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Abstract. This paper conducts an empirical studv that exp Jres the differences between
adopting a traditional conceptual modeling (TCM) techniq. and - 2 ontology-driven conceptual
modeling (ODCM) technique with the objective to unac.tana and identify in which modeling
situations an ODCM technique can prove benefirial rnmr ad to a TCM technique. More
specifically, we asked ourselves if there exist any meai.. *aful differences in the resulting conceptual
model and the effort spent to create such model hetween 1. “ice modelers trained in an ontology-
driven conceptual modeling technique and novi @ nmv ue.rs trained in a traditional conceptual
modeling technique. To answer this question. we « ~.uss previous empirical research efforts and
distill these efforts into two hypotheses. Next, .. = hy, Jtheses are tested in a rigorously developed
experiment, where a total of 100 students from tv ‘2 a.."erent Universities participated. The findings
of our empirical study confirm that there = . .. *~* n.~aningful differences between adopting the two
techniques. We observed that novice modeie. ~ applying the ODCM technique arrived at higher
quality models compared to novice modelers applying the TCM technique. More specifically, the
results of the empirical study demor awe. *hat it is advantageous to apply an ODCM technique over
an TCM when having to model ' = more ¢ allenging and advanced facets of a certain domain or
scenario. Moreover, we also did not . 1 an significant difference in effort between applying these
two techniques. Finally, we sr zcifi~d our results in three findings that aim to clarify the obtained
results.

Keywords: Conceptual mor':n._* empirical study; ontology-driven conceptual modeling; experiment;

OntoUML, Entity-relatio’ ship modeling

1 Introductio:

Modeling, i all its v rious forms, plays an important role in representing and supporting complex
human des’ gn acti' ties. Especially in the development of information systems, their analysis, as well as
in re-enginec.’~~, modeling has proved to be an essential element in achieving high performing
informat, “r systems (Karimi, 1988). Conceptual models were introduced to increase understanding and
communication of a system or domain among stakeholders. Some commonly used conceptual modeling
techniques and methods include: Business Process Model and Notation (BPMN), entity relationship

modeling (ER), object-role modeling (ORM), and the Unified Modeling Language (UML). We refer to



these techniques and methods as conceptual modeling. Many of these early conceptual modeling
techniques however lacked an adequate specification of the semantics of the terminology of the
underlying models, leading to inconsistent interpretations and uses of knowledge (Gr’ ninger, Atefi, &
Fox, 2000). In order to overcome such issues, ontologies can be applied. Ontologies _~n be described as
a set of things whose existence is acknowledged by a particular theory or system o, " sught (Honderich,
2006). Research on ontologies has become increasingly widespread in the cor .,.“'ter su.~nce community,
gaining importance in research fields such as knowledge engineering (L. b .id & Gruninger, 1996),
knowledge representation (Sowa, 1999) and information modeling (As" enhurs., 1996). More specifically
in the field of conceptual modeling, ontologies can be applied to &* . ‘n the . casoning on the contents of
a conceptual model (Corea & Delfmann, 2017; Karagiannis & b.chma’ n, 2018) or to articulate and
formalize the conceptual modeling grammars needed to describe 1e structure and behavior of the
modeled domain (Wand & Weber, 1993). As for the scope ~f this paper, we will focus on the latter,
where ontologies are applied to improve conceptual mo.'~ling languages by means of constraints and
structuring rules to existing languages. Ontologies ¢ ffer run conceptual models in several ways. For
instance, while ontologies use an open-world ass. ., *ion, a conceptual model embodies a closed-world
assumption (Atkinson, Gutheil, & Kiko, J%). urthermore, ontologies can be characterized as
descriptive, domain-relevant and static ***hile conceptual models idiosyncratically are more system-
focused, do not require any shared ui..'~rstanr.ng, nor do they model the whole domain (Henderson-
Sellers, 2012).

As such, we can describe ae utiliza..on of these ontological theories, coming from areas such as
formal ontology, cognitive science and philosophical logics, to develop engineering artifacts (e.g.
modeling languages, me.~2 .0logies, design patterns and simulators) for improving the theory and
practice of concept' al nudeling, as ontology-driven conceptual modeling (ODCM) (Guizzardi et al.
2015). On the of’.a1 hand, ..1e more ‘traditional’ form of conceptual modeling is generally described as
the activity of re, vesent”.1g aspects of the physical and social world for the purpose of communication,
learning a1 d proble m solving among human users (Mylopoulos, 1992). Thus, in this paper we regard
traditic~~! conceptual modeling (TCM) as the utilization of modeling techniques and languages (e.g.
BPMN, L. 1L, EER) according to the modeling standards and specifications in which they have been

introduced and proposed. In contrast, we regard ODCM as the utilization of these conceptual modeling



techniques, but with the important difference that they are extended or supported by ontological theories
that further articulate and formalize the conceptual modeling grammars of these languages.

The benefits of ODCM are presumed to be the most substantial when applied for th” design, analysis
and re-engineering of rather large and complex information systems. Their use w~_'1 lead to various
system engineering benefits such as increased re-usability and reliability (Uscholu ™ Sruninger, 1996).
Additionally, ODCM would aid in the development of a more sophisticated r= _.~sen.. 2n of the domain
being modeled, and a higher level of domain understanding by its modelers .~ users (Gemino & Wand,
2005). These benefits can be obtained through adopting a wide variet of teci. “iques and practices. For
example, ontologies were used for the development of new cone~.ual 1..wueling languages (Opdahl,
Berio, Harzallah, & Matulevicius, 2012), for adding structuring ru.:s to ¢ «isting languages (Evermann
& Wand, 2005b), and for proposing conceptual modeling patterns a 4 anti-patterns (Guizzardi, 2014).
Several techniques in ODCM go further than only evalua.nq or supporting a conceptual modeling
technique, by providing a proper conceptual modeling tec~nique themselves, as such adopting modelers
to an ontological way of thinking. Such techniques (2.g unoUML, O%) are often founded on existing
modeling notations and enhance the metamoder 7 *his notation by incorporating formal ontological
constraints that correspond to the ontolog,’~ aa...natization. By applying these ontology-driven
techniques, modelers are encouraged to r~~~an more carefully about the domain and the classification of
its elements in terms of ontological . ncepts (e.g. inferring types, properties, events etc.) and their
underlying relationships.

However, while many of -hese onwlogy-driven techniques have demonstrated to be beneficial
compared to the traditiona' ~onceptudl modeling practices, the added value of their application is not
always straightforward «. * nere is no clear distinction when it is actually desirable to adopt these
techniques. Underst .ndir g th~ philosophical concepts and structures of an ontology (e.g. theory of
parthood, types “.w instan..ations, identity, dependency, unity etc.) requires time and encompasses a
certain degree 01 ~omple .ity. As asserted by (Guizzardi, Das Gracgas, & Guizzardi, 2011), this complexity
posed a st¢ 'k issue 2r novice modelers who were using the ontologically founded conceptual modeling
langua~~ OntouML — note: by novice we refer to modelers that have limited experience in conceptual
modeling nd have not yet developed a holistic understanding of adopting a particular modeling

technique to translate problem descriptions into standard abstractions (Shanks, 1997).



Additionally, while it is generally assumed that ontology-based modeling can indeed enhance the
development of a conceptual model, the study of (Soffer & Hadar, 2007) obtained less promising results,
acknowledging that the overall effect of ontology-based modeling rules were not * ‘anificant. They
observed that the utilization of ontologies does not significantly improve mor' * variation, which
according to them means that ontologies do not sufficiently support the decisiu.. ¥ iaking during the
conceptual modeling process. Thus, while ODCM aids in the constructi~.. of oi. ~logically sound
conceptual models, it appears that it also can increase the complexity of dev. ' sing a conceptual model.
This observation causes us to question the benefit of adopting an ODCM technique over a TCM
technique. As to the knowledge of the authors, no research effort~ ..ave y.. neen made that assess the
actual impact of adopting an ODCM technique compared to that . « TCM technique.

Therefore, it is the goal of this paper to conduct a study that investi, ates and compares the differences
between TCM and ODCM. More specifically, we would lik. *o direrentiate between modelers that are
trained in a TCM approach and modelers that have been .~tight an ODCM approach. These two groups
of modelers then have to model a scenario that enco. "pa ses certain modeling challenges. Through our
study, we then compare the two modeling app. 7%«.“es oy investigating the quality of the resulting
conceptual models, and the amount of effort «. Mouc.. had to spend in order to compose these models.
To properly measure these effects, we int~~ to conduct an empirical study. Therefore, as the foundation
for the further development of this p. er, we formulate our research question as follows: Are there
meaningful differences in the re .ultir g conceptual model and the effort spent to create such model
between novice modelers tre aed in a. ontology-driven conceptual modeling technique and novice
modelers trained in a tradit*~nal conceptual modeling technique. In section 2 of this paper, we formulate

our testing hypothesis ai..' » ecanwhile discuss previous related empirical research. Next, we draft our
experimental desigr .o te .t these hypotheses in section 3. We then present the results of our experiment
in section 4 and .iscuss thar outcome on the hypothesis. Next, in section 5, we interpret the results of
our experiment, . "d disr uss their consequences and implications. In section 6 we present our conclusion

and future -esearch opportunities. Finally, in section 7 we discuss the internal and external validity of

this pa~~r



2 Hypothesis development

Based upon our research question, we formulate our testing hypotheses. In order to do o properly, we
first investigate the different kinds of empirical studies that have been performed in L 1e fic. ' and take a
closer look at earlier comparisons between ODCM and TCM.

Over the years, the adoption of ontologies and ODCM as a modeling practic. mate, ‘alized steadily
and in different trends or phases. Originally, ontologies were introduce . in .ic “2ld of conceptual
modeling as a way to evaluate the ontological soundness of a conceptua’ ...adeln._ language. Or in other
words, ontologies aimed to improve conceptual modeling langua_es by avaluating (1) Domain
Appropriateness, i.e. the expressivity of a modeling language anc its - ey, ‘acy in being truthful to a set
of phenomena in reality and (2) Comprehensibility Appropriatei..~s, 1.c. how easy it is for users of the
language to unambiguously recognize the phenomena being 1. ~vese” ted by the language’s models and
primitives.

Ontologies proved quite useful in assessing wh-*her difte,ent conceptual modeling procedures are
likely to lead to good representations of real-wr *Id ph. nomena. Therefore, the first empirical research
efforts concerning ODCM and TCM examined wi ~ther the semantic analysis offered by ontologies
actually benefited the grammars of conceptual modsling languages. For example the paper of (Recker,
Rosemann, Green, & Indulska, 2017 j) inve. ‘igated how users of the BPMN conceptual modeling
grammar perceived existing ontolc jical dei. .encies, and how ontologies could aid in identifying such
deficiencies. Other empirical sti*die. «ich s (Poels, Gailly, Maes, & Paemeleire, 2005; Shanks, Tansley,
Nuredini, Tobin, & Weber 2u.™ performed similar research, where they measured the existing
ontological deficiencies f co ceptual modeling languages, studied their impact on users’ perceptions
and how techniques avolving ontologies were applied to analyze such languages to identify these
deficiencies.

Gradually hc vever, a second trend for the usage of ontologies emerged, in the sense that an ontology
would exprr ss he fundamental elements of a domain, and therefore becoming the theoretical foundations
of a concep 'al m .deling language (Guarino, 1998). This new way of applying ontologies led to a
growing ‘nt” rest in the role that they can fulfill in the improvement of conceptual modeling languages
(Opdahl et ai., 2012), by adding structuring rules to existing languages (Evermann & Wand, 2005a), and
by proposing conceptual modeling patterns and anti-patterns (Ruy et al. 2017). In accordance, various

empirical studies examined these enhanced ways of conceptual modeling. For instance, the study of



(Bera, 2012) tested the effect of ontological modeling rules on the development of conceptual models.
Their results revealed that modelers face cognitive difficulties when developing conceptual models and
that ontological modeling rules can alleviate these difficulties. Additionally, the stu v indicated that
ontological rules could help modelers to commit fewer modeling errors and he’_ them to develop
conceptual models in a systematic way. Other studies such as (Evermann & Wanw., ~J06; Recker et al.
2011a) reached similar conclusion, supporting the use of ontological theor’ .. and 1. 'ss in conceptual
modeling. However, not all studies acknowledged the same results. For insw.>~, (Soffer & Hadar, 2007)
performed an explorative study to investigate the effect of applying ntologi. al modeling rules to the
modeling process on model variations. More specifically, their re-_ s exu.cssed that difficulties were
experienced in the adoption of the ontological concepts and rules ui..crlyir 4 an ontology, especially with
large sets of these rules. As a conclusion, they expressed their beliet hat further improvements may be
achieved by adopting modelers to an ontological way of thin.. nq, 1earning them to perceive and interpret
the world in ontological concepts.

This is where the third trend in ODCM aims to a.'ive a solution, in the form of not only evaluating
or supporting a conceptual modeling technique. « *t i1.stead by evolving into a proper conceptual
modeling technique itself, as such adopting . ~qaeic.. to the ontological way of thinking. These new
techniques are often founded on existinp ~~deling notations and enhance the metamodel of this notation
by incorporating formal ontological . nstraiits that correspond to the ontology’s axiomatization.
Examples of these new techniqu s a’: OrtoUML and the O3 language. The O3 language (Pastor &
Molina, 2007) can be considr ed as a i.atural language that fuses various ontological concepts based
upon the Bunge-Wand-We*-~r (BWVv) ontology together with the object-oriented paradigm, with the
purpose to facilitate autw. ~t'c development of information system applications. OntoUML (Guizzardi,
2005) on the other I and. .s a modeling language that reflects the ontological distinctions prescribed by
UFO (Unified F .undation. Ontology) by incorporating the axiomatization of the UFO ontology by
means of forme’ const aints in the UML metamodel. With these techniques, modelers adopt an
ontologica way of . 1inking, by learning them to perceive and interpret the world in ontological concepts
and ru'~~ However, this requires a modeler to understand the philosophical elements and structures from
the underl, 'ng ontology, where its formal axiomatization and constructs can pose a significant challenge

to novice modelers (Guizzardi et al., 2011).



Hence, it would seem that the ODCM technique at the one hand facilitates the development of
ontologically sound conceptual models, while on the other hand it appears this practice can increase the
complexity of developing a conceptual model. However — as to the knowledge of e authors — no
empirical research has yet measured the actual impact of adopting an ODCM tec* ‘que to uevelop a
conceptual model and observe the resulting models and effort to create these mou. ' . Furthermore, no
research study has yet compared the difference in modeling between ODCM -..* TCw. *echniques. Most
of the empirical studies described above did compare ODCM to TCM, ai."~ .gh this comparison was
often either partial or incomplete, meaning that only certain aspects = f an on.»logy or a limited set of
ontological concepts or rules were compared. Additionally, subject- . ere e.u.er briefly introduced to the
ontology or received only minor training in applying the ontolony .. «ne pr cess of conceptual modeling.
This results in modelers that are not fully competent with the respec ive ontology. It is our perception
that modelers should be more intensively trained into an on.'agical way of thinking, by learning them
to perceive and interpret the world in ontological concep.

As such, the objectives of our study are (1) to hav a romplete comparison between an OCDM and a
TCM technique, meaning that both techniques arc ta. ~ht .n their full scope, and not only certain aspects
of it; (2) to compare subjects that have been p. ~eny ..ained in both techniques, over a period of several
months; (3) to require subjects not only *~ ~omprehend these techniques, but also have them apply the
technique in order to construct a conce,. *1al me Jel and (4) to compare both the resulting models of each
technique, as well as the effort r.quir :d tc construct these models. As the advantages of ODCM are
presumed to be the most ben’ «icial whe.) applied to rather large and complicated modeling tasks and
designs, we assume ODCM to deliver better results when applied to a more complex modeling task.
Thus, based upon prewvic's research efforts, and the assumptions given above, we formulate our
hypotheses as follov ed:

1. Novice mo0 .««i's aopi,ing an ODCM technique will arrive at higher quality models compared to
novice moa. ‘ers ar plying a TCM technique — given a thorough understanding of the respective
techni jue and . sufficiently complex modeling task.

2. Nr~= moaelers applying an ODCM technique will experience more effort in the process of
develu ving a conceptual model compared to novice modelers applying a TCM technique — given a

thorough understanding of the respective technique and a sufficiently complex modeling task.



In other words, we believe that the more complex a modeling task becomes, the more semantically
correct conceptual models will be when adopting an ODCM technique over an TCM technique.
However, we do expect that adopting an ODCM approach will also require more effr t compared to a
TCM approach. Finally, this experiment will also compare the model quality betw~ -~ both techniques.
While many definitions and approaches exist to measure model quality, we believe ** at the quality of a
model cannot be detached from the purpose it intends to fulfill. Therefore, we - ."'! mea. 're model quality
by the degree in which a model fulfills its purpose — which we will refer .. =, effectiveness. The next

section further specifies how we set up our experimental design, basec upon ti. >se hypotheses.

3 Experiment Design

A careful planning and design prepares for how the experimer.. ‘< con.ucted and is essential in achieving
validated experimental results. Due to the lack of a randnm ~e~- ment of subjects between our testing
groups (infra Section 3.3), we would like to emph~<ize that ./e perform a quasi-experiment since key
characteristics between subject treatments may 'iffer. . s such, when referring to the term ‘experiment’
in the further development of this chapter, we refer ‘0 a quasi-experiment. We base ourselves upon the
experimental design described in Wohlin et al. (2u.."), where the design of an experiment can be divided
into several steps. Based upon our hyy Jthesis, ‘he selection of the independent and dependent variables
takes place. Next, the selection of s".0jects 1. - arried out. The experiment design type is chosen based on
the hypothesis and variables sel~cte.’ Nex’ the instrumentation prepares for the practical implementation
of the experiment. Finally, tt ¢ va. ity evaluation aims at checking the validity of the experiment. After
the planning process is it .rate |, we can conduct the actual experiment, and collect the data in order to

either accept or reject .ne tesu. ™ hypotheses.

3.1 Variablr develc "\ment

Before any exnei.ment design, the dependent, independent and control variables should be selected
beforehanc Both 11e independent and dependent variables are derived from our hypotheses, and

consec, -..""* from our research question.

Independent Variable
In our study, the independent or affecting variable constitutes of the two different modeling techniques

or approaches our subjects can apply to construct a conceptual model. In other words, in our experimental



setting we can control if we either assign our test subjects with a traditional modeling technique or with
an ontology-driven technique. More specifically, we compare the enhanced entity relationship (EER)
modeling technique against the ontology-driven OntoUML modeling technique. The e tity-relationship
(ER) approach — initially proposed by Chen (1976) — still remains the premier r <l for conceptual
design (Fettke, 2009). It is used to represent information in terms of entities, " .r attributes, and
associations among entity occurrences called relationships. The EER modelir _ “achn.., 'e can be applied
in combination with several notations. The UML notation — more specific.." class diagram notation —
is a widely accepted notation, both in academics (Elmasri & Navathe 2015) . s in practice by analysts
and software developers (Gornik & IBM, 2003). By enhancing the F X app: vach with the UML notation,
the conceptual model gains significant benefits, including easier .omm nication and a more truthful
representation of a particular domain. Similarly, OntoUML is a well- ‘nown technique in the domain of
ODCM and has been frequently adopted for various purposc. Aaaitionally, OntoUML also applies the
UML notation — class diagrams — but with the UFO ontoi. >V as an underlying foundational theory. More
specifically, the purpose of OntoUML is to provide . aur 1 uiitological foundations for various domains
(domain appropriateness) and conceptual clan./ ~on.prehensibility appropriateness) of modeling
languages (Guizzardi & Wagner, 2005). As . 'cn, w.th techniques have been primarily developed to
deliver conceptual models that offer sor*=~ representations of a particular domain. Additionally, both
techniques apply the same UML nota.. ™, but are grounded in two different underlying theories — the

EER approach and the UFO onto’ gy.

Dependent variables
The purpose of our expe’.mer . is to measure the difference of the resulting conceptual model — i.e. the
model quality — and .he eftu.” required to create such a model, when applying either a traditional
modeling technique . an ¢ itology-driven modeling technique. Therefore, to properly measure and
compare such ¢ fference , we rely on the research of (Griininger & Fox, 1995; Krogstie, 2012; Moody,
2003), wher . we make a distinction between the effectiveness and efficiency of our two techniques. While
effectivenes. is def ned on how well a particular technique achieves its objectives, efficiency is viewed
as the ex rt .equired to apply the technique. The former can be measured by output measures evaluating
the quantity and/or quality of the results; the latter can be measured by a variety of input measures such

as time, cost or perception.



Effectiveness

We are going to measure the effectiveness of the TCM and OCDM methods by evaluating the quality of
the resulting models created by the participants. In the context of software engineerinc quality is often
described as the fitness for purpose. Therefore, we measure model quality by the degree i */hich the
participants’ models fulfill their purpose. Since both TCM and ODCM have been .eve' sped to represent
a domain and its truthfulness to reality, we evaluate the resulting conceptual 1..~del 1. its capacity to
represent a domain as truthfully as possible. In order to have a domain nat < *acognizable for our

participants to model — all our participants are students — we have opted for ti.. fomain of a university.

In order to objectively assess the suitability and truthfulness of a model tc represent a domain, we
rely on the use of competency questions. Originally, competenc, que~**ans were applied in ontology
development (Grininger & Fox, 1995), where a particular onfnlogy was .ound adequate to represent a
certain domain providing that the ontology could represent and ans ver a specific set of competency
questions. In our experiment, we construct several doma..” requ..ements that are defined in a set of
competency questions, to which the resulting conceptu. - roaels should be able to provide an answer in
order to be deemed a good representation of the dor ..~ Furthermore, we differentiate between two sets
of competency questions. One set of questions measuu. = if subjects adequately represented the domain
as described in the assignment. The second set of ¢, 'esuons measures if subjects were able to deal with
certain ‘complications’ described in the case, w. ‘~h required subjects’ to improve their model beyond
the literal description given in the case. ... ~orresponds to the work of (Daga et al., 2005; de Cesare &
Partridge, 2016), where they make a . ~tinctir 1 between competency questions that measure Content
Interpretation (CI) and Content Sr phis’.cation (CS). While the former is defined as the identification of
the entities that exists in the dc nain L, = . applicant or modeler, the latter can be seen as the process of
gradually improving the mocel suc. that it provides a more precise representation of the world. Tailored
to our experiment, partic’ pant receive a case that describes the university domain. When modeling the
domain, they have to "dentn, *he necessary constructs, relationships and cardinalities that govern this
domain — i.e. conte, * in” 2rprr ation. However, the case (deliberately) contains ambiguous descriptions
or certain comr (cations. Content sophistication can then take place if a participant responds by
improving their . ~adel < that it provides a more precise representation of the university domain — and
overcome nese co. plications or ambiguities. As such, the competency questions allow us to evaluate
the participan..’ _.odels in a rather objective way, by distinguishing between the ‘completeness’ of the
model (. 2. content interpretation), and the more innovative aspects of their models (i.e. content
sophistication). These competency questions are adopted by the authors to assign scores to the models

of the participants.
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Efficiency

Based upon previous findings in the literature such as the one from (Soffer & Hadar, 2007), we expect
that modelers adopting to an ontological way of thinking, and perceiving and interpre ‘ng the world in
ontological concepts and rules require more effort — and hence achieve a lower effi-_~cy — compared
to modelers adopting a TCM technique, since they do not have to concern thems."’ :s with such rules
and ontological concepts.

The efficiency of the ontology-driven models is measured by: (1) assessn._ t' e amount of time needed
to develop the models, and (2) assessing the usage beliefs of each mode ing teci Vique. More specifically,
we measure perceived usefulness and perceived ease of use, as intre~’..ced by «1e Technology Acceptance
Model (TAM), and which are key to understanding modeling usay. oelie’s (Davies, Green, Rosemann,
Indulska, & Gallo, 2006). Similar to (Moody, 2003), we will be measuring the effectiveness and
efficiency of a modeling technique instead of a technoloy, * or tool. The TAM model is a popular
information systems theory that describes how users come “2 accept and use information system artifacts.
The model suggests that when users are presented v.‘th - ucii an artifact, two primary factors influence
their decision about how and when they will use .. /") + erceived ease of use, which is determined by
the degree to which a person believes that us.. 7 a p.. dicular technique would be free of effort; and (2)
Perceived usefulness, referring to the der~~ in which a person believes that a technique will be effective
in achieving the intended modeling ou, *~tive. ' erceived usefulness can therefore also be seen as a way
to measure the actual effectivenr ,s of the “echnique (Moody, 2003), but since it is determined by its
perceived ease of use we cater rize it ui.Jer efficiency. In our experiment, we will apply this model and
the associated measures t~ ™measure now our subjects will perceive the TCM and ODCM modeling
techniques. More specnh. 2"y, participants have to answer several questions after completing the
modeling task — us’ 1g r Jltip'e-item scales, with five-point Likert scales — which measures both the
perceived useful.cos and u.e perceived ease of use. The reliability and validity of these questions has

already been pro =n in < sveral research efforts (Davis, 1989; Recker et al., 2011a).

Control ."ariab’.s
Since w. te’ . participants modeling with a TCM and an ODCM technique, we need to ascertain that all
subjects have an equal understanding of each technique they are modeling with. Therefore, we apply a
control variable to test every subject’s knowledge and understanding of the modeling technique, before

the start of the experiment. The results from the subjects that failed the knowledge test are not

11



incorporated into the results of the experiment. Next, to provide a complex enough modeling case as
required in our hypotheses, we have selected a modeling case that served as an assignment of a modeling
course given at the University Ghent. The feedback and the final results of the assign’ ‘ent that applied
the modeling case confirmed that the modeling case is of a rather complex degree. A ‘tionally, we have
presented the modeling case at the OntoCom workshop at the 36th Internau.~ . Conference on
Conceptual Modeling. During this workshop, the case has been given to seve~_. ~xpei. in the domain of
conceptual modeling and ontology. Each of these experts have then createu ~ - oanceptual model — often
also based upon an ontological theory — according to their interpret: .ion of ."\e case. Afterwards, the
different models were discussed for their completeness and ho ‘hey ucait with the challenges or
ambiguities that could be found in the case. During this workshoy., manv of the competency questions
for both the content interpretation and especially the content sophistic. ‘ion were derived from the models
of the workshop and the feedback from the different experts. .” 1ditionally, the experts who have modeled
the case themselves also have labeled the case as sufficic. *ly complex to be applied in an experimental

setting.

3.2 Subject Selection

The subjects in our study all were novice conceptua. modelers and were attending two different courses
on conceptual modeling at the Univer ity of ( hent (Belgium) and the Technical University of Prague
(Czech). While the subjects at the "Jniver..* of Ghent were taught how to adopt a TCM technique to
construct a conceptual model, the ~a1* se g’ the Technical University of Prague taught their students the
ODCM technique. As stated . (Falessi et al., 2017), using students as participants remains a valid
simplification of reality r~~ded in 1aboratory contexts. It is an effective way to advance software
engineering theories anu *ac’ nologies but, like any other aspect of study settings, should be carefully
considered during th . des’gn, execution, interpretation, and reporting of an experiment. Consequently,
we decided to select s..er s as our test subjects since they have no prior knowledge of conceptual
modeling and ¢ n thus b seen as novice modelers who can be trained in either TCM or ODCM. Hence,
our selectior .7 stuue. s enabled us to train subjects without having prior experience in another modeling
technique. ~onseqt :ntly, we could measure the full impact of the modeling technique that is being

taught.

At Ghenu ' Jniversity, students have been taught the EER conceptual modeling technique through both
theoretical classes and practical sessions. In these practical sessions, students were required to solve

modeling assignments of certain scenarios. Additionally, students were required to submit a rather
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extensive group assignment, where they had to design and implement an information system. An
important aspect of this assignment was to develop a sound EER conceptual model that forms the
foundation of their database. Similarly, students at the Czech Technical University "+ Prague (CTU)
received both theoretical classes as well as practical sessions on a weekly basis. Fi"_>~rmore, they also
had to complete a work assignment that required them to create sound OntoUML . < Jels, to serve as a
foundation for a software system specification. Thus, both students at Ghe~ . ‘ Inive, “‘ty and the CTU
received assignments on a regular basis that required them to apply conce, * . modeling for different
scenario’s and domains. These assignments were evaluated and m arked 1. - their correctness, and
students also had to complete an exam on conceptual modeling to ~..luaw «.cIr overall progress.

Moreover, all subjects have the same age (i.e. early-twenties) ....d the najority of our subjects have
a business/technical-oriented background. Concerning motivation, « udents were asked to participate
with the experiment out of self-interest and as an opporw. ity to improve their skills in conceptual
modeling. There was no reward-based incentive. As suc.. students who participated in our experiment
were essentially self-motivated based on the inclinati n tr 1earn more and to improve their skillset. Thus,
the specific selection and the education program Ic3u. *a a controlled sample of subjects, all being novice
modelers, who are properly trained in the resp. ~tfive 1..0deling technique and with no prior knowledge of
any other modeling technique.

Finally, in order to determine the n. mber ¢ subjects for our empirical study, we base ourselves on
the differences in the averages in ' ie m ,del ~omprehension scores from the study of (Verdonck & Gailly,
2016). Based upon the samplr size forn.ula of Shao, Wang, and Chow (2008), assuming a Type | error
(o) of 5% and a Power (1—" where p is Type II error) of 0.8, we require a total number of 43 subjects
per treatment group. Into..' .00 subjects participated in the study, of which 50 in each treatment. Hence,

the number of partic pant in o*!r experiment is sufficient with regard to the required statistical minimum.

3.3 Experin >ntal Dr 3ign Type

An experin 2nt cor-ists of a series of tests of different treatments (Wohlin et al., 2012). To get the desired
results to ans. ar ~.r research question, the series of tests must be carefully planned and designed. Based
on our h,r cheses, we can derive two treatments: an UML treatment and an OntoUML treatment. The
assignment in each treatment constitutes of a case study that has to be modeled by the participants of the
respective treatment. We have assigned the participants to these treatments according to the balancing

design principle. By balancing the treatments, we assign an equal number of subjects to each separate
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treatment, to arrive at a balanced design. Balancing is desirable since it both simplifies and strengthens
the statistical analysis of the data. However, due to practical limitations we could not balance the students
of the two different universities between the two treatments, e.g. half of the students of <hent University

a

being trained in TCM and ODCM and vice versa for the students at CTU in Prague "= such, one group
may differ from the other — e.g. due to the students’ specific profile or the tea™" ig method of the
respective professor. Hence, our type of experiment is a quasi-experiment /* _~ secu.? 7 on Validity).
The design type of our quasi-experiment is a two-factors with two-treatme. *< Jesign, meaning that we
compare the two treatments against each other with two depender ¢ variaL'es — the quality of the
conceptual model (i.e. effectiveness) and the effort in constructi~., the \..ouel (i.e. efficiency). Each
subject also takes part in only one treatment. Most commonly, the ...eans ,f the dependent variables for
each treatment are compared. We thus assign scores to the different n. »asures of the dependent variables

in order to compare our two different treatments objectivery. This aspect is discussed in more detail in

the following section.

3.4 Instrumentation

The instruments of an experiment provide ~eans [ar performing the experiment and to monitor it,
without affecting the control of the experiment. Below, we describe in detail the different phases a subject
goes through when participating in o'.r expen 1ent, and the kinds of instruments we apply in each of
these phases. We would like to 1ote that all materials — the assignments per treatment, the case
description, knowledge assess nenw., oc npetency questions etc. — that have been applied in this

experiment can be found in uur ori. = repository at Open Science Framework (OSF)?.

Assessment of subjects ” 1owledge
In order to assess if e s .bjer s clearly understood the respective modeling technique, we evaluate each
subject’s unders.andin¢ wich several written statements. Each of these statements describe a certain
phenomenon or s ~nar’, to which the subject has to choose the correct corresponding element of the
modeling 1 chnique The subjects can choose from four different multiple-choice answers. In total, six
statem -... e given for each treatment (see OSF repository). Each of these statements was derived
from exam, 'es from existing literature or exercises related to the techniques. If a student failed the

assessment, their results were not included into the experiment.

1 osf.io/lw7mh2
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Modeling Assignment
After the completion of the knowledge assessment, subjects could complete the modeling assignment.
The assignment describes a company that desires to develop a software system for uni ‘arsities. As part
of the development process, a conceptual model is required, that should be ap~:~able to multiple
universities. As means of a reference case, a description is given of a universi, “ubjects are given
specific instructions that the concepts and entities of the university should .. moac:~d, but that their
model should also be accessible for representing the structure of other uni. ~.ties. The purpose of the
task is thus of a rather businesslike nature, with the objective to deliv 2r a ‘co. plete’ representation of
the case, and which should at the same time be adaptive enouc'. ‘0 app.y to the structure of other
universities. For example, the case describes that a professor ca.. only vork at one department of a
faculty. However, this structure is specific for the universitv in the ca e. An adaptive model should also
allow a professor to work at different faculties and/or work «.. difterent universities.

Additionally, we would like to emphasize that both gy, ~10s did not have any tools, interfaces or any
other modeling support at their disposal. The moc~ls were created with pen and paper, and when
completed submitted to the supervisor of the expe. ‘ti._t. »1s such, subjects relied solely on the respective
modeling technique that they have been taug,.* — 1.c. .ne EER and the OntoUML technique — to derive
and classify the information from the m~-=ling scenario and to conceptualize this information into a
model. This straightforward setup allov. * s to r .easure if the application of an ontology-driven technique

increases the ontological thinking on t' e mrdeler’s side.

Usage belief and percept'on
As a last phase in the e peri aent — after completing the modeling assignment — the participants are
asked to fill in a set 0" 3 quesu. 7s, which measure both the perceived usefulness and the perceived ease
of use (see OSF repu. cory’. As a summary of this section, Figure 1 gives a more comprehensive

overview of the differen. aspects of our experimental design.
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Figure 1: Overview of Expe “menw.’ ™ ¢sign

4 Results

Below we first discuss the descriptive results related . t'.e knowledge assessment, the effectiveness and
the efficiency of each treatment. By regarding an.' ai. ~issing the descriptive results we can get a first
indication of the differences that exists betwee. the treatments. However, based upon the descriptive
statistics we cannot conclude if the tre- une. *s are significantly different from one another. Therefore,
we perform further statistical testing to te." the '.ypotheses as formulated above and examine if significant

differences can be deducted.

4.1  Descriptive statisti~"

Knowledge Assessment

The results of the kr wir dge 7 ssessment test — which was our control variable — indicate that all subjects
gained a reason: vle unc' arstanding of the respective technique’s structure and concepts, with an average
score of 97,6% 1. the ', CM treatment and 94,3% for the ODCM treatment. None of the participating
subjects ge ned a sc ire lower than 50%, which would have excluded the results of the particular subject

in the . \p. “ent.

Effectiveness of the treatments

As for the effectiveness of the treatments, we have demonstrated the average results of the competency

questions in Table 1. More specifically, we have distinguished the total average scores for both the
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content interpretation questions as for the content sophistication questions. The very last column in this
table then displays the total average scores for each separate treatment. As the table demonstrates, the
scores for the ODCM concerning content interpretation are somewhat higher compare  to the averages
scores for the TCM treatment, although the difference is not substantial. Concernir-, “~e average scores
of the content sophistication questions however we observe a much stronger di.> :nce. In total, the
ODCM treatment obtained an average score of 46% while the TCM treatms .. achie. ~s a considerable
lower score of 24%. It would thus seem that adopting the ODCM approa.™ * aables subjects to better
deal with the challenges and ambiguities that are confined in the n )deling ssignment compared to
subjects adopting the TCM approach. Consequently, due to this r~_.2r suuswantial difference in results
between the content sophistication scores, the total average scores u. «1e OF CM treatment are also higher
compared to the TCM scores. Hence, based upon the descriptive re ults of the effectiveness for each
treatment, it would appear that the ODCM treatment was n.. e errective in representing the domain as
truthfully as possible compared to the TCM treatment - ~specially concerning content sophistication,

which deals with the more challenging or ambiguous asp .cis of the case assignment.

Table 1: Average results cor 2sponding to effectiveness

Average Results Content_ Cc_)nt_ent_ Total Score
Interpretation Sophistication

TCM 83.40% 24.00% 53.70%

ODCM 87.50% 46.00% 66.75%

Efficiency of the treatments

The average results for the :.1easu. “ments of the efficiency of each treatment can be found in Table 2.
Here, the results are less strai jhtforward in comparison with the results of the effectiveness. The first
column displays the 2 serane tn..2 required for each subject to complete the modeling assignment. As we
can observe, the averay " tir e is a little higher for the TCM treatment (38 minutes) compared to the
ODCM treatme 't (36 m wtes). However, this difference in time is rather small. We would like to note
that this ti’.ie mensurement only involves the time required to complete the modeling assignment,
meaning tha. it dr s not incorporate the time needed to complete the knowledge assignment or the
complet, *n Jf the perception questions. It is strictly the time required to read the modeling assignment
and develop the conceptual model corresponding to this assignment. Additionally, the table demonstrates
the average results per treatment. The average reduces the impact of outliners in your data — for example

subjects that completed the modeling assignment rather fast or just the opposite, very slow. When we
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calculate the median of both treatments, we arrive at a greater difference, i.e. 37 minutes for the TCM
treatment and 32 minutes for the ODCM treatment.

Next, we have calculated the total average score of the perceived usefulness and the - erceived ease of
use questions for every treatment. Since the questions correspond to a five-po’  Likert scale — 1
indicating strongly agree and 5 strongly disagree — this means that that the lower u.. < core, the more the
subject perceived the modeling technique as useful or easy to use (i.e. strone’, ~gree . ‘ith the statement
concerning perceived usefulness or ease of use). As the table indicates, .~e e is no clear difference
between both treatments. The total score for the perceived usefulness i higher r the ODCM treatment,
meaning that subjects perceived the technique as less useful compea- ... to su.,ccts of the TCM treatment.
On the other hand, the perceived ease of use is slightly higher for ti.. TCM reatment, indicating that this
technique was perceived as less easy compared to the subiect adop ing the ODCM technique. These
scores do not correspond to our second hypothesis, whiv. expected subjects adopting the ODCM
technique would perceive the technique as less easy to . »nly compared to the treatment adopting the

TCM technique.

Table 2: Average results corresponding to efficiency, Nou. - lower values represent higher perceived usefulness and

Save oI S8
Time lotal Average Score  Total Average Score
Average Results (hours: mini es) Perceived Usefulness  Perceived Ease of Use
TCM 00:38 2.37 3.03
ODCM 00' 56 2.60 2.91

4.2  Hypotheses Testing

Effectiveness of the tree .mer ts

In order to test our hpothe. ~s, we are going to compare if the scores of the competency questions
between the two tre.™ ats . ffer significantly. To determine which kind of test we have to apply, we
first examine tf e distri. utions of our data — the total individual scores per subject, categorized per
treatment. I ~~der . -uentify if our data is normally distributed, we performed the Shapiro-Wilk test (p-
value: 0.0L7), reve ling that both the data of the ODCM and TCM treatment follow a non-normal
distribuon - ... icating that we have to analyze our hypotheses with non-parametric tests. Additionally,
we have per.armed the Kolmogorov-Smirnov test where we also obtained a significant p-value of 0.000.
To compare the differences between our treatments, we have chosen the Mann-Whitney U test

(McKnight & Najab, 2010). This test sets the following data limitations: (1) dependent variable should
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be measured at the ordinal or continuous level; (2) independent variable should consist of two
categorical, independent groups; (3) independence of observations and (4) not-normally distributed data.
Since our data is not normally distributed and consists out of two independent ‘roups, with no
relationship between the observations in each group or between the groups themsely . our data answers
the assumptions of the Mann-Whitney U test (McKnight & Najab, 2010). In Table v ~* d Table 4 we have
displayed the results related to the Mean-Whitney U test. While Table 3 exr. .~ses u.> mean ranks and
the sum of ranks for each assignment for both the TCM and ODCM tre..™ at, Table 4 displays the
outcome of the test and the associated p-values. We test our hypothese ; on the Y5% confidence interval.
Additionally, since our hypotheses are directional — we test if one * _.tme:.. scores higher than the other
treatment — we regard the one-tailed significance level.

In line with our first hypothesis, we predict that the total score o the competency questions of the
ODCM treatment will be higher compared to the scores o1 "2 TCM treatment. In order to gain more
insight into the results, we have also tested for the total su >es for both the content interpretation and the
content sophistication questions. From Table 3 we ¢. 1 ¢ :auct that the mean rank and the sum of ranks
are all higher for the ODCM treatment comparc™ .~ the TCM treatment — i.e. for the interpretation,
sophistication and total score of the competern.  ques..ons. These ranks are in line with our observations
of the descriptive results (supra). When '+~ regard the results of the Mann-Whitney U test of the content

interpretation questions, we observe a >-value aqual to 0.161 — meaning that no significant difference

can be acknowledged at the 95% con «den-e interval between the scores of the content interpretation
questions of the ODCM and ~ CM trea..nent. However, when we retrieve the p-values of the content
sophistication questions, *'~ now ootain a significant result between the two treatments, with a
corresponding p-value or = .. Finally, when we regard the total score for the competency questions, we
again notice a signi’.can* diffrrence at the 95% confidence interval between the ODCM and the TCM
treatment, with 7 u-value ¢. 0.00. In other words, we accept H1, and therefore confirming — at the 5%

significance leve” — that .1ovice modelers applying an ODCM technique arrive at higher quality models

compared 2 novice modelers applying a TCM technique.

Table 3: Mann-Whitney U Ranks of Effectiveness Treatments

Ranks Group Mean Rank Sum of Ranks

Content Interpretation Questions TCM 47.67 2383.5
ODCM 53.33 2666.5

Content Sophistication Questions TCM 32.84 1642
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ODCM 68.16 3408
Total Score Competency Questions TCM 38.82 1941

ODCM 62.18 ~109

Table 4: Mann-Whitney U Test of Effectiveness Treatments

- Content Interpretation  Content Sophistication Tc al Score
Test Statistics . . ) .
Questions Questions comy. " -ency questions
Mann-Whitney U 1108.5 367 666
Wilcoxon W 2383.5 1642 1941
z -0.99 -6.127 -4.043
Asymp. Sig.
(2-tailed) 0.322 0.000 0.000
Asymp. Sig.
. . .00c .
(1-tailed) 0.161 0.00 0.000

Efficiency of the treatments

Similar to the section above, we are going to compare if the pe: . ~ived effort of developing a conceptual
model with an ODCM technique is significantly highe: ~ompared to modelers applying a TCM
technique. In other words, we examine if there exist si.~ ficant differences in the time needed to develop
the model, and the answers given by our modelers ~on. 2rning the perceived usefulness and the ease of
use of each respective technique. Similarly, we €irst investigate the distribution of our data with the
Shapiro-Wilk test (p-value: 0.000), rev .aliny ~gain that our data — time required to complete the model
and the efficiency questions — are non-. ~rr ally distributed. Consequently, we can apply the non-
parametric Mann-Whitney U tesi .~ ¢.mp# e our two treatments with each other.

In Table 5, we have displa* <. *he ranks of the Mean-Whitney U test, while Table 6 displays the Mann-
Whitney U results, for be.n u 2 time and the two different types of efficiency questions. Since we are
performing a one directiona: ~st — effort is higher for ODCM than for TCM — we have to regard the one-
tailed asymptotic s._nif canc .. First, when viewing the sum of ranks of the time measurement per
treatment, we ¢ n see t. at the sum for the TCM treatment (2711.5) is substantially higher than for the
ODCM treat~~nt \27 7..5). When we observe the results of the Mann-Whitney U Test, the p-value is
equal to 0.1295, in .icating that there is a significant difference between the TCM treatment and the
ODCNM. "rea: ... ~tintime required to develop the model, on the 5% significance level. However, opposite
to the hypo. “esis, it would seem that modelers of the ODCM treatment needed less time compared to

modelers of the TCM treatment.
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Next, when we regard the sum of ranks for both types of efficiency, we can observe that the difference
between the sums are relatively smaller compared to the time measurement. Again, we would like to
emphasize that the Mann-Whitney U test has been performed on scores related to t' » Likert scale —
meaning that the lower the mean rank, the more the subject perceived the modelin~ “>~hnique as useful
or easy to use (i.e. strongly agree with the statement concerning perceived usetu.. ~.s or ease of use).
When we examine the p-values of both types of efficiency questions, we obss _~ap-. “'ue of 0.0575 for
the perceived usefulness questions and a p-value of 0.2425 for the que.*ic.1s corresponding to the
perceived ease of use. Our results therefore do not confirm — at the 5% sig, ficance level — that the
perceived usefulness and the perceived ease of use for the OD .1 is wwer compared to the TCM
treatment. Since both these tests are not significant, and we obtai. a sigr ficant difference (at the 95%
confidence interval) with our time measurement in the onposite a sumption of our hypotheses, we
therefore reject H2, and cannot confirm — at the 5% signitic._nce 1evel — that novice modelers applying
an ODCM technique experience more effort in the proce.~ of developing a conceptual model compared

to novice modelers applying a TCM technique.

Table 5: Mann-Whitrev U Ra ks of Efficiency Treatments

Ranks Grou, Mean Rank Sum of Ranks
Time CM 54.23 27115
OL CM 43.44 2041.5
Total Perceived Usefulness T_M 4553 2276.5
ODCM 54.56 2673.5
Total Perceived Ease of Us’ TCM 51.98 2599
ODCM 47.98 2351

Tab ¢ 6: Mann-Whitney U Test of Efficiency Treatments

Test Statistics Time Total Perceived Total Perceived
Usefulness Ease of Use
Mann-Whitney !'* N/ 913.5 1001.5 1126
Wilcoxon W 2041.5 2276.5 2351
z -1.889 -1.574 -0.698
Asymp. £ 9. (2-ta ‘ed) 0.059 0.115 0.485
Asymp. S, (1-t~.(ed) 0.0295 0.0575 0.2425
5 Disc 'ssion

In the introduction of this article, we asked ourselves the question — the principal research question of

this study — if there exist any meaningful differences in the resulting conceptual model and the effort
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spent to create such model between novice modelers trained in an ontology-driven conceptual modeling
technique and novice modelers trained in a traditional conceptual modeling technique. The findings of
our empirical study can now confirm that there do exist meaningful differences. Morr <oecifically, we
found that novice modelers applying the ODCM technique arrived at higher quality = ~dels compared to
novice modelers applying the TCM technique. On the other hand, we did no. * d any significant
difference in effort between applying these two techniques. Below, we lis* -ariou. findings that are
derived from the results of this study:

Finding 1. Novice modelers applying an ODCM technique have no additio, al benefit over an TCM
technigue when modeling the foundational aspect of a domain.

In our study, we composed a set of competency questions — c...ent 7 iterpretation questions — that
measured if the essential domain requirements of the scenario were met by the developed model of a
subject. More specifically, these questions assessed if ali e necessary concepts, relationships and
multiplicities were adequately represented by the moder ~~nform to the description of the assignment.
As indicated by our descriptive results in Table 1 the “es' s uf the content interpretation questions were
somewhat higher for the ODCM technique (6. u2") compared to the TCM technique (83,40%).
However, the following hypothesis testing in “~hic = uesignate that this difference is not significant (on
the 5% significance level). Therefore. *'~ can conclude that there exists no additional benefit in
employing an ODCM technique over . TCM ' 2chnique in the case where we have to model the basic
requirements of a certain scenarir or ¢ smai. These results were to be expected and are in line with the
existing literature. As mentior »d by (Ge.nino & Wand, 2005), the benefits of ODCM are presumed to
be the highest when develr~ing a more sophisticated representation of the domain being modeled, and
should aid by achieving a e (er level of domain understanding by its modelers and users. This assertion
leads us to our secor J fir sing
Finding 2. Novi.c modeic.s applying an ODCM technique have a significant benefit over an TCM
technique when \ *ndelir 4 the advanced aspect of a domain.

A secor 1 set of ompetency questions — the content sophistication questions — were also composed
with tF~ 2im to measure how the models of a certain technique dealt with the more challenging and
ambiguou. facets of the case description. In order to score high on the content sophistication questions,
subjects were required to respond beyond following the literal description of the case and improve their

model so that it would provide a more precise representation of the domain. The descriptive results in
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Table 1 already give a first indication that the ODCM technique amplifies content sophistication, since
the average results of the competency questions were 46% compared to a total average score of 24% of
the TCM treatment. The hypothesis testing displayed in Table 4 confirmed that the resi ts of the content
sophistication questions were higher for the ODCM technique compared to the ~_~lts of the TCM
technique. As such, the results of the empirical study demonstrate that it is adva..* seous to apply an
ODCM technique over an TCM when having to model the more challengir-, "nd au.~nced facets of a
certain domain or scenario. This clear difference in techniques can most . ~k bly be explained by the
way modelers are adopted to an ontological way of thinking when ' :arning “nd applying an ODCM
technique. Idiosyncratically, modelers have to interpret and recogr’_. a Qui..atn that they wish to model
in the ontological concepts and rules that correspond to this teu...nique These ontological rules and
concepts are governed by the axiom’s, constraints and patterns ot "he underlying ontology. In other
words, these patterns and constraints aid modelers in recuyizing and coping with certain modeling
pitfalls, to which modelers that adopt a non-ontologic.. modeling technique are less well protected
against. An example of such a pattern is displayed in ~igi".e «. In this figure, a typical pattern of the UFO
ontology is displayed (Ruy et al., 2017). Without ~u. ~a i.to much details about the specific structure of
the UFO ontology, a Kind can be seen as a 1.7'a 1yp.<’, meaning that it supplies a principle of identity
for its instances (Guizzardi, 2005). A Ph=~~ is always a specialization of a rigid type — in our case a Kind
— where the specialization condition 1. ~lways an intrinsic one. For instance, a child can be seen as a
phase of a person, where the sy .cifi- rante of categorizing someone as a child can be specifically
determined. Hence, modelers adopting .ne UFO ontology, and therefore also OntoUML, will model
concepts such as childhor” adolescence and adulthood as phases of a person. Similar to the case
description of our empinc. ! <.udy, modelers applying the OntoUML technique will have the tendency to
model the different s ates ofa rourse, i.e. ‘Active’ and ‘Inactive’, as phases of a course, and consequently
as specialization” ui a cour.¢ itself. Another way of modeling this description would be to simply assign
active/inactive a. 2 pror _rty of a course. However, when we then relate other concepts such as exam or
exam date ‘0 a cou 3e, then we can have the conflicting situation where an exam and an exam date is
schedv'~ far an nactive course. Therefore, the impact of the ontological pattern to recognize active and
inactive su *es as further specializations of a course prompts modelers to more carefully consider the
structure and order of their concepts and the intertwining relationships. We can find the impact of such

patterns also clearly in the answers to the competency questions. For instance, when regarding the tenth
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content sophistication question — “Can exams and exam dates be associated only to active courses?” —

the ODCM treatment scored a total of 74% on this question, compared to a 45% of the TCM treatment.

«Phase»
ActiveCourse
«Kind»
Course J
{Disjoint, Complete} «Phase>

InActiv- ~ surse

Figure 2: ODCM Pattern - Case Descrip on E .. ole
Finding 3. Novice modelers applying an ODCM technique do .. * exg.. .ence more effort in the process
of developing a conceptual model compared to novice mou.'~rs apr iying a TCM technique — given a
thorough understanding of the respective technique.

Our last finding is contrary to our proposed hypothesis, by **hich we assume that applying an ODCM
result in more effort due to the additional philosoohica ules and concepts that have to be applied in the
process, compared to a TCM where this is not the (ase. One possible explanation is that this effect can
be attributed to the fact that these additional ru:>s and structures lead to a well-designed modeling
language, consequently increasing the concey “ual clarity, which eventually does not result in a higher
perceived effort to apply this mor':ling .. ~ruage. We would like to emphasize that this perception
involves the application of the mou. 'i".g ter .inique by our subject — e.g. the EER and OntoUML modeling
technique. The subjects rece’ se.. 0 modeling support in the form of a tool or interface. The purpose of
this hypothesis was also n ,cto neasure how subjects perceive ontologies, but rather how ontology-driven
modeling techniques 7 e perc.‘ved in the task of creating a conceptual model.

This finding is ais. contre y to previous research efforts, such as the one of Soffer & Hadar (2007),
where they four 1 that a. ficulties were experienced in the adoption of the ontological concepts and rules
underlying 7. antoiuyy, especially with large sets of these rules. However, a key difference from this
empirical s. 'dy cor pared to previous research effort investigating ODCM, is that the subjects adopting
the OD."M + 4. vach were trained and taught in this technique over a period of several months. Previous
studies did & 30 train their subjects in the ODCM technique, but this training occurred mostly in a rather
short period of time. Presumably, when a modeler has been sufficiently familiarized with the ODCM

technique, the different philosophical terms and rules no longer feel strenuous when developing a
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conceptual model. In fact, our results even expressed a significant difference in the time required to
model the assignment, with a median time of 37 minutes for the TCM treatment and 32 minutes for the
ODCM treatment. Of course, the significance in the difference of time spent by the sub’ -ats is intuitively
less important than the perceived usefulness and perceived ease of use. When exam’® g the descriptive
results in Table 1 concerning the efficiency questions, we can observe that suu, <.s from the TCM
treatment slightly perceived their technique as more useful to apply compar- _ *o the “ubjects applying
the ODCM technique. On the other hand, subjects from the ODCM treau..>™" rated their technique as
easier to use compared to subjects from the TCM treatment. These -esults . el quite contrary to the
findings related to the effectiveness from each technique. The ODC".> techi..yue clearly assists a modeler
in tackling the more challenging aspects of a domain, but at the san.. ame . would seem that the modeler
does not perceive the technique therefore as more useful.

One could argue that perhaps modelers are still unaware . * the potential benefit an ODCM technique
can have in achieving higher quality models. Perhaps ev.~ more surprising is that when we regard the
specific questions (i.e. PU2 and PEU2) related to *he :miurt of learning the technique, their results
indicated that subjects of the ODCM treatment pe. <. ad .neir technique as easier to learn than the TCM
treatment. On the other hand, subjects from u.> 1L creatment did find their technique more useful to
learn compared to the subjects of the OD" * treatment. The results to these questions are quite surprising
since one would expect that the ODCM "~chniag' e would be perceived as more difficult to learn compared
tothe TCM treatment. Perhaps, w'.en < .pjects are being taught the ODCM technique over a longer period
of time, with regular practice .nd prope. instructions, the difference in effort between learning a TCM
technique and a ODCM tertnique faues. The results of the hypothesis testing in Table 4 also confirmed
these observations, indica.™r that no significant difference — on the 5% significance level — can be found
between the effort < sent .0 censtruct a model between novice modelers trained in an ontology-driven
conceptual mod-.ug teci..aque and novice modelers trained in a traditional conceptual modeling

technique.

6 “onclusiun

While many ontology-driven techniques have demonstrated to be beneficial compared to the traditional
conceptual modeling practices, the added value of their application is not always straightforward and

there is no clear distinction when it is actually desirable to adopt these techniques. Therefore, this paper
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conducted an empirical study that investigated the differences between adopting a TCM technique and
an ODCM technique with the objective to understand and identify in which modeling situations an
ODCM technique can prove beneficial compared to a TCM technique. More specifical!  we trained two
groups of novice modelers in each technique respectively and assigned these groi’;.  with an identical
case description that had to be modeled with the corresponding technique. We tn. ~ .ompared the two
modeling approaches by investigating the quality of the resulting conceptual ..~dels, . 2d the amount of
effort a modeler had to spend in order to compose these models. The finding ~ . our empirical study can
now confirm that there do exist meaningful differences. However, ¢ nce we are performing a quasi-
experiment— meaning that key characteristics may differ betweer _ur ucuunents — we would like to
emphasize that other effects such as the professor teaching the specif ¢ course or subject-specific
characteristics can influence the outcome of our experimental re ults. Taking into account these
limitations, our results revealed that novice modelers apply. 1 the ODCM technique arrived at higher
quality models compared to novice modelers applying the TCM technique. More specifically, the results
of the empirical study found that it is advantageous " a ,piy an ODCM technique over an TCM when
having to model the more challenging and adv~..~d .acets of a certain domain or scenario. This
additional benefit can most probably be exp.. *neu «..;ough the ontological rules and patterns that are
incorporated into an ontology-driven me~'~'ing language. OntoUML is a pattern language, which means
that the modeling primitives of the lany, 'age ar . actually ontology design patterns and building a model
in OntoUML is actually done by .omt .ninr patterns (Ruy et al., 2017). In traditional languages, all the
modeling choices are left to nhe mode.er, who can combine low-granularity primitives (e.g., class,
relation, attribute) in large v~+iety of pussible ways — including a number of undesirable ways. In a pattern
language such as OntoL.."' modeling construct come in well-defined clusters whose structure reflect
the underlying onto’ sgic' « theories. These clusters provide a context for the interpretation and reuse of
modeling constn ., decrecsing the level of freedom in the use of these primitives and, hence, alleviating
the modeler fror. the by .den of making all modeling choices. For these reasons, our hypothesis is that
the differe ce betw en ODCM and traditional conceptual modeling found in this paper would be even
more r-~fand 1n a setting in which students are educated in ODCM by fully exploring these pattern-
based feai. “es. Testing this hypothesis, however, is something we intended to explore in future work.

Finally, future research can also focus on comparing specific ODCM tools or technologies against
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existing conceptual modeling tools. These tools (e.g. Menthor?) hide the complexity of an ontology by
incorporating the structuring rules and constraints in the tool itself. Additionally, also the machine-
readability and machine-understandability of ODCM generated models could be ¢ ‘mpared against

existing conceptual modeling technologies.

7 Validity

Internal Validity

In order to avoid any threats to validity, we have carefully designed i nd mon. ored the conduct of this
experiment. Several experimental standards were also implemer .cu to suengthen the validity of the
experiment: (1) We applied the balancing design principle in nrder to ba"ance between our treatments.
However, due to practical limitations we could not balance the studer ‘s of the two different universities
between the two treatments, e.g. half of the students of Gi..~t University being trained in TCM and
ODCM and vice versa for the students at CTU in Prague. ." s such, one group may differ from the other
—e.g. due to the students’ specific profile or the teaci.™1¢ .netnod of the respective professor. Hence, our
type of experiment is a quasi-experiment. The must -Mourtant consequence of this quasi-experimental
design is that our study may suffer from incre.~2d seiection bias, meaning that other factors instead of
our dependent variable may have influer .__' the outcome of our results. As a result, this also impacts the
internal validity of our study; (2) subje. - wer selected from a ‘controlled’ environment, meaning that
they all share a similar backgrov .d ar d wr ‘e novice modelers in the field of conceptual modeling; (3)
neither of the subjects had an’ nrior knowledge of either of the modeling techniques that were applied
in the treatments; (4) we ir- _ *ed a control variable in the experiment to assert that subjects had a similar
understanding of the teci. *~ ues before commencing the experiment; (5) our modeling task has been
evaluated by a largr amr unt 7 students before the actual experiment took place, in order to assure the
modeling task v.das compiex enough; and finally (6) the correction of the competency questions —
although already . ~ther bjective by themselves — has been conducted by several authors of this article,
where alsc the resu ts between these authors were discussed and adjusted to ascertain that the models

were r- ._™" ~< nbhiectively as possible.

External Validity

2 http://www.menthor.net/
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Concerning external validity, we are well aware that by conducting our experiment on students, we limit
the overall generalizability of our results. However, as stated by (Falessi et al., 2017), using students as
participants remains a valid simplification of reality needed in laboratory contexts. It is :n effective way
to advance software engineering theories and technologies but, like any other aspe = »f study settings,
should be carefully considered during the design, execution, interpretation, « < reporting of an
experiment. Consequently, we decided to select students as our test subjec*. ~ince .. 2y have no prior
knowledge of conceptual modeling and can thus be seen as novice modelers '+ o can be trained in either
TCM or ODCM. Furthermore, although we have balanced our number of subje 'ts across our treatments,
an even better approach would be to also balance subjects of *... dinc.ent universities over each
treatment. In our current setup, only one type of technique was ta.ynt at ach university. This was due
to the practical organization of the classes given at the universitie. We therefore acknowledge that
dividing students over the different treatments per university “*ouia have increased the external validity
of this study. We would like to remark however, that the nature of our results quite accurately follows
the distinctions that exist between the techniques the.* ha' e ween applied in this study. For instance, the
results of some competency questions can be cleai v .. “*ributed to the existence of the ontological patterns
that exist in the ODCM technique. Finally, ‘¢ na.2 presented the modeling case at the OntoCom
workshop at the 36th International Confer~~~e on Conceptual Modeling in order to evaluate our case and
the related competency questions by sc *eral e perts in conceptual modeling and ontology. During this
workshop, many of the compete’.cy r destions —both for the content interpretation and especially the
content sophistication —were  erived tium the feedback from these different experts. We deliberately
also choose our assignmer* to deal with the university domain since students are well aware of this

domain and so that there . v .d not exist an additional advantage in modeling between the students.
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Highlights

This research article conducted an empirical study that investigated the ¢ fferences between
adopting a traditional conceptual modeling (TCM) technique and an ontoloyy-di..~n conceptual
modeling (ODCM) technique with the objective to understand and ident’.y ‘n which modeling
situations an ODCM technique can prove beneficial compared to a TCP - tec inique. We discuss
previous empirical research efforts that have been previously made in this . vea and distill these
efforts into two hypotheses.

The purpose of our experiment is to measure the difference of the 1. ‘1ilting conceptual model —
i.e. the model quality — and the effort required to create such « mocel, when applying either a
traditional modeling technique or an ontology-driven model ng tecl rique. To measure these
differences, we make a distinction between the effectiveness ana “fi~*:ncy of the two techniques.
Effectiveness defines on how well a particular technique ach’..»s its objectives, efficiency is
viewed as the effort required to apply the technique.

We trained two groups of novice modelers in each ~chniqr 2 respectively and assigned these
groups with an identical case description that ha! to .. modeled with the corresponding
technique. The hypotheses that were composed in the hei."~ning of the article were then tested in
a rigorously developed experiment, where a total v 100 students from two different Universities
participated.

The findings of our empirical study confirn.> >at v .ere do exist meaningful differences between
both techniques. More specifically, our results -evealed that novice modelers applying the ODCM
technique arrived at higher quality moc~ts co.npared to novice modelers applying the TCM
technique. More specifically, the results of u.c empirical study found that it is advantageous to
apply an ODCM technique over ~.. TCM when having to model the more challenging and
advanced facets of a certain doma’ ( or sce. ario.



