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Abstract. Competency Questions (CQs) are not merely intended for scoping the
prospective content of an ontology and as information-seeking queries posed over
an ontology, but serve manifold purposes in the ontology engineering processes.
This position paper argues that CQs should be viewed as complex acts with un-
derlying motivations beyond just eliciting facts. We explore the concept of ques-
tions in general, drawing on philosophical and logical perspectives to highlight
the complexity of questions and how they function beyond information seek-
ing. This understanding is applied to CQs for ontologies, revealing how they can
serve various purposes in ontology development, such as knowledge acquisition,
knowledge organisation, and validation. The paper also introduces the notion of
types of CQs for ontology engineering and a first taxonomy of CQ types. Hav-
ing identified different types of CQs, it may assist research into devising more
specific methods and tools to support the development of CQs—be it manual au-
thoring or automating it—and their use at various stages and tasks in ontology
engineering, as well as contribute to a notion of quality of a CQ.
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1 Introduction

Ontology engineering concerns the development and structuring of knowledge in vari-
ous domains and applications. One of the key tools in the processes is the use of Com-
petency Questions (CQs). These questions are not just queries for obtaining information
but serve deeper purposes, playing a role also in defining the scope, requirements, and
validation of ontologies, as demonstrated in, among others, [1,4,6,7,9, 15-17]. A sys-
tematic mapping of which CQs are to be used where for which task in which ontology
development methodology is still outstanding.

This position paper argues that CQs should be viewed as complex acts with underly-
ing motivations beyond merely obtaining information. This requires a focused analysis
on the technical functionality and limitations of CQs within ontologies. By exploring
the concept of questions through philosophical and logical perspectives, we aim to high-
light the complexity of questions and how they function beyond mere information seek-
ing and scoping of a prospective ontology’s content. This understanding is then applied
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to CQs, revealing how they can serve various purposes in ontology development, such
as in knowledge acquisition, organisation, and validation.

There is an argument that philosophical and logical perspectives on questions might
not be directly applicable to the specific context of CQs in ontology engineering. No-
tably, Sowa states that “the problem of matching language to logic is unsolvable if the
two are considered totally different, irreconcilable systems” [14], which might also ap-
ply to CQs. This opposing viewpoint also aligns with the work of Bezerra and Santana,
who present CQs as a method for evaluating ontologies [7]. In their approach, CQs
function primarily as information-seeking queries within the domain. However, we ar-
gue that such philosophical and logical perspectives can provide context for the tech-
nical functionality and limitations of CQs. Analysing CQs based on these perspectives
help to understand how to improve CQ formulation and interpretation, as well as their
use, authoring, research into it, and development of tools for CQs. This is demonstrated
by the development of a first taxonomy of CQ types, which provides a more informed
understanding of their roles and functions.

The remainder of the paper is structured as follows. In Section 2 we examine CQs in
ontologies, including a discussion of faulty CQs. Section 3 introduces pertinent philo-
sophical and logical perspectives on questions, which inform clarifying types of CQs
for ontologies. The taxonomy and a library of CQs as a direction towards a solution
are presented in Section 4. Section 5 discusses and considers future research directions,
and Section 6 concludes the paper.

2 Challenges with Determining the Quality of CQs

While the largest published dataset with CQs [11] may assist in understanding CQs, it
was also found that not all questions were of exemplar quality [11, 2], which is also an
issue when trying to automatically generate them [3, 1]. Therefore it is of use to further
the understanding of CQs for ontologies to consider what a ‘faulty’ or ‘bad’ CQ is, and
whether that would be in the absolute sense or relative to something.

Upfront, and applicable to all types of CQs, first, there are problems that all types
of CQs may exhibit: syntax issues. The sentence may be a grammatically incompre-
hensible or an ambiguous question, or not be a question but a statement appended with
a question mark. Second, there may be questions that no ontology will ever be able to
answer, like “how do I apply for promotion to full professor?”. Accordingly, we crit-
ically assessed the dataset of 234 CQs of [11]. Both authors evaluated each entry on
grammar and semantic issues (including vagueness, ambiguity, answerability) to earn
a Yes or a No, and then discussed to harmonise any differences. The outcome of the
first round was 40 and 49 as problematic CQs of which 28 were initially judged dif-
ferently. Discussion resolved each, mostly resulting in No (n=22), bringing the overall
number of problematic questions to 53 (i.e., 23%; see the new ROCQS dataset in Sec-
tion 4). Analysing those, 17 of the 53 are easily solvable grammar issues (e.g., ‘what’
versus ‘which’), 9 were about ‘can I do x’/‘how to do x’ rather than about content of
the ontology, which are thus strictly unanswerable, and the rest had a range of issues,
such as asking for the “fastest” software, imprecision with, e.g., “possibly problematic”
behaviour, asking “where” to find something, and others.
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There also exist questions that Wisniewski calls “semantically faulty” [19]. He pro-
vides the example of “Which natural number is smaller than 0?”. The answer is ‘none’,
but that is presumably not intended because ‘none’ is not a natural number that was
asked for in the question. Applying this notion to a CQ for an ontology, then it means
that a CQ should not have always the empty set as answer, as a minimum, and maybe
also that at least the category of the entity is among the intended one. For instance,
if a physical object is expected as answer, to not have abstract objects in the answer.
How this may be managed when querying an ontology is yet to be determined, espe-
cially regarding specifying upfront the category or upper-level entity or top-domain or
domain-level class in the ontology, which may not be known upfront if the ontology is
not aligned to a top-level ontology, let alone at the scoping stage of ontology develop-
ment.

Then there are subtle issues that interfere with the goodness of a CQ, or its usability
at least. We identify and discuss three. First, and especially for CQs used for validating
the ontology: some questions cannot be converted into SPARQL or SPARQL-OWL (or
a similar query language for another ontology language) to query the ontology due to
the lack of expressiveness of the query language. One then either has to reformulate the
question or check it manually. For instance, negation is not fully supported in SPARQL,
and ranking is difficult. Example CQs that are at least ambiguous if not impossible to
answer due to query language restrictions are, e.g.: “To what extent does [the software]
support appropriate open standards?” due to the gradation inherent in ‘to what extent’
and the imprecision of what counts as ‘appropriate’; “Which is the fastest software to
read [this data]?” due to the comparator ‘fastest’; and “Is there an animal that does
not drink water?” due to the negation’s intent. Of course, at least some of them can be
tweaked to become answerable, such as “Which animal represented in the ontology is
known not to drink water?” to limit it to declared knowledge in the ontology. Observe
that this also shows why the set of CQs for scoping the ontology at the start of ontology
development may differ from those CQs used to validate the ontology once built: a
desired scope may be represented in more or less detail in the ontology eventually, be it
due to scope creep or language limitations or rewording of an imprecise question.

Conversely, the query language may be expressive enough, but the ontology lan-
guage it is used with is not. That is, second, there are CQs that cannot be answered by
a particular ontology due to the restriction on the language that the ontology is repre-
sented in. For instance, a CQ “Does a narcissist love himself?” concerns the relational
property of reflexivity, but if the ontology language prohibits it, it cannot possibly be
answered as intended; likewise for a CQ inquiring about reflexivity of love. This does
not make it a bad CQ of itself, however, just not a good one for the target ontology;
or the CQ is good, but the ontology does not meet the user’s requirements for their
intended use. Thus, a CQ may be deemed good or bad within a specific context of use.

Third, there are questions that cannot be answered by a particular ontology because
it lacks the coverage with respect to the content. For instance, with the “Does a narcissist
love himself?”” and where the ontology language allows reflexivity, but now it lacks the
vocabulary, i.e., there is no Narcissist and/or no love in the ontology. The question is
then not answerable for that version of the ontology. It could still be a good CQ. It
would contextually turn into a ‘not good’ one only if the scope had been changed.
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3 Philosophical and Logical Perspectives

As the previous section illustrated, all questions are not alike, and, in fact, already drew
from the theories of questions, being that of Wisniewski’s notion of semantically faulty
questions. Therefore, to arrive at a proposed solution direction, we first take a step
back to consider theoretical works that focus on questions in general, which are more
varied than CQs specifically for ontologies. Part of those insights are relevant, which
we highlight here, where key aspects are italicised; their use will be demonstrated in
the second paragraph of Section 4 and first paragraph of Section 5.

Cohen [8] reignited the ‘question question’ in research for the past century. He ar-
gues that questions are more than requests for information, and rather that they are
complex entities that play a crucial role in shaping human thought and discourse. Ques-
tion complexity concerns not only the number of variables involved, but also, according
to Cohen, that questions may ask more than one thing at a time, that it is impossi-
ble to avoid ambiguous phrasing, and that question contain implicit assumptions. Most
recently, Watson [18] highlights the limited attention given to questions from the philo-
sophical point of view and argues that questions are an integral part of human life.
She conducted a survey on questions and created a living question collection with as
aim to construct a definition of questions. She found that defining a question as an in-
terrogative sentence is insufficient and instead one must focus on its function, being
an “information-seeking act”. Ram [12] already refined the information-seeking aspect
into underlying knowledge acquisition and knowledge organisation goals. Watson con-
siders also motivations behind asking questions; e.g., information-seeking questions are
asked with the motivation to “expose” a colleague for non-performance of duties [18].

Logics and linguistics-based approaches to questions are reviewed by Wisniewski
[19], who covers the history of research on questions, the different approaches and
methods used by logicians and linguists, and the formal systems developed for repre-
senting questions. It covers various theories that aim to model natural language ques-
tions, including: questions as sets of declaratives (similarly advocated in [10]), as epis-
temic imperatives, as interrogative speech acts, as sentential functions, as inquisitive
semantics etc. Lastly, types of questions (normal, regular, self-rhetorical, and proper)
and answers (complete, partial, eliminative and corrective) are presented. Wisniewski
also noted that there is no universally accepted theory of questions yet.

Neither considers types of questions extensively, nor inventarises purposes, or goals
for asking the questions. A practical example of a possible distinction between ques-
tions is demonstrated by Bertolazzi et al. [S]. Their work, they argue, provides a basis
for understanding how questions evolve as cognitive abilities develop. They explore
how ChatGPT builds and refines its hypothesis space through asking questions in the
Twenty Questions Game. They use so-called hypothesis-scanning questions, which ex-
plicitly mention one of the candidate items (e.g., “is it a melon?”), and constraint-
seeking questions, which do not (e.g., “can you eat it?”’). Ruggeri and Lambrozo [13]
refer to hypothesis-scanning questions are those that narrow down the search space by
testing specific hypotheses or potential solutions, whereas constraint-seeking questions
eliminate unlikely options by identifying features that many solutions have. From an
ontological perspective, the former is to ascertain whether the fact holds and the latter
to ascertain whether an entity has the property mentioned in the question. For instance, a
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hypothesis-scanning CQ from [20] may be: ““Which software tool created [this data]?”
and a constraint-seeking one “Does [this software] provide XML editing?”, but extant
CQs for ontologies have not yet been examined this way, to which we turn next.

4 Formulating CQs in Ontologies

Despite a recent increase in popularity in adoption of CQs, what they exactly are, or
should be, or what ‘exemplary’ or ‘good’ CQs should look like, remains unclear, let
alone the idea that there may be different types of CQs. The insights gleaned from
philosophical and logical perspectives on questions can assist with this. By considering
the complexity, function, motivation, and logical structure of questions, we can design
CQs that not only seek information but also enhance the overall quality and usage of
the ontology. We briefly describe a small taxonomy of types of CQs and a library of
CQs in this section.

We first draw from the existing philosophical and logical works regarding questions.
Applying the notions of hypothesis-scanning and constraint-seeking questions [13], we
noted that these both may apply to ontology CQs; e.g., for a software ontology, the CQ
“Who is the subject in the process of programming?”, it is constraint-seeking, while for
the CQ “Do I need a password to use the software?”, it is hypothesis-scanning. Cohen’s
claim of complex and multi-faceted questions [8] holds for CQs whereby different ter-
minologies are used (scoping vs. validation), each phrase chunk of a CQ may match
vocabulary in the ontology, or a CQ may describe a property or characteristic of an
entity, such as the ‘unfolding in time’ for perdurants. Cohen’s claim on underlying as-
sumptions ties in with Watson’s motivations behind asking questions [18], which apply
to CQs in that there are specific motivations, such as elicitating requirements, validat-
ing the content of an ontology, and obtaining a foundational ontology alignment. The
‘questions as sets of declaratives’ alludes to a tight relation between CQs and their for-
malisation in an ontology, whereas ‘questions as inquisitive semantics’ points to CQs’
use to help with trying to determine the ontological nature of the entity that needs to be
represented in the ontology.

Building on our analysis of what motivates asking questions and the components
that make them up, we have identified five main types of CQs used in ontology develop-
ment: scoping competency questions (SCQ), validating competency questions (VCQ),
foundational competency questions (FCQ), metaproperty competency questions
(MpCQ), and relationship competency questions (RCQ), and we describe them briefly
here, alongside a small hierarchy, as shown in Figure 1. For structuring purposes, they
are divided into ontological CQs (OCQs) and domain CQs (DCQs), where the former
focus on the ontological nature of the entity that is being interrogated and the latter on
the entities with respect to the subject domain of the prospective ontology. The other
ones are summarised as follows.

— Scoping CQ (SCQ): A question that mentions a domain entity and helps define the
scope of an ontology for a specific subject domain. SCQs help establish what the
ontology will be about.
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Competency Question

(CQ)
I—T ¢ ]
Ontological CQ Domain CQ
(OCcQq) (DCQ)
Foundational CQ| |Metaproperty CQ| |Relationship CQ Scoping CQ Validation CQ
(FCQ) (MpCQ) (RCQ) (scQ) (vcaQ)

| hid |
arity RCQ domain-range RCQ relational property RCQ
(aRCQ) (drRCQ) (rpRCQ)

1

elementary facttype RCQ
(efRCQ)

Fig. 1. Overview of the main types of CQs for ontologies, in EER diagram notation.

— Validation CQ (VCQ): A question used to validate the content of an ontology by
checking if the ontology adheres to its intended meaning and knowledge represen-
tation. VCQs ensure the ontology accurately reflects the domain it represents.

— Foundational CQ (FCQ): A question used to align a domain entity to an entity
within a foundational ontology (a more general ontology). FCQs help ensure con-
sistency between the domain ontology and a higher-level ontology.

— Relationship CQ (RCQ): A question that explores various characteristics of rela-
tionships within an ontology. There are four sub-types of RCQs:

o Arity CQ (aRCQ): Determines the number of participants in a relationship.

e FElementary Fact Type CQ (efRCQ): Asks whether a relationship can be further
decomposed without losing information if split up (e.g., a ternary recast as two
binary relationships).

e Domain-Range CQ (drRCQ): Identifies the entities that participate in a rela-
tionship (domain and range); these may be either OCQs or DCQs.

e Relational Property CQ (rpRCQ): Investigates specific properties of a relation-
ship, such as transitivity.

— Metaproperty CQ (MpCQ): A question that classifies an entity according to a pre-
defined set of metaproperties. Metaproperties are general characteristics that hold
true across ontologies, such as being a sortal or whether it is telic (has a goal).

To foster further analysis of CQS, as well as their use and reuse at different stages
of ontology development, we created a basic Repository of Ontology CQs, ROCQS?>.
It contains 38 FCQs, 33 VCQs, 323 SCQ, 27 RCQs, and 17 MpCQs, 48 of which were
newly created by the authors. They are annotated with, including among others and

3 ROCQS is accessible from http://www.meteck.org/files/ROCQS/ROCQS.htm.
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Type of OCQ Purpose Examples

Define the domain and scope of the Which predators eat rabbits? What information is

Scoping CQ (SCQ) ontology clinically relevant for social interaction assessment?

Is ruby a type of chocolate? What is the Base of

Validation CQ (VCQ) Verify the accuracy of the content ThinAndCrispyPizza?

Is water bottle classified as a Material Entity in the BFO
foundational ontology? Is coffee something that cannot
be counted, or only in specific quantities?

Foundational CQ (FCQ) é::?c:;ozr;llmes with a foundational
What is the domain and range of the eating
relationship? If a body contains a heart and a heart
contains a cell, does the body contain the cell?

Relationship CQ (RCQ) lrgraetisctalr?:r:?ptshe characteristics of
Is each instance of a coffee bean necessarily (at all
times of its existence) an instance of a coffee bean?
Does a thesis defense have a definite endpoint?

Classify entities based on

Metaproperty CQ (MpCQ) metaproperties

Properties recorded for each type of CQ;:

SCQ: ID, SCQ, Ontology, Template (Y/N), Source, Link

VCQ: ID, VCQ,Ontology, Template (Y/N),Source, Link

FCQ: ID, FCQ, Foundational Ontology, Entity/ies described, Template (Y/N), Instantiates Template, Source, Link
RCQ: ID, RCQ,Entity/ies, Template (Y/N), Instantiates template, Source, Link, Sentence pattern

MpCQ: ID, MpCQ, Entity/ies, Template (Y/N), Instantiates template, Source, Link

Fig. 2. Illustrative table in ROCQS and the initial list of properties recorded for each type of CQ
(screenshot from the ROCQS repository).

depending on the type of CQ: source, whether they are templates or concrete CQs and if
concrete which template they instantiate, which element of the question is the principal
one (be it of the FO or the meta- or relational property), which ontology they were
created for (if any), and it contains an illustrative table with examples, as illustrated in
Fig. 2. The aforementioned SCQs evaluated as problematic (discussed in Section 2) are
included in a separate tab and appended with a brief reason why.

5 Discussion

Our analysis of the philosophical and logical works reveals insights into the role of
questions, particularly CQs, in ontology development. The insights from the philosoph-
ical and logical domains served as a foundation for analysing, identifying, and devising
CQs. Recognising questions as complex acts for eliciting information, as in [18, 12],
informed by the logical and philosophical theories of questions [19], shed light on how
to develop better CQs. For instance, FCQs fit the notion of Ram’s [12] “knowledge
organisation” goal—where precisely to link it to that ontology—whereas MpCQs and
RCQs are information-seeking in the sense of knowledge acquisition, and VCQs align
with Knuth’s formalisation of Cox’s definition of a question as “a system of assertions
that answers that question” [10].

Also, by recognising ambiguity and various motivations behind CQs, we were able
to elucidate types of CQs and catalog them in a repository for CQs, ROCQS. Both may
motivate further research on multiple aspects, such as guiding automated CQ genera-
tion, which sentences structures work better than others, demonstrable effects of using
questions of each type of CQ, quality metrics of CQs, and methods and techniques for
more effective use of CQs in the various ontology development tasks.
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Previous work regarding the generation of CQs using LLMs [1] did not include
the distinction between hypothesis-scanning and constraint-seeking questions, but it is
relevant given the examples provided in Section 3 and the LLM’s demonstrated ability
to deal with them [5]. Further investigation into such LLM-associated questions may
benefit from the separation into different types of CQs and structure the training or
output evaluation or filtering accordingly. One also might be able to take existing CQs,
convert them to statements, use that to process a corpus in the domain of the prospective
ontology, and from found matching sentences, generate new CQs.

We considered creating an ontology of CQs, but since the topic is not sufficiently
stabilised yet and rather suggests more research avenues, we deemed it too premature
to already develop the artefact. This is, perhaps, also due to, there being no universally
accepted theory of questions, as already observed in [19], and possibly how to best
structure the types of CQs we identified. Further, especially the collection of FCQs,
RCQs, and MpCQs for ontologies would be helpful. To have guidelines and tools for
that would assist the endeavour, yet, such research and development will also be assisted
by having enough sample CQs to base it off.

Avenues for practical future work include, among others, integration of ROCQS
with existing platforms, such as Protégé, to allow users to switch between formulating
CQs and examining the relevant parts of the ontology. Another avenue is to conduct
user studies with ontology developers to evaluate ROCQS to design it for both usability
and CQ collection for analysis.

6 Conclusion

By recognising CQs as complex acts with diverse purposes that go further than informa-
tion seeking, we can use them more effectively throughout ontology development. This
paper explored questions through philosophical and logical perspective which revealed
that CQs are used throughout the ontology engineering lifecycle—from scoping and
validation to alignment and metaproperty analysis. This was captured in a taxonomy of
CQ types that goes beyond previous work, providing a more comprehensive framework
for understanding and applying CQs in ontology development. This, in turn, generated
various new research and innovation directions to improve CQ quality and use.

Disclosure of Interests. The authors have no competing interests to declare that are relevant to
the content of this article.
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