31.6%, and using ODP 21.1%.

4.2 Popularity Task for Ontology Type vs.
Experience

The analysis showed that reusing specific domain ontologies
was dependent on participants’ experience mainly preferred
by MK as reported HE 31% and MK 78%. In contrast, reusing
upper level ontologies was highly recommended by HE re-
ported HE 74% and MK 21%.

4.3 Ranking Task for Details vs. Experience
• For the HE, N= 35, we found a significant difference be-
tween reported information, 𝜒2 (7, 35) = 66.482, 𝑝 <

.001 Dunn-Bonferroni post hoc tests were carried out
and there were significant differences between ontol-
ogy scope and ontology language (p=.002), ontology
scope and target group (intended uses of ontologies)
(p=.000), ontology scope and CQs (p=.000), ontology
scope and RSD (p=.000), ontology scope and ontology
developers (p=.000), ontology design specifications and
ontologies developers (p=.000), ontology purpose and
ontology developers (p=.000), ontology language and
ontology developers (p=.016), target group (intended
uses of ontologies) and ontology developers(p=.050),
the above mentioned results obtained after Bonfer-
roni adjustments. However, there were no significant
differences between any other details.

• For MK, N= 19, we found a significant difference be-
tween the eight reported information, (𝑥2 (7, 19) =

36.243, 𝑝 < .001) A post hoc analysis with Wilcoxon
signed-rank tests, which conducted with a Bonferroni
correction applied and it proved that; there were sig-
nificant differences between target group (intended
uses of ontologies) and RSD (p=.052), target group
(intended uses of ontologies) and ontology language
(p=.006), target group (intended uses of ontologies)
and ontology developers (p=.000), ontology purpose
and ontology language (p=.052), ontology purpose and
ontology developers (p=.001), ontology scope and on-
tology developers (p=.010), again the above mentioned
results obtained after Bonferroni adjustments. How-
ever, there were no significant differences between any
other aspects.

4.4 Ranking Task for Obstacles vs. Experience
• For HE, N= 35,there was a significant difference be-
tween the five obstacles, (𝑥2 (4, 35) = 13.305, 𝑝 < .010)
A further post hoc analysis withWilcoxon signed-rank
tests, which were performed with a Bonferroni correc-
tion applied and it proved that there were significant
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differences between conflicts with other imported on-
tologies and ontology versioning (p=.032) after Bonfer-
roni adjustments. However, there were no significant
differences between any other obstacles.

• RegardingMK, N= 19, again, a significant difference be-
tween the five obstacles (𝑥2 (4, 19) = 28.084, 𝑝 < .001)
A post hoc analysis with Wilcoxon signed-rank tests,
which were conducted with a Bonferroni correction
applied and provided final evidence that there were
significant differences between number of imports and
conflicts with other imported ontologies (p=.021), con-
flicts with other imported ontologies and ontology
versioning (p=.001), conflicts with other imported on-
tologies and ontology size (p=.000) after Bonferroni
adjustments. However, there were no significant dif-
ferences between any other obstacles.

5 Discussion

The results of analysing the aforementioned objectives
(Section 1) to investigate ontology reuse practices show that
engineers’ practices ranged from practices that are quite dif-
ferent from theory to those that are confirmed by the state of
the art ontology reuse. In [? ], ontology selection is claimed
to be a highly subjective task that is frequently performed
by experienced ontology engineers who select ontologies
that they intuitively believe are fit for the purpose. Our re-
sults could argue this by indicating that even experienced
engineers have preferences for measures that influence their
decision to reuse ontologies. Nevertheless, investigating the
association between these measures and participants’ expe-
rience showed that some reusability measures were entirely
dependent on the experience level, while others confirmed
no relatedness to the experience. This could draw the conclu-
sion that there are some reusability aspects that are widely
accepted as shareable good practices within the community.
The following are the key findings that will be discussed

with respect to which finding contradict the state of the
art ontology reuse and which confirmed with it under two
headlines; Engineers’ Practical Measures (for the former), and
Agreed Theoretical Measures (for the latter).

5.1 Engineers’ Practical Measures
1. Ontology reuse approaches This set of results is

regarding the preferences of reuse approaches, the sig-
nificant preferred approach for all participants is soft
reuse. This is quite an interesting result as it matches
our expectations of the flexibility of this approach in
terms of modularity, allowing ontologists to decide
which parts of an external ontology are reused rather
than importing the entire ontology [2]. As a matter
of fact, this appeared to be the developers’ attitude
several years ago. For example, a notable evolution in
2012 of ontology reuse practices from the hard reuse

of ontologies to the soft reuse of ontologies’ terms
showed an increased to approximately half of the total
reuses [22]. Two years later, the empirical survey con-
ducted by [24] showed that direct reuse of popular vo-
cabularies is preferred rather than defining new terms
and aligning them to other vocabulary terms. Later,
in 2020 [? ] authors emphasised that ontology reuse
practices in domain applications confirm the aforemen-
tioned trend. Surprisingly, looking at the quite small
engineers preferences for hard reuse in both groups,
while in theory most of the ontology development
frameworks such as Protege (owl:imports) support it.
The reasons are related to; (i) complexity of hard reuse
as it does not allow the customisation of the imports of
ontologies which results in import concepts that may
be irrelevant and incompatible with the requirements
of the local ontology [? ]. (ii) inaccurate consequences
of hard reuse exemplified by firstly, if importing on-
tologies are not available so their semantics are lost,
causing inconsistency of the new ontology, and sec-
ondly, if a reused ontology contains contradictions
with respect to a reused ontology, these cannot be de-
tected automatically [? ]- contradictions may emerge
only when both ontologies are imported into a third
ontology [6].
Another significant finding which opposed the state
of the art reuse ontologies is the ODP. In theory it was
considered the most beneficial component in ontology
design as well as to be the reusable modelling solu-
tions which encode modelling best practices [8, 23].
However, the participants showed least interest in us-
ing this style of reusing. Also noticed was the limited
influence of ODP in published ontologies as stated by
different studies. For example, a variety of techniques
developed by [14], to detect the prevalence of ODPs
in ontologies showed that no evidence could be found
of the influence of ODPs, even for the most popular,
within biomedical ontologies. Similarly, [16] conclude
that there is only scant evidence for influence of ODPs
in the biomedical domain. Given the popularity of
biomedical ontologies, the conclusion of these studies
can be generalised to other domains.

2. Domain ontologies vs.Upper level ontologiesWe
noticed here that the results were entirely dependent
on the experience level of the participants showing
that MK engineers prefer to reuse specific domain
ontologies while HE engineers prefer upper- level on-
tologies. The underlying theories are that; (i) MKs’
limited experience may be a barrier, leading them to
focus on a clear data structure provided by domain
ontologies rather than the entire semantics of the data,
which may be missed by these ontologies. (ii) HEs’ con-
fidence in knowing how to avoid reusability problems
and experience in the field along with networking and
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Details MK Median Rank Friedman test HE Median Rank Friedman test

Ontology purpose 7 6
Ontology scope 6 8
Ontology target group 8 4
Ontology developers 1 𝜒2 (7, 19) = 36.243, 𝑝 < 0.001 1 𝜒2 (7, 35) = 66.482, 𝑝 < 0.001
Ontology language 2 5
Requirement specification document 3 2
Competency questions 5 3
Ontology design 4 7

Table 1. Ontology Reporting Details

involvement in long-term projects would be the rea-
sons for preferring upper-level ontologies. Those on-
tologies are typically owned and maintained by large,
well-known organisations so unavailability, version-
ing, and miscommunications issues are rarely to be
faced. To the best of our knowledge, addressing the
link between reusing earlier mentioned ontologies and
developers’ experience has not been investigated in the
literature. Regardless of the developers’ background,
other factors have been suggested to help develop-
ers in deciding which vocabularies to reuse, focusing
on specific domains such as governmental data2. Fur-
thermore, [5], developed methodological guidelines
for reusing general ontologies to identify the type of
general ontology to be reused and what axioms and
definitions of such ontologies to be extracted.

5.2 Agreed Theoretical Measures
1. Ontology reporting details The results showed vari-

ances in ranking positions based on the participants’
experience. Despite that, both groups indicated that
the most important aspect is ontology developers, this
is also confirmed by some literature such as MIRO
guidelines [15] pointed out that Ontology Owner de-
tails as “must be included” in ontology documenta-
tion. [27] further emphasised that one of the quali-
ties that make ontologies attractive for reuse is when
ontologies are owned or published by large organisa-
tions, showing that developers’ information should be
clearly stated. Previously, this detail was not regarded
as interesting for example, ontology requirement spec-
ification documents RDS by [27] did not include this
information as a part of ontologies documentation. The
ranking results of purpose, scope, CQs, and intended
users are debateable in a two-fold way: Firstly, appar-
ently, those aspects are parts of RSD, widely known by
the community, and having them as individual options
could be misleading. This is because of the association
between them like parent->child or class->subclass re-
lationships, this might justify the lowest rank of these

2https://www.w3.org/2011/gld/wiki/Linked_Data_Cookbook#Step_3_

details compared to RSD. Secondly, regarding the dif-
ferent practices and experiences, it is interesting to
observe that engineers have different attitudes toward
prioritising these aspects which influence ontology’
reusability from different perspectives.

2. Ontology reuse difficulties There was no difference
between the ranking positions between all participants
in the first three aspects of this task. That leads us to
conclude that practical factors that hampered reuse in
order of significance are: conflicts within ontologies,
complexity, and number of imports. These factors have
been addressed and agreewith the state of the art ontol-
ogy reuse, as ontologists have been advised by [17] to
avoid a “Pick and Mix” approach when reusing ontolo-
gies, describing as this as potentially confusing. The
author [17] suggested drawing terms from the same
ontology rather than importing many ontologies, this
ensures overall coherence, and allows reasoning to be
better leveraged.
Ontology size is another challenge for reuse deter-
mined by both groups; this could be related to; (i) the
broadening scope issue raised by [17] to which a pos-
sible solution is to develop ontologies with fixed scope
and core concepts and avoid shadow concepts – hav-
ing this in mind would increase the overall coher-
ence and connectivity of the information that ontol-
ogy describes. (ii) size concern could be related to the
‘Mismatches and Misunderstandings’ and ’Finding Mr.
Right Ontology’ challenges identified by [13] – the
relationship between them could be confusing and am-
biguous with respect to the size of reused ontologies.
Finally, ontology versioning is an debateable point and
could be a double-edged sword. On one hand, hav-
ing updated versions of an ontology means that it is
frequently maintained and up-to-date. On the other
hand, versioning typically causes loss of information
resulting in an ontology that imports out-of-date or
unavailable ontologies, the former highlighted by [6].

6 Related work

https://www.w3.org/2011/gld/wiki/Linked_Data_Cookbook##Step_3_
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Details MK Median Rank Friedman test HE Median Rank Friedman test

Ontology size 5 4
Number of imports 3 3
Complexity 2 𝜒2 (4, 19) = 28.084, 𝑝 < 0.001 2 𝜒2 (4, 35) = 13.305, 𝑝 < 0.010
Ontology versioning 4 5
Conflicts within ontology 1 1

Table 2. Ontology Reusing Obstacles

Despite a vast literature on ontology reuse providing def-
initions, methodologies, implementations, evaluation and
verification metrics, we have reported those studies most
related to the aim of this paper. This is neither limiting the
review process nor neglecting other efforts. The aim of this
study was to determine the practical attitudes and prefer-
ences toward reuse. The hypothesis underlying this is: The
variances of reuse among different repositories would im-
plicitly confirm that reuse is influenced by shareable good
practices within the community. One of the first analyses on
ontology reuse was by Simperl [25]. The author presented
different use cases on ontology reuse as well as methods
and tools. The main conclusion was that the reuse approach
is a decision-making problem in which the developer’s ex-
perience plays a crucial role. Nevertheless, shareable good
practices within the same repository would increase reusabil-
ity, for example, authors analysed the reuse in 53 ontologies
at three different time points (September 2009, March 2010,
and September 2010). The results indicate that reuse among
the OBO Foundry candidates increased during the study pe-
riod [9]. Also, Poveda and colleagues [22] analysed soft and
hard reuse in the Linked Data context. This study involved
over 73.96% of the 35 ontologies included in the LOV registry.
The study showed that the proportion of reused elements
was noticeably high (40.53%). In addition, in that time, hard
reuse was more frequent than soft reuse, although soft reuse
already represented one quarter of the total. Later on, reuse
shows an opposed evolution mainly addressed by Fernández-
López et al. [6]. More than half of the ontologies on the
LOV registry reuse whilst others do not import any entity
and the proportion of soft reuse has increased, reaching ap-
proximately half of total reuse. Focusing on the BioPortal
repository, Kamdar and colleagues [11] analysed the reuse
in 377 biomedical ontologies. As a general conclusion, reuse
among biomedical ontologies is quite limited (less than 5%).
Let us note that this percentage is much lower than that
obtained by the above-mentioned studies, [22] and [6]. Con-
sequently, this reflects that the reuse percentage in LOV is a
great deal higher than that of BioPortal. Moreover, Ochs and
colleagues [20] made an analysis of 355 ontologies in BioPor-
tal. As a result of this analysis, it can be stated that 55% of the
analysed ontologies includes elements (classes or properties)
from other ontologies. In addition, the work showed that

knowledge reuse is especially widespread among the ontolo-
gies in the OBO Foundry. Moreover, the knowledge reused
belongs to a small set of popular ontologies, which makes
popularity one of the key practices in reuse, detected firstly
by [11] and addressed later by Schaible and colleagues [24].
They carried out a survey to obtain rankings of diverse mod-
elling examples. Participants in the survey took into account
their understanding of the good reuse of vocabularies when
ranking the models. This study showed that the trend has
been to reuse popular terms from frequently-used ontolo-
gies instead of using terms from unpopular ontologies. On
the other hand, a statistical study carried by [6], detected
that the heterogeneity between the needed conceptualisation
and that of available ontologies, as well as the deficiencies
in some of such ontologies (concerning for example docu-
mentation and licencing), are important obstacles to reusing
ontologies of the same domain of the ontology under devel-
opment.

7 Conclusion and future work
We have argued that despite community efforts promoting
reusability as a key step in ontology development and a vast
literature of reuse approaches, requirements, methodologies
and metrics, reusability practices are not yet widespread. We
have presented part of the study that investigates reusability
in practice focusing on reuse approaches, ontology types, on-
tology reporting details and reusability challenges. This has
been investigated using a survey consisting of ranking tasks,
where the participants were asked to rank various aspects
according to their real-life implementation and understand-
ing of good reuse practices. The results demonstrate that soft
reuse is the most widely accepted approach, while selecting
concepts either from domain ontologies or upper-level on-
tologies is highly dependent on developers’ experience. Also,
understanding a project’s context is necessary for driving
the searching process to the appropriate place [17], raising
the importance of non-functional requirements appearing
in ontology documentation such as RSD and CQs, which are
fundamental for the reuse decision. Another important issue
detected concerned reusing ontologies that import many
other ontologies. It is recommended that developers main-
tain an appropriate mix and match, in order to provide a
clear data structure and make it easier to be reused [24]. A
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further significant, related finding to this is that ontology
complexity hampered reuse, which could be avoided by de-
velopers determining the clear scope, and specific purposes,
with the attached documentation of published ontologies.
These findings of our survey will also be used for the ongoing
research of assessing ontology reusability and will emerge
as practical recommendations with tools such as Watson [3]
for the NeOn ontology engineering toolkit. An evaluation
study including expert ontologists and community members
will ensure that the reuse assessment is both practical and
relevant.
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