®

Check for
updates

A Pattern-Based Approach for Explaining
Ontology-Driven Conceptual Models

(=) 2

Elena Romanenko! , Diego Calvanese!®, and Giancarlo Guizzardi

! Free University of Bozen-Bolzano, Bolzano, Italy
{eromanenko,diego.calvanese}Qunibz.it
2 University of Twente, Enschede, The Netherlands
g.guizzardiQutwente.nl

Abstract. Conceptual models—designed as means for knowledge
sharing—are expected to be extensively reused within their respective
domains. However, studies reveal that people often struggle to under-
stand already existing models. Assuming that specific conceptual model
views can serve as explanations for particular exploratory questions, we
demonstrate how these views and questions can be systematically con-
structed for OntoUML models. This paper presents the results of a pre-
liminary evaluation of the approach conducted through a questionnaire.
The findings highlight that our pattern-based approach enables the con-
struction of model views that contain fewer elements than the original
model while remaining sufficient to answer the targeted questions.
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1 Introduction

Conceptual modeling, defined as “the activity of formally describing some
aspects of the physical and social world around us for purposes of understand-
ing and communication” [13], is usually employed during the early stages of
information system analysis and design. The ultimate output of this process—
a conceptual model (CM) or an ontology-driven conceptual model (ODCM)—is
intended to facilitate effective communication during the later stages among
users with different backgrounds.

However, a model can only be utilized effectively if it is understood by its
users [15]. Given that the number of modeling elements can often be overwhelm-
ing, proper comprehension of the model might require suitable explanations.
Although the literature presents different types of explanations [2], this paper
focuses on a pragmatic approach: explaining the original model by constructing
a reduced version that still addresses the user’s request.

In this paper, we refer to an ontology as what is commonly termed a foun-
dational ontology and utilize Unified Foundational Ontology (UFO) [8] for our
goals. By an ODCM we understand a concrete artifact that represents concep-
tualization of a specific domain, whose development was guided by the ontol-
ogy. We address the problem of explaining ODCMs by answering the following
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research question: How can we systematically construct model views in response
to user requests for an explanation?

The remainder of the paper is organized as follows: Sect. 2 provides definitions
and represents the semantics of the explanation process; Sect. 3 shows how the
views can be generated in request for an explanation for the OntoUML models;
Sect. 4 discusses the results of the preliminary experiment; Sect. 5 elaborates on
final considerations and future work. The list of patterns and their corresponding
exploratory questions, as well as the complete version of the questionnaire with
anonymized results are available on the project’s GitHub page: https://w3id.
org/ExpO/github/CAiSE25.

2 A Pattern-Based Approach to ODCM Explanations

If we agree that an explanation is an answer to a request-for-explanation (typ-
ically, a why-question) as suggested in [9, p.334], and consider a CM as our
explanation of the domain, then the model should be able to answer a number
of corresponding questions.

The idea of having a list of questions that should be answered is quite pop-
ular in ontology engineering, for example. Griininger & Fox suggested consider-
ing user queries that an ontology should answer as informal competency ques-
tions (CQs) [5]. Although, in theory, CQs should guide the modeling process, in
practice ontology engineers face difficulties when writing, using, and managing
CQs [18], and, as a result, the final list of questions is rarely shared.

In a domain of (logic-based) eXplainable Al, there is a notion of prime impli-
cant or abductive explanations—a minimal set of features sufficient for ensuring
the prediction of the classifier [12]. If we consider elements of the model (e.g.,
concepts, relations, generalization sets, etc.) as model features, then the following
definitions can be suggested.

Definition 1. An explanation of the ODCM with respect for a given question
is an ODCM view sufficient to answer that question.

Definition 2. An ODCM view is a model obtained from a given reference
model by applying one or more explanation transformations that is consistency-
preserving.

These definitions are based on the ideas of the model’s consistency and its
sufficiency for answering questions. According to [1], a class is consistent if
the model admits an instantiation in which this class has a non-empty set of
instances. In the case of ODCMs, the inconsistency may happen due to design
errors and violations of the rules of the underlying ontology.

Unlike the definition of a ‘view’ for ontologies (see [14]), we are not solely
focused on a ‘portion’ of the original ODCM. In general, any transformation that
maintains the model’s consistency is permitted.

Still, this approach—where CQs are treated as questions of interest and the
model is regarded as an explanation for these questions—has at least two draw-
backs. First, in contrast to classification systems, the judgment of whether the
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given model sufficiently answers a question can sometimes be subjective. Second,
given that CQs are rarely given, this suggests the hypothesis that the user (who
is assumed to be unfamiliar with the model) must first be able to formulate a
question and then apply the necessary transformation(s) to find the answer in
the model.

Reoccurring ontology modeling situations can be addressed using ontology
design patterns [4]. Thus, in the case of ODCMs, we may use the incorpo-
rated semantics and suggest that each modeling pattern corresponds to a set of
exploratory question templates. Therefore, we may help our users by generat-
ing questions that the model can answer where the sufficiency of the resulting
ODCM view is guaranteed by the pattern.

The idea of having a particular model view that is sufficient to answer a
question correlates with the concept of pragmatic explanation for domain ontolo-
gies [16] and complexity management of CMs (see [3,11]).

3 OntoUML Models and Their Explanation

In principle, ODCMs are not bound to any specific ontology, but we chose
UFO [8] because of the existence of an associated ontology-driven conceptual
modeling language, named OntoUML. OntoUML is a language that extends
UML class diagrams by defining a set of stereotypes. These stereotypes expand
the UML’s meta-model so that classes and associations decorated with them
bring precise (real-world) semantics grounded in the underlying UFO [7]. For a
detailed discussion and formal characterization of UFO and OntoUML, we refer
the reader to works by Guizzardi et al. [7,8], while in this paper we focus on
explaining the approach through an illustrative example.
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Fig. 1. Student enrollment and course management in OntoUML model.
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The OntoUML model shown in Fig.1 was developed based on the following
description of the domain of student enrollment and course management within
a school:

Children are enrolled in the school and can register for various courses
offered by the school through an information system. Each course has an assigned
teacher, and part of their responsibility under their employment contract is to
conduct these courses. In addition, students from other schools, referred to as
external students, are also allowed to participate in these courses. The school
information system records enrollment details and the controlling organization
has the ability to monitor this information, including which students are enrolled
in which courses.

In the model: (1) the coloring schema follows the color convention of the
OntoUML plugin for Visual Paradigm’; and (2) material relations derived from
relator types are omitted?. Here we are not considering events and situations.
All concepts in the example are endurants (object-like entities) [7].

As mentioned, OntoUML is an ontology pattern language [19], where the
patterns are formulated in terms of possible stereotypes (for details, see [6,17]).
Table 1 shows Subkind and Relator patterns and how they are exemplified in our
model. Table 2 presents templates for exploratory questions aligned with these
two patterns. It also includes how these questions are realized for our example
and text answers. A complete list of all templates is available on the project’s
GitHub page.

We recognize that users may would like to have the flexibility to pose arbi-
trary questions of interest: Can the ‘Teacher’ of one ‘Course’ be a ‘Student’
in another ‘Course’?® For such questions, we hypothesize that a combination
of patterns could serve as an explanation. To evaluate whether this approach
improves user perception of the generated views, we used a questionnaire.

4 Experiment with Exploratory Questions

The primary goal of the study was to evaluate whether pattern-based ODCM
views are perceived as effective explanations for arbitrary exploratory questions.

The questionnaire consisted of three sections. The first section focused on
gathering information about the interviewees’ experience with conceptual model-
ing. The second section presented a complete ODCM with the narrative and then
several views derived from this ODCM, along with the corresponding questions.
The final section assessed participants’ satisfaction with the views, specifically

! https://github.com/OntoUML/ontouml-vp-plugin.

2 According to the relator pattern [17], there can be a material relation between the
mediated concepts to which the relator refers. In the case of ‘Employment’, this could
be the ‘works for’ relation from ‘Teacher’ to ‘School’. These relations are ommitted
here due to space limitations.

3 In the example any course is always conducted by an adult and followed by children,
so the answer is ‘No’.
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Table 1. Patterns in OntoUML and their exemplifications.

Name and idea

Template

Example in Fig. 1

Subkind pattern is used
when there is a need
to  distinguish  rigid
(static) specializations
of a kind. This can be
applied to kinds whose
instances are objects,

quantities, collectives,
qualities, modes and
relators.

Subkind

> Rigid Sortal

OR

2.%
. {disjoint, L
< Subkind [Complele]) Rigid Sortal
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vate Organization’ and
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subkinds (these two sets
are orthogonal, see [6]);
‘School Information
System’ as subkind for
‘Information System’.

Relator pattern is a
pattern which objecti-
fies a material rela-
tion and aggregates all
these externally depen-
dent modes that the in-
volved relata acquire in
the scope of that rela-
tion.

Relator

mediation R
Substantial

‘Employment’ with
‘School’s  Commitment’
and ‘Teacher’s Commit-
ment’; ‘Course Offer’;
‘School Enrollment’;
‘Course Registration’.

Table 2. Some templates for generating exploratory questions.

Pattern | Question template Generated question | Text answer
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become a <Subkindz>7?| zation’ become a ‘Public | ‘Organization’.

E Organization’?

_'é Can a <Subkind;> be | Can a ‘Private Orga- | No, because the corre-

& a <Subkindz> at the | nization’ be a ‘Pub- | sponding generalization
same time? lic Organization’ at the | set is disjoint.

same time?

What is in the nature | What is in the nature | Both  ‘Teacher’ and
of a <RelatorType>? | of an ‘Employment’? | ‘School’ acquire a num-
What are the aspects | What are the aspects | ber of commitments
that the relata acquire | that  ‘Teacher’ and | in the scope of an

é‘ when mediated by a | ‘School’ acquire when ‘Employment’.

% <RelatorType>? mediated by an

~ ‘Employment’?
When is partic- | When is a particular | A ‘Student’ is related to
ular <Relatumi> ‘Student’ related to a | a particular ‘School’ iff
related to a particu- | particular ‘School’? there is a ‘Course Reg-
lar <Relatums>? istration’ that connects

them.
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Fig. 2. Correctness of answering questions.

considering their sufficiency as explanations for the questions. The questions in
the final section were adapted from the System Causability Scale (see Fig. 3) [10].
To reduce the internal validity threat of our evaluation, we grounded the
main section of the questionnaire on two different models and randomized our
interviewees among them. Both models did not require special knowledge. The
first one was our example from Fig. 1 (but without OntoUML stereotypes), while
the second one described the relations between Customers and Fitness Studio.
The number of elements in each model was not very high but still demand-
ing some time for an exploration. First, we asked three simple preliminary
True / False questions to make sure the respondent can understand the model.
For example, one of the questions for the model on Fig. 1 was “According to the
model every Child has to be a Student” (False). After the preliminary questions,
the interviewee received five multiple-choice questions (Q1-Q5). Our goal was
to check whether the questions could be correctly answered based on the views.
Finally, the respondent received five exploratory questions with the already given
text answers and views (SQ1-SQ5), where our question to the interviewees was
“Does the model contain sufficient information to answer this question?”.

mmm Strongly agree Agree Neither agree nor disagree Disagree mmm Strongly disagree
100 — 10%
i 14% 14%
o
80 10% 33%
60 43% 52%
43%
52% 33%
40
20
| found that the I understood the | did not need | was able to use | think that most
models included all models within the support to the models with my  professionals would
relevant information context of the understand the basic knowledge. learn to understand
with sufficient question. models. the models very
precision and quickly.
granularity.

Fig. 3. Results for the adapted System Causability Scale.
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In total we received 30 responses. However, the answers of 6 interviewees were
disqualified as they made mistakes while answering our preliminary questions.
In general, about half of our interviewees were beginners in conceptual modeling
and—from the second part of the questionnaire—we can see that the correct-
ness of the responses correlates with the expertise (see Fig.2). On average, the
respondents have spent about 20 min answering the questionnaire.

Most of the time our questions were answered correctly (Fig.2). Moreover,
the confidence in answers was also quite high. Furthermore, respondents reported
that the given ODCM view is complete enough with respect to the question to
which it is supposed to answer: 78% in average for one model and 83% for another
one. The results of the adapted System Causability Scale are presented in Fig. 3
and are also positive (details are available on the project’s GitHub page).

5 Conclusions

The paper presents a pattern-based approach for constructing pragmatic expla-
nations of ontology-driven conceptual models. We suggested that specific model
views—consistent and sufficient to answer the question of interest—are per-
ceived as explanations of the original model.

In order to guarantee sufficiency, we used model patterns as building blocks
for constructing the final views. Since each pattern corresponds to a set of ques-
tions, we can also generate by template some exploratory questions to help our
users familiarize themselves with the model.

In the conducted questionnaire, we extracted only ‘portions’ of the models
as explanations. In general, the approach we suggest does not limit us in model
transformations as soon as consistency with the original model is kept. Thus, we
can also apply abstraction in order to reduce the number of modeling elements.
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