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glaice.monfardini@ifes.edu.br, jssalamon@inf.ufes.br,

monalessa@inf.ufes.br

Abstract. The interest in the ontology subject has grown in recent
decades. Ontologies can be used to assign semantics to information items
and solve interoperability and knowledge-related problems. Many meth-
ods have been proposed to improve the ontology engineering process.
The use of competence questions (CQs) is suggested by several of them
as a means to define the ontology requirements and help identify the
necessary concepts, properties, and relations. CQs are questions that the
ontology should be able to answer. Thus, they provide a mechanism to
verify if the ontology is in accordance with the established requirements
and properly represents the desired knowledge. Despite the important
role of CQs, there is a lack of deeper investigation to provide evidence
about their use. Therefore, aiming to investigate how CQs have been
used in ontology engineering practice, we performed a survey with 63
ontology engineers. The results indicate that CQs have helped mainly to
define the ontology scope and evaluate the ontology conceptualization.
However, ontology engineers still face difficulties when writing, using,
and managing CQs. Although there is a range of methods and tools that
support ontology development, guidance regarding CQs is still limited.
This paper presents our study and discusses its main findings.
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1 Introduction

An ontology is a formal representation of a common conceptualization of a uni-
verse of discourse [17]. Ontologies have been a useful instrument for reducing
conceptual ambiguities, making knowledge structures transparent, supporting
knowledge sharing and interoperability between systems [49]. They have been
successfully used in several domains, such as IT Service Management [30], Health
[38], Education [52], and Software Engineering [4]. Nowadays, ontology engineers
are supported by a wide range of ontology engineering (OE) methods and tools.
However, building ontologies is still a complex task even for experts [27].
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To assist ontology engineers in the ontology development process, ontology
engineering methods break it into other processes and recommend activities for
each one [20]. Although methods differ in many aspects, they often include a pro-
cess or activity addressing requirements specification, when the ontology scope,
intended uses, users, and competence are established [50]. Some methods sug-
gest defining the ontology requirements by means of competency questions (CQs)
specified in natural language (e.g., [9,28,31,43]). CQs encompass the purpose of
the knowledge base and suggest the concepts and relationships to be included
in the ontology [2]. They can also be used in later stages of ontology develop-
ment to verify and validate the knowledge represented by the ontology aiming
to ensure that the ontology correctly reflects the real world [15].

Despite the important role CQs play in ontology engineering, there is a lack
of consensual and detailed guidance on how to identify, write, and use them
[1,50]. Even works that address how to specify ontology requirements (e.g.,
[1,11,33,44,50]), point out that it is still necessary to deepen studies about CQs.
This can lead to doubts, contradictions, oversights, and ambiguities when defin-
ing CQs. Not discovering and properly defining CQs early in ontology develop-
ment may result in a poorly specified ontology, increasing the time and effort
spent in the development process [1,10] and hampering ontology quality [10,11].

Exploring CQs in ontology development is not a new idea itself. However,
a broader spectrum of CQs and their utility in ontology engineering has not
been investigated in depth [36]. To take a step in this direction, we decided
to investigate the use of CQs in ontology engineering practice. For that, we
performed a survey with 63 ontology engineers aiming to understand how they
have used CQs when developing ontologies, the perceived benefits, and faced
difficulties. The results provide a preliminary panoramic picture of the state of
practice of the use of CQs in ontology engineering. With this panorama, we
intend to share practices and perceptions with other ontology engineers and
shine a light on research opportunities to provide advances in the research topic.

In summary, the results corroborate statements from the literature (e.g.,
[9,12,15,28,33,43]) by showing that CQs have been used mainly in requirements
specification and ontology evaluation and, thus, help define the ontology scope
and evaluate the ontology conceptualization. Moreover, most of the time they
have been defined iteratively and refined along the ontology development process.
Time constraints have been the main reason for not using CQs and there is a
lack of supporting tools. Furthermore, guidance on how to define and use CQs
is still limited, which causes ontology engineers to face difficulties when writing,
using, and managing CQs.

In this paper, we provide an overview of our study, summarize the main find-
ings, and discuss the results. It is organized as follows: Section 2 presents the
theoretical background for the paper; Section 3 presents the study protocol; Sec-
tion 4 synthesizes the results; Section 5 discusses the results; Section 6 addresses
the study limitations; and Section 7 presents our final considerations.
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2 Ontologies and Competency Questions

An ontology is a formal and explicit specification of a shared conceptualization
[41]. The conceptualization is an abstract and simplified view of the world which
is intended to be represented for some reason. Every knowledge base, knowledge-
based system, or knowledge level agent is committed, either explicitly or implic-
itly, with one conceptualization [45].

Ontologies have been widely used in several domains in applications related
to knowledge management, natural language processing, intelligent integration
information, information retrieval, database design, among others [6], and have
become the predominant way to deal with semantic aspects in semantic integra-
tion initiatives [23]. They can solve or minimize problems related to communica-
tion between people, organizations, and systems by eliminating or reducing the
lack of knowledge of the concepts involved in communication processes [48].

An important distinction sets apart ontologies as conceptual models, called
reference ontologies, from ontologies as computational artifacts, called opera-
tional ontologies [18]. A reference ontology is constructed with the goal of mak-
ing the best possible description of the domain in reality, representing a model of
consensus within a community, regardless of its computational properties. Op-
erational ontologies, in turn, are machine-readable ontologies designed with the
focus on guaranteeing desirable computational properties [9].

The literature presents several OE methods (e.g., [3,9,12,28,31,43,48]). In
general, developing ontologies involves management, development, and support
activities. The first covers the organizational setup of the overall process (e.g.,
managing resources, controlling the project schedule, and the quality of the pro-
duced artifacts). The second refers to ontology development itself and includes
activities such as ontology specification, conceptualization, formalization, and
implementation. The third involves activities related to knowledge acquisition,
documentation, and configuration management, among others, which are carried
out in parallel with development activities to support them [7].

When designing an ontology, requirements can be captured through CQs.
They play a key role, consisting of a set of questions that the ontology to be built
should be able to answer [13]. By establishing CQs, we reach an effective way
to determine what is relevant to the ontology and what is not. They define the
ontology scope and provide a way for evaluating the ontology [9]. Therefore, CQs
can be used to support both, ontology specification and ontology evaluation. In
the former, CQs help model the domain, i.e., through questions that the ontology
should be able to answer, it is possible to have a notion of which are the relevant
concepts of the domain and the relationships between them. In the latter, CQs
can be used to identify ontology flaws in domain modeling, and thus contribute
to the ontology quality assessment [48].

CQs can be informal or formal [16]. Informal CQs are expressed in natural
language and do not require knowledge of Descriptive Logic, facilitating its use by
people unfamiliar with it. They connect the proposed ontology to its application
scenarios, thus providing an informal justification for the ontology. Formal CQs,
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in turn, are expressed in formal language and are created from informal questions
by using axioms and the ontology terminology [16].

CQs can be identified from different sources, using different strategies, and
can be written in different granularity levels. When defining CQs, the ontology
engineer can start with complex questions that are decomposed into simpler
ones (top-down approach) or with simple questions that are composed to cre-
ate complex ones (bottom-up approach). The ontology engineer can also start
just writing down important questions that are composed or decomposed later
on to form abstract and simple questions, respectively (middle-out approach)
[42]. Simple CQs are important for deriving test cases, while complex and more
abstract CQs are important to guide ontology modularization [9].

3 Study Design

A survey aims at identifying the characteristics of a broad population by gener-
alizing on the data collected from a representative sample of individuals [8]. It
is conducted to produce a snapshot of the situation to capture the current sta-
tus [51]. We chose this method because, as we aimed at a panoramic view, we
needed to reach several ontology engineers and ask about many practices. We
followed the process defined in [51], which comprises five activities:scoping, when
we scope the study problem and establish its goals; planning, when the study
design is determined; operation, which consists in collecting data; analysis and
interpretation, which involves analyzing data to get conclusions about the re-
search topic; and presentation and package, when the results are communicated.

The study goal was to investigate the use of CQs in OE practice. Aligned
with the study goal, we defined the following two main research questions:
(RQ1) How have CQs been defined, used, and supported in OE? (RQ2) Which
benefits and difficulties have been perceived?

The instrument used in the study was a form created by using Google
Forms. It contains a consent term for participation in the study and two sections
of questions. The first has five closed questions to characterize the participants.
The second has 16 closed questions related to the study research questions.
Three of them allow the participant to complement the answer by providing
further information in text format. There is also an open question for collecting
comments and suggestions. In some questions referring to the frequency in which
the participants perform some practices, we used a scale based on the Likert scale
but excluded the neutral option in order to obtain meaningful information. The
form used in the study is available in the study package [25].

The participantsmust be a sample of the target population. Thus, we aimed
at ontology engineers with knowledge of and experience in OE and CQs.

The procedure followed in the study consisted of three steps. In the first,
we ran a small pilot to evaluate the form and the study protocol. We asked two
ontology engineers with experience in OE and CQs to answer the questionnaire
and report problems, suggestions, and response time. Based on their feedback,
we made minor adjustments in the form. In the second step, we sent messages
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inviting people to participate in the study. The messages were sent to research
groups that work with ontologies, mailing lists involving OE researchers and
practitioners, contact networks in universities, public, and private organizations,
and authors of the papers selected in an ongoing systematic literature mapping
about CQs we are conducting. We also asked the invitees to forward the invita-
tion to other people they thought could participate in the study. The final step
consisted of gathering data from the answered questionnaires, representing data
in tables and graphs, and analyzing them.

4 Study Execution and Data Synthesis

The invitation was sent in late March and early April 2023. We contacted 115
people and received 65 answers until May 1st, 2023, which amounts to a response
rate of 56%. Two respondents declared in the questionnaire that they have never
used CQs when developing ontologies. As they did not have a suitable profile for
participating in the study, we removed their answers from the sample, resulting
in 63 participants. In this section, we summarize data collected in the study.
For questions in which the participants could choose more than one answer, the
sum of the absolute values is higher than 63 and, thus, the sum of the rates ex-
ceeds 100%. For simplification reasons, we rounded the percentage values to the
first decimal place. The complete set of collected data plus tables and graphs
representing them is available in the study package [25].

Most of the participants are Brazilians (32; 50.8%). Other participants are
from Spain (9; 14.3%), Germany (5; 7.9%), Netherlands (4; 6.3%), Malaysia (3;
4.8%), Italy (2; 3.2%), United States (1; 1.6%), Mexico (1; 1.6%), Argentina
(1; 1.6%), Belgium (1; 1.6%), South Africa (1; 1.6%), Uganda (1; 1.6%). Two
participants did not inform where they were from. The participants’ profile was
identified through questions regarding the context in which they have worked
with ontologies, how long they have worked with OE, how they have acquired
knowledge of the subject, and their experience level with CQs. Figure 1 sum-
marizes data about the participants. As can be noticed, most participants have
worked in the academic context (85.7% in total, 63.5% exclusively in this con-
text), have worked with ontology development for five or more years (68.3%),
and have high or very high experience in CQs (58.7%). Knowledge of the sub-
ject has been acquired in several ways and most of the participants have learned
from different sources – mainly masters/PhD courses (71.4%), scientific events
(60.3%), and searching by themselves (60.3%).

In the following, we synthesize collected data by grouping questions into six
topics: Ontology development, Use of CQs in OE, Ways of developing CQs, CQs
supporting tools, CQs management, and Benefits and difficulties of using CQs.
Questions related to the five first topics aimed to get data to answer the research
question RQ1. Questions related to the last topic are aimed to answer RQ2.

Ontology development: The way ontology engineers develop ontologies
can influence the use of CQs. Thus, to identify how ontology engineers have
developed ontologies, we asked them about the ontology types they have devel-
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Fig. 1. Participants profile

oped, how often they have used OE methods, and which ones they have used
(Uschold and King [47], TOVE [16], METHONTOLOGY [12], Ontology 101
[28], NeOn [43], SaBiO [9], XD [3], LOT [33], or others). Figure 2 shows the re-
sults. Most participants (54%) have developed both, reference and operational
ontologies. Only 6.3% of the participants have developed operational ontologies
exclusively, while 39.7% have focused on reference ontologies. Most of the partic-
ipants (90.5%) have often used OE methods when developing ontologies (always
or most of the time). The used methods are diverse, with a predominance of
SABiO [9] (47.6%), METHONTOLOGY [12] (25.4%), and NeOn [43] (23.8%).
Some participants (17.5%) have adapted existing methods and a few (3.2%)
have combined different methods. Moreover, three participants (4.8%) chose the
option “Other” and declared the use of Ontokem [46], OBO Foundry [40], and
Modular Ontology Modeling (MOMo) [39](each one cited by one participant).

Fig. 2. Ontology development
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Use of CQs in OE: To understand how the participants have used CQs
when developing ontologies, we asked how often and in which phase of the OE
process they have used them. Figure 3 shows the results. Most participants (32;
50.8%) declared that they have always used CQs when developing ontologies.
For those who answered that have not always used CQs (34.9% indicated that
have used them most of the time and 14.3% rarely), we asked what has caused
them not to use CQs. Most of them (27%) pointed out time constraints. Some
participants indicated that do not always use CQs because do not think they
are necessary (12.7%) or because they find them difficult (11.1%). Reasons in-
formed by participants who selected the “Others” option (9.5%) were a lack of
understanding of how the CQs aid in the OE process, the type or purpose of the
ontology, difficulties in writing CQs, and keeping track of them while discussing
the domain with domain experts. Concerning when the participants have used
CQs, we asked them to indicate the ontology development phases and provide
information about how they have used CQs in each phase they selected. Most of
the participants (90.5%) have used CQs in Requirements Specification, to repre-
sent functional requirements, define the ontology scope, and capture knowledge
the ontology needs to represent. 68.3% have used CQs in Verification, Validation
& Testing, to guide these activities by checking how the ontology model answers
the CQs, testing the completeness of the ontology, and the ontology implemen-
tation. 56.6% have used CQs in Conceptualization, to help identify concepts and
relationships, guide on what needs to be addressed in the ontology model, doc-
ument the ontology, and guide and deepen the scope. 23.8% have used CQs in
Design, to define axiom rules and aid the design of the ontological model. 12.7%
of the participants have used CQs to support Implementation decisions.

Fig. 3. Use of CQs in OE

Ways of developing CQs: To capture how CQs have been developed, we
asked the participants about the procedure they have followed to develop CQs,
the terminology used in CQs, the types of CQs, and the sources used to define
CQs. Table 1 summarizes the results. Regarding the procedure adopted to define
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the CQs, we asked if CQs have been defined iteratively or at once and if they
are adjusted/refined along the ontology development. Most of the participants
(63.5%) have defined CQs iteratively and refined them during the ontology de-
velopment. 34.9% of the participants have defined all CQs at the beginning of
the ontology development but have also adjusted them during the ontology de-
velopment. As for the terminology adopted in the CQs, we investigated if the
terms used in the CQs are closer to the ontology terminology or to the users ter-
minology. Most of the participants (88.9%) indicated that they have used terms
closer to the user. We also asked the participants to provide information about
the type of CQs they have defined. In this question, we consider that CQs in the
universe of concepts are those whose answer is given directly by the ontology
concepts/terms, while CQs in the universe of instances are those whose answer
is obtained from instances of the ontology concepts [1]. In the questionnaire [25],
we provided a brief explanation and examples regarding the types of CQs con-
sidered in the question. Most participants (65.1%) have used both types of CQs,
while 25.4% have preferred the use of CQs in the universe of concepts. Only one
participant (1.6%) declared that have preferred the use of CQs in the universe
of instances. To investigate the sources of CQs, we asked the participants to in-
dicate which ones they have used. The predominant sources have been domain
experts (92.1%), papers, books, standards, and other documents about the do-
main (87.3%), and existing ontologies or ontology patterns (76.2%).

Fig. 4. CQs supporting tools

CQs supporting tools: To investigate if ontology engineers have been sup-
ported by tools or guidelines when defining or using CQs, we asked the partici-
pants about methods, frameworks or approaches that have provided them with
guidelines on how to write CQs. Most of the participants (66.7%) declared that
have not had the support of any guideline. Two declared that have used CLaRO
[24] and the others informed that they have followed guidelines given by the
OE methods they use or basic guidelines defined by themselves (e.g., general
knowledge of lexico-syntactic patterns used to express CQs). We also asked the
participants about the tools they have used. The majority of them (84.1%) de-
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H
Table 1. Procedure, terminology, types and knowledge sources

Procedure to define CQs Quantity %

I identify the CQs iteratively and I adjust/refine them in the course
of the ontology development if necessary.

40 63.5%

I identify all needed CQs in the beginning of ontology development
and I adjust/refine them in the course of the ontology development
if necessary.

22 34.9%

I identify the CQs iteratively. 1 1.6%
I identify all needed CQs in the beginning of ontology development. 0 0%

Terminology used in CQs Quantity %

Initially, I define questions with terminology closer to that used
by users. In the course of the ontology development, I review the
questions to bring them closer to the ontology concepts.

45 71.4%

They are questions that use the terminology used by users. 11 17.5%
They are questions that use the terminology used in the ontology. 7 11.1%

Types of CQs Quantity %

I use both CQs in the universe of concepts and CQs in the universe
of instances

41 65.1%

They are usually CQs in the universe of concepts (e.g., CQ1 above) 16 25.4%
I don’t use CQs in the requirements elicitation phase 5 7.9%
They are usually CQs in the universe of instances (e.g., CQ2 above) 1 1.6%

Knowledge sources used to define CQs Quantity %

Interaction with domain experts (interviews, surveys, etc.). 58 92.1%
Papers, books, standards, and other documents about the domain. 55 87.3%
Existing ontologies or ontology patterns. 48 76.2%
Information systems developed for the domain. 26 41.3%
Others 4 6.3%

H[t]

Fig. 5. CQs management
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clared that have not used any tool. The others indicated that have used some
tools and cited text editors, electronic spreadsheets, Protegé [26], CLaRO (and
associated tools)[24], OntoKEM Tool [46], and Freemind [34]. Figure 4 shows
the results related to CQs supporting tools.

CQs management: Depending on the ontology scope, many CQs may be
necessary. Organizing them in groups or modules can help divide the problem,
better understand the addressed domain and contribute to establishing the ontol-
ogy modularization ([9,39]). To investigate if CQs grouping has been a concern,
we asked whether and how the participants have grouped CQs. Most partici-
pants (86.9%) declared that have grouped CQs at some degree – 19.7% always,
49.2% most of the time, and 18% rarely. The others (13.1%) informed that have
never grouped CQs. The participants who have grouped CQs informed that the
CQs groups have been based on the ontology modules, subontologies, or subdo-
mains, or considering the proximity of concepts. We also investigated if ontology
engineers have defined the CQs design rationale. A design rationale is the ex-
plicit listing of decisions and the reasons why those decisions were made [22]. Its
primary goal is to provide a means to record and communicate the argumenta-
tion and reasoning behind the design process [19]. Therefore, the design rationale
makes explicit the reasons that led someone to define a CQ, i.e., the intentions
behind the CQ. Most of the participants have not been concerned with describ-
ing the design rationale of the CQs (19% have never defined and 44.4% have
rarely defined). Around one third of the participants declared that have defined
the design rationale of the CQs (14.3% have always done that and 22.2% have
done that most of the time). Figure 5 illustrates these results.

Benefits and difficulties of using CQs: Aiming at identifying the benefits
and difficulties of using CQs, we asked the participants to indicate which ones
they have perceived. We provided a list of options and the participants were al-
lowed to indicate others. Figure 6 shows the results. The most cited benefits were:
CQs help define the ontology scope (92.1%) and CQs aid in ontology evaluation
(82.5%). On the other hand, the main difficulties reported were: ensuring that
the defined CQs are the ones necessary and sufficient for the ontology (77.8%),
identifying CQs truly capable of representing the ontology scope (63.5%), and
writing the CQs properly (49.2%). Difficulties reported by the participants that
selected the ”Others” option were: identifying CQs when the ontology engineer
is still learning about the domain; extracting CQs from the interaction with do-
main experts; making domain experts understand the value of CQs and how
they help the ontology development; and work with CQs in a systematic way
from the beginning to the end of ontology development.

5 Discussion

In this section, we discuss the collected data and results by considering the top-
ics identified in the previous session.

Concerning ontology development, most of the participants (54%) have
developed both, reference and operational ontologies, which indicates that atten-
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Fig. 6. Benefits and difficulties of using CQs

tion has been given to ontologies as conceptual models and also as computational
artifacts. This can also suggest that there has been a concern with modeling the
knowledge addressed in the ontology before building the machine-readable ver-
sion to handle data related to that knowledge. However, when we look at each
ontology type, we notice a predominance of reference ontologies (93.7% in total)
when compared to operational ontologies (60.3% in total). This indicates that in
many cases, ontologies have been developed to be used at the conceptual level
(e.g., in ontology-driven software development [29]), not requiring operational
ontologies to be applied at run-time (e.g., to support reasoning). More than 90%
of the participants have used OE methods to guide ontology development. This
is aligned with the OE literature (e.g., [9,11,14]), which points out that devel-
oping ontologies is not an easy task and, thus, guidance is needed. This also
indicates that the community has some maturity regarding the use of standard-
ized practices. We must observe that this result may have been influenced by
the fact that most participants work in the academic environment, where many
OE methods have been proposed and their use is encouraged.

Regarding the use of CQs in OE, as the study focused on ontology en-
gineers with experience in CQs, it was expected that CQs would be used to
some degree. Around 85% of the participants declared that have systematically
used CQs, which suggests that the key role of CQs has been recognized. It must
be noted that this result is probably related to the fact that most participants
have used OE methods such as SABiO [9], METHONTOLOGY [12], and NeOn
[43], which recommend the use of CQs. The predominance of the use of CQs
in Requirements Elicitation, Conceptualization, and Verification, Validation and
Testing phases corroborates the literature, which states that CQs should be used
mainly to support specifying the requirements the ontology should fulfill [16],
identifying the ontology concepts, properties and relationships [9], and verifying
if the ontology properly represents the intended knowledge and meets the estab-
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lished requirements [15]. The results also highlight time constraints as the main
reason for not using CQs. On one hand, time and effort are indeed necessary
to understand the domain, identify the stakeholders needs and describe the re-
quirements in the form of CQs. On the other hand, CQs help define the ontology
scope and establish a kind of “contract” about what the ontology must address,
supporting communication among stakeholders and providing the basis for the
next ontology development activities [44]. Therefore, the time spent on defining
the CQs is rewarded when rework decreases, the ontology is documented, and the
CQs aid in other development steps [44]. Despite that, 13% of the participants
declare that, in some cases, they do not consider CQs necessary. Moreover, 11%
find them difficult. This suggests a need for guidelines and ways to facilitate the
use of CQs for ontology engineers to make the most of them. Furthermore, this
also raises attention to the need for investigating CQs limitations in depth and
comparing the use of CQs to other methods that address ontology requirements.

As for the ways of developing CQs, there has been a predominance of
iterative approaches (63.5%), in which the ontology engineer defines CQs in a
development process performed in multiple cycles and refines the CQs as the
knowledge of the domain grows and gets more mature. The use of iterative ap-
proaches is particularly important when developing large ontologies, when re-
quirements are not clear at the beginning, or when there are many stakeholders
or many conflicts between stakeholders’ needs. The uncertainty about the on-
tology requirements or the need to focus on a domain portion each time lead to
a gradual definition of CQs. Around one third of the participants have defined
all needed CQs at the beginning of the ontology development and refined them
later, if necessary. This approach is suitable when the ontology scope is well-
known and the ontology is not large or complex. Although the two aforemen-
tioned approaches differ mainly in when CQs are defined (at each iteration or at
the beginning of the OE process), both consider the need to refine CQs along the
ontology development. This fact is a recognition of the dynamism of CQs, which
is itself a consequence of the dynamic and knowledge-intensive character of the
OE process. In both cases, top-down, bottom-up, or middle-out strategies (see
Section 2) can be used to refine the CQs. The predominance of the iterative ap-
proach also suggests that OE methods should address ontology development as
an iterative process. This is aligned with some perceptions from the literature,
which points out that some ontology applications require OE methods that help
ontology engineers continuously gather and prioritize requirements from several
stakeholders, keep domain experts engaged, deliver ontology modules according
to time demands, respond to changing knowledge, and evolving the ontology, in
an agile [5] and continuous [37] approach.

When asked about the types of CQs, most of the participants (65.1%) indi-
cated that have used CQs expressed in an interrogative form that works over
both concepts and instances [1]. CQs focusing on the ontology concepts concern
the ontology conceptualization itself and, thus, usually help identify the ontol-
ogy concepts and relationships. CQs focusing on instances, in turn, are usually
concerned with data handled by the ontology and, thus, are particularly valuable
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for evaluating the ontology. This result is consistent with the OE phases where
CQs have been used more often (Requirements Elicitation, Conceptualization,
and Verification, Validation and Testing).

As for the terminology used in the CQs, around 70% of the participants de-
clared that they initially define CQs closer to the users and later review the
CQs to bring them closer to the ontology concepts terminology. These results
once again emphasize the dynamic and evolutive character of CQs. The growing
understanding of the domain promotes a better understanding of the ontology
purpose and scope, which can lead to changes in CQs already captured [9]. A
terminology closer to users adopts a vocabulary easily understood by domain
experts. This terminology may be changed along the ontology development pro-
cess to be more consistent with naming conventions used to represent the ontol-
ogy concepts. However, this change requires careful attention because if, on one
hand, it can be beneficial to ontology engineers involved in the development pro-
cess, it can prevent users from properly understanding the ontology. Moreover,
it can also affect ontology reuse because if the scope of an ontology candidate to
reuse is represented by CQs and the person interested in reusing that ontology
is not able to understand them, the opportunity to reuse it can be lost.

Ontology engineers have used multiple sources of knowledge to define CQs
and interaction with domain experts (92.1%), documents (87.3%), and existing
ontologies or ontology patterns (76.2%) have been the main ones. They can be
used together to elucidate knowledge. For example, brainstorming techniques, in-
formal interviews with experts, and inspecting similar ontologies allow elaborat-
ing a first glossary with terms potentially relevant. Formal and informal analysis
of text (documents) might be used to refine the terms. Interviews with experts
might help build concept classification trees [12]. Reusing ontologies or design
patterns 3 provides knowledge about ontology requirements and also helps speed
up the ontology development process. By containing concepts and relationships
relevant to the domain of interest, ontology and ontology patterns helps identify
CQs. Moreover, if the ontology/ontology pattern also provides the respective
CQs, they can be reused in the new ontology.

With respect to CQs supporting tools, the results show a lack of tools to
support defining and using CQs (84.1% of the participants declared not having
had the support of any tool) and also a lack of guidelines on how to write CQs
(66.1% have not followed any guideline). Concerning guidelines, some partici-
pants informed that have used the ones provided by the OE methods they use.
However, the existing guidelines on how to define, write and use have not been
enough. As for supporting tools, the participants cited generic tools such as text
editors and electronic spreadsheets. Protégé [26] was also cited, but it is a tool
for ontology implementation, thus support for requirements elicitation is limited.
Automation is a key factor to build, release, and maintain ontologies effectively
[21]. Collaborative editing tools and communication systems are necessary to
support requirements elicitation activities. Providing support for writing CQs

3 An ontology design pattern is a generic solution to a recurring ontology modeling
problem [39].
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and automating tasks such as grouping CQs, retrieving terms candidates from
the CQs for the ontology, generating documentation, and tracing requirements
could help decrease development time and improve the ontology quality [33].

Regarding CQs management, grouping CQs has been a common practice
(around 70% of the participants have grouped CQs always or most of the time).
Grouping CQs help manage the ontology complexity by dividing the problem
into smaller ones and organizing knowledge. CQs grouping can serve as a basis
to the ontology modularization (or vice-versa), providing a way to structure the
ontology as an interconnected collection of modules, each of which resonating
with the corresponding part of the domain conceptualization [39,9,43]. Grouping
CQs is especially important when managing large ontologies, which require many
CQs. In these cases, it is hard to keep track of CQs and prioritize them if we do
not know which part of the ontology they impact.

The results also show that describing the design rationale behind the CQs
has not been usual. More than 60% of the respondents declared that have never
or rarely made the design rationale explicit. Clarifying the design rationale is
important to enable a better understanding of the ontology scope and require-
ments. It contributes to the ontology development and also to its reuse. The lack
of concern with declaring the design rationale has been highlighted in ontology
reuse literature. One of the challenges of ontology reuse is the obscurity of the
design rationale of the available ontologies [22]. Unknown design rationale makes
it difficult to select the ontologies to be reused as well as to understand them,
which is crucial to integrate them properly [35]. We hypothesize that the lack of
design rationale is related to the time constraints indicated by the participants as
a drawback when using CQs. Identifying and writing CQs demand time, which
is certainly increased if one describes the reasons for defining each of them.

Finally, with regard to the benefits and difficulties of using CQs, most
of the participants declared to have perceived all the benefits presented in the
questionnaire. The most cited ones (CQs help define the ontology scope (92.1%)
and CQs aid in ontology evaluation (82.5%)) are consistent with the OE phases
where the participants have used CQs the most (Requirements Elicitation, and
Verification, Validation and Testing). These results are also consistent with the
literature (e.g., [9,15,33,43]) and provide evidence of CQs usefulness.

On the other hand, the reported difficulties demonstrate that identifying CQs
is not trivial. Although ontology engineers have used several OE methods that
suggest the use of CQs, they have still faced difficulties mainly to ensure that the
defined CQs are the ones necessary and sufficient for the ontology, identify CQs
truly capable of representing the ontology scope, and write the CQs properly.
We believe that these difficulties (particularly the first and second ones) are
due to the fact that defining CQs involves a lot of tacit knowledge and, even
though general guidelines as the ones provided by some OE methods are helpful,
they have not been enough to address the gap between theory and practice. As
a knowledge-intensive activity, defining CQs relies on the ontology engineer’s
knowledge and experience. Thus, there is bias and subjectivity [32] because it
depends on the way the ontology engineer thinks to follow in one direction
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or another (e.g., to use one type of CQ or another, to choose one or other
terminology). Concerning difficulty of writing CQs correctly, some initiatives in
the literature have tried to mitigate this issue through some controlled natural
language or lexico-syntactic patterns ([1,11,32,36,50]). However, it seems that, in
general, the proposed guidelines have not reached the ontology engineers or have
not been enough. Anyway, there is a need to better support ontology engineers
to define CQs either by providing detailed and practical guidelines and tools, or
by improving the access and use of the existing ones.

6 Threats to Validity and Limitations of the Study

In this section, we discuss some threats involved in the survey and that should be
considered together with the results. We use the classification presented in [51].

The main threat refers to the study sample, which might not reflect experi-
ences from the entire OE community. Ideally, the sample should be larger and
the geographic distribution of the people more diverse. Thus, the number of par-
ticipants and the fact that the sample was selected by convenience is a limitation
that affects External Validity (i.e., to what extent it is possible to generalize the
study results). To minimize this threat, we invited people from different coun-
tries and organizations and also the authors of papers selected in an ongoing
systematic literature mapping we are carrying out. Moreover, we asked people
to freely invite other people.

The decisions and data interpretations made by the researchers affect Relia-
bility Validity, which refers to what extent data and analysis depend on specific
researchers. To minimize this threat, analysis was initially carried out by two
of the authors and, thus, reviewed by the other. Discussions were performed to
refine the conclusions and reach a consensus.

There are also threats to Construct Validity, which refers to the constructs
involved in the study and how they can affect the results. The main threat is
the possibility of the participants misunderstand the questions. To address this
threat, we performed a pilot that allowed us to improve and clarify questions.
Moreover, we provided examples and definitions for the used terms, so that
the participants could better understand how to answer the questions. Another
threat is related to the scale used in some questions. Since we did not provide
any common grounds, different participants may have interpreted terms (e.g.,
rarely) subjectively. The alternatives of answer provided in each question can also
represent a threat, since they may not represent all the relevant alternatives. To
address this threat, when defining the questions and the respective alternatives
of answer, we considered results from the systematic literature mapping about
CQs we are carrying out and, in addition, we included “Others” as an alternative
the participants could choose and provide further information. Still regarding the
questionnaire, it is important to be aware that the results reflect the participants’
personal experience, interpretation and beliefs. Hence, the answers can embed
subjectivity that could not be captured through the questionnaire.
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Finally, concerning Internal Validity, which refers to the ability of a new
study to repeat the behavior with the same participants and objects, the main
threat refers to the participants providing inaccurate answers for thinking that
they could be evaluated. To mitigate this threat, we informed the participants
that data would not be evaluated individually. In addition, the participants were
free to inform or not their identification (email) when filling in the form.

7 Final Considerations

This paper presented a survey that provides a panoramic picture of how CQs
have been used in OE. In summary, the results show that CQs have been consid-
ered useful and have helped mainly define ontology scope and evaluate ontology
conceptualization. Most of the time they have been defined iteratively and refined
along the ontology development process. Different knowledge sources and types
of CQs have been considered. Grouping CQs has been frequent while making
the design rationale explicit has not been a common concern. Time constraints
have been the main reason for not using CQs and there is a lack of supporting
tools. Although there are OE methods that provide guidelines to define CQs,
they are still limited, which causes ontology engineers to face difficulties when
writing, using, and managing CQs.

These results provide a panorama of the use of CQs in OE and also raise
some issues that can be addressed in future research. The lack of practical and
detailed guidelines and supporting tools certainly contributes to the difficulties
faced by ontology engineers and to increasing the time needed to use CQs. There
are opportunities to go deeper into existing guidelines or provide new ones and
enrich examples of using CQs along the OE process. The study reported in this
paper gives a step towards better understand the use of CQs in OE. However,
further investigation is needed to address CQs limitations and improve CQs use.
Moreover, as there are other techniques to support requirements elicitation (e.g.,
natural language statements, tabular information [33]), comparing their use and
also studying the combination of them may provide further evidence and help
ontology engineers to use the ones more suitable for their needs.

Currently, we are carrying out a systematic mapping of the literature to pro-
vide a panorama of the state of the art about the use of CQs in OE. We intend
to analyze the results of both studies to reach an overview of the state of the
art and the state of practice in CQs use and shine a light on the road ahead.
Moreover, we envision repeating the survey with a larger and wider geograph-
ically distributed sample. We also intend to investigate aspects related to the
CQs content. We expect that, based on the studies results, we can establish rec-
ommendations to help ontology engineers use CQs. Aiming at supporting reuse,
efforts towards the creation of a knowledge base containing domain-related CQs
can also be addressed in future work.

ACKNOWLEDGMENTS We thank all the study participants and also all
the people who helped spread the study call for participation. This research is
supported by FAPES (Process 2023-5L1FC and T.O. 1022/2022).



Use of Competency Questions in Ontology Engineering: a Survey 17

References

1. Bezerra, C., Santana, F., FREITAS, F.L.G.: Cqchecker: A tool to check ontolo-
gies in owl-dl using competency questions written in controlled natural language.
Learning & Nonlinear Models 12, 115–129 (2014)

2. Bharti, P., Yang, Q., Forbes, A., Romanchikova, M., Hippolyte, J.L.: Ontology
development for measurement process and uncertainty of results. Measurement:
Sensors 18, 100325 (2021)

3. Blomqvist, E., Hammar, K., Presutti, V.: Engineering ontologies with patterns-the
extreme design methodology. Ontology Engineering with Ontology Design Patterns
25, 23–50 (2016). https://doi.org/10.3233/978-1-61499-676-7-23

4. Borges Ruy, F., de Almeida Falbo, R., Perini Barcellos, M., Dornelas Costa, S.,
Guizzardi, G.: Seon: A software engineering ontology network. In: Knowledge Engi-
neering and Knowledge Management: 20th International Conference, EKAW 2016,
Bologna, Italy, November 19-23, Proceedings 20. pp. 527–542. Springer (2016)

5. Copeland, M., Brown, A., Parkinson, H.E., Stevens, R., Malone, J.: The swo
project: A case study for applying agile ontology engineering methods for com-
munity driven ontologies. ICBO 7, 2012 (2012)
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