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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 (UIs), 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 UIs 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 UIs 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]. OEtypically beginswith ontologyrequirementselicitation, in whichontologyengineersde�ne thescope
of conceptsandrelationsanontologymustcoverto adequatelyserveits intendedapplication domain[7, 46].

To de�ne thescopeof anontology,ontologyengineersareoftenrequiredto considerat leasttwo keydimensions:
horizontally, whatsubdomainsto cover,andvertically, atwhatlevelof termgranularity [7, 46, 183, 185]. Thisscop-
ing processoften relies on CQs,which arefunctional requirementsof an ontology expressedasnatural language
questionsthat theontology mustbeableto answer[180, 185]. CQ patternsvary with theunderlying methodology
[63, 115], templates[11, 85, 169], archetypes[126], intendeduse[7], and level of automation [5, 125]. In this
work, we adoptthethreeCQ patternsde�ned by RevOnt[40], which havebeenvalidatedacross20 representative
domainson Wikidata1 (thelargestcollaboratively curatedKnowledgeGraph(KG), covering widely sharedknowl-
edgeacrossmanydomains[156]). As il lustratedin Fig. 1, eachpattern differs in which elementof a verbalised
schema-level ResourceDescription Framework (RDF)2 triple (anontology representation writtenas(sub ject,
pred i cate/property, object) ) is treatedastheanswer.

Fig. 1.ThreeCQpatternsbasedonRevOnt[40], eachdiffering in whichelementof averbalisedschema-levelRDFtriple is treatedastheanswer:
a subject CQ (e.g.,“What is part of an album?”,answer:a song), a property CQ (e.g.,“What is the relation betweena songandan album?”,
answer: is part of), andan object CQ (e.g.,“What is a songpart of?”, answer:an album). The left panelshowsa visualisedontology scope,
whereeachdot representsaCQtogetherwith its suggestedtermorganisedalongtwo dimensions:subdomains(horizontal) andterm(conceptor
relation) granularity (vertical).

Thanksto their generative capacities,current LLM -basedsystemscangeneratehundredsandthousandsof CQ
candidatesto support this scoping process[5–8, 12, 40, 53, 180, 185]. AutomatedtoolssuchasAgOCQs[12] and
NeOn-GPT[53] canderive CQsfrom domain-speci�c text corpora,andRevOnt[40] andRETROFIT-CQs[5] can
generateCQsfrom existing ontology vocabularies.However,thesetoolsaredesignedfor generation only andpro-
videlit tle support for ontologyengineersto subsequentlyaudit thegeneratedcandidates,leaving ontologyengineers
unsurewhetherthecandidatesarecompleteandrelevantto de�ne thetargetontologyscope[7, 46, 183, 185].

Existing tools thatprovide somescoping auditing support eachhavetheir own limitations.LLM -basedconver-
sational agentssuchasOntoChat[180, 185], which elicits ontology userstoriesfrom domainexpertsandconverts
theminto CQs,support auditing throughfollow-up questions andvaried suggestions,but its chatbot UI is inher-
ently linearandits ITs areturn-based,potentially causing �x ation [43, 50, 82, 145, 178]whereontology engineers
maybecomeanchoredto their initial inputs,potentially leading to CQsthatmaynotadequatelyre�ect theintended
ontology scope[7, 46, 183, 185]. Ontology editorssuchasProtégé[109] andmetaphactory [69] provide two UIs:
nested,list-basedUIs that organise conceptsandrelations hierarchically, requiring constantscrolling to navigate
thefull scopeandmaking it dif� cult to maintain a globaloverview;andgraph-basedUIs of theontology structure
itself,whichcanprovideaglobaloverviewbutarenotorganisedalongthedimensionsof subdomainsandgranular-
ity, making it dif� cult to reasonaboutwhethertheCQ candidatescollectively achievetheintendedscope(Fig. 2a,

1https://www.wikidata.org/wiki/Wikidata:Main_Page
2https://www.w3.org/TR/1999/REC-rdf-syntax-19990222/
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Fig. 2b). Additionally, generalmind-mapping toolssuchasMiro3 andXMind4 offer �ex ible UIs for personalising
thescopeauditing process,but theseUIs areunderexploredfor ontologyscoping purposes.

(a) Protégé [109]. Screenshots taken from the tool, annotated
for clarity.

(b) metaphactory [69]. Screenshots taken from the tool, anno-
tated for clarity.

Fig. 2.Two representative ontology tools,eachproviding a nested,list-basedinterface(left panels)anda graph-basedvisualisation of theon-
tology structure (right panels).Neither interfacetype is organisedalongthe dimensionsof subdomainsandgranularity neededfor systematic
CQ-basedscopeauditing.

We argue thesechallengescan be addressedby drawing on interaction designs(ITs and UIs) of LLM -based
systemsthathavebeenwidely usedin theartsandcreativity domainfor supporting divergentandconvergentthink-
ing [144, 145, 183]. As il lustratedin Fig. 3, divergentthinking refersto a thoughtprocessin which usersexplore
andgeneratemanycandidatesalongmultiple dimensionswithout committing to any single one,with the goal of
expanding the solution space[65]. Convergent thinking, by contrast, refersto a thoughtprocessin which users
evaluate,re�ne, andeliminatecandidatesalongthesamedimensionsby following logical andstructuredstepsto-
warda de�ned goal,with theaim of narrowing thesolution space[45, 65]. In theartsandcreativity domain,users
work towardade�ned goalwhosefull shapecannotbeanticipatedin advance:thetargetsolution spaceis multi-di-
mensionalandill -de�ned, requiring usersto �rst expandit throughdivergentthinking andthennarrow it through
convergentthinking. To support this process,thesesystemsoften presentcandidatesin a visualisedspaceorgan-
isedalongkey dimensions,allowing usersto reasonacrossdimensionsanddecide whereto divergeor converge.
While the number of dimensionscanvary, two-dimensionalspacesaremostcommonly adoptedfor manageabil-
ity (e.g.,[18, 23, 165, 167]). Forexample,in creativewriting, thesetwo dimensionsmaybestyleandtone;in visual
design,theymaybecolourandcomposition.

Ontology scoping sharesthesamesituation: thetargetontology scopeis multi-dimensional,ill -de�ned, andcan-
notbefully anticipatedin advance.Ontologyengineersmustconsiderat leasttwo keydimensions:subdomainsand
termgranularity, whereeachgeneratedCQcandidatesuggestsconceptsandrelationsataparticular subdomainand
level of term granularity [7, 46, 183, 185]. Thesecandidatescantherefore be organisedon a visualisedontology
scopewith two dimensions,wheresubdomainsrunhorizontally andtermgranularity runsvertically, enablingontol-
ogyengineersto reasonacrossdimensions:identifying subdomainsor granularity levelswith toofew CQcandidates
asgapswheredivergentthinking is needed(requiring LLM -basedsystemsto supportontologyengineersin explor-
ing andgenerating newCQ candidates),andidentifying thosewith redundantor con�ict ing candidatesasoverlaps
whereconvergentthinking is needed(requiring LLM -basedsystemsto support ontology engineersin re�n ing and
deleting existing CQ candidates),to progressivelyde�ne awell-scopedontology,asil lustratedin Fig. 4.

To investigate what interaction designs of LLM-based systems in the arts and creativity domain can support ontol-
ogy engineers in divergent and convergent thinking during LLM-based ontology scoping with CQs, and how these

3https://miro.com
4https://xmind.com
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