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Abstract. Ontology Engineering (OE) typically begins with ontology requirements elicitation, in which ontology engineers de-
fine the scope of concepts and relations an ontology must cover to adequately serve its intended application domain. Large
Language Models (LLMs) can generate a large set of Competency Question (CQ) candidates to support this process; however, a
target ontology scope is often multi-dimensional, ill-defined, and cannot be fully anticipated in advance, and existing tools pro-
vide little support for ontology engineers to subsequently explore and generate new CQ candidates (divergent thinking), evaluate,
refine, and eliminate existing ones (convergent thinking), and thus progressively define a well-scoped ontology. We argue that
interaction designs from LLM-based systems in arts and creativity domains, where divergent and convergent thinking have been
extensively studied, are transferable to ontology requirements elicitation. To identify these designs, we conducted a Systematic
Literature Review (SLR) of 50 papers, identifying 7 Interaction Techniques (ITs) and 14 User Interfaces (Uls), each justified
with respect to how it supports divergent thinking, convergent thinking, or both. To explore the transferability and applicability
of the identified ITs and Uls to LLM-based ontology scoping, we conducted a design thinking workshop (N=7) that produced
a conceptual interaction model, a system prototype called OntoScope implementing that model, and a use case demonstration
showing how OntoScope can potentially support an OE expert in scoping a university ontology. The identified ITs and Uls can
serve as a reference for tool developers working on ontology requirements elicitation, broader OE tasks that require human rea-
soning and auditing over LLM-generated content, or designing user-friendly OE tools for domain experts and end users without
prior OE expertise.

Keywords: ontology engineering, ontology requirements elicitation, competency questions, large language models, interaction
design, user interface design, divergent thinking, convergent thinking, systematic literature review, human-computer interaction,
ontology scoping, knowledge graph, semantic web, design thinking, ontoscope

1. Introduction

Ontology, originally a philosophical term, refers to the study of being [74]. In Information and Communication
Technologies (ICT), an ontology can be understood as a formal representation of a domain as a set of concepts
and the relations that hold between them [87, 115, 138]. Such representations can ensure a common understanding
of information and make explicit domain assumptions, thus allowing organisations to make better sense of their
data [64]. OE can be broadly understood as referring to the activities that concern the ontology development pro-
cess, its life cycle, and the methodologies, tools, and languages for building, maintaining, and reusing ontologies
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[60, 138. OE typically begins with ontology requirement: elicitation, in which ortology ergineer: de ne the scope
of corcept: anc relations ar ortology mus covel to acequately serve its intendec agplicetion dcmair [7, 46].

To de ne the scopt of ar ortology, ortology ergineer: are ofter requirec to corside! al leas two key dimersions:
hotizortally, whai sukdcmains to cover anc vettically, al what level of terrr grarularity [7, 46, 183, 18E. This scof-
ing prcces: ofter relies on CQs which are functional requirement: of ar ortology expresse as naural larguage
quetions thai the ontology mus' be able to arswel [180, 185. CQ paterns vary with the undellying methotology
[63, 115, terrplates [11, 85, 169, archetype [126], intende( use [7], anc level of attometion [5, 125. In this
work, we adop the three CQ paterns de ned by RevOn [40], which have beer validatec acros 20 refresertative
dcmains on Wikidaté! (the larges collakoratively curatec Knowledge Grapl (KG), coveling widely sharer knowl-
edge¢ acros many dcmains [156]). As illustratec in Fig. 1, eact paterr differs in which elemen of a velbalised
schem-level Resourct Descrigtion Framework (RDF)? triple (ar ortology refresertetion writter as (sub ject,
pred i cate/property, object) )istreate(asthe arswer.

Fig. 1. Three CQ paternsbaser on RevOn [40], eact differing in which elemen of a velibalisecschem-level RDF triple is treate( as the arswer:
a suljeci CQ (e.g. “What is par of ar album?” arswer a song), a proferty CQ (e.g. “What is the relation betweer a son¢ anc ar album?”,
arswer is part of), anc ar okjecl CQ (e.g. “What is a song pari of?”, arswer an albu). The left pane show: a visLalisec ortology scope,
where eact dol refresent: a CQ togethe with its sucgester termr orgarisec alon¢ two dimersions sutdcmains (holizortal) anc terrr (corcep or
relation) grarularity (veltical).

Thank: to their gerelative cepadties cuireni LLM -basei systems car gererate hurdred: anc thotsand of CQ
cardidate: to sugpori this scojing prcces: [5-8, 12, 40, 53, 180, 18. Autamatec tools suct as AgOCQ:s [12] and
NeOr-GPT [53] car derive CQs from dcmair-speci ¢ texi cotpora anc RevOn [40] anc RETROFIT-CQs [5] can
gererate CQs from existing ontology vocatularies However thest tools are designec for geretation only anc prc-
vide little sugpori for ontology ergineer: to suksequently aLdit the gerelatec cardidates leaving ontology ergineers
unsure whethe the cardidate: are corrplete anc relevanito de ne the taiger ortology scopt [7, 46, 183, 18t

Existing tools thai prcvide some scofing atditing sugport eact have their own limitations LLM -baser corver-
setional agent suct as OntoCha [180, 185, which elicits ortology use stcries from dcmair experts anc corverts
therr into CQs sugpori atditing througt follow-up quetions anc vatied sucge<tions bui its chabot Ul is inher-
ently lineal ancits ITs are turn-basec pctertially cauing x etion [43, 50, 82, 145, 17{where ontology ergineers
may become archorecto their initial inputs pctertially leacing to CQs thai may not acequately re ect the intended
ontology scopt [7, 46, 183, 18E. Ortology ecitors suct as Prctégé [109] anc metaphatory [69] prcvide two Uls:
nestec list-basel Uls that orgarise corcept: anc relations hielarchically, requiring corstan scrollinc to navigate
the full scopeanc making it dif cult to mairtain a globa overview anc grapt-basei Uls of the ontology structure
itself, which car prcvide a globa overview but are noi orgarisec along the dimersions of sukdcmains anc grarular-
ity, making it dif cult to reesor abou whethe the CQ cardidate: collectively achiev the intendet scopt (Fig. 2¢,

Ihttps://www.wikidata.org/wiki/Wikidata:Main_Page
https://www.w3.0rg/TR/1999/REC-rdf-syntax-19990222/
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Fig. 2k). Additionally, gerera mind-magping tools suct as Miro® anc XMind* offer ex ible Uls for peisoralising
the scopt atditing prccess bui thest Uls are undeiexplorec for ortology scofing purposes.

(a) Protégé [109]. Screenshots taken from the tool, annotate¢b) metaphactory [69]. Screenshots taken from the tool, anno-

for clarity. tated for clarity.

Fig. 2. Two refresettetive ortology tools eact prcviding a nestec list-baser inteiface (left parels, anc a grapt-base: visialisetion of the on-
tology structure (right parels) Neithel inteiface type is orgarisec along the dimersions of sutdcmains anc grarularity neede for systerratic
CQC-baser scopt arditing.

We aigue thest chalenge: car be acdresse by drawing on intelaction designs (ITs anc Uls) of LLM -based
systems that have beer widely usecin the arts anc creativity decmair for sugporiing diveigen anc corveigen think-
ing [144, 145, 18:. As illustratec in Fig. 3, diveigen thinking refers to a though prcces: in which user: explore
anc gererate many cardidate: alon¢ multiple dimersions without corrmitting to any single one with the goa of
expancng the sclution spaci [65]. Corveigen thinking, by cortrast refers to a though prcces: in which users
evauate re ne, anc eliminate cardidate: alon¢ the sam¢ dimersions by following logical anc structurec step: tc-
warc a de ned goal with the aim of narrowing the sclution spaci [45, 65. In the arts anc creativity dcmain users
work towarc a de ned goa whos¢ full shapi carnot be articipatecin acvance the taigef sclution spact is multi-di-
mersiona anc ill -de ned, requiring user: to rst expanc it througt diveigen thinking anc ther nairow it through
corvelgen thinking. To sugpori this prccess thest systems ofter preser cardidate: in a visLalisec spaci orgar-
isec alon¢ key dimersions allowing user: to reesor acros dimersions anc decide where to diverge or corverge.
While the nurrbel of dimersions car vary, two-dimersiona space are mos corrmonly adopter for marageabil-
ity (e.g. [18, 23, 165, 167). For exarrple, in creative writing, thes«two dimersions may be style anc tone in visual
design they may be colour anc corrpcsition.

Ortology scojing share the samt situgtion: the taiget ortology scopt is multi-dimersional ill -de ned, anc car-
not be fully articipatecin acvance Ontology ergineer: mus corsidel al leas two key dimersions sutdcmains and
tern grarularity, where eact gereratec CQ cardidate sucgest: corcept: anc relations ai a paiticular sukdcmair and
level of term grarularity [7, 46, 183, 18t. Thest cardidate: car thereéfore be orgarisec on a vistalisec ontology
scopt with two dimersions where sutdcmains run hotizortally anc terrr grarularity runs vettically, erabling ortol-
ogy ergineer:to reesor acros dimersions idertifying sukdcmains or grarularity levels with too few CQ cardidates
as< gap: where diveigen thinking is neede (requiring LLM -basei systems to sugpori ortology ergineer:in explor-
ing anc gererating new CQ cardidates) anc idertifying those with redurdan or cor ict ing cardidate: a< ovellaps
where corveligen thinking is neede (requiring LLM -basei systems to sugport ontology ergineer: in re n ing and
deleing existing CQ cardidates) to prcgressively de ne awell-scoperortology, asillustratecin Fig. 4.
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To investigate what interaction designs of LLM-based systems in the arts and creativity domain can support onipl-
ogy engineers in divergent and convergent thinking during LLM-based ontology scoping with CQs, and how thase

Shttps://miro.com
“https://xmind.com
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