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Abstract

Thisbachelor thesis proposes a documentation concept to address the problem of missing
and insufficient documentatioduring the creation of ontologies in comparigs.
presenting survey results and assumption personas, the thesis provides insights into the
reality of ontology creation in a life science company. These insights indicate that there is a
lack of knowledgexternalization betwe#re acquisition and formalization of knowledge.

To develop an appropriate documentation concept, findings are deavadlybyng the

practical insights as well as two ontology engineering methodologies proposed in literature.
The outcome is a modular, highly customizable documentation concept designed for the
application in companies. Using graphical documentation ¢sngpledelines are provided

on what should be documented by whom, how and when.

Kurzreferat

Diese Bachelorarbestellt ein Dokumentationskonzept vavelches da®roblem der
fehlenden und unzureichenden Dokumentation bei der Erstellung von Ontologien in
Unternehmenadressi¢r Anhand vonUmfrageergebnissamd Assumption Personas
werden Einblicke in die Realitét @ntologieerstellung in einkife-SciencéJnternehmen
gegeberDieseEinblicke weiseauf einen Mangel aviissensexternalisieruvgschen dem
Erwerb und der Formalisierwin Wissemhin. Die praktischen Einblicke sowie zwei in der
Fachliteratur vorgedlte Methodologien des Ontology Engineerings werden analysiert, um
Erkenntnisse fir die Entwicklung eines geeigneten Dokumektatkeges abzuleiten.

Das Ergebnis ist ein modulares, hochgradig anpassbares Dokumentationskonzept, das fur
den Einsatz ilJnternehmen konzipiert ist. Anhand von grafischen Dokumentations
vorlagen werden Richtlinigegebenwas von wem, wie und wann do&atrert werden

solte.
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1 Introduction

For at least 1gears there have been initiatives to apply semantic technologies in the field of

life science In 2008, foinstancethe W3C interest gro@erantic Web Health Care and Life
Scienc@$CLS) was foundgCf. Stephens, 2008 t h t he obj ective o0to
for, and support the usé Semantic Web technologies across health care, life sciences,
clinical resear ch (Semahtic WebaHeath @ateiarod uite ISciencesd i ¢ i 1
(HCLYS) Interest Group, 2018)nce 201&he interest groudCLShas continuetds work
asacommunity grougCf. W3C, 2018Another example is tirgernationaBemantic Web
Applicationscamools for Healthcare and Life(Suigktésl CLSyvorkshopwhich has been

taking place annually since 2@@8 p r e[sjaipldtform for the prestation and discussion

of the benefits and limits of applying Webked information systems and semantic
ttechnol ogies in the domai(Raschketfal., 2088Bpl t h car e

As the shift towards the use of semantic technologies in the life sciences is beoeming mo
common in both the private and public setterinternational standardization organization
Health Level Seven Intern@iibrilhas published Linked Data Moddite its standard
frameworkFast Healthcare Interoperability (ResB)rtaepresents FHIR resourcbased

on theResource Description FrafR&#r{Cf. HL7.org, 2017 addition, parmaceutical
companies and authoritiegls as thé&).S. Food and Drug Administ(@&iofA) are involved

in nonprofit organizations likBharmaceutical Users Software EXud&&deTherethe

working groujinked Data & Graph Databiasesrkingonthe use of semantic technologies

(Cf. Kent InnovatiorCentre, 2017)n accordance with thimportant godl of achievig

Oan acceptable degree of semanti c Studyt er oper
Data Technical Conformand@J@uiBeod and Drug Administration, 20186pthe FDA

also uses RDF internally in its Janusrdptesitory(Cf. Office of the Commissioner, 2018)

1 Further information on HL7 can be found in:
Health Level Seven International (20ABput Health Level SéwemnationfOnline]. Available at
http://www.hl7.org/about/ (Accessed 2042-18).

2 Further information omR3ROklogyamguaessahdund: in chapter
Schreiber, Guus; Raimond, Yves (2BDH 1.1 Primer: W3C Working Group Note 24 J{Del2@]4
W3C. Available &ttps://www.w3.org/TR/rdf11-primer/ (Accessed 2012-18).

3 Further information onfRJSE can be found in:
Kent Innovation Centre (n.yPhUSE Society FA@sline]. Available dittps://www.phuse.eu/fag/
(Accessed 2012-18).
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At EU level, the intergovernmahorganizatioELIXIR operaésand br i ngs t oget he
science resour ce JELIXIR, 8i7apAccordirgly, neEpraject pfe 6

ELI XI R3s Il nt er op e rLmked Datgproject (1. ELIXIRy 204vb)i s t he
Furthermore, being engaged inEneopean Open SciencéED@E), ELIXIR has FAIR

data as its go@@f. Niklas Blomberg, 2017 2).FAIR refers to a set abdir principles: data

must befindablexccessjlgeroperaldmdreusab(€f. Wilkinson et al., 2016he FAIR

strategy is mainly driven by @@ FAIRinitiatve (Cf. GO FAIR, 2018Both EOSC and

GO FAIR follow the recommendations of tieropean Commissmantexoup on FAIR data

(Cf. Directoratéseneral for Research and Innovation, 2@188; GO FAIR, 2018yvhich
recommends, among othesemantitechnologies to achieve FAIR d&a Directorate

General for Research and Innovation, 2018k2)pn non-for-profit collaborations such

as thePistoia Alliadclife sciences companies, vendors, publisheasaaheinic groups are

jointly dedicated to the implementation of FAIR data principles in the field of
biopharmaceutical R&(f. Wise et al., 2019)

One of the worl dods dsethdayerdGuithiitd tieree glicisiorsn c e c o
PharneeuticalSonsumer HealtkdCrop Scieasawnell asnAnimal Healtbusiness un{Cf.

Bayer AG, 2017.5). According to Statisiatoplist 201&or the top 100 parmaand

biotech companies, Bayer rartkin@erms ofoverall revenugCf. Statista, 2018Bayer is
currently(2018/2019junningseveraprojed activitiego reorganize its data landscape. The
overall fr amewor k Digitl Agerd@fe Bayei, AB dhich, ywonBay er 6 s
others, aspires toeatData as an As&eto enable datdriven decisions, the traditional
information flow must be transformed. Blational research across all functions and FAIR

data are need€@f. Bayer, 2018n course of thisBayer transfemxisting data sets into

RDF, formally represents the knowledge of etéiht domains by creating an ontology

network and builds the required infrastructure. By 8sm@ntic Watandard$Cf. W3C,
2015)andLinkel DategrincipleqCf. Bernertee, 2006)ata is being integrated.

4 Further information othe Pistoa Alliance can be found in:
Pistoia Alliance, Inc. (20X out the Pistoia Allifdoéne]. Available attps://www.pistoiaalliance.org/
membership/abadii (Accessed 204%-18).

5 Exemplary article describingBayes use of data as an asset:
Schenker, Jennifer L. (2018) O6Using Data as an Ass
ltaly is considered oner io&he dpovatoowd p. 31dGnlinelmost advanc
Available afttps://kiosque.lesechos.fr/pdf.php?edition=20181105 INNO\Adfessed 2012*29).
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The formal represitation of knowledge is challendgghg. y entoldgies are usuallgated

in variousprojects forvariousdomains and divisions by international teams consisting of
internal and external employees. At the same time, collaborations with external working
groups such as PhUSE take plabeere are no standardized processesthe
transformation of informal to formal knowledge within the company. In addition to the lack
of uniform processes, there is also a lack of documentation. The fact that the already
complicated exchange between the parties involved during ontologyn csebérely
documentedonstitutes serious problenfihis is the starting point of this bachelor thesis.

Themain objectivef this thesis is to develop a documentation concepefextinange of

knowledge in the process of creating ontological knowledge oelétdlowing chapter

d.1 Objectiveds descri bes whi ch othejdevelopmentarsd whiche pur s
problems are addressed by theidoe nt at i on ch2Apmopdd. eKpbhpt as 6|
procedure for the development of the concept and outlines the thesis chapters. The terms
which are fundamentairfthis thesig includingthe termsdocumentation cokeytedge

ontologgnd procesassed in the titled are defined in detail irchapter @ Theoretical

background
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1.1 Objectives

The documentation conceplidaesseswo main issues missing documentatioand

insufficient documentation.

Missing documentationrefers to the lack &nowledgrternalizatiorhis means that the
knowledge in the minds of the people involved i®notdedT he secalledaciknowledge
remainsbound to indviduals and thus difficult to access. A transformaiaxplicit
knowledge, which is written down and therefasly accessible fithers, does not take

place. This is one of the fundameptablems in the field of knowledge management
According tdNONAKA andTAKEUCHI Gexternalization holds the key to knowledge creation,
because it creates new, ¢MopakaandTakeuchs h985% pt s f
p.66) The relevant terms in this context are introduced in detail in éhag{elowledg@

The main risk of a lack &@howledgeexternalizatioms knowledge .ldgtere are different

causesf knowledge log<f. Probst et al., 2010,21.3) for instancehe disbandmenof

teams, sick leaver dismissaldn the context of ontology creatiahis is particularly

relevant foknowledgevhichdoes notfind t s way i nt o Itkhowledgd i nal &
sources, important modeling decisions or exchaagé&nowledge are not recorded,
collaboration is impeded and knowledge loss can cajeséspo fall

Insufficient documentationrelates to the way documentat®rmone if it takes place
Documentations should lokear, understandable, timeatglcompletg(Cf. Heinrich et al.,
2014, p249) Considering documentations as user infamahey must also be accurate,
appropriate ahaccessibl€f. Schultz et al., 19934{p.Otherwise, they lose significantly in
value.However, a will be shown ighapter® Selective insights into corporate réality
ontology creators often document too late aadunstructured mannén the worst case,
the result is knowledgehich is explicit but not availab#nceit is not found or not
understoodThe effect of unavailability of knowledge is simildreteffect of knowledge
loss(Cf. North and Kumta, 2018,392) Consequentlypoor documentation jgst adutile

as missing documentati@ven though effort has been invested.
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The documentation concept addresses thesssuwesby encouragintipe externalization

of knowledgehroughdocumentation and thiby contributing tknowledge preser{@tion
Heinrich et al., 2014,322) It consists of guiding documentation templates, which facilitate
the documentation and improve its qudltig.characteristiofthe documentation concept
are speci f2il ®atumemation boaqdgt e r 06

The concept is based on the follovaegumptionDuring the ontology creation within a

company therareé

1 No uniform procedures. The methodology used may differ from individual to

individual and from group to group.

1 No uniform objectives. The objectivepursued may differ from individual to

individual and from group to group.

1 No uniform working modes. The working modes may diffeorh individual to
individual and from group to group.

1 No uniform working conditions. Working conditions may differ from indival to
individual and from group to group.

These assumptions are the result of observations and personal experiences,attmich are b
described in detail in chapiEelective insights into corporate rédilg objective of this

thesigs not to elaborate rules restricting the observed differences. Rather, the objective is a
documentabn concept that takes these differences into aclpsupporing different

procedures and working modes that pursuedatiffgoals undemaryingconditions.

Overall, he focus is on the creation of ontologies in companies. Community projects or
associgons that create ontologies with the contribution of volunteers are not the subject of
this thesis. Thdocumentabn conceptmay also be of interestttmse but it is primarily

oriented towards company contexts.

Furthermore, ite documentation concep designed for the process of creatiey
ontologiesThe process considered in this thesis begins once theebgeoti framework
conditionsfor the ontology creation have been defined. It ends with the first version of a
formal model that meets alkepiously definedbjectives Ch &.p Precess 6descr i bes

the process in more detail.
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The manual or automatic creatioa@dcumentation based on a formally available ontology

is not part of this thesibecause nadhe onehand tools for this purposalready exige.qg.
VoCof, WIDOCG, LODE?, OntoxicWiK). On the other hand, tlesues identified refier
the phases of the creation process where no formal model is yet available. Once the

knowledge oddomain is represted by a formal model, the advantages of an ondology

e.g. machine processability and inline documergéaiore exploited.

6

VoCol: An Integrated Environmie to Support Versiofontrolled VocabularyDevelopment

is capable alocumentation genaratiosualization generatioong other things.

Further information on VoCol can be found in:

9 Fraunhofer Institute for Intelligent Analysis and Informatiste®g IAIS (n.yYoCol- An Integrated
Envionment for Collaborative Vocabulary Dgvelioginénailable &ttps://vocol.iais.fraunhofer.de/
(Accessed 2042-18).

1 Halilaj, Lavdim; Petersen, Nikl&rangelGonzalez, Irlan; Lange, Christoph; Auer, Séren; Coskun,
G° khan; Lohmann, Steffen (2016) O6VocC«ontrolledn | ntegr
Vocabul ary D eknavledge rBegmaeidng and gEnMeedgemezith International
Conference, EKAW 2016. Bologna, Italy, Novemb&312016. Cham, s.l., Springer International
Publishing, pp. 36319. DOI:10.1007/97&8-319490045_20

WIDOCO: A Wizard for Documenting @iogies. Further information can be found in:

1 Daniel Garijo Verdejo (2018j)izard for DOCumenting Ontologies (W[DGAID@), GitHub. Available
athttps://github.com/dgaijo/Widoco/ (Accessed 2012-18).

fGarij o, Dani el (2017) O6WI DOCO: The Stthantec W&BWE€ or Do cum
2017 16th International Semantic Web Conference. Vienna, Austria, Oct@ber2017. Cham,
Springer International Pubiisty, pp. 94102. DOI:10.1007/97&8-319682044 Q9

LODE: Live OWL Documentation Environment. Further information can be found in:

9 Peroni, Silvio (2013Live OWL Documentation Environment (L{ODE)e]. Available at
http://www.essepuntato.it/lode(Accessed 2042-18).

fPeroni , Silvio; Shotton, Davi d; Vitali, Fabio (20!
for the Automatic Generatioa f Ont ol ogy D okoawledge engineeriagn @nd knowredge
managemdth international conference, EKAW 2012. Galway City, Ireland, Oet@b20&2. Berlin,
Springer, pp. 38812. DOI:10.1007/978-642338762_35

OntoxicWiki: Social Ontology Documentation for Knowledge ExternaliFatitirer information can be

found in:

1 ArandaCorral, Gonzalo A.; Borre@iaz, Joaquin; Jmérda vi | | ard, Antonio (2010)
Documentation for Knowledge Externdliza o nMefadatia mnd Semantic Re$tbataternational
Conference, MTSR 2010. Alcala de Henares, Spain, Q&@Re2010. Berlin, Heidelberg, Springer
Berlin Heidelberg, pp. 1&48. DOI:10.1007/97&8-642165528 14
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https://doi.org/10.1007/978-3-319-68204-4_9
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https://doi.org/10.1007/978-3-642-33876-2_35
https://doi.org/10.1007/978-3-642-16552-8_14
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1.2 Approach

Before the documentation concesmireatedthe basic concepts are explained and working
definitions are phrasézkec h a RtTleeoretiéal baground).

The development of the documentation concept begins with the collectioficainael
inputs. Two sources are analyzed identify relevant information that should be
doaumented On the one hand, observations from practice are cons{deeedhapter

@ Selective insights into corporate réaltiese are based on survey results as well as on
profiles of archetypal ontologgatorsThe latter are scalledassumption persamak are
created according the persona metho@n the other hand, two ontology engineering
methodologies proposed in literature are consiflesed e ¢l Aralpsts efrontaddogy
engineering methodolog@efhanks to the diversity of sowscthe documentation concept
takes into account findings from hatflustry and academia.

The findings of the analysis are then used to create the documentation conapferin
& Documentation concépThe documentation templataee conveyed by means of

illustrations similar to forms or graphical user interfaces.

In chapter® Discussioéithe developed documentation concept is discuSsatly, the
conclsion presented n ¢ h7a@onhckisiod 6i s f ol | oweinchdptger an
@ Outloold .

ou



2 Theoretical backgrourd

In this chapter, the basic conceyftthisthesis are explained and put into conbesxthe
course of this working definitions are given.

2.1 Documentation concept

Depending on its use, the tedmcumentationhas different meanings. drder to clarify,
which meanings apply in the context of this thesis, a characteri2AEmsicys used. He
distinguishes between six conc@pfersig, 1971, p43}°

a) Methodw techniques used by a pro¢des@ocumentation technigile Ger man 06di
Dokumentationstechni ko)

b) Theprocetself (he processd@ d o c u me nGeirnngabn o0 da¥) Dokument i

c) The resultof the processtfe ent i r ety of O doGemmamn e dd a $

Dokumentierted

d) Thesystem which these processes take o= area ofa c u me n,tGarmano n 6
0der Bereich des Dokumentierensad)

e) The whole field of these syétems documentati on Ssystemi

Dokumentati onswesenad)

f) The academic discipline dealing with this subjéctl o c ume nt ati on sci er
O0Dokument astciharf $wi)s sen

Figurel showsan English version ®YERSIGE visualization which puts the different terms

and meaningato context.

10 Own translation from German to English
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d) System
A
/ \
a) Methods > d) whole field of systems
‘the documentation systen’
b) Process

c) Result

-~

V
f) academic discipline
‘documentation science’

Figuréd: Context of ttiéferediocumentation terms accdfdrgydWersig, 1971143)

As the objective of this thesssto develop aocumentation conceptvhich can be used
to creatadocumetnation in the sense of an artefdet focus is on theesulfc).Since the
result is based on a documentagimte$ls) usingmethodmd techniges (a), these two
aspects are considered as well. In other words, a documentatepiaccording to the
understanding in this thesis states:

1) Whatto documen{Whatis part of theresuh
2) Howto document (Whicmethodsid techniques aresd?®)
3) Wherard by whoto document (How is theroceds

The meanings of the concepts (e) and (f) are not of interest in the context of this thesis.
Whether the documentationnceptunder consideration issgstefe) or not depends on

the definition of th termsyste WERSIGdistinguishes between two main components of a
documentation system, thaterial comparahtheconceptaamponeértte former includes,

among others, material aids, data carriers as well as people and their activities. The latter
mainly casists ofdocumentation principlesules for the execution of documentation
activitieyand relationships thebnnecthese docuentation principles to documentation
proceduregCf. Wersig, 1971, ppl&217)



Theoretical background Pagelo

ApplyingWERsIGsunderstanding afocumentation sistoumetion conagephe sense of

this thesis means that both components are partially c@tatethents are made about
people and their activities as well as about documentation principles. Hoawibesis th
neitherstipulats a complete documentatioropess nor a carete implementation of the
concept (e.gby givingtechnical specifications for the implementation of a software
application).

The priority of the three relevant aspects corresponds to the numbering usédiabove.

means that the documatibn states idetailwhashould be documentéd) butrefers in a

less detailed waywhemandby whothis should be don@) The reason for this is that as

many approacheso ontology creation as possildbould be supported by the
documentationcorcept It therefore does nostipulate but recommendsFirst, it

recommends which aspects should be recorded (e.g. labels for a concept). Then methods are
suggested (e.g. O0captur eversud g i fl feedbed@erst ivaitt h o
preferred dbe$ and alternative labs ) . Fi nal | g who iddcuments chismme n d
information and when (e.g. domain experts throughout the entire process).

As a resultno strict documentation process is modeled. Rather, a modular system is
proposed whichan be sed commtely or in parts, detailed or less detailed, according to the
recommended order or arranged differénhen this thesis refdo adocumentation concept
exactly this modular system is meant.

If one distinguishes betwermfiormalkemriormabnd formadocumentation, the modular
system is a concept for séarmal documentatiowformal documentations are individual
texts that do not follow any guidelinBseir disadvantage is that they are unstructured,
ambiguous and hetgeneous. This type of documentation was identified as insufficient in
ch a p tl.& Objedivds SemEiformal documentation tacklethesedisadvantage3hey

follow guidelineprovidedoy documentation &egalso known asocumentation patidras
modules of the documentation concept correspond to such teniiatesnable the
creation of structured documentation using naturaidgeghis improves the quality of

the documentation and saves timeabse the templates are reus@bfelLandes et al.,
1999, pp65®m657; Lehmann, 2018 44.)
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A completelyormal/documentation is not aimeddaue to the high effort of creating such
documentation¢Cf. Landes et al., 1999, §pa65/; Lehmann, 2018, 4$4) Besides,
peoplewithout the necessary skills should also be able to contribute to the documentation.
Documenting the development of artabogy by creating another ontology is therefore
inappropriate This does not exclude theosgibility of representing the proposed
documentation concept as ontology and implementing it in a specialized software
application with a user interface appabdgffor all target groups. On the contrary, this would

be one of the possible and desirabiplementations of the concept (see chapter

@ Outloold, but theimplementation is nanobjective of this thesis.

Thedocumentation concept is designed faorastantly changing documentationThis

refers toits scope andtability.It is assumed that the quantitythed documentation units

may changeuring the process of ontology creatioadditionjnformation onceecorded

in the documentation can be supplemented, modified and dé¢listetiould be considered

in paticular when applying quality criteria suelc@sa€urthermore, is part of ontology

creation to find a common understanding. Meanwhile,dhmdotation may contain both

objective errors and diverging viesvstc h a O 1 i v i offgrs aladded vakien t at i or
already during its creation and evoluioat only after its completion.

Working definition:

The proposedocumentation conceptis a modular system consisting of documentation
templates that provide guidelines for creatsgmiformal, stuctured documentation
using natural languagfestates what should be recorded by whom, how and Titeen.
modules can be used in parts, derdifit levels of detail and in a customizable
arrangement.he concept is designed &focumentatiothatmaychange in scope and
content during its creation.
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2.2 Knowledge

For the fundamental concepts in the field of information sciences, there @y aivari
definitions, definition approaches and motitethe context of this thesis, mainly the three
conceptshta informati@ndknowledgee relevant. To explain thesaceptsthe model of
theso-calledDIKW hierarchythe form of knowledge laddeés usedlhe concept ofvisdom

is not discussed here. This also appliesssiqbe extensions of the moded, bycompetence
competitivepessith as well as tany stages preceding the data, sugigreds symbols

Following theexplanation of data, information and knowledge, the characteristics of
knowledge are discussed in more detail. This ssamgcan order to understand in which

area of knowledge management the documentation concept is located.

2.2.1Data, Information, Knowledge

Models that are based o& W hierarchy assume a hierarchical relationship between
datainformain knowledgadwisdojrhence the name DIKW. There are different model
variants that follow this approach. They generally adsaintieet concepts systematically
build on one another through the increase in structuring (first physical, then cognitive an
finally valudbased) and thus in human understari@hdiobohm, 2016, p). The DIKW
hierarchy is controversi@f. Frické, 2009; Rowley, 200k¢ any of the models, but
applicable in theoatext of this thesis. In concrete terms, an excerpt of the knowledge ladder
proposed byNORTH andKUMTA is applied (segfire?).

Actions
know how
Knowledge + application,
know what & why motivation

Information | + context,
experience,

expectations

Data + meaning

Figur@: Excerpt of the knowledge ladder pragoseanolumTA (Cf. North and Kumta, 2018, p. 35)
According taNORTH andKUMTA, dataare symbols connected by syif@ix North and
Kumta, 2018, B5) They have no meaning by themselves. In the words Ediritygean
Guide to goBractice in Knowledge Mantgenesits in the following working definition:
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Working definition

Dataare o0discrete, objective facts (numbers
i nt er p (Cenité Europeande Nuoalisation, 2004, 9).

If a message is meaningful, it is no longer data/ubation (Cf. Canité Européen de
Normalisation 2004, pl0; North and Kumta, 2018, 36) This approach to defining
information is called thmeaning apprd¢@thGaus, 2005, p0; Wersig, 1971, 32) It

implies that the recipient ah encoded message can omdy decodet but can also
understandts meaning. Information is therefore an understood mé€$a@aus, 2005,

p. 30) The interpretation depends on the interpreting system and may therefore differ from
person to persofCf. North and Kumta, 2018,36) Hence, information is also referred to

as 0 messigmad toglatasby knowmce e n t (Weakn®/ 0 pl84) The conventions

refer mainly to a common language and level of knowt&ddggaus, 200%,. 30) It is

assumed that the recipient is able to assign meaning to data, e.g. to a word consisting of a
string(Cf. Wersig, 197 p.39) For example, a reader without legal knowledge can read a
law text written in his mother tongue. However, he cass@n any meaning to subject
specific words. Although the text is a message for him, he does not understand it and
therefordt is not information.

Working definition

olnformation is organised data adding meaning to a message. This information is
interpreeddier entl y depending on context, exper.i ¢
(North andkumta, 2018, [86)
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In this thesis, information is thus located at the lesehadntio®t at the level gragmatics
although ppgmatic approaches such astieet apprq@thGaus, 2005, 0; Wersig, 1971,
pp.32033) are dominant in the field of information scienés Ingold, 2016, B).
According toNVERSIG the definition of theaformatia@oncepimust be based on the effect
approach(Cf. Wersig, 1971, 40) This approach implies that information must have a
novelty valua,e. must reduce uncertainty. If a message does not provide any news, it has no
effect on the recipient and is therefore not an inform@@iorGaus, 2005, B0; Wersig,

1971, pp32033) Despite the popularity of the effect approach, the meaning approach is
appliedin this thesisOtherwise the decision whether somgtigran information or not

would always dependihie effect it Bs orthe recipient, e.thereaders of a documentation.

By applying the meaning approdelg already mentioned preconditi@me assumed:

common languagwhich in this case is Englistd common level of knowledge. This

means that this thesis assutnasthe readers of the documentation concept are proficient

in the English language. It is also assumed that there is a basic common knowledge. Since
this is a rather daring assumptiondhisa R tTleoretiégbackground i s qui t e det a
order to establish such a common basic knowledge.

On the knowledge ladder, the condefarmatiaa followed by the concegtrow/edge

ProBST, RauB andROMHARDT describe knowledgethe totality of gkills and capabilities that
individuals use to solve pi@bl&mbst et al., 2010,23) They refer to both thieoretical

and thepracticalde of knowledge. In this respdlciRTH andKuUMTA distinguish between

two levels of knowledge:knoowwhats o6a result of i ntkeawi or i si n
howvhich refers to the application of thieriorizednformaion (North and Kumta, 2018,

p.36) So,knowledge is the result of information that isipio context, usually with

reference to application.
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The folloving excerpt of the definition given in Bweopean Guide to good Practice in Knowledge
Managemdhistrateshow broad the concepnowledged the influencing factoran be
understood

Ol Knowl edge i s] a -how experggmmationpbelieved, values, adeas, e X ¢
intuition, curiosity, motivation, learning styles, attitude, ability to trust, ability to deal with com|
ability to synthesize, opennessignskilistkicommunication skills, attitude to risk and
entreprenalspirit to result in a valuable asset which can be used to improve the capacity to
support dEomitsBEumpéendaNoimaligatioi)£(.10)

The djective of this thesis is to develop a decuation concept based on which

knowledge can be recorded. For this, two forms of knowledge representation are particularly
relevant:tacitand expliciknowledgeTacit knowledgs ot he per sonal Kno\
i ndividual 6 whi c mulatesanddospass gpn bdcausd itiiscembotliedtino f o
i ndi v(Narthantl Kudmta, 2018, 46) By contrasgxplicitknowledge O k nowl edge t
has beencodified] and can therefore H@mie&wdpdey shar e
de Normalisation, 2004,9). Beforethe characteristia knowledge are disceadsn more

detail in the next chapter, the working definitiothioconcepknowledgegive.

Working definition

oKnowledge refers to the tacit or explicit understanding of people about relationships

among penomena. It is embodied in routines for gheformance of activities, in
organisational structures and processes and in embedded beliefs and behaviour.
Knowledge implies an ability to relate inputs to outputs, to observe regularities in
information,toodi fy, expl ai n a @GainegielBoschrimatitue,[1995t o pr e
cited inNorth and Kumta, 2018, B6)
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2.2.2 Characteristics of knowledge

For the explanation dhe characteristics of knowledge, theasledknowledge spisal
NONAKA and TAKEUCHI is usedCf. Nonaka and Takeuchi, 199H)e focus is on the
epistemological dimension of the knowledge spiral, also knotlme 8ECI model
(socializatjeternalizatipgymbinatignternalizatjon

NONAKA and TAKEUCHI draw OnPOLANYIB s d i st i n @ditikmowledgeeandw e e n
explicit knowledge(Cf. Non&a and Takeuchi, 19955p; Polanyi, 196@gfiningthe two
knowledge types as follows:

oTacit knowledge is personalsmerifextand therefore hard to formalize and communicate.
Explicit or 06codi fi e ddvledgatbais trardgmgiteable iroformal, h e
systematic langu@imaka and Takeuchi, 199%9).

Tacit lnowledge is thusotf ust knowl edge s twhicheah beieasiypeopl e
articulated! t oconsi sts of oumand tpeaspectines, daegklys hasedan h a v i
e X p e r ([CemitcEiropéen de Normalisation, 2p082)or asPoLANYIput 1t : oOowe ¢cC
know mor e t h(Rolanyiwl®66.cdnThis ispat togethem the descriptioby

NORTH andKUMTA, which is used as working definition.

Working definition

oTacit knowledge represents the personal knowledge of an individual. It is based on
education, ideals, values and feelings of the individual [Barbctive insights and

intuition embody tacit knowledge that is deeply rooted in the actions and experiences of
thepartic |l ar per son. [ €] This form of knowl edg
pass on because it (Noshardbnaadd0Eo6)i n i ndi vi du

In the definition oNONAKA and TAKEUCHI, formatloesnotimply that explicit knowledge

cansolelybe expressed farmal languiagbe sense of a mathematical, maghimeessable

language (@asi s t he ¢ a4 Dacumentatioa pohcépt sa2Badntd@ogd ) .

Explicit knowledge can alsoderessedsng a natural langualjee decisive statement is

that explicit knowledge is not boundndralividuabutiso ¢ o d i f andcdn therefore

be easily s han(Comite Butnogpéerude tlamatisationp 2008). T.his is

well illustrated iINORTHO s Kaumtdd s expl anati on, which is th
definition.
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Working definition
ouUunl i ke t aexplicgit knowlengeis methgpdical ansl/stematic and is present
in an articulated form. It is stored in the media outside the brain (disembodied knowledge)

of an individual and can be transferred and stored by means of information and
communication technology. Examples of explicit knowleslgetailed descriptions of
processes, patent s, o r g a n(Nogthaand Kemta, 208 e s, qu
p.46)

Tacitand expliciare forms of knowledge representation The knowledge spiral on the
epistemological dimension describesdheersion of knowledgei.e. thenteraction between
tacit and explicit know{@gd&onaka and Takeuchi, 199561). The conversion of
knowledge from one form of representation to another is alsdkoaldddge transformation
(Cf. Heinrich et al., 2014, 485) NONAKA and TAKEUCHI postulate fourmodes of
knowledge conversion

0(1) from tacit knowledgeit knowledge, which we call socialization; (2) from tacit knowledge
explicit knowledge, or externalisation; (3) from explicit knowledge to explicit knowledq
combination (4) from explicit knowledge to tacit knowledge 6 dNomekaakaation

Takeuchi, 1995, 62)

The following working definitions explain the four modes of knowledge mmvers
socializatj@xternalizati@ombinatiandinternalization

Working definition

Socializationi s t he o0conversion from tacit knowl ec
of another persoh é.]it is a process of sharing expegsrend thereby creating tacit

knowl edge such as shar ed (NoghrahdaKumtan20@B8e | s and
p.47)

According tdNONAKA andTAKEUCHI experieng&ey, since tacit knowledge can be acquired
odirectly from others without wusing | angua:
p r a c (Nonaka and Takeuchi, 19953@2
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Socialization takes place when tacit knowledge is exchangedthepeepte involved in

the process of ontology creati®he purpose of the documentation concepeither to
preventsocializatiomor to support it directlynstead, lie purpose of the documentation is

to codify knowledge. It thus contributes tocedification strategy instead of a
personalizationstrategy The latter of these two knowledge management strategies intends
that the knowledge remains with the knowlbdgeerand is only passed onrogans of
persmal communication if requiredodification, on the other hand, requiresatedge
externalizatior{Cf. Heinrch et al., 2014, B23)

Working definition

Externalization isadprocess of articulating tacit knowledge into explicit coritépts
guintessentiknowledgereating process in that tacit knowledge beaxpksit, taking
the shapes of metaphors, analogies, concepts, hypotheses, dr (Modaka and
Takeuchi, 1989 p.64)

Once knowledge is available expliétipwledge combirsatdimowledge internalizztion
take place.

Working definition

Combinationisa 0 mo d e dgd conkemsmm(that] involves combining different
bodies of explicit knowledge. Individuals exchange and combine knowledge through such
media as documents, meetings, telephone conversations, or computerized communication
networks. Recomfuration of exigtg information through sorting, adding, combining,

and categorizing of explicit knowledge (as conducted in computer databases) can lead to
new Kk n o(Ndnakd ane@ Takeuchi, 19957
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Working definition

Internalization is agprocess of embodying explicit knowledge into tacit knowledge. It is
closelyr el at ed t p doiiglbe ar Wh ag bxperiences thro
externalization, and combination are inter
in the form of shared mental models or technical-know, t hey become valu
(Nonaka and Takeuchi, 199%%).

NONAKA andTAKEUCHIS t at e t hat oO[ o] rgani z @nuduanda! know
dynamic interacton bet ween t aci t (Nenakd and Xageuahic1995, k n o wl
p. 70) They locate thenowledge spral emerging from this interaction on two dimensions,

the epistemological dimengiiito tacit) and thentological dimefisidiriduald groupd

organizationad interorganizational(Nonaka and Takeuchi, 199557 The ontological

di mensi on her e fr ekneowsl etdog eo t(thoeaka artdvhekgeushinot i t i e
1995, p57)and is not to beonfusedvith the undestanding of the concepatologggedn

thisthesi¢ see e@B@nwgir f®@®r t he applied working def

Figure3 shows the knowledge spiral on the epistemological dimension. It begins in the area

of tacit knowledg , because o[t] acit bassowrgentaienal of | nc
k nowl ed g e(Nonakaeaad Tiaochi,61995, @2) From then on, the proces$

socializatign externalizatign combinatign internalizatios performed iterativelfrhe

ontological dimension is not illustrated in fi@ulecorrespondto the viewing dimension

of the reader of this thesis, i.e. is perpendicular to the figure. This n¢aekbaledge

spiral moves towards the readée spiral starts at the individual lewel moves up the

ont ol ogi cal | e v el s uniids lofr intenagtion, that grass) skdtiongl, ¢ o mn
depart mental , di vi si on al[Npnakaandl Taleucl,al@95,z at i on
p.72) I n the course of this, o0t heitkhowledge acti on

wi || b e ¢c 0 me (Nbnaka gnd Takeuchi, 199&5/3)1 e 6
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to

tacit knowledge explicit knowledge
Socialization Externalization
tacit
knowledge /\
: (D)
explicit &J

knowledge
Internalization Combination

Figur&: Knowledge spiral at epistemological level in the context of the four modes of knowledge conversion. Own v
accordingNtonaka and Takeuchi (Cf. Nonaka and Takeuchi, 1995, p. 62, p. 72).

In the context of this thesis, tkmowledgeaipmplies the following:

1 During ontology creatidacit knowledgsharedmong the people involvéddough

socialization

1 The objectiveof the documentation concept is to support éRernahtionof
knowledge. In the course of creating a docunmamniiaing the concepacit knowledge
is codified asxplicit knowledge

1 By externalizing knowledge, the documentation concept fadiat@syt sharing and
combinatiohknowledgeThis can lead to new knowledge.

1 The explicit knowledge generateddnuchentation and combination can be acquired
by individuals agacit knowledbeough internalizatioithis also applies to those
individuad who were not involved the documentedntologycreation Thanks to

externalization, they also have access fwréfiously tacit knowledge.

In theseways the documentation concept contributes not only tprésservation of existing
knowleddmit asoto thecreation of new knoatwtiigelistributiomithirthe organization
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2.3 Ontology

In the context of thithesis the terrantologyis defined according to the understanding in

computer sciencé&his differs from th original meaning used in the branch of philosophy
calledmetaphysig@fiere Ontology (Greekntologiaefers to the discipliribat deals with

60t hat whi ckbntgexilsn sdormiButeer sci entmmeahdne t er m
formal description of a domain of knowledge, in terms of the entities within it, and their

rel at i (@awsddm iamd Rdébinson, 201213) (Cf. Bawden and Robinson, 2012,

p.114; Weller, 2014,209)

The definition ofSTUDER et al. is used as twerking definition.

Wolking definition:

0 Aontologyi s a formal, explicit spe(@iudeiecati on ¢
al., 1998, 1.84)

It is a combination of two definitions given@GRUBER and BORST. The former defines

ontologya® an explicitcompeept ul@raier %3] 199 dha

latter modifieGRUBERD s def i ni ti on ama fderf maless perdiofl ioq
sha ed c onc e (Borst,d997, A.2) The comidined definitios selected because

it is suitable for the application and is cited most frequently aldBgsglesd s i ni t i al
definition (Cf. GomezPérez et al., 2004, 6. Staab and Studer, 2009, p. VIII;
Stuckenschmidt, 201d. 22)*. In addition, it is concisely explained byatitbors:

OA d6conceptualisationd refers to an abstr
the relevant concepts of that phenomenon
constraints on their use are expledtly-dr&mple, in medical domains, the concepts are
diseases and symptoms, the relations between them are causal and a constraint is that a di
cause itself. OFormal 8 refers toudeshe f ac
natus I | anguage. O6Sharedod6 reflects the noti
it is not private to some individual, but accepte@hydargeoap, 1998,184)

In order to enable a better understanding of the following chapters, ontologies are now
explainedn more detail.

11 According to thaVeb of Science Cdeet@olhe publication b$ruber et al.was quoted 1,211 times,
GRUBER) publication 5,000 times (as of 20284).
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2.3.10ntologies as controlled vocabulary

Based on the previously presented working definittass/fications taxonomiesand
thesaurican also be understood as ontolpgibsit as snple oneqCf. Bawden and
Robinson, 2012, p14) If one applies a strict informatiscientific distinction to the
different types of controlled vocabularies, then ontologies are only those vocabularies which

go beyond theapabilitiesf a thesarus.

Thesauri allow the use of a limited set of relggpms This generally includedations of
equivalergsgnonyms and quasinonymshierarchiaalationghypernymy/hyponymy and
meronymy)and associatixgations(unspecified connections adncepts)Cf. Peters and

Weller, 2008, pp0®101) In any case, the available relations are predefined, for example
by standards such as ISO 2536#DIN 1463° Ontologies allown addseHiefined relations

ard axiomsaWith the help of soalledreasongasitomatic inferences can be drawn based on

the formal definitions of concepts. The expressiveness of an ontology is determined by the
choserontologgniguageee sectio®.33 Ontology languagggCf. Weller, 2014)

This thesis is not limited to the ¢i@a of controlled vocabularies that exploit the full
potential of ontologieslowever, it is assumekat the capabilities of taxonomies and
thesauri are usually exceeNegdertheless, the proposed documentation concept in reduced

form is also applicalie the creation of less expressive vocabularies.

12 International Organization for Standardization (2@&(2)25964:2011: Information and docum@ntation
Thesauri and interopenaltilipther vocabufarieart 1: Thesauri for information.retrieval
International Orgdmation for Standardization (2018pD 25964£:2013: Information and docum@ntation
Thesauri and interoperability with other ¥odaanil2riesteroperability with other vacabularies

13 Deutsches Institut fur Normung (199ENORM DIN 14631:199a1001: Guidelines for the establishment
and developement of thesauriahtbeeingu

Deutsches Institut fiur Normung (1980N 14632:199310: Guidelines for the establishment and developement of

thesauri; monadintnesayuithdrawn).
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2.3.2 Structure and components

The fundamental elementsam ontology areoncepts The understanding of the term
concegbrresponds to its meaning in documentation sclergcany unit othought, i.e. a
mentalimageformed by generalizati¢6f. Wersig and Neveling, 197&6p. It contains
what is typicdbr a group of similar objects, similar processes, similar id€ag &aus,
2005, p57) Conceptsanrefer toabstraentitiege.g. intentions, beliefs, fiegé) orspecific
entities(e.g. people, computers, tabléseyare usualljormallyrepresented by/asses
Classes amrganized hierarchically, i.e. as taxonq@ie&omezPérez et al., 2004,14,
Weller, 2014, 207) The dements of a class are callestarncesor individua. The
characteristics of concepts as well as the relations betwespts are represented by so
calledproperties Additional axioms can be modeled usgsgictions. (Cf. Weller, 2014,
p.207)

The terminology o&nontology is proded by the classes gmmdperties This ontology

model contains the knowledge about the vocabulary and the connections within the
knowledgedomain Consequently, the -salled 7Box (Terminology Ba@kaims to be
universally validcacts by contrastare represented by imstas in the soalledABox
(Assertion BoXhe distinction between TBox and ABox is usually helpful, but not always
possible and necess#Bf. Weller, 2014, p13)

Figure 4 illusttas an excerpt of an ontology for the pharmaceutical ddhmurpper part
of the graphic shows the TBox, the lower part the ABwx and ABox together represent

theontology as a whole.
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Figurd: Diagram of antology excgptving classes, properties, instances ssinatibabdtal@mx and
ABox

2.3.30ntology languages

Ontologies are expressed using macbadableontology /languagesThere are several
languages that have evolved over time. A single language or a set of languages can be used
to implement an onkogy. The choice which language to use depends on several factors.
They relate, among others, to expressivity, inferencenisshavailable tools, intended
application and interoperabilithe two main dimensions for the description of ontology
languags ar&knowledge represeatali@asoning mechgi@énGomezPérez et al., 2004,
pp.199204)

A fundamentalssueis the trad®ff in knowledge representation aedsoning, which

LevEsSQUEandBRACHMAN describe as follows:

oThe problem is essentially that it can be more difficult to reason correctly with one repres
language than with another and, moreover, that this difficulty increasesrasf tihe expressive [
language increases. There is a tradeofixpetssigrribss of a representational language and
its computational tractaflileyesque and Brachman, 198582p.
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For the objective of this thesis it is not decisive whintafdanguage is used. Therefore,
only two popular examples frothe field ofthe Semantic Weale briefly presented here
RDFS and OWLFor a better understanding of these two ontology langB&fess
explained first as one of the basic standards #68RDr furtherexplanatios on ontology
languagegleaseefer to the corresponding literattire

The Resource Description FrameworkRDF) is a standard published by the W3C. Itis a
of ramewor k f or iorabquirresaueés n gw tanroé lanytbing, tncluding
documents, peopl e, physi Schreiberland®anord, 204N d abs
The RDF data model is based on simple statements con$issingect> <predicate>
<object> , which thereforeare ao calledirjp/es. Resources are addressed using an
Internationalized Resource Ifi&f}ifiewhich is the internationalized form ofJmiform
Resource lden(ifi_d). Subset of URIs are not onlyniform Resource LofldRis) that
identify resources on the web, but disiform Resource N&m¢) that identify resources
outside the web (see example below). A set of connected triples igefedRDF can

be expressed by different textual syntaxesh sas the linbased syntax
N-Triples*® or the Terse RDF Triple Langealtg 7urtlet’. (Cf. Schreiber and Raimond,
2014)

14 |iterature on ontology languages (not exhaustive):

fChapter 4 6Langua g ersGomeRéreB Asunicidnj Fergadnddpez, Maeng i e s 6
Corcho, Oscar (2009ntological Engineering: With Examples fromothknavdadge Management, e
Commerce and the Semarniticnd@n Springeverlag London Limited.

fPart | 60nt ol ogy Represent at i ond9Hamdbgok ah@®stdogiesi n St a
2nd edn, Berlin, Heidelberg, Springer Berlin Heidgl

fChapter 4 060Ontol ogi espr ac h eOmtdlogienn Kor&eépte cTechnolegieh ond d t
Anwendung2nd edn, Berlin, Heidelberg, Springer Berlin Heidelberg.

15 Duerst, M.; Suignard, M. (208%)C 3987: Internationalized ResouieesId&if§Dnline], The Internet
Society. Available fatps:// www.rfeceditor.orgrfc/ rfc3987.tx{Accesse@d01812-15).

16 Beckett, David (2018DF 1.1 NTriples: Ainebased syntax for an RDF (§¥&th Recommendation 25
February 2014) [Onk], W3C. Available lattps:// www.w3.0r§TR/2014RECn-triples20140225/
(Accessed01812-15).

17 Beckett, David; Bernetge, Tim; Prud'hommeaux, Eric; Carothers, Gavin (ROH)1L.1 Turtle: Terse
RDF Triple Langug¢3C Recommendation 25 February 2014) [Online], W3C. Availdtye:/at
www.w3.0r§TR/2014/REGturtle-20140225(Accessed01812-15).


https://www.rfc-editor.org/​rfc/​rfc3987.txt
https://www.w3.org/​TR/​2014/​REC-n-triples-20140225/
https://www.w3.org/​TR/​2014/​REC-turtle-20140225/
https://www.w3.org/​TR/​2014/​REC-turtle-20140225/
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For example, a triple could loddelthe following:
<Essays In Science> <has Creator> <Albert Einstein>
This corresponds to the natural language statement:

(The boo#gssays In Sciéncewas creatsd Albert Einstein.

Identification of the iple components using IRIs:
<urn:isbn:6000614454>
<http://purl.org/dc/terms/creator>
<http://d - nb.info/gnd/118529579>

A triple from the exemplary ontology excerfigure 4 above is the following:
<Acetylsalicylic Acid + Pseudoephedrine > <has Sub ID > <13579>.

RDF on its own is not enoudh create a vocabulaRor this purposéhe W3Cstandard
RDF SchemaRDFS)is employedwhichdprovidesa datamodelling vocabulary for RDF

d a t(Brickley and Guha, 201RDFS in turn can be useddesigrvocabularies which
allow describing data using standardized termsutshell, RDFS facilitates data exchange
and machine inferencinig.is aformal languag&ith which simple ontologiesncae
implementedCf. Yu, 2014, p.23126)

The currently most popular ontology language WéheOntoldggnguag®WL) (Cf. Yu,

2014, p169) OWL extends RDFS and offers a higher expressiveness, which allows stronger
reasoningCf. Yu, 2014, 1.69) The latest version is OV2, which is a superset of its
predecessor OWL. This means that all ontologies created with OWL are &fifl walid
2014,pl72)Bot h versions provide different | angu
of tradeoff between expressiveness Hioteacy, and therefore offer more choices to the

us e(Yuis 2014, R17) Since OWL is the most common ontology langudgeysed in

the following chapters for example passages of formal expressions.

2.3.4Typology

Ontologies can be categorized into diffepen/ogy types The distinction can be made
on the basis of different dimensi¢@$. Guarino, 1997, p44 van Heijst et al., 1997,
p.192) At this pointGUARINO® distinctiorbetweertop-level ontolog, domain ontolog
taskontology and application ontolggs appliedCf. Guarino, 1997, p45)
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According toGUARINO, fop-level ontologieso d e scr i be very gener al o
time, matter, object, event, action, etc., whicm@epdandent of a particular problem or

d o ma(Guarno, 1997, A45) They are also referred tayaseric ontol¢@fesan Heijst

et al., 1997)pper ontolo@essuarino, 199), foundational onto(@figSangmi et al., @02)

or super theoft@fs Borst et al., 1997pp-l e v e | 0 n uswdllyegquippes with a rch 0
axiomatic layén(Schmidt et al., 2016,]®)andcanact as Osemanihgi c bri d
verybroad e mant i ¢ i nter oper ébhmidtiettaly, 20068 ween ont o

Domain ontologies and task ontologiesspecialize concepts defined in theléopl
ontol ogy to represent t he knowl eidege oOr el at
automobiles) or a generi c t(@usrko, 9B7, @Bt i vi ty

Finally,application ontologiesc ont ai n oal | the definitions
knowledge required fopaa r t i ¢ u | a fvan algijgi €t al.c 1897 ,198)épending

on thedomains and task ontologiesh ey descri be the oroles play
perfor mi ng aGuareo, 1997, d15)dsuallyiapplicatipndntologies are not

reusable without adjustme(@s$. van Heijst et al., 19971p3)

Figure5 shows the presented ontology types and #mgéndencies. In the direction of-top
level ontology, the degree of abstraction increases, whereas in the direction of application
ontdogy, the degree of specification increases.

top-level
ontology

specializes specializes

domain task
ontology ontology

specializes specializes

application
ontology

Figur®: Types of ontologies and their e pendehicuarINO (Guarino, 1997,1@5)

Apart from the classification of ontologies, there are approaches to split oniulhgizg

top-level ontologiesmto moadules(Cf. Teymourian et al., 2000)/braries (Cf. van Heijst

etal.,,1997) Ot her s i n t ursonabtaayleastintheos/,dcchave adingld, r e a
unified topl e v e |  @¢Quariool 199y yid5)
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2.3.50ntology engineering methodologies

Various approaches to the structured development of ontologies are proposed in literature.
These are calledifology engineering methodologies The termmethodologyis derived

from the field of software engineering. $bhé&ware & Systems Engineering Standards Committee
of the IEEE Computer Seg@ginghe term as follows:

OA methodol ogy specifies the process to |
techniques, together with the work products that must be manipulated (created, used or c
each moment and by whéimypossinc | udi ng model s, documen
(Software & Systems Engineering Standards Committee of the IEEE Computer
Society, 2010, p16)

However, this description should not be applied strictly to the field of ontology development,

since not all ontology engineering methodologies cover a#t akpbcts mentioned.

AccordinglyFERNANDEZ-LOPEZ andGOMEZ-PEREZ ate st ed i n 200 2: oin t

engineering field, theontoleagyu i | di ng process i s a craft rat

(Fernandetopez and GomeRérez, 2002, p30) Thereis no common methodology, but

many different ones that have been propogerthe last two decad@sf. Forbes et al.,

2018, p27) A p p e nAd Omtolbgd engineering methodolodeentainsa selection of

known ontolog engineering methodologieschapter@ Analysis of ontology engineering

methodologid@stwo of these methodologies amalyzedh order to iglude the results in

the documentation concept.

In addition to proposals of new methodologies, literature also provides comparisons which
analye the different methodologies with regard to diffegpectancluding for instance
Corcho et al2003) Fernandez.6pez(1999) Fernandez.opez and GomeRéerez2002)

Igbal et al(2013) Simperl and Luczd@kdsch(2014) In the following, two aspects of
ontology development are seletwedxplanatiobecaus they areslevant for the obgtive

and understanding of this thesis.

The first aspect refers to the approach that determines the modeling dirasHmPERL
andLuczak-RoscHc a | | [ t he 0Str atSiperl afdduczak dent i f
Roésch, 2014, @17) Based on a tegorization biyscHoLD andGRUNINGER, adistinction

is made between three approactestownmiddleutand bottorap (Cf. Uschold and

Gruninger, 1996)
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When applying théop-down approach the direction of procedure is from general to
particuair. This means that first a fex@rygeneral concepts are identified, then they are
specialized he bottom-up approachfollows the opposite direction, i.e. from particalar
generalFirstmany vergpecific concepts are idéad, usually by analyzing data, then
aregeneralizedrhe middle-out approachis also called theombined appraacbeboth
directions ofthe twoaforementione@pproaches are apglid=irst the most important
conceptsare identified, then they are generalized analsset{Cf. Nicola et al.,(D9,

p. 268; Uschold and Griininger, 1996,10@108; Uschold and King, 19958p.

UscHoLD, GRUNINGER andKING argue that themiddleoutapproach is the most promising

(Cf. Uschold and Grininger, 1996, ¥p©108) However, which approach is most
appropriate depends dre planned application, the available explicit knowledge and other
conditions influencing ontology developni€htSimperl and Lucz&édsch, 2014, p17)
Therefore, no approach is treated preferentially in this. tAsthree approaches are
considered during the devetagnt of the documentation concept.

The second aspect, which is discussed in more detail here, relates to the roles involved during
ontology developmenA role indicates which task(s) a personvedalndertakes during

the process of ontology developm@nrie person may undertake several rbtesroles

involved may differ from methodology to methodololyy.addition, similar roles are
designatedifferently.

Common role designations doenain exppknowledge engkmesvledge workgplogy erggine
andontology u@ef. GdnezPérez et al., 2004, A76197; Simperl and LuczBksch,

2014, p119) These designations are used differently as the following example illustrates:
While theUnified Process for Ontology @IRIGINY classifiesntology engimsérsowledge
engineemsd domain exgd@f. Nicola et al., 2005, 56) the DILIGENT methodology
distinguishes bgeendomain expgstdology engineersledge engareguseréCf. Pinto et

al., 2009, 458) In theUPON, the rol&nowledge engseesubset of the raatology engineer

In the DILIGENT methodologyby contrastknowledge engane@mtology engareetwo
separate res
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In the context of this thesis, a distinction is made bebméawo roles, as in the UPON:
knowledge engineefKE) and domain expert(DE). On the one hand, this is done to
keepcomplexity as low as possible. On the other hand, these two roles correspond best to
personal experience as in practice barely any other roles are dmihleyese of a further
distinction, the additional roles would usually be taken over by thmspl@evho hold

the initial rolesThis makesurther distinction less valuable in practloereturn, it is
accepted that the roles are less spefifec followingworking definitionsdescribe the
understanding @heroles applied in this thesis.

Working definition

Domain experts(DEs) have expertise icertainsubject area, i.e. DEs are familiar with

the main concepts of a domain, their characteristics and relationships. In terms of ontology
development, this means DEs are knowledgeable in the aiimohiis to be represented

by the ontology.

Working definitia

Knowledge engineerdKEs) capture, structure and formalize knowledge so that it can
be processed by machines in order to solve certain problems. In terms of ontology
development, the KEs atese who build the ontology.

Looking at DEs and KEs in collalation, DEs provide their domain knowledge so that
KEs can build ontologies based on it. In other words, DEs are knowledge bearers who hold
tacit knowledge and can provide information aboulicixgnowledge. KEs elicit this
knowledge from DEs using varsomethodse.g. via interviewBased on this externalized
tacitknowledge as well as knowledge from other speirgesxplicit knowledge as a result

of a literature research, KEs createeptual knowledge models. FinKIis express those

as ontolog using a suitable ontology langué@e. Simperl and Lucz&dsch, 2014,
pp.1033104)

This process involving Klasd DEs will banalyzednd described in more detadhapter
@.1 Unified Process for Ontology Building UBON
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2.4 Process

This thesis refers the process of creating ontological knoWleegtablihed faition is
applied herdnstead, this thesis outlines a process that conshtgeseral only one part
of those processes covered by ontology engineering methodologies.

The process considered in this thesis starts with the identification of Godasyts with

the first version of a formal model that meets all previously defined objectives.thisually
is accomplished when the previously definatpetency qudgiiQaxan be answered by
the ontologylf new requirements or CQs arise or theskedge represented iddated,
this is no longer part of the process.

The processlescribed her®cuses on creating a new ontoldiggnust be distinguished
from processes that focus on the evolutestructuringmapping or merging of existing
ontologes. The simple creatiohinstanceby means aéxisting vocabularies is excluded as
well. Based on these distinctions, the title of the thesis contains ttreatngstead of
developemyd explicitly refers tmtological knowledge models

The seps listed below méake place before the start of the process:

1 Identification of use casesOne or more useassin the broader sense are defined.

Usually, use cases result from existing needs.

71 Identification of competeng/ questions Collection and documentation of
questions to be answered by exploring and querying the oritbexg CQsaire
initially expressed informally at the conceptual level, not as formal (Qieries
Gruninger and Fox, 19953y Nicola et al., 2009,361)

1 First research on existing vocabularied-or instance, to answer the question of

whethemn existing ontology can be reused without need flicaiimn d concepts.
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1 Ontology specification A document that, depending on its granularity and the level
of knowledge, may contain statements about aspeltasdomain(subject arga
discourse (mindset; perceptiothelomain), purpose and scapeget groupsevel
of formality,ontology anguagedivision into swwmntologiespre-collected ters)
existing vocabulariesources of knowledgapplied methodology omodeling
approachdesign guidelingategratiorfusedsoftware, technologies, infrastructure)
(Cf. Fernandez et al., 1997363. SudreEigueroa and Gomézrez, 2012)

Figureé illustrates thandersanding of the process in context of this thesis.

- Y

Identification
of use cases

s
Identification

of competency

questions
not - Examples of

considered First research preliminary steps
on existing

vocabularies
Y

Ontology
specification

Objectives and

START Y framework condltlgns
P for ontology creation

have been defined.

Identification
of concepts

N —— :
Process Ir | Intermediate s_t_eps
] I are not specified
under < ' in order to allow
ideration | | v
consl l---5----  different procedures.
Creation of
formal model First version of
< formal model meets
END% all previously defined
- Y objectives.
not Ontology Example of
considered <L evolution subsequent step
Y

Figuré: Graphil representation of the process of creating ontological knowledge models in context of this thesi
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It is assumed that the ontologgrsatedy one or ma KEs n collaboration with one or

more DEs. Since this is a matter of exchanging implicit knowledge, the interaction between
humans is particularly relevant for the documentation concept. Nevertheless, it is not

excluded that a KE creates an ontologywittlirect exchange with humans, but only based

on explicit data, information and knowledge (e.g. raw data, annotated tables or literature). In
the latter case, documentation is needed asngellthe tacit knowledge of the individual

KE must be externakd.



3 Selective insighs into corporate reality

This chapter provides insights into how and under what condittoftgyies are created in
companiegrirsly, the results of a small survey are presented, vesidieenarried out in
context of thighesis. Sasequently, scalledassumptigersonase created based on the
survey results and personal experieniceg.describarchetypakEs and DEs. In this way,
the assumptions are presented explicitly and in an illustrative Fiaatrfindings are
deiived which must be taken into account when creating the documentation concept.

3.1 Preliminary survey

In the rurup to this thesis a small surbaged on two different questionnairas been
conductedOne of the questionnaires is addressed to KEs, thémbies. KEs have been
askedabout their approach to ontology creation #red documentation they create
meanvhile DEs have been askedbout their motivation and expectation regarding their
contribution to the creation of ontologiksboth cases, thetaal statdas beeenquired
concerning the ddg-day work.The desired ideal state has not been askeBofibr.
qguestionnaires consist of five questions each and can be found in the appendix

@: Questionnadis and data of preliminary suévey

In total,three groupfave been surveyamh the one hanKEs and DEs of aglobal life
science company based in Germamyhe other hand, Bs of an international working
group The latter areeferred to as extern@Es from the perspectivef the company
Figure? illustrates the distribution of the two questionntorfgesehree groups.

[

e Questionnair Questionnair

s for Knowledge for Domain

i Engineers Experts

=)

S ¢ distributed t% \

-00; Group of Group of Group of

2 Knowledge internal Domain | external Domain
§ Engineers Experts Experts
2\ A /
> V R R V

I Employees of global life science  Members of external
O company based in Germany working group

Figur@: Questionnaires and their distribution to surveyed groups in the costsgaf the preliminary
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The two questionnaires are designed to be completed quickly and are therefore relatively
simple.They have been distributed and completed electrofiballguestionnairdsve

been sentargeted tpeopleknown as KE or DE. The response sadie 92.9% for KEs

(13 out of 14)78.6% for internal DEK11 out of 14and11.6% for external DEs (5 out of

43. The completion of the questionnaires and thus the participation in théasi tvesn

voluntary.

Due to the targeted distribution and vidoy participation, it can be assumed that only
thosepeoplewho have a basic intstén ontologiehave taken pant the surveyBesides,

only the currensituationhas beernquirednot the desired target st&e.the results of

the survey do not nessarilyeflect an optimal situatiolm other words, just because the

KEs work quikly and document barely, this does not mean they consider this to be the best
solution. It may be an effect of economic constraints, not a reasonable decision from a

professional perspective.

With n= 13 for KEsn = 11 forinternalDEs and n= 5 for extenal DEs the sample sizes

are small for botloles The survey results therefore do not claim to represent the entirety
of the KEs and DEs in the company or the exteroelimg groupHowever, they provide
valuable insights into corporate reality.

3.1.1 Surveyresults: Knowledge engineers

In the following, the survey restitis the groupof KEs are presented usicbarts and
tables. Thereby first findings are derived. The@pgesind corresponding answer options
are part of the chartdence they are notwhys repeated in their entirety in the text. The
surveydata an be f oun dB:Questibonhages anp gae of diglary sorvey .

Figure8 shows that all three of the modeling approaptesented n ¢ hZa3pt er 0
Ontology engineering methodologdspdowrbottormpandmiddleutd arepracticed. The
docunentation concept should therefore take into account the characteristics of all three

approaches.
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KE Question 1: Direction n=13

What are the modelling approaches that you actually use at work?
(One or more answers possible.)

13

12

11

10

©

Number of positive responses

O =~ NWH oo N @

A B C
Answer option

A: Top-down: from general to particular
(first elaborate the general concepts then specialize them)

B: Bottom-up: from particular to general
(first look at the data and elaborate most specific concepts,
then abstract them)

C: Middle-out: combined
(first identify most important concepts, then generalize
and specialize)

Figur®: Survey results knowledge engineers, question 1: Direction

With 9 out of 18 responses, thattorap approashthe mostommon, followed by the
middleut approawith 7 out of 18 responsdsis is not surprising since, as described in the
introduction, FAIR data and data integration are major objectives triggering the creation of
ontologie s e e d miaoducte. )Thestraegiesandknowledge sourcégpical for

the bottomup approach are therefore of particular relevance for the documentation concept.
This means that information data sedata storage locatidssftwareg@icatioas well as
information on theiaccessibg@itdconfidentialtyst berepresented



Selective insights intoteorzoia Page37

Regardinthe mairgoalpursued by KEs, 6992 of the respondents are aimingést results

(see figure9). In return, they accept lessrfpet knowledgemodels. Under these
circumstances, it is to be expected that there is little willingness or opportunity to create
extensive documentation. Accordingly, it is necessary to offer a level of granularity that
enables fastind yet effective docemtation. Fothe minority othe KEs, who invest more

time inresilienésultd is assumed that a more detailed documentation deapgpéciated.

KE Question 2: Main goal n=13

What is your main goal when creating models at work?
Not according to your wishes, but according to the reality of everyday work.

(Exactly one answer possible. Select the goal with which you most agree.)

Fast results (9) Resilient results (4)

Fast results: My main goal is the fast creation of working prototypes
and/or solutions for certain use cases. In return, | accept that
the models are less perfect.

Resilient results: My main goal is to create a sound model that fits
into the overall picture. In return, | accept that more working time
has to be invested.

Figur®: Survey results knowledge engineers, question 2: Main goal

FigurelOand tablel show what informatiothe KEs consider relevaior each concept.
The first observation that each of thefferedanswer options is represené@aong the
results (see figut€). In addition, further aspects have been added by the restsofsete
tabk 1). The documentation concept must cover all the proposed @ed spects.

Themost prominenanswers am@&finition or explanaitamnative lapelsted data soanzes
relatedocabularies and stantaedsiost frequent choidas beemefnition or explanation
which is obvious, since the meaning of concepts must be grasped in order to create
ontologiesThis is further supported lilye results fothe answeioption ontextAfter all,

information on cotext is needed to situate a conageptsemantic network.
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The importance of understanding is also shown by the faetdted vocabularies or standards
havebeen selected second most frequently. Existing vocabularies and stagdanisin

helpfu explanations and definitionSonceps that are already formally described in
vocabularies can be reused in the sehseketl Datd echnical standards can be consulted

on modeling or implementation issues.

KE Question 3: Relevant information per concept
Which of the following information do you consider for each |, = 13
concept (if applicable) while creating knowledge models?
(None, single or multiple selection possible. Optional: Additional free text entry.)
13

—

Number of positive responses
O—\I\J(.O-PO'IO)\IODCOO—\I:;

A B C D E F G H
Answer option
Definition or explanation
Alternative labels
Related people
Related data sources
Related vocabularies or standards
Related literature
: Context
Other (optional free text entry)

ITGMTMOO W2

FigurdQ Survey results knowledge enginegrskejegativiformation per concept

Optional free text entry for H: Other
The use case around the model
Identifiers

Tabld: Survey reskiftswledge engineers, question 3: Relevant information per concept (free text entries)
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One of the advantages of controlled vocabularies is that they address the problem of
equivalencd he results fodternative laletkcate the relevanceoafpturing synonyms and
quasisynonymgsee figurd0). Abbreviations are also expected to be ntlegahey are

part of everyday work in large compafi@sexample, the pharmaceutical glossary, one of

the abbreviation lists in the company surveyein®oveir 50entriesThe survey results

do not provide any information on the relevance oflimgltal labels. It is assumed that

this depends on the company and the use case. If, for example, the company specifies a
uniform business language, it matybe necessary to capture multilingual labels. On the
other hand, dealing withultilingualisms anotherstrengthof ontologies. Therefore, the
documentation concept shoufehsidethis aspect.

Related data soareasonsidered relevant by ghefl3respondentésee figuré Q). Thisfits
with the results faKE Question 1: Directidrere thdédtorrup approdeas beethe most
frequently chosen option (see fig)ré&ccordinglyrelateliteratudeas beenonsideretess
relevant (see figul€). Literatureis aknowledgesource that igather useth thetopdown
approach

Besides4 of thel3 respondentsaveselectedhe optionrelated pedpé figurd0). These
related peoplenay bedomain expesiso are knowledgeable about a subjecs. dlko
includeslata owngtata stewaodprocess owi@@nshe other hand, related people atsy
includeknowledge engimberdor instance, are proficient in modeling a specific problem.

Aspects added ltye surveyed KEareidentifieesmdtheuse case around théseedabla).
Identifieedlow to identify and reference individuakcepts within a set of concepts, even
whenthe associated label chandéss aspect is a relevant contribution that must be
considered when creating the wnentation concepfhis also applies to information
regarding these cageor example, when ibrmes to specifying for whiclse caaed for

whichcompetency quast@tain concept is relevant.
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The results faKE Question 4: Timepalotamentasbawn in figur&1confirm the initially
stated observation that KEs often documented tedda&e h a plil ©bjectdals Only

two of the respondents start the documentdigfiorereating the formal moderhe
majority documentsghil®r aftethe creation of the formal mod@he of the KEs surveyed
does nokeven creata documentation at.allhis means that, usually, all knowledge that is
acquired and generated is only externalized during and afeattbe of the formal model.
Until then it is bound to individuals and difficuth¢cess

KE Question 4: Timepoint of documentation n=13

At what point do you start documenting the work on your knowledge model?
(Exactly one answer possible. Select the statement with which you most agree.)

C (4) A2 |D(1)
after before no

A: | start the documentation BEFORE | create the formal model.

B: | start the documentation WHILE | create the formal model.

C: | start the documentation AFTER | have created the first version
of the formal model.

D: | don't create a documentation.

Figurdl Survey results knowledge engineers, question 4: Timepoint of documentation

Given the fact that documentation usually takes place in connection with the formal model,
one might thinkt at least takes place formallgnotation propeies can be used for this

purpose. However, as illustrated in figigeonly 2 of the 13 KEs use this option to
document th&nowledgexchange with DEs. The other 11 KEs document the insights they
acquire by exchanging with DEs informally. The docuimerdancept addresses especially

the narrow majority of 6 KEs that docuntseunstructured. The objective is to encourage
structured documentatio.positive aspect is that 5 KEs already document the exchange

in a structured way. In that case the obgeiivo improve the documentation quality if
necessary. According to thevey results, all KEs document the exchange with DEs.
Nobody has choséheoptiondl dondt docume mseefigu@?. &%sc hange
result ispositive butdoes not fullymatch the results fadKE question 4: Timepoint of
documentafisee figre 11). There the answék dondt <cr eaDlasleendoc ume:
chosen once. The questionnaire must therefore be revised before it is reused in order to

avoid any misunderstandirigat might lead to inconsistencies in the survey results.
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KE Question 5: Exchange with domain expertsn =13

How do you document the insights resulting from the exchange
with domain experts (conversations, mails, telephone calls, etc.)?

(Exactly one answer possible. Select the statement with which you most agree.)

D (6) C (5) B (2)
unstructured structured formal

A: | don't document the exchange at all. | keep the exchange in my
head during the modelling, so that the insights are reflected in
the formal model at the end.

B: | document the results directly in the formal model (e.g. using
annotation properties).

C: I document the results informal but in a structured way (e.g.
using natural language and a template).

D: | document the results in an unstructured way (e.g. natural
language notes, meeting minutes, etc.).

Figurd2 Survey results knowledge engineers, question 5: Exchange with domain experts
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3.1.2 Survey results: Domain experts
In the following, the resulfsr both groups oDEs d internal and externBIEs 0 are
presenteth the same way as previouslyHergroup oKEs. The survey data can be found

i n t he BaQupstomrairex anddata of preliminary survey

According ¢ the survey results, the DEs contribute toctleation of ontologies rather
because of their intrinsic motivation than because of external influences. Neither the internal
nor the external DEs contribltecause they were instructeat tiedausgparently everyone
doegsee figuel3and14). Interpersonal relationships are apparently not a decisive factor
either. Only two of the internal DEs (see fidigeand one of the external DEs (see figure

14) have stated that they are motivated bedsydike the people who witidootologihe
motivatingactor that unites almost all DEs surveygaut of 16is that they thinkntologies

are a promising techridiagkind of motivation is appreciated in the context of the
documentation comegt. It is assumed that convinced DEs are nkefg to contribute to
documentation than DEs that participate due to external compulsiare of the
additional free text responses, the intention to pass on domain knowledge to the KEs is even
explicity statecas motivatiod |  w o u Islthre Iny doreaintkrmwledge with experts for
buil di ng (seentab®). The athersfrée text entries of the DEs surveyed again
reflect the focus on FAIR data and data integration (setabtk3).

The secnd majormotivation factor is the urgel&arn new things, bo#tbout ontologies as a
technol@gndaboud n @v@emaiim exchange with othgisB&&guiel 3and14). Altogether,

10 out of 16 DEsre interested in learning more about ontoldepeshe documentation
concept, this meatisat a separation into two documentations by default, one for KEs and
one for DEs, is notecommendednstead, a common documentasbiouldbe created

that covers both subjedlated content and content relate#nowledge engineering. In

this way, DE can use the documentation to acquire knowledge about their domain and
about ontologiedsf the knowledge exchange from KEs towards DEs is not desired by the
company, e.g. for efficiency reasons, a separatianingmodiuced when implementing the
documatation conceptor example, it is conceivable gegiarate views are implemented

so that DEs can see components such as alternative labels and definitions, but no

components with regardfarmalizatiorissues.
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DE internal Question 1: Motivation n=11
What is your motivation for contributing to the creation of ontologies?
(One or more answers possible. Optional: Additional free text entry.)
11
10
8 9
C
g 8
()]
o 7
2 6 ]
‘©
g 9 ]
B 4 -
3 3 —
£
z 2 | ||
1 | || -
0
A B C D E F G
Answer option
A: I have to do it because I've been instructed to do so.
B: |like the people who work on the ontology.
C: I think ontologies are a promising technology.
D: Because apparently everyone does.
E: I would like to learn more about ontologies as a technology.
F: 1 would like to learn more about my domain and
exchange knowledge with other domain experts.
G: Other (optional free text entry)

Figurd3 Survey results internal domain experts, question 1: Motivation

Optional free text entry for G: Other
| think they would build an important basis for the very needed ¢
integration.

Best way to achieve digital age¢adget of transparency and FAIR
data

For integration of clinical studies harmonization of data is essen
ontologies are a promising concept to achieve this harmonizatig
| would like to share my domain knowledge with experts for buil
ontologes.

Table: Survey results internal domain experts, question 1: Motivation (free text entries)



Selective insights into corporate reality Paget4

DE external Question 1: Motivation n=>5

What is your motivation for contributing to the creation of ontologies?
(One or more answers possible. Optional: Additional free text entry.)

5

Number of positive responses

A B C D E F G
Answer option

| have to do it because I've been instructed to do so.
| like the people who work on the ontology.

| think ontologies are a promising technology.
Because apparently everyone does.

| would like to learn more about ontologies as a technology.

| would like to learn more about my domain and
exchange knowledge with other domain experts.

G: Other (optional free text entry)

Tmoow>

Figurd4 Survey resaiternal domain expeestionMotivation

Optional free textentry for G: Gther
Because these models represent thevoeldl models and facilitate
data exchange

Table: Survey results external domain experts, question 1: Motivation (free text entries)
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Almost all DEs survey@&xpect ontologiesktonwioe background to irtipoteraction between

IT systenisee figuel5 and 16)Once again, the objective of data integration is evident.

With regard to the documentation concept, another expeahthe DEs is of interest.

More than half ofhe DEs surveye@, out of 16expect to be able to work directly with ontologies

to gain knowledge about a(seenfigui€l5 and 16YOne of the additional free text entries

is:01 e x p e ct ormadion oreexplanatior of data,fwhichiscurlery not avail a
(see table 4)To meet this expectation, ontologies must provide correct and helpful
definitionsas well asontextual informatiohe documentation concept can support this

by enabling & recording of such information from the out$etefinitions and context

information are gathered, recorded and improved from the start, they can be more easily

included in the formal model later.

The other two free text entries in table 4 indicatelXBat expect productive use of
ontologies in thdistant future rather than in the near future. This fits with the results for

DE Questid Current agef ontolegshown in figurel7 and 18\one of the DEs surveyed

uses ontologies in a produdiivefwhe respondents stated thatblogiae not part of their

daily work as far as they Miostvof the DEs surveyerse ontologies within a proof of concept to
test whether a productive usagedsideasii® DEsuse ontologies to haculhae with the
technologyese results cbrm why the focus of this thesis is on the creation of new
ontologies (see chamét.10bjectived a2mMdProdeds) . Ont ol oguseels ar e
productively in the groups surveyidwy arewrrently (2018/2019) being created and tested
within proof of concepts. Therefore, the documentation of ontelagytias for the time

being less urgent than the documentation of ontoleggion
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Number of positive responses

DE internal Question 2: Expectations n=11

What do you expect from ontologies for your daily work?

(One or more answers possible. Optional: Additional free text entry.)

11

10

©

SO =~ N W b 00O N @

A B C D
Answer option

A: | expect them to make my job easier.

B: | expect to be able to work directly with ontologies to gain
knowledge about a domain (to see definitions,
to understand context, etc.).

C: | expect ontologies working in the background to improve
the interaction between the IT systems | use.

D: Other (optional free text entry)

Figurd5 Survey resulternal domain experts, question 2: Expectations

Optional free text entry forD: Other

| expect to receive information or explanation of data, which is
currently not available.

| expect that it will take much more exploratory work and efforts
before onttogies will have a significant impact orodaily lifé as
Data Managers, Data Scientists, Data Engineers, etc.

On the long term and in addition with other technologies

Table: Survey results internal domain expertsEgpestatiogs (free text entries)
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DE external Question 2: Expectations n=5

What do you expect from ontologies for your daily work?
(One or more answers possible. Optional: Additional free text entry.)

5

Number of positive responses

A B C D
Answer option

A: | expect them to make my job easier.

B: | expect to be able to work directly with ontologies to gain
knowledge about a domain (to see definitions,
to understand context, etc.).

C: | expect ontologies working in the background to improve
the interaction between the IT systems | use.

D: Other (optional free text entry)

Figurd6 Survey reseiernalomain experts, question 2: Expectations
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DE internal Question 3: Current usage of ontologies

For what purpose do you currently use ontologies? n=1

(One or more answers possible. Optional: Additional free text entry.)

11

10
0
2 9
5
g 8
[%2]
o 7
2 6
‘©
Q 5
S 4
3 3
g
> 2

1 I ]
0 ]
A B C D E

Answer option
A: | don't use ontologies in my daily work (as far as | know).
B: | use ontologies to become familiar with the technology.

C: | use ontologies within a proof of concept to test whether
a productive usage is feasible.

D: | use ontologies in a productive way.

E: Other (optional free text entry)

Figurd 7. Survey results internal domain experts, question 3: Curogigsisage of ontol

Optional free text entry forE: Other
| had first contact with ontologies during an Al project ([project
name]) and a [project nameise case as business contributor.

* Editords note: Company internal
orignal response.

Tablé: Survey results internal domain experts, question 3: Current usaget eihtrieslogies (free
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DE external Question 3: Current usage of ontologies

For what purpose do you currently use ontologies? n=>5
(One or more answers possible. Optional: Additional free text entry.)

5

Number of positive responses

A B C D E
Answer option

A: | don't use ontologies in my daily work (as far as | know).
B: | use ontologies to become familiar with the technology.

C: | use ontologies within a proof of concept to test whether
a productive usage is feasible.

D: | use ontologies in a productive way.

E: Other (optional free text entry)

Figurd8 Survey results external domain experts, question 8f Gulokgiesage

Optional free text entry forE: Other

| develop ontologies as proof of concept, with the move to prodt

Tablé: Survey results external domain experts, question 3: Current usage of ohtologies (free text entries
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The last two questions that have been presented to the DEs relate to the exchange with KEs.
They have been asked to rank the given communication channels according to their personal
preference (ségures 19and20). In case of missing preferred wafyexchange, the DEs

have been asked to add a free text entry (see tatdiS).

Most internal as well as most external DEs deefésface meetingbh KEs. This way of
exchange leads to some advantages amehgbalfor the documentation. Oneaaudiage is

that DEs and KEs can discussueslirectly before adding anything to the documentation.

This way, misunderstandings can be clarified before they are recorded explicitly. As described
i n ¢ hkaKnoeledg®q arirgy tknowledge througlocializatioms an important step,

also for the subsequemtternalizationf knowledge. In this respect, ft@éace meetings

are very usefuht the same timehis means that externalizatiofydakes place when the
documentabn is created, not during the exchange. This is a challenge as the documentation
requires additional effort under these circumstances. Such losses in efficiency may be
compensated by reducing faeéace meetings to aeffective minimum. The
documentatio concept can support this by recommending, for example, that alternative

labels should be documented directly by DEs. No meeting with a KE is required for this.

According to personal experience, -fadace meetings lkao another challenge for
documerdtion. In the course afieetingshandwritten sketches are often made on paper or

on whiteboards in order to illustrate relationships between concepts. This way of initially
unstructurecexternalizatiomust somehow bepresented in the documentation egmic

The challenge here is to weigh upthesistencgf documentation and the effort required.
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N

DE internal Question 4: Exchange n=11

Which way of collaboration do you prefer
when exchanging with knowledge engineers?

(Rank the given options by using Drag&Drop or the arrows.)

Face-to-face 1st 2nd
meeting (8) )

Voice call

Chat

Video call

E-mail

Document on I 6th 7th
a shared drive [H§)) (4) (1)

1st 6th 7th
Other (1) (1) (8)

Firstrank 1 B B B O O O Lastrank

Figurd9 Survey results internal domain experts, question 4: Exch

ange

[ejo) yuey

-

N

DE external Question 4: Exchange n=5

Which way of collaboration do you prefer
when exchanging with knowledge engineers?

(Rank the given options by using Drag&Drop or the arrows.)
Face-to-face 1st
meeting (4)

2nd
(2)

Video call

Voice call

2nd
Chat ) 2

Document on 2nd 6th 7th
a shared drive (1) (2) (1)

6th
()

E-mail

7th

Oth
er @)

Firstrank B B B B O O O Lastrank

Figur@Q Survey resekterdaomain experts, question 4: Exchange



Selective insights into corporate reality Pageb2

Optional free text entry
GitHub or similar containing documents and ontologies togethet
would be a preferred exchange platform for me.

Tabl&: Survey results internal domain exjperts, Qpéstial clarification on Que€tibard

Optional free text entry
A collaboratory development environment like github.

Table: Survegsults external domain experts, question 5: Optional clarificafi@tlwer Question 4

In terms of popularity, the fat®face meeting is followed by the three communication
channelsvoice catthatand video caltee figue 19 and 20). Accordinglthe rather
synchronousxchange is more popular than the asynchronous exchangaimiaocument
on a shared digee figuel9 and 20). The latter is usuatyindirecteccommunication
while the more popular ways correspondiitect communication between individuals.
Electronic bat groups and channels represent an intereéatiai, since they allow both

the direct addressing of individualstaedommunication to a defined grafppeople

It is a challenge for documentation thegctommunica@oml, in the cas® faceto-face
meeting and calls nonwritten commuioicas preferred After all, the documentation
contradicts these paradigaigcharemore typical for sociaditton than for externalization.

In other words, documentation is more likedgcument on a shared drive that contains
codified knowledge andascessible to many individuals at any time, than be-flace
meeting that takes place between indigidxahanging tacit knowledhgat is not easily
accessible to othefie following can be derived from ttegardinghe implementation

of thedocumentation concept: For an electronic implementation, the documentation should
include elements that ammitar to chat channels instead of being purely doctvamsad.

For example, for each concept a written discussion via chat could be enaltlestdkdtcha

is indeed less structured than a document that strictly prescribes how a discussion should be
conduced and documented. Buthat recoris still better than a phone call or meékiag

is not documented at dfl.addition,open chats allope@leto contributevhose expertise

was previously unknowrhis is not enabled by pe¢espeercommunication.
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The additional free text entries in taBland 8 show that some D&lsoprefertools from
the area of software development. \@ithiut®theyrefer to one of the established hosting
services for the version control sysgitii Since nbonly KEs, but also some DEs operate
with such tools, the implementation of the documentation concept nrestafareenable

access via a Git repositoryasimilarsolution

18 Further informatiomn GitHubcan be found on the compé@nwebsite:
GitHub (2019)T he wor | dds | e adi n@nling]l.oAvdilabla dtes://dignubedmbd p me n t pl
(Accessed 2012-18).

19 Further informatin on Gitcan be found on the Git community website:
Chacon, Scott; Long, Jason; Git community @itf@hline]. Available attps://git-scm.com/(Accessed
201902-18).


https://github.com/
https://git-scm.com/
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3.2 Archetypal knowledge engineers and domain experts

As the survey resultsvieaalready shown, there is no such thiriiheon&knowledge
engineer or domain expérhere are differefqteople working on the creationdadferent
ontologes with differentbjectives andpproachesnder different condition$o illustrate
this, in the followingo-calledsssumptiparsonase presented.

3.2.1Persona method

The concept of the persona was introduced by Allan Cooper in the contexdax his
Directed Deswggthodand popularizeith his1999 boold he Inmates Are Running the:Asylum
Why Higitech Products Drive Us Crazy and How to Resto(€fthBaStaritgt al., 2015,
p.41; Coope 1999; Pruitt and Adlin, 20061p) In this hedescribes personas as follows:

oPersonas are not reall peopl e, but t hey
hypothetical archetypeal afsges. Although they are imagiasygdfieed with significant
rigor and precision. Actually, we dondt s
of the investigation process. We do, however, make up theirchantegGodpgersaomal
1999, p124)

In otherwor d s, personas oOare detailed descripti

wellunder st ood, highly s p(RutiahdiAdlid, 2006 p.dheabout r
persona method is suitable for the development and communication of the documentation
concept because of its benefP®uITT and ADLIN describe tha as followqPruitt and

Adlin, 2006, pl4)

1 oPersonas make assumptiomklarowledge about users explicigtang a common

language with which to talk about users meanir@fully.

1 oPersonas allow you to focus on and design for a small set of specific users (who are

not necessarily like you), helping you make better detisions.

{1 dPersonas engender interest and dmpadvard users, engaging your team in a way
that other representations of user data ca&nnot.

Since neither detailed nor extensive data on the target groups KEs and DEs are available, a
special form of the persona meth®appliedso-calledassumption personas also known
asprovisiongérsongd€f. Goodman et al., 20124g4) If the datedriven approach is not

feasible, the creation agsumption personessrecommende(Cf. Pruitt and Adlin, 2006,

p. 150) Although they are less robustytlsll provide advantages describedbove At
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first, the assumptions personas presented here are used to make the assumptions explicit.

Then they are used to develop, evaluate and communicate the documentation concept.

3.2.2 Creation ofassumption personas

The assumptions expressed as peyswabased orpersonakxperiencegained while
workingas a KEn collaborationvith DEs and other KEdn order to increase the validity
of theassumptiompersonas, thgreviously presentsdrvey results are taken into account.
In addition, all presentagsumptiorpersonas are validated as recommendeabyr and
ADLIN (Cf. Pruitt and Adlin, 2006, p. 152, p. ZB8s means that tleEssumptiopersonas
are reviewed by real people whoegpeesentatives of the portrayed group. In this process,
eachassumpbn personas presentedvith oneto three representativEsch representative
isinquiredndividually. In order to get a general feedback, they are firshaSked y o u
that te person described in the persona is a colleague me wdrks m th8ghbsequently s
they are asked to point oall those statementkey personally disagreeith. If all
interviewed representatives regectatement in the associadgilimptionpersonathe
statemenisrevised according to their feedbdf a statemeid considered applicable by at
least one representativeeinainsunchangedessential errorgke false factsind spelling

errorsarecorrectedmmediately.

The attributes described in thesumptionpersonas are based on lists dafibates
recommended by literaty@f. Baxter et al., 2015,42; Goodman et al., 2012, $8D
492; Pruitt and Adlin, 200p6p.23®232) Those attributeBave beerselectedhat are
considered relevant and can be described Hpuveled assumptions. Applicatspecific
attributeghenare added for both target grouplse assumptiompersonas presented here
are orientetbwardgractical applicatiaand are not meant tella playful storylherefore,
no photos are included, and the focus is on professional instead of privatd alsleSct
shows the attributes used for the KE andaS&.mptiopersonas.

i mag

you?



Selective insighdscorporate reality

Pageb6

Attributes KE assumption persona

Attributes DE assumption persona

Personal description

Personal description

Working conditions

Working conditions

Relationship teechnology

Relationship to technology

Roles and tasks

Roles and tasks

Work-related goals

Work-relatedjoals

Effects of possible errors

Relation to documentation

Relation to documentation

Information reception

Information reception

Exchange witbthers

Exchange with others

Motivation for contributing to the
creation of ontologies

Approach to ontologyreation

Expectations from ontologies

Approach to documentation

Current usage of ontologies

Tabl®: Attributes of Hesumption personas for both taégjetambege engareddomain expert

Sixassumptiompersonasirecreated for the

two primary target grotlpeefor the group

of KEs and three for the group of DE2econdary and tertiary stakehol(&f.sBaxter et
al., 2015, ®8)are not considered in this thesis. Since the observatiosswangtans as

well as the survey results originate from this enviroriivent,the six assumptiparsonas
are working for globallife science company based in Germéng.sixth assumption
persona is a member of an external working group that eescdantain knowledge with

the company in questidfigure2lillustrates the affiliation of teix assmptionpersonas.

KE1

X

Ina

External
contractor KE3
Arno

Global life science company
based in Germany

External
working group

DE1

X

Conan

DE2

X

Daisy

Figur@l Affiliation of the six assumption personas



Selective insights into corporate reality Pages7

3.2.3 Assumption personas

Knowledge engineer 1

Inatheintover t : o0l get things done. 0

Personal description

Ina is a 3%yearold computer scientist. Shees in Berlin, the capital of Germany. After her
PhD she founded her own stapg company in the field of semantic technologies. She has
been working in the feebf IT innovation for a global life science company for three years

now.

Working conditions

Ina is an internal employee. She works mainly in the afternoons and evenings at her office in
Berlin.

Relationship to technology

Ina is not only experienced inladegawith technology in general. Due to her interests and
her education she also has exterigiowledge in the field of computer science.

Roles and tasks
Currently, Ina is the Subject Matter Expert (SME) in a project. Its objective is to carry out a
proof of concept on data integration using semantic technologies. She takes over project

manageménasks and contributes as a Knowledge Engineer (KE).

Workrelated goals

Her shoriterm goal is to deliver fast results and complete the project succesdielly. In t

long run, she strives to implement innovative business solutions as productive application

Effects of possible errors

In her role as SME and KE she has responsibility for the course of the project. Mistakes on
her part can lead to the failure of thegqzt.

Relation to documentation

The documentation of her work as KE has a low prioritgdas there are other tasks with
higher priority in the projeethich is tightly planned and limited in duration.
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Information reception

Ina apprehends conteamqiickly by reading it. This also applies to the formal representation
of information, such ggogram code. Reading is therefore also her preferred way to learn

new things.

Exchange with others

Ina does not like to interact with others unless there ithgmgrenportant to discuss. She
communicates with the project stakeholders if it is nedessheysuccess of the project.
The interaction with Domain Experts (DE) when creating ontologies is limited to the
minimum. If real time communication is neesleel prefers voice calls with a shared screen

and chat over fadge-face meetings.

Approach ¢ ontology creation

Ina is involved in the creation of three ontologies. The approaches she naddard
andbottomrup. Her focus is on data, the assatidéta sources and systems. Resources

such as literature or people are ofilleass er est t o her . Fast result
fast creation of working prototypes and solutions for certain use cases. In return, she accepts
that the resulting knvledge models are less perfect.

Approach to documentation

Ina documents her woon the knowledge model only after she has finished the first version

of a formal model. During the previous process steps, she does not write any documentation.
| nads tdtiorctakeseplace directly in the formal model. For this purpose, she uses
especially annotation properties.
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Knowledge engineer 2
Cora the communicative: OMy models hold wat

Personal description

Corais 22 years old and has just finished herbaéhelo degr ee i n i nfor mat
Cornell University in the state of N¢ark, USA. In her first neaniversity job she works
for a consulting and IT service company.

Working conditions

Cora works 5@ as an external contractor for a life scienegpaoy based in Germany.

She works from her home office in New York betweeradrdpm. As she is located in

the Eastern Standard Time Zone, her working hours differ from those of her colleagues in
Germany.

Relationship to technology
Cora is experienceddealing with technology in general. Her studies have also given her an
insightinto computer science. However, she is primarily specialized in the interaction

between humans and technology, less in computer science.

Roles and tasks
As an external contractin a project, Cora works exclusively in the role of a Knowledge

Engineer (KE In this role she creates an ontology for the life science company.

Workrelated goals

Corads main goal ar e -quaktyswiork in thenfteld of knswillge t s . T h i
engineering, she wants to strengthen the reputation of her employes aciui¢ke follow
up jobs from her clients. In the long run she wants to contribute to a stable and homogeneous

Linked Data landscape in the contracting companies.

Effects of posible errors

Mistakes made by Cora can jeopardize the success of the peojectvetking for.
However, this alongouldnot beenough to cause the project to fail.
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Relation to documentation

Cora primarily creates documentation to record and organ&rhwork. She wants to

record the valuable exchange with domain expedsa#lzn external, she must be able to
demonstrate progress in regular meetings as defined by project milestones. Secondarily, she
creates documentation for future readers ateshial successors.

Information reception

Cora understands complex content bg&xplaining it to others in conversations.

Exchange with others

Cora seeks direct exchange with Domain Experts (DE) and other KEs. She prefers video or

voice calls, ideallyith a shared screen, over-steaded communication.

Approach to ontoloqy créan

Cora is currently creating a single domain ontology. She appiiekligs@ut approach.

Her focus is on existing vocabularies and standards as well as on input byiliBEs. Res
results are Corads mai n ¢ dhatlfitsinto theoveradlhe cr e
picture. In return, she accepts that more time has to be invested.

Approach to documentation

Cora starts the documentation of her work on knowledge mddedsshe creates a formal
model. She documents insightermally but in a structured way by using a template and
natural language.
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Knowledge engineer 3
Arno the architect: o0l keep the big picture

Personal description

Arno is a 5%earold conputer scientist with a PhD. In the first half of hisgesional life,

he worked fultime in research and teaching with focus on semantic technologies. Then he
switched to the private sector. For the past five years he has been Enterprise Architect of a
global life science company.

Working conditions

Arno woks fulltime as an internal employee in his office in Berlin, Germany. He likes to

start working early in the morning so that he can spend time with his family in the afternoon.

Relationship to techlomy

Arno is very experienced in dealing with techesloggeneral and has profound knowledge
in the field of computer science. As a former researcher and lecturer, he still keeps track of

the current state of research and is able to pass on his gadwietthers.

Roles and tasks

Arno is responsible forghdesign and implementation of an optimal data and information
landscape. This applies both to the technological infrastructure and to changes in the
organizationatructure and culture. Since hetasamimplement semantic technologies and
Linked Data pnciples, he also performs the tasks of a Knowledge Engineer (KE) himself.

Workrelated goals

Arnos main goal is the fast enhancement of the data and information landscape by
incremental improvemenis.the long term, he wants to implement the overad, gogh

as enterpris@ide data integration. His mission is to ensure that the right information is
available in the right place at the right time.

Effects of possible errors

Since Arno makes fundamed decisions, his actions have a great infldenoethe
achievement of his own objectives as well as on the achievementtjettives of others.

For example, the success of I nads project
Possible may errors by Arno can have a ldagn impact on the datand information

landscape and thus on the success of the company.
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Relation to documentation

Arno creates and encourages documentation to promote the exchange across departments.

He considers sharddcumentation as one way to avoid silo thinking.

Information reception

Arno conceives complex contexts most quickly with the help of visual representations such
as diagrams.

Exchange with others

Arno generally seeks exchange with colleagues. Regaiidipiethentation of semantic
technologies, he interactemarily with decision makers and KEs, less with Domain Experts
(DE). He prefers testiased communication, such as chat andileover remote or face
to-face meetings. He considers the former to bre eficient and values asynchronous

communication.

Approach to ontology creation

Arno does not focus on individual ontologies or domains. He supervises the network and
hierarchy of all ontologies across divisions within the entire company. As KE he works
conceptoriented rather than domainiented. This mear® first examines important
concepts individually and then decides in which ontology the concept is to be defined. For
fundamental design decisions, he follows theddep approach. As an Enterprise
Architect, however, he is also responsible for enshaintpe data is properly integrated,

for which he uses th®ttom-up approach.

Approach to documentation

If Arno himself is working on an ontology, he documents during the creation of the formal
model. He records insights from the exchangeatlhitrs in an unstructured manner, for

example in notes or meeting minutes. His documentation can be viewed by others.
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Domain Expert 1
Conan the committed: o00Ontologies are the so

Personal dseription

Conan is 44 years old. He has a Phpharmacy and works in the pharma industry since
his graduation. For the last five years he has been working in the Regulatory Affairs
department at a life science company in Berlin, Germany.

Working conditins

Conan has a nirte-five job as an internamployee with an office in Berlin.

Relationship to technology
Conan has basic knowledge in dealing with technologies. When confronted with new

applications or paradigms, he needs some time to become famthemnw

Roles and tasks
In his role as GoveamceManagelin Regulatory Affairs, Conan must ensure that the
information required to register a pharmaceutical product is accurate and complete.

Work-related goals

Conands main obj ecissionseotdrug applicasonscas evell s thd sub
effective communication with health authorities. For him, ensuring compliance has higher
priority than rapid innovation. He therefore needs to be ensured that compliance and data
quality will not be sacrificedfavor of efficiency in the development of n@wsolutions

and processes. Only if this prerequisite is fulfilled, Conan supports the replacement of
manual processes by samtomatic ones.

Relation to documentation

Conan actively reads the documentatidheoKEs and adds input to the documentation

on his own initiative.

Information reception

Conan is accustomed to reading structured information, especially in the form of
spreadsheets. In addition, he likes exploring interactive visualizations byithosethe
need of the guidance of a KE. Héterested in the fornrapresentation of the exchanged

knowledge but does not intend to fully understand the formal model.
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Exchange with others

Conan is happy to answer any questions iickd@ee meetigs as well as via chat. He

actively introducesew aspects to the discussion and provides advice regarding existent
relevant guidelines, such as internal standard operating procedures, external standards or
regulatory requirements. Thereby he focusesomahe general concepts and less on the
associted data. As a sceptical person, Conan always considers possible exceptions and
challenges.

Motivation for contributing to the creation of ontologies

Conan considers ontologies to be a promising technaddye ttvould like to learn more
about. Not only does he want to share his knowledge with Knowledge Engineers (KE), he
also likes to exchange knowledge with @tharainExperts(DE) to learn more alu his

own domain.

Expectations from ontologies

Conan expets ontologies to facilitate his daily work, for example by enabling smarter search
functions. He is especially interested in data integration, which ideally allows him to easily
access data regaglia product over its entire life cycheom the first esearch steps via

clinical studies to approval and pharmacovigilance. In addition to the use of ontologies in
the background of IT systems, he also expects to be able to work directly witlothem. In
words, he would like to use ontologies to searafefmitions and to better understand
contexts.

Current usage of ontologies

Currently, Conan does not use ontologies in his daily work. However, he is invDIZed as a
in a project that creates ontologies as part of a proof of concepth&hests todker
with the other project stakeholders whether a productive usageafiesislfeasible.
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Domain Expert 2
Dai sy the Data Scientist: oOnt ol ogies are

applications. 0

Personal description

Daisy is 34 yearsoldandaas mast er 0s degree in bioinfor ma
eight years ithe field of clinical research for a life science company based in Germany.

Working conditions

Daisy works pattme as an internal employee in her office located in Berlin.

Relatonship to technology
Daisy is very experienced in dealing with technolggpéral. Moreover, she has extensive

expertise in statistics and data science.

Roles and tasks
As a data scientist, Daisy applies methods and algorithms to both structured and
unstructured data in order to gain insights.

Work-related goals

Dai sy onent,dbnwa $tudy Analysignalyzinglinical data in order to understand
the effects of drugs regarding specific diseases and therapies.

Relation to documentation

Daisy preides brief and concise written input that can be used for documentatieveitio
she does not add content directly to the documentation on her own initiative.

Information reception

Daisy prefers structured, compact texts to apprehend content. Besitiless st apply

new content directly in order to understand it in a @hetiy. Regarding ontologies, she
prefers to apply formal models in a sandbox environment by herself rather than just to see a
demonstration.
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Exchange with others

Daisy shares h&nowledge, but only when she is consulted with concrete questions. She
expesses her knowledge and requirements from a hgitparspective because she works
primarily handsn with data. Since Daisy occasionally uses software development
applicationsshe prefers to access documentation and formal models via a shared Git
repogtory. If written communication is not suitable, she prefertoféaese meetings over

video or voice calls.

Motivation for contributing to the creation of ontologies

Daisy thinkentologies are a promising technology and would like to learn moreeahout th

The exchange with otheomainExperts(DES)is less decisive for her.

Expectations from ontologies

Daisy expects ontologies to work in the background to improve the imd&eivteen the

IT systems she uses. She is expecting a data integratiat #iatv her to easily find

relevant data and publish data collections she has created for other data scientists within the
company. Dai syods i de actordingto acbnaron ontblegy dodel a ar e
and in a consistent format like RDFe 8bes not expect to work directly with ontologies to

acquire knowledge about a domain.

Current usage of ontologies

Currently Daisy does not use ontologies in her daily work. étpgevis involved aBD&
in a project that creates ontologies as part of a proof of concept. There she tests together
with the other project stakeholders whether a productive usageafiesislfeasible.
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Domain Expert 3
Erniet h e e x We shae adr knowbedge to jointly turn translational life sciences

into reality. o

Personal description

Ernieis 62 years old. He has a PhD in chem#stsr his studies, he continuedduiscation
in the field of statistical analysis. In this field he hasvbedng for over 10 years for a life
science company based in the United Kingdom.

Working conditions

Erniehas a ning¢o-five job as an internal employ¢e.spend40 % of his workag time in
the external working groupranslational Life Sci@i®f°. There, he contributes as
Domain Expert (DEJjo the integration of clinical data by means of Linkedpbiataples
and semantic technologi€se web conferences of the working grate held during the
day. However, most of Er@envolvement takes péaoutside regular office hours.

Relationship to technology

Ernieis used to dealing with technolddg.is familiar with both computeased statistical
analyses and technical latmyainstrumentdn the context of his participation in the TLS
workinggroup, he is currently learning how to work with software development tools such
as Git.

Roles and tasks

As an analyst in the department Statistical Programming, Ernie analydedatdinic
identify trends and patterns. A part of his work is to trarastedata into the data models
of variousestablished industry standards and vice Werge working group TLS, it is
Ernieds task to contribute his knowl edge.

Workrelated goals

Erni eds o blLSavorking greup is to achiéve together wighdther members
results which are beneficial for all participatiggnizationgdis employer expects that the
results will enable the company to better utilzie data anéxchange data with other

organizations in a standardized way.

20 TLS is a fictional working group. It reqaets the existing working groups that apply Linkidobaciples
and semantic technologies inftalel oflife science
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Relation to docuantation

Ernie does not actively participate in the documentation of TLS, although the workgroup
expects this from its membdtmieexpects the Knowledge Engirse@ESs) to collect and
utilize his input.For him, thedirect exchange with otheDEs comesfirst. Since
documentation is of little interest Erynie his personal documentation consists

unstructured notes that he writes on the side.

Information recepbin

Ernieprefers clear visualizations that are explained to him in conversation

Exchange ul others

Ernieshares his knowleddering weekly web conferenhekl by th&' LSworking group.
He prefers to explain facts in conversation with the help aftpteseslides.

Motivation for contributing to the creation of ontologies

Ernieshares hisnowledge because he considers ontologies to be a promising technology to
achieve data integration and harmonizaiesides, he would like to learn more about his
domain by exchanging with other DEs.

Expectations from ontologies

In the long runErnie expects ontologies to contribute to making his work easier. He does

not assume that he will work directly with ontefogi

Current usage of ontologies

Currently Erniedoes not use ontologies in his daily widdking meetings with the KEs,
he is interested the overall development of ontologies, to which he contributes as part of
a proof of concept. Using the inputld KEs, he also tries to apply parts of these ontologies

himself in order to integrate data on a test basis.
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3.3 Findings

The assumption persamnshow that documentation is needed to explicitly preserve and share
knowledgePlainlythe different working hourgquireasynchron&newledg&chandgeor
instancelna and Arno work at different hours of the day, while &wr&rnie areven

locaed in differentime zone.

Besides, there are different levels of experience in dealing with technology. &hile Ina
Arno are experienced computer scientists, Conan needs time to get usedftoaev
applicationsThus, the implemented documentationcepshould alsbeaccessible to people
with little technological experience

Different types of information peesentation are preferred by the assumption personas.
Arno and Ernie prefer visualizations, Ina formal statements, Cora structured dtonment
using natural language. The documentation concept should therefore not only allow natural
language text, but addition alswisual and formal elerdemtsver, the focus remains on
structured documentation using natural language as explaiaegg r2ehbDoci@mentation

concepd .

Not all people involved agenployees of the compafor which the ontologies are created.

In addition to internal employees, external contractors such as Cora and&dékeal
Erniealso contribute to the creation of ontolodtes.the documentation concept, this is
relevant,since different regulations may exist regarding access to related data and
information.Potential reasons for this are intellectual property, pov&tysecurity. In

other wordsthe documentation concept must proadeptionto record anpccesstools

or confidentiality classifications

Further restrictions on the use of resources such as data, standards, vocabularies and
literature may existid to applicableens@hese are relevant, for exampheendefinitions

given in literature or expé&s of controlled vocabularies are adopted during ontology
creation.
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A key observation is that the KBs the one hando not necessarily work wétiocus on

one ontology at a tim@Vhile Cora concentrates on a single ontology, Ina works on three
ontdogies at the same time. Arno in turn works cofeegptted in the context oha
ontology etwork.DEs like Daisy and Ernie, on the other hand, ssdrérested in what
particular ontologies they contribute to. They answer questions about conepscand
their input to be used to create ontologies that will improve data intelgratewa.of this,

the focus of the documentation concept shoelldrbindividual concepighis enables all
presented assumption personasdke use dhedocumentation concefiwo alternative

but less suitable approaches are briefly presenteda p p:eAfiednatixe déementary
reference unids.

The @nceptiented documentatthe advantage that it ¢enapplied to alhodeling
approache€oncept s dhe bwestocomman de@Enydat@r al |.THBEs and
granularity allows concepts to be congidaddvidually or in sets. Sets of concepts can be
createdandsplit more easily than witietalternative approacihigscussed in the appendix

Individual concepts can be part of several sets without having redundant information about

a concepftlhe exaatletermination of the documentary reference unit is described in chapter

& Documentation concépt It also discusses the situat.i

identified, but only a settefmsis availablatfirst.

The following tables list the findings derived from the selective insights into corporate reality.
Table 10 contains thelevant information per, cendcegtateshaneeds to be documented

for each conceptable 11 shows thelevantfarmatiqrer resours@esource in this context

is any nofhuman source of data, informatosiknowledge. This includes data setsc&:g.

file, file containindormal vocabulary), data storage locafmg. relational database, triple
store), softare appliations (e.guser interface with predefined views of datgbases
electronic and printed publications (e.g. websites, journal articles, stéfidierdsible 11
statesvhaheeds to be documented for each resource, Palilsttates this faxemplary
resourcesTable 13 contains general aspects that must be considered when creating the
documentation concept. In the broader sense, thekeamentation prindipé&sstatbow

the documentation should be done.
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Finding Derived from 4§
Title offinding Description of finding Survey results Assumption persona|
Enable documentation ¢
alternativelesignators Considered relevan
Alternative including synonyms, by KEs (see figure
labels quasisynonyms, Y 10 9
abbreviations and '
multilingual labels.
context information, 1a| Considered refevant LI LI e
Context relationships to other by KEsl(()s)ee figure to better understand
concepts. ' context.
bciné;d(es reeed fze:fr\éa{'( Conan expects to bd
— Enable documentation d 2. 9 able to use ontologig
Definition definifons and expected by DE to search for
' (see figures 15 and o
definitions.
16)
Conan expects
Enable documentation d Considered relevan definitions and
exolanations which are by KEs (see figure 1(  context. Detailed
Explanation P ' and expected by DE explanations can
more detailed thanshort ' .
L (see figures 15 and| support this and hel
defintion. ) .
16) to fill any gaps in
knowledge.
Identifier Enabledocumentation of Considered relevan
identifers. by KE (see table 1).
Enable documentation ¢ Considered relevan Ina considers data,
Related relateddata sets, data by KEs (see figure datasources and
data storage locatiorand y 10) 9 systems for the
software applications. ' bottom-up approach.
Enable documentation ¢ Considered relevan
Related related people, e.g. KE{ by KEs (see figure
people DEs, data owners, datg y 10) 9
stewards, process owne '
Enabledocumentation of
Related related use case and| Considered relevan
use case related compenhcy by KE (see table 1).
questions.
Enable the
Related documentation of relatef Consideredelevant
literature literature that is relevan by KEs (see figure
to the subject or the 10).
implementation.
Enable the
Related documentat|on of relatey Considered relevan
. vocabularies and '
vocabularies | by KEs (see figure
standards that are relevi
and standrds ; 10).
to the subject or the
implementation.

Table.0 Findings derived from insights into coydoralevesdlinformation per concept
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Finding

Deri ved

from 6

Title of finding

Descriptiorof finding

Survey results

Assumption personal

Accesgontrol

Enable documentation ¢
access conditioffier
resourcewhich are
protected by access

control.

The botom-up
approach is most
common among the
KEs (see figure 8). Iy
the course of this,
protected data sets
data storage locatiorn
and software
applicationsnay be
used.

Ina considers data,
data sources and
systems for the
bottom-up approach.

Confidentiality

Enable documentation ¢
confidentiality
classification for
resources.

The bottomup
approach is most
common among the
KEs (see figure 8). Iy
the course of this,
classified datnd
informationmay be
used.

externals like Cora af

Involvement of

Ernie Different
confidentiality rules
may apply to interna
and external parties

License

Enable documentation ¢
licenseconditionsor
resources.

KEs consider
resources such as dg
literatureyocabularies

andstandardas
relevant (see figure
10).The permittd use
of those resources
may be determined &
licenses

Tabld 1 Findings derived from insights into corgoralevesdlityformation per resource
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REHOUTEE Resource AEEES Confidentiality License
type control
Software | Substance dashbog Available in Internal -
application| 6SubDasgh company network
Data Substance databas( Individual Restricted -
storage o0SubDB permission
location and completed
training required
Webpage | Intranet articl&@Our | Avaiable in Internal -
Top 10 Substafices| company networlk
Webpage | Wikipedia article No access contrd Not classified | CC BY-SA 3.0
0Chemical subsfang Unported
License
Electronic | Standard Available via Not clasified Copyright
publication| dISO 11615:2047 | companyinternal protected.
standards library Unauthorized us
prohibited.
Permissions
granted by ISO.
Data set | RDF/XML file No access contrgd Not classified | Attribution 1.0
oFriend of a Friend Generic
(FOAF) vocabulary (CC BY 1.0)
Print B o o Rharmacedtiq Available vitZlew | Not classified Public domain
publication| lexicon: a dictionary York State Librar (published 1873)
pharmaceutical $tig among others
Data set | Excel file Password Restricted -
Osubstances&isx | protected

Tabld 2 Denonstratiorttedproperties access control, confidéotinigr axémplary resources
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Finding

Der i

ved from 4

Title of finding

Description of finding

Survey results

Assumption personal

Additional
visual element

Enable texbased
documentatin to be
supplemented by
illustrations.

DEs prefer facéo-

face meetings (see€
figures 19 and 20). |

the course of this,
sketches are made

Arno and Ernie prefe
visual representation

The people involved
have different
approaches and

communication to an
effective minimum.

Concept Use single concept as o
oriented main documentary refg?éi((::“evlej?ﬁ t/:/rr::gh
documentation reference unit. is considered by all
KEs and DEsis the
single concept.
Egae?vlveeglrﬁﬁteexggﬁgg( DEs prefer direct | Daisy only contribute|
Direct involved. at besgﬂovsin exchange, either non to the documentatior
exchange paradigims of electrongi]c textbased such as if she is consulted
> faceto-face meetings with concrete
between chats, in order to reducy and calls or textual vi questions. fierefore,
people norttextual

electronic chats (se¢
figures 19 and 20).

direct addressing mu
be possible.

Distribution of
workload

Provide recommendatiol
on who can document
what independentlyhe
objective is to increase
efficiency by reducing th
time spent in meetings {
an effective level.

DEs prefer fac¢o-
face meetings (see
figures 19 and 20).
However, they can
document some
information
themselves without
having a meeting.

Ina limits exchange
with DEs to a
minimum. Ano
prefers texbased
communication
because he conside
it to be more efficient
and valug
asynchronous
communication.

Multilingualism

Consider the option tha|
a multilingual ontology i
createdEnable
documentation of nature
language content in
different languages.

Assumption based o
the fact that
alternative labels ar¢
considered relevant
KEs (see figure 10),
However, KEs have
not beersurveyedor
multilingualism.

One
documentation
for all target
groups

No separate
documentations for DE¢
andKEs. Instead,
common documentatior
with optional separatior|
between
1 subjectrelated content
(DE knowledge) and

1 content regarding
knowledge engineering

(KE knowledge).

DEs not only want to
gain domain
knowledge, but also
learn more about
ontologies (see figes
13 and 14).

Conan also wants td
see formal definition

without claiming to
fully understand then

Daisy likes to apply
models by herself in
sandbox environmen

Table is continued on the next page.
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Continuation of the table on the previous page.

Enable documentation i
different levels of detail

Two levels of T detailed for

The main goal of KE§

Cora aims foresilient
results and documen
regularly, while Ina

. can be both fast ;
granularity comprehenslve results and resilient &'MS for fas.t results
documentation results (see figure 9 and considers
T less detailed for fast 9 documentation less
documentation important.

Tabld 3 Findings derived from insights into cor@bdaizurealitation principles




4  Analysis of ontology engineering methodologies

In the following, ontology engineering methodologies are analyzed in order to derive findings
for the documentation concept. Out of the variety of methodologies proposedurelitera

( s ee a/h pPeoodyiexgingering methodologigs, t wo a WJmfiedsPeocessct e d :
for Ontology BuilflifgON) andhe NeOn Methodalogy

The UPON is selected because it represemdsftinare engineering approach to ontology building
According © personal experience, this approach largely corresponds to the approach
followedin companiesAlthough not alwaya uniform process is pursuétg ontology

creation is nevertheless characterized by the fact that KEs in companies usually have more
of acomputer science than an information science background. This personal observation

is reflectech partsof an empirical analysigMIHINDUKULASOO RIYA, POVEDA-VILLALON,
GARCI-CAsTROandGOMEZ-PEREZ with focus on allaborative ontology evolution and data

quality.

oThe analysis shows that in comamlinitiesd industrial participation is dominant and there

is a strong commercial interestmineity tends to follow more rigorous editorial processes ar
governance procedures. Furthermore,titestamis usat by such communities, for instance,
version control systems, issue trackers, implementation reviews, elchyatieelargely influer
software development tools and\ittioelsgedasooriya et al., 2017, 12)

Another benefit of UPON, according to its authors, is that it covers more processes than
othermethodologies (ségure2?). In this respect, the integral proceksewledge acquijsition
evaluatieand documentateor of particular relevanc® the de@umentation concept in
addition to thentology developnenied processes

The NeOn Methodology is selected tfmee main reasong:irstly, because it has been
developed within a largeale projedhvolvingmany contributorsSecondlybeause it

designed for the collaborative creation of networked ontologies. Thirdly, because existing
methodologies have been taken into account for its developihethiree aspects
correspond to the approach of the documentation coriceptiesignedo suppot the
exchange of knowledge through documentation in the collaborative cresihgte air
networked ontologies, taking into account as many different appimack@sgy creation

as possible.
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IEEE 1074-1995 standard processes Uschold Grininger METHONTOLOGY On-To- UPON
and King and Fox Knowledge

Project management Project initiation - P - + -

processes Monitoring and control P

-
I
I

Quality management - -

Ontology Pre-development Environment study - - - - P
development-oriented Feasibility study - - - + -
processes Development Requirements P + + + +
Design - + + P +
Implementation + + + + +
Post-development Installation
Operation - - - - -
Support - - - - -
Maintenance - -
Retirement
Integral processes Knowledge acquisition P
Evaluation

Configuration management
Documentation
Training

o+
I
o+ 4+
[
oo+ o+

-, unsupported; +, supported; P, partially supported.

Figur@2 A compansof different processes with respect to th&l BEEstE(dicola et al., 2008 74)

The NeOnMethodologys one of theesultso f o0t he NeOn project (I if
net worked ontologies), which was funded by
Programmaender granbumber FP® 2 7 5(SuaréFigueroa, GomeRérez, Motta et al.,

2012, p. x)The NeOn project has started in March 2006 and had a duration o{@fyears
SuareFigueroaetal.,,20101lp. The NeOn consortium has invo
with extensive experience in research and development from United Kingdom, Germany,
Spain, Ital, Sloveniammd F r @&eOn €mject, n.y.B) The project has enabled the

coll aboration of o[s]everal dozef(Ssarepeopl ed
Figueroa, GomeRérez, Motta et al., 2012, pwith backgrounds in academia and industry

(Cf. NeOn Project,n.y.a) The t ec hn ol o geereappliedbthvee difierere d o0 h av
case studies in two vast, transnational dor

(NeOn Project, n.y.a)

21 An overview of the 14 institutions that have formed the NeOn consortium can be found at:
NeOn Project (n.y.lartnef®©nline] Available atttp://neon-project.org/nw/Partners.htnfAccessed
201902-18).


http://neon-project.org/nw/Partners.html
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The NeOn stateof-the-art analysis reghng ontology engineering methodoldgieas
revealed the following 0 Nowadays no met hodol ogy adequat
and context aspect s (BdareHgeetow etrak, 200H1fi) ont ol o
Therefore, the NeOn Methodology has been developed wigoah&t o support t
collaborative consiction and dynamic evolutiohretworks of ontologies in distributed
environments where contextual information is introduced by developers at different stages

of the ontology (@wreEiduerganet al.;f 2007,400 € she O
development of the NeOn Methodology, the thaéeadyexisting methodologies
METHONTOLOGY, OnToKnowleelgnd DILIGENT have been usgdeeappendix®:

Ontology engineering methodolo@igs addition to findings gained in the proj&it
Suare#igueroa et al., 2007 14)

22 Sealsochapteid Btate of the Art on MethodolodiesSuareigueroa, Mari C.; Cea, Guadalupe A. de;
Buil, Carlos; Dellschaft,ld@s; Fernandédpez, Mariano; Garcia, Andrés; Gémémz, Asuncion;
Herrero, German; Monti®lonsoda, Elena; Sabou, Marta; Villdanazas, Boris; Yufei, Zheng (2008)
D5.4.1. HOn Methodology for Building Contextualized Ontol@jgdsdDsbvieble: NEON EUIST-
2005027595; Document Identifier: NEON/2008/D5.4.1/v1.0) [Online]. Availabléttat//neon-
project.org/wekcontent/images/Publications/neon_3)@5.4.1.pdfAccessed 2042-07).


http://neon-project.org/web-content/images/Publications/neon_2008_d5.4.1.pdf
http://neon-project.org/web-content/images/Publications/neon_2008_d5.4.1.pdf
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4.1 Unified Process for Ontology Building UPON

The Unified Process for Ontology BURIQINY has been proposed My oOLA, MISSIKOFF
andNAvIGLI. For theanalysis, two of their publications are considered, as shown in table
14. Howevereference iprimarilymade to the more recent of the two publicagsnsis

more elaborate.

AnalyzedUPON publications

Ni col a, Ant oni o de; Mi ssi kof f, Mi c he

Process for Ont ol obajabseBand Exgeirt ri5gstems LAPpOLStiD
International Conference, DEXA 2005. Copenhagen, Denmark, AugésPP5. Berli
Heidelberg, Springer Berlin Heidelberg6pfii664. DOI:10.1007/11546924 64.

Ni col a, Antoni o de; Mi ssi kof f, Mi c he

approach t o o n tnformatigny Systerasi.34,d na2,g @p.258275.
DOI: 101016/).is.2008.07.002.

Tabld 4 List of thenalyediteratuneegarditige Unified Process for Ontology Building
4.1.1 Overview
The UPON is derived from thénified Software Developmer{TPrdaesbson et al., 1999)
calledUnified Proc@d®) for short and takes advantage of thafied Modeling Language
(UMLY UPON is oOdesigned in accor danmntgogwi t h t h
engineers in the production of(Neolaetalf,f ect i v
2009, p258) It pursues théollowing main objectivéblicola et al., 2009, 269)

T oreduction of time and costs in the prec
(providingalsouteu! gui del i nes for small ontol ogi

T 0enhancement of the quality of iohéfe produ
the intermediate resultsbo

1T 6creation of a methodol ogical setting wh

expertise, are explicitye nt i fi ed and used at besto

M ocl ear i denti fication of the actntvities

expertso

23 Further information oML can be found in:
Object Management Group (2018hat is UML[Online]. Available #ittp://www.uml.org/whatis-
uml.htm(Accessed01901-28).


http://www.uml.org/what-is-uml.htm
http://www.uml.org/what-is-uml.htm

Analysis of ontology engineering methodologies Pages0

T oproduction of intermediate results that
ontologybased applications (e.g., semandcar ¢ h) 0

As the objectives show, an analysis of the UPON is proassitear statements are made
about the aatities and collaboration of KEs and DH#iey can be used to make
recommendations regarding the distribution of workloadhoehould docment. The
intermediate results described by the process aaalieedo determinevhaheeds to be
documented.

The UPON differs from other ontseasedgyen engi n
iterativendincremental t (Nicelaet al., 2009, 269)which is described as follows:

OUPON is usmase driven since it does not aim at building generic dohwitolmgi@sgies,

that serve its users, both humans and autokndted aystglefined application area and

with accuratddyined objectiédsThe nature of the process is iterative because each activity |
not only cyclically repeatdy,dgpasitrating on different parts of the ontology being develop:
but also incremental, since at each cycle thieesrtetadgdsafuttexte(idiedla et al.,

2009, p259)

The UPON approach is based aytlephasgeseratiorend workflowshich relte to each
other as follows:

OEach cycle consists of four phases (inception, elaboration, constructieantaadyransition) anc
results in the release of a new version of the ontology. Each phase is further subdivided intt
During eacérition, five workfi@Wsdke place: requirements, analysis, design, implementation,
and test(Nicola et al., 2009, 269)

At this pint cyclggeratiormndphasese not described any further. The anahyis thesis
focuses onworkflowsThey provide conrete information that is relevant for the
documentation concep®hroughout the UPON, the following fiwgorkflows are
periormed consecutively:

1) Requirements workflow
2) Analysis workflow

3) Design workflow

4) Implementation workflow

5) Test workflow
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4.1.2 Workflows
In the following, the workflows are briefly described according to their sequence. A more

detailed description can be found in apgpaCxUP®N workflond .

The objective of theequirements workflowis to capture the requireme(@$. Nicola &

al., 2009, [260) Therefore, it takes place prior to the process considered in this thesis (see

c h a @2t. élr PlrThedatter grésumes that the requirements have alresidy bfed

and specified. The relevantputs of the requirements workflow areapglication lexicon

the competency queatidnthe prioritizedise cag€d. Nicola et al., 2009, 362) The

application lexicon(AL) isas et of ter ms whieoh apmpeé i cpei Dai f
stated by a c¢ommun i(Nicyglaebdl., 2009, poR)i clatt i iomn erxegeetrd
collecting the terminology from DE and applicaigne c i f i ¢ aslwell adye nt s 6
extracting terminology fropreviously created storyboa(bscola et al., 2009, 261)

Competency question§ CQs) ar e, as al reel@mdcedsdedsqgu é Hteido
at a conceptual l evel a n(Niaola etall, 8099 26hu s t be
According to BPON, CQs are addressed by ugmgcase modelsnhi ch cont ai n
number of wuse cases that serve as(Nmolabasi s t
etal., 2009, p62) Thesausecases cor r espond t o knowl edge pat't
to be followed fof €d n s we r i (Nigpla & &.52609,262) They are visualized using
UMLusecaseli agrams and odetail ed dur(Niootpett he ana
al., 2009, 1262)

The analysis workflowconcerns the conceptual analysis. In the coutises,cdidomain

lexicon( DL) i s created which is a set of ter ms
(Nicola et al., 2009, 265) Subsequently raference lexicofl RL) i s buil d oby
merging the AL{fom application DEs) and the DL (fr
(Nicola et al., 2009, 263) Next, the application scenarimiedeleby o0 addi Ag t o t h
case diagrams, drawn in the Requirements Workflow,tthea i t y a n dNicola ass di &
et al., 2009, pp63264) The last activity of the analysis workflow is the creation of a
reference glossary RG) . |t i s o0bui | tgitdomaldsfinitoms (ike.he RL
natur al | anguage (bNieolaketeahn @09% P64) Eaxh térh ean bee r ms 6
assigned one or more definitions which o0sho
agreed among (Ndssetah,2@D9,264)er s 6
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The objective fothe design workflowi s ot o gi ve an dadeof ogi c al

gl ossary entries gat hNaoola et ali 2009t286¢In otteef er enc e
words, concepts as well as relationships between them are identfisaaTied out

according to OPAICT. Nicola et al., 2009,366) TheObject, Process, icideling Language

( OPAL) 0Ois an ontology modelling frameworKk
building an ontology. [...] OPAL design patterns are formallgddéfnusing OWL,

all owing for a compatibilit(tRPéAntdnitdhi st palp.
p. 346)

In the first actiity of the design workflonmodeling concepth concept is assigned a
category(Cf. Nicoh et al., 2009, p66) The used concept categories are adopted from
OPAL, where they are referred tkiasl Cf . D @tAaln, 2007 848) The primary
concept categories which are inspired by UML modeling constriktsiaess gttosiness
objeeandbusiness pr¢Céshlicda et al., 2009, p66) In addition to the primary categories,
there are two compleentary categorieaessagedattributéCf. Nicola eal., 2009, [267)

The second activity imodeling concept hierarchies aspedémaglationskipst, the
concepts are organi zed 0i n genertliazakee.nisAni ¢ hi e
r el a(Nicoaetal., 2009, #60268) Then t hi s extandedwithotlyer 0 c an b
relations, i.epartofand domairss peci f i ¢ (Niedlaaet al.,02009, P68 The

output of the design workflow isemantic networkk SN) whi ch t he aut hor
the informal counterpart of the ontologyadt wi I I be produ@®ieoth i n t he
etal.,2009,g68) The SN 0O0is represented according
usinggeneralizat{tsA),aggregat{partof) andassociatiqiNicola et al., 2009, 268)

The objective of thénplementation workflowi s 0t o encode the ont ol
f or mal (Nealageuah, @09, 268) First a formalanguage is selected. Then the

i nf or mal SN is represented a33CQCatoldgdp(Cfma l ont
Nicola et al., 2009, 70)

The test workflowconcerns the evaluation of the ontglofp do this, theemantic quality

0is verified by checking the consistency o
(Nicola et al., 2009, 71) With regard tpragmatic quatitye test workflow proposes two

tests, one concerning coverage and the otheT@€&soverage can be verified by asking a

DE 0to semantically annotate the UML diagr a
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ont ol ogy (Nicolaetat, 200%,3/2) Forthe CQs, itis tested whether it is possible

to oOanswer t hem btye rfiNedlaretq) 2008, @272) In dthedwordsy ¢ o n
oan ontology is complete if the objective:
reachd ¢Nicola et aJ 2009, p272)

4.1.3 Complete process

Figure23 shows the five workflows presented as a complete process. On the right side of
the figure, it is illustrated to what extent the DEs and KEs are involved throughout the
process. On the left side, the figurerglyy the authors is supplemented to show which part

of the UPON corresponds to the process considered in this thesia (sei2ehProcéés) .

The relevant part for the documentations concept begins witlainatlysis wdokd The

creation of lexicons (AL, DL and RL) as well as the modeling of the application scenario are
considered as preliminary activities at this point. The process to be covered by the
documentation concept begins with the recording of definitionsiefi ferwithbuilding the
reference glogSancerning the previous UPON activities, only their outputs are relevant.
For example, CQs can be relevant if the associated CQ is documented for each concept.
How the CQ has been identified, however, isestubject of the documentation concept
presented in this thesis. The part of UPON covered by the documentation concept ends
with the test workflow. In both cases, the terminating condition is that the previously defined
requirements are met.
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Determining domain of interest
and scope

Defining business purpose

Writing storyboards
Creating

the Application Lexicon (AL)

\V/

Identifying
Competency Questions (CQ)

[AL, CQ, UC to be revised]

P

Requirements Workflow

-

Identifying and Prioritizying
Use Cases (UC

[Validation of AL, CQ, UC]

Acquiring domain resources
and building Domain Lexicon (DL),

[RG to be revised]
Building Reference Lexicon (RL)
[Semantic Network to be revised]

Modeling Appl Scenario
Using UML

%Gui\ding the Reference Glossary (R@

[Validation of RG]

Modeling

concepts

Modeling concepts hierarchies
and domain specific relationships

[Validation of Semantic Network]

Analysis Workflow

Design Workflow

[OWL ontology to be revised

Selecting a formal language
Formalizing ontology’
(e.g. using OWL)

Consistency Checking
(e.g. Racer)

‘ [Verification (consisency checking) of RO]

Verifying Answering
coverage \Competency Questions

DE: Domain Expert —
= = = KE: Knowledge Engineer Involvement

A

Implementation
Workflow

Test
Workflow

Process section to be covered by documentation concept

Figur3 UPON procéBbcola et al., 200 f3)on the left side supplemented by the process section to be covered by t
documentation concept
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4.1.4Findings

The UPON is usease driven and based on the identification of CQs, which are later used
to test the pragmatqualityof the ontology. Accordingly, thee cases and CQs related to a
concemiust be considered in the documentation cancept

The UPON describes how a list of terms is transformed into a tested ofmtwldg\so,

the terms in thékL are supplemented by dédfons. Consequentlgefinitionsust be
considered in the documentation conceptthermore, it must be considered that the
documentary reference unit changes. First, the focuseisnsBy assigning definitions,

merging synoymous terms and modelicgncepts, thdocumentary reference unit changes from

term to concept

Duringthedesign workflow, the concepts are assigroehtept categbnes)PON adopts

these categories from OPAL. It is assumed that the use of OR&tLviexy common.

Neverthéess, thessignmernf generic categories appears useful independently of OPAL

and UML. On the one hand, because this facilitates potential connectionsléved top

ont ol ogy 2.34deTgpagd)a.pgnstamceall@oncepts of the categagtocan

later be subordinated to the correspondindetagd clasOn the other hand, the concept

is described by the category in its nature. For example, if a concegthaamadeutical
formulatiomcategorizedasabject it corresponds to the compo.
so to speak. fharmaceutical formidataiegorized apacessis the process of combining

different components f@oducea drugdn ot t he 06 r eoawhighéehSisdone or di ng
This example demonstrates how much meaning can be expressed by simply assigning a

category. Thereforepncept categugishe considered in the documentation concept.

Next, the concepts are connected by relations to an infddmalP®N refers to the
relation typegeneralizatiaggregatiassociatiand domaispecific relatibimerefore, these

relationships between oomstdmsconsidered in the documentation concept.

In the course aheimplementation, the informal SNasmalized In orderto facilitate an
efficient distribution of workload between KEs|itii@ementation status must be ddéicumented
this way, KEs can quickly identify which concepts still need to be formalized.
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In addition, thetest results must be documetmedndnand, whether a formalized concept

causes errors during reasoning (semantic quality). On the other hand, whether a concept has

proven to be relevant for the intended application (pragmatic qudiitg) way, KEs can
quickly identify which reasoningoes need to be fixed and of which priority concepts are.

Looking at the involvement of KEs and DEs throughout the entire process, it is evident that
both parties are always involeecommendations dowho should docuenethierefore
not categoricdlut relate to tendencies. The continuous involvement of both target groups

indicateshat there should m®mmon documentation for KEs and DEs

According to UPON, definitions should be selected ireragré between the people

involved.This corresponds time understanding of the conceptology this thesigsee

chapt &8r Od)Aoccogddng to this, oan ontol ogy
is,itisnotpi at e t o some i ndivi d&tadéretalhlPd8@ic cept ed

The docwmentation concept must therefore find a waepoesent agreelin®ts can

communicate their level of agreement individually and asynchronously, no meeting is

required. This can be realized, for example, using a ratirkpscalestructivéeedbackn
case of disagreement it is necessary to allow additionat frgiteBased on the overall
rating and feedbagkovided by DESKEs can assess whether the concept is sufficiently

definedor a meeting is actually required.

Moreover, definitions shalibe selected from knowledgeable sources. To be tadbe e
urce of a definittios necessary to documfotn which source a definition originates
information originates from a nbnman source, the latter corresponds to a resource as
defned inchapterd.3 FindingdThe UPQON authors refer to this @®cumental res@undes
give the f ol | owitethlpicakmaaualp, Istanslards, glossapes,rthesauri,
legacy computational lexicons, and available@ | dNjcolaeet &l., 2009, p62) This
corresponds to the resources abresir e d i B Sedehtiaepirisights infio corporate

reality) .

An essential part of the UPON is the use of UML. The authors justify thisevigttt tinat

OUML has been al r ealdwi |sdhiomgn (Gt retizdiceceal. eesfou |

2002; Nicola et al., 20092p9) Theya gue t hat ot he adopti on

Modeling Language (UML) makes ontology building an easier task for modellers familiar
wi t h t hes éNicoleet d.,"200§,¢65)s 6Besi de s, they state

c

of

a

t
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documentation, and versioning can be performed withthe ailho vari ety of UM
(Nicola et al., 2009, p74) The approachf the documentation concept developed in this

thesis contradicts the UPON approach in two aspects. On the one hand, this thesis assumes
that a significant part of the people involved in ontologyoareanot familiar with UML.

On the other hand, the damentation concept is designesiujoport different approaches

to ontology creation including those with less clearly defined usBle@asgiseless, the
documentation concept sho@dable the ofsadditional visual eldorethisse users who

want b benefit from schematization using UML diagrams.

The following tables list the findings derived from the UPON. Tabbatains theelevant
information per coneept statewhaneeds to beocumented for each concept. Tdlile
contains generadects that must be considered when creating the documentation concept.
In the broader sense, these dgomeumentation principleg statéhowthe documentation
should be done.
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Finding

Derived from é

Title of finding

Description of finding

UPON workflow

Activity

Assignment of
conept categories
during the activity

Enable documentation (
generic category to whig

g:trelcirr’t ethe ;gtg(;’egg.'gcatlss'rgor’;( Design workflow modeling conuéfits
gory 9 » ODJECL P tendency towards
Recommend more involvement of
documentation biEs.
KEs.
Capturing of one or
Enable documentation ( more defln!t|ons
one or more definitions durirgbuilding the
Definitions Analysis workflow | reference gloasira

Recommend

documentation bREs. tendency towards

more involvement of
DEs.

Enable documentation (
the extent to which the
concept is formally
representeck.g.usinga
controlled term list like:

Formalization of
informal semantic
network to create

Implementation a formal ontologwith

Implementation

status 1 not yet implemented workflow a tendency towards
T partialy implemented more involverant of
1 fully implemented KEs
Recommend '
documentation biEs.
CQs are identified in
Related Enable documeation of Requirements the requirements
workflow workflow and used tq
competency related competency and verify the pragmatic
questions questions. Test workflow guality ofthe ontology
in the test workflow.
UPON is usecase
driven.
1 Identifying and
prioritizingse cases
. the requirements
Related Enable documentation ( Complete process|  workflow
use cases relaed use cases. . o
1 Modeling applicatig
scenailiinthe

analysis workflow
1 Verifying covenage
the test workflow

Table is continued on the next page.
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Continuation of the table on the previous page.

Relationships t(
other concepts|

Enable documentation (
relationkipsto other
concepts including
relationkipsof the
following types:
1 IsA: generalization
(i.e.hyponymy,
1 partof: aggregation
(i.e. neronymy)
1 associatian
9 domainspecific
relation
Recanmend
documentation by KEs

Design workflow

Use of the relation
types generalizatior]
(IsA), aggregation
(partof), association
and domairspecific
relation for creation o
asemantic network
duringmodiglg conce
hierarchies dnthain
specific relationslitips|
a tendency towards
more involvement of
KEs.

Test status
regarding
reasoning

Enable documentation ¢
whether the formally
implemented concept

causes errors when

testing with a reasoner

e.g. umgacontrolled
term list like:

1 not yet tested

9 no errors

9 causes erros

Recommend
documentation biEs.

Test workflow

Testing of the
semantic quality by
checking consistsingy
a reasonewith a
tendency towards
more involvement of
KEs.

Test status
regarding
relevance

Enable documentation ¢
the extent to which the
concept has been asse
as relevant in a test,
e.g.usingacontrolled
term list like:
1 not yet tested
9 irrelevant
1 nice to have
9 must have
Recommend

documentation bREs.

Test workflow

Testing of the
pragmatic quality by
verifying coverade
answering competd

guestiomsth a

tendency towards
more involvement of
DEs.

Tabld 5 Findings derived from the Unified Process for Oridoklgyaildfaipraper concept
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Finding Derived from 4
Title of finding | Description of finding UPON workflow Activity
Use of UML
diagrams

Additional
visual elementy

Enable texbased
documentation to be
supplemented by
illustrations.

Complete process

9 creation of usease
diagrams in the
requirements
workflow,

1 creation of activity
and clasdiagrams
in the analysis
workflow,

9 usage of UML
diagrams to verify
pragmatic quality in
the test workflow.

Take into amount that
the reference unay

At the beginning of
the analysis workflow

(DE knowledge) and

1 content regarding
knowledge engineerin
(KE knowledge).

Documentary change from term to the focus ismterms
reference unit ! Analysis workflow . ’
conceptduring the When adding
fmaytchan?e processf the ontology is Desi and kil definitions and
roggniren;t © | created based on a list esign workilow modeling concepts,
terms, e.g. a referencq the focus is on
lexicon. concepts.
No separate
documentations for DE:¢ Kﬁztﬁ?g\gﬁzgre
and KEs. Instead,_ throughout the entire
One common documentat_|or process. In some
. with optional separatior S
documentation between Complete process activities, there are
for all target 1 subjecrelated content tendenmes as to whig
groups group is more

involved, e.g. KEs in
the implementain
workflow.

Representatior
of agreement

Enable documentation (

the level of agreement fi

a documented statemet|
e.g. for alefinition

Analysis workflow

Definitions captured
during building the
reference glosisand
be odagr efd
DEs and
(Nicola et al2009,
p.264)

Traceability of
sources

Enable documentation (
the source from which ¢
statement, e.g. a
definition, originates.

Analysis workflow

Definitions captured
duringbuilding the
reference glogssirt o
be selected from
knowledgeable
source (Nicola et a)
2009, p264)

Tabld 6 Findings derived from the Unified Process for OrdalogyrBeritipgnciples
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4.2 NeOn Methodology

The NeOn Methodologys one of the results of tiNeOn projectdescribed above. In
preparatio for thefollowinganalysis, the numerous publications created in context of the
NeOn project have been screened, includingas Bok' and theprojectdeliverables

For the analysis, the two publications shown in table 17 are confitsrgmovidehe

best overview as they have been published after the completion of the NeOn project and are
intended to impart the NeOn methodology.

AnalyzedNeOn publications

Suare#Figueroa, Mari C.; GomE2rez, Asuncion; Fernandempez, Marimo ( 2 0
NeOn Methodology framework: A scendwria sed met hodol ogy f
Applied Ontolpgyl.10, no2, pp.108145. DOI:10.3233/A0150145.

SuéareFigueroa, Mari C.; GomE2Erez, Asuncion; Motta, Enrico; Gangendip Adds. (201
Ontology Engineering in a NetworkésEWorldeidelberg, Springer Berlin Heidelberg.

Table 7. List of thenalyzditerature regarding the NeOn Methodology

4.2.1 Overview
SUAREZ-FIGUEROA, GOMEZ-PEREZ andFERNANDEZ-LOPEZ describe the methodology as
follows:

oThe NeOn Met hodol o gbgsednmethada@ogytmakproyided accurate a
details abdely aspects of the ontology engineering process, paying special attention to the
reengineerafigontological andomtmiogical reséuiBedrefigueroa et al., 2015,

p. 109)

This scenaribased approach is promising for the analysis in this thesis, because the

o f rewonk does not prescribe a rigid procedure, but suggests a variety of scenarios and
guidelines for perf or mi n@uaFidguéraareteah, 2015 r oc e s
p. 109) In thisrespectthe approach of the NeOn methodology corresponds to the approach

of the documentation conceptowever, when considering thigthodology, it is more

about discovering additional perspectives than aboutl@ptiinanalysis. Theas®n for

this is thecomprehensiveness of the framework widchvident from a look at its
components:

24 NeOn Project (n.y.NeOn Book: NeOn Methodology in a [Quishell Available atttp://neon-
project.org/nw/NeOn_Bok.html(Accessed 204%-18).

25 NeOn Project (n.y.peliveréds[Online]. Available ahttp://neon-project.org/nw/Deliverables.html
(Accessed 2012-18).


http://neon-project.org/nw/NeOn_Book.html
http://neon-project.org/nw/NeOn_Book.html
http://neon-project.org/nw/Deliverables.html
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oThis framework is founded on fou)mligiassgary of processes and activities; (2) a set of nine
scenarios for building ontologies ggndetntwks; (3) two modes of organizing ontology
developments, called oniojolgy ikedels; and (4) a set of precise methodotmgical guidelines
performing specific processes anaatiedfiggieroa et al., 2015,109)

New perspectiveer the documentation concegien up, especially when looking at the
ninescenariostfor building ontologies and ontologyr heywarekslerived from thaldwing
observation:

oBased on experience gained from our involvement in different types of projects, we ider
differeintolodppilding situations: (1) single ontologies; (2) sets of interconnected single ont
and (3) ontology netiMBkareFigueroa et al., 2015,141)

Theseexpeginces are in |ine with the 3pdectsonal ex
insights into corporate readity According to NeOn, oO0Scenari o0s
and activities defined in the NeOn@g s JSuaredmueroa et al., 2015141) The nine

scenarios are as follo{@siarexigueroa et al., 2015, pp16115)

oScenario 1: From specification to implementétion.

oScenario 2: Reusing and reengineeringmtological resources (NORS).
0Scenario 3: Reusing ontological resodrces.

0Scenario 4: Reusing and reengineering ontological resources.
0Scenario 5: Reusiagd merging ontological resourtes.

oScenario 6: Reusing, merging and reengineering ontological r@sources.
0Scenario 7: Reusiogtology design patterns (ODBs).

0Scenario 8: Restructuring ontological resodirces.

= =42 =4 4 A4 A4 A4 A -2

0Scenario 9: Localizing ontological ressor

The authors consider these nine scenarios to be the most comtrdomot claim to be
exhaustivéCf. SuareFigueroa, GhezPérez Fernandekopez, 2012, 4.2) Figure24is

a visualization given by the authors wkiobwsdifferent possible pathways for the
development of ontologiesThe encircled numbers indicate the number of the
corresponding scenario.
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= T = SO Flogic ) =| Ontological Resource
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§ O. Specification Scheduling ©O. Conceptualization O. Formalization O. Implementation § 4
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| ® 2

; ‘ @ Ontology Restructuring H

H ). Lemallbalon (Pruning, Extension, H o

5‘\ : Specialization, Modularization) v

1,2,3,4,5,6,7,8,9
== Ontology Support Activities: Knowledge Acquisition (Elicitation); Documentation;
Configuration Management; Evaluation (V&V); Assessment

Figur@4 Scenarios for building ontologies and ont¢fggreigvaica, GotRérez, Fernaddgzez, 2012,

p.13)

The scenacombredcan i fferent and fl exi

bl e w

scenarios should include Scenario 1 because this scenario is made up of the core activities

that have to be perf or m8ulrekigueroa, rGymedérer,ol ogy

Fernandet.6pez, 2012, [4) Besi des, OKnowl edge

configuration management, evaluation, and assessment shouieédecauring the
whol e ont ol ogy n(Suarefoguekoa, GémeRéien pemandéddez,

2012, p14) The publications coifered descrider each scenario the following:

acqgui s

o(a) motivation for the scenario; (b) sequence of processes, activities, and tasks to be carrie
the processes and activities included are taken from the Ne€xsdSlesahActfliBesc
[ é€]; and (c) @Suéarekigueeos GomeRérez, Femandédeen ar i o .

2012, p14)

The aforementined NeOn glossary® 0 pr ovi des natur al

anguac

explanations in English of the 59 key processes and activities potentially involved in ontology

Cc o nst r(8uarefigoerod et al., 2015140)

26 The terms of the NeO8lossary 1rad their definitions can also be found at
http://mayor2.dia.fi.upm.es/oegpm/files/pdf/NeOnGlossary.pd{Accessed 2012-07)


http://mayor2.dia.fi.upm.es/oeg-upm/files/pdf/NeOnGlossary.pdf
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With respect to the process of ontology creation as considered in this tlchaistés@e!
Procesd, not all nine scenarios agually relevanThe focus is ornthe exchange of
knowlede in the creation of neantologiesThus, the documentation concept primarily
addresseScenariowt h i cefers t the development of ontologies from saréBirérez
Figueroa etl., 2015, A.11) and Scenario which refers tausage ofon-ontological
knowledgeaesourcesHowever, it is not excluded that ontological resources may also be
used for the representation of some condéptsequentigcenar3 Scenari@adSceario

7 are alsmf relevancelhe aligningndmergires well asestructuriafontologies are not
considered, i.eScenario, Scenario &d Scenario &e outside the scop8ince the
documentation concept is oriented towards the applicatompm ni es ( slee <chap
Introductiord, )t is assumed that@mmmon business language can be Ubedefore,
Scenariomhich refers ttocalizatios considered less important.

Besides the scenarittee methodology propestwo ontology netiWerkycle models As

the term indicates, they consider the entireyiifie of ontologies, i.e. they begin before and
end after the processbe coverelly the documentation concegigure25shows théwo

life cycle models with the authors explaining the notation as follows:

othe rounded boxes with a solid black border represent the phases of the basic version of th
rounded boxes with a dotted black border represent optionahghasesdepesrding;

the square brackets represent mddpkendmsaimposition options; and, finally, the dashed
directed line denotes optional backtracking (in the maintenance phase) in order to fix erro
missing knowledgéTke]bregle € denote repetition, and the numbersr{@icas e

number adriations perfod{8dareFigueroa et al., 2015,118)

In addition, those phases that are ofestdor thedocumentation conceate highlighted
in greySince the primgrobjective is to find omthat is to be docuntbetadpect dferation
is not discussed further at this point.



Analysis of ontology engineering methodologies

Page5

\

Initiation
Phase

Initiation
Phase
(General)

Reuse
| Phase

[——

Initiation
Phase

,.

Merging

| || Phase

(VA AN

Reuse
Phase

-
1NN
'1"1

NS
Hi

:_IT>I

Merglng

Phase

—_——— == - .¢

Reenglneenng
Phase

(a)

\/

I,\

-

Reenglneerlng
Phase

(b)

Design
Phase

Implementation
Phase

Maintenance
Phase

0

Design
Phase

Implementation

Phase Phase

./

Ty

MaintenanceJ

Figur@5 Ontology networkgi models proposed in the NeOn Methodology iiaterfedirknodel family. (b)
Iterativincremental m@lereEigueroa et al., 201518) Supplemented by grey markings of thehesesidered

The following section describes findingsegafroman exploratory analysis of the NeOn

Methodologylt is assumed that a systematiglejpth analysis of all 59 processes and

activities as well as life cycles and guidelines may providerfsights {see chapt@&0
Outlookd ) .

4.2.2 Findi

ngs

The NeOn Methodology is characterized bydkegorizationf knowledge resources into

norontological resqNCEds) andntological resoilittesatter are divided imtatolggdesign

patter{®DPs)andontologies from repositoegstai@this categorization is suitable to give

structure to the documentation concépte understanding of the conceisourde

consi

stent

Wi

t h

t he

u n3dSelecsve mgigdts intg corpgpael 1 e d

realityp  adrl dJnifi@d Process for Ontology Building UBMother characteristic of

NeOn is its focus on reuskherefore, e categization of knowledge resoescthat is

derived for the documentation concept ratetiseresource gpdthereuse context

With the ODPs, a resource type is identified that has not yet been explicitly considered.

Moreover, thé&eOn authors discussticharacteristics of NORsdetail. As the following

figure26 showsNORsare characterized by their type, the underlying data model, and their

implementationTo document these details for NORs is consideredsonable in terms
of effort and added wad.Only those distinctiorshould bedlocumented that offer added
value and are not inherent to the resourtiee reuse context.
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Classification Type of non-ontological
scheme resource

Pat Adjacency
Enumeratron is

Classification scheme Classiﬁcation scheme
modelled using a Path | SUCSCIUCERS modelled using a Path
Enumeration model and Enumeration model and
stored in a database. stored in an XML file.

Classification scheme
data models

. Implementation

Figur@6 Norontological resource cate@diilzatiefierrazas and GéRdrez, 2012,109)

Primarily, the documentation concept makes the following distingtiomain knowledge
resourcesrsusengineering knowledge .résdioicesy, DEs who are interestsalelyin
domain knowledge can quickly identify the resources relevant @rsaraisually not
domainspecific Therefore, they must be documentedy as engineering knowledge
resourcesSecondly, the NeOn categoi@atis adoptedb) norontologia@soureersus
ontologicakource

Thethird distinctionrefers to theeuse contxdis only necessaxy documentor domain
knowledge resource3 TBoxrelated reusesusABoxrelated reusegineering knowdige
resourcesare generally focused on implementation and integration without any direct
reference to TBox or ABoRifferentiation €) refers to whether a resource is used to create
the conceptual model or to generate instances. The Gle€sary distingghes between

three ways ddnowledge acquisition for aif8okg#Eguera, 2011, pAo2).

1 dOntology Elicitation. It is a knowledge acquisition activity in which conceptual structures (
Box) and their instances {@ox,), @e acquired from domain éxperts

1 &Ontology Learning. lkimowledge acquisition thettvidlies on $emiomatic methods to
transform unstructured (e.g., corpsiragtwenhi(e.g., folksonomies and html pages) and
structured data sources (e.g., data bases) into conceptitlcstxuktures (e.g., T
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1 oOntology Population. kriswledge acquisition activity that refjesuboniseicimethods
to transform unstructured (e.g., corpraiussnn(e.g., folksonomies and html pages) and
structured data sources (e.g., data bases et (@HBEX)O

Accordngly,reuse of resources famtology learisi@oxrelatedhilereuse ofesources for
ontology popul&idBoxrelate@ntology Elicitatiefiers to knowledgeable people. These are
referred to as DEs in tleentext of this thesis. Resourcegherother hand, are defined as
nonthumanThanks to the documentatiortioécategorizatiofc), a KE can quickly identify
which resources to be considerddr conceptual structures (e.g. a product classification)
ard which for concrete examplasdatato be integrate(e.g.a database table in which
article numbers are assigned a notation of the product classjfication.

In addition, for ontologies, the following distinctiodasumentedd) reuswithout change
versusreuseith chandeindicates wetheran ontologyis reused without modificati¢ag.
importing an ontology modiiler modified for reusée.g.by reengineering an ontolggy

NORs must always be changed, at least regarding formalization and implementation
Therefore, it is notvorthwhle to documendistinction (d) foNORs Figure 27 below
illustrates theategorization of engineering knowleigmrdsw e dgereenteddistinction

(b). Figure 28 illustrates ttadegorizatiatoofaiknowledge res@aaowasling to thpresented
distinctiongb), (c)and(d).

In the contextof differentiation (d)it is important to note that in this thesis the tartology
is defined according to its understanding in computer s¢seecehapte?.3 Ontolgyd ) .
Consequently,\acabularyhatcan be characterizedadermal, explicit specificateiracéc
conceptualizaoconsidered amntological resoutbe documentation concephis also
applies to vocabularies such as classificatiottseaadrilf the vocabulargloes not meet
these criteria, f@xample because itr®rmalit isconsidered BIOR.

engineering
knowledge
resource
non- ontology
b ontological design
resource pattern

Figur@7. Categorization of engineering knowledge resources based oo alistadatsos. rmomological
resource.
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domain
knowledge
resource
non-
b ontological ontology
resource
TBox- ABoOXx- TBox- ABoOXx-
C related related related related
reuse reuse reuse reuse
reuse reuse reuse reuse
d without with without with
change || change | | change || change

Figur@8 Categorization of engineaviaddancesources based on the distioatiolegjichhm@source vs. ontological
resource, d) Fedated reuse vs. Adated rewmal d) rewgithout changeeuse with change.

The NeOn Glossary explicitly distinguishes between thdaemakzatiamdimplementation
as followgSuéarefigueroa2011, p2).

1 dOntology Formalization. It refers to the transformation of a conceptual moeel into a formal
computable model accorémgmedge representation paradigm (e.g., description logics, frarr
and rules).

1 dOntology Implementitiefers to the activity of generating computable models according to
syntax of a formal representation language (e.g., RDF(S), @§VL, and FLogic

This detailedlistinction is madeeither in this thesigor in the documentation concept.
Implementatiefers torepresentatioaf informadtatementby means of an ontology kEsguage
formatatementd he intermediate step of creafmgnal aertomputable model according to a
knowledge representation paradigonsidered to stay with firactice in companies and

to keep the documentation effort low.



5 Documentation concept

In the following, the documentatiooncepts presented which has béeerelopean the
basisot he f i ndi ngs @ ®etectiveendights imto aotpaapetré@alityain
Analysis of ontology engineering methodol@dibe first step is to explain what the
documentary referente Smitsequently, the structure of theudwentation concept is
describedFinally, the components tiie documentation concept, calladdulesre
presentedEach module is first presented a@®@imentation tenapldteherapplied for an
example

5.1 Documentary reference units

In documentationcgence, a distinction is made betwderumentation pdmmimentary
reference @amitldocumentary,umitich is as followEf. Gaus, 2005, p2; Wersig, 1971,
pp.185186; Wersig and Neveling, 19768p.

1 A documentaion objectis the object used in the do@ntation process to produce
documentary dat®An example of such @ocumentation odjetd bea concrete
physical book.

1 Since thalocumentation aljestnot always enter the documentation process in its

entirety, it is distinguished from tdecumary reference. Urtie documentary

referenceunit is he amount of data of tllecumentation tigds included as a unit

in the documentation proce#ss other wordsit is the part of theocumentation object

who® properties are regardedtlas unit to be doumented For example, the

A

o

documentation ajelct be oncrete physical book, while dogumentary reference unit

is only a chapter of this book. In this case, the properties of the chapter are to be

documented, e.g. title and author of the chapter.

1 If the values fothese properties are now entered in a databdseyraentary isnit

created. Adocumentary unitis the set of documentary data that is created as a

representative afdocumentary referenttgingithe documentation process. In other

words, 1itods a dbaumentargreferendeausitcr i bi ng t he
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To reduce complexity, the distinction betvaemumentation @lmj@ddocumentary reference unit

is not discussddrther in the following. The focus is on explaidogumentary reference unit
anddocumentanytfor the documentation concept presented in this thesis. The findings
presented in cpat erSeledtive insightsto corporate really have stheown t ha
documentation must beonceptientedAccordingly,concepare used as thegrimary

documentary referenCenaagdreunderstood asnisof thoughts descr i 282 i n ¢ h:
Structure and compone@iBuring the documentation procesdpaumentanytis created

for eachconceptlin order to reduce the potential for confusion, dhcaimentation isnit

referred to aglocumentation entryin the following.

However, as the analysis in cha@térUnified Process for Ontology Building UBbas

shown, th&nowledgexclange in ontology creatiorayalsocommencéyanalyzingerms

Only by assigning definitions, merging synonymous terms and modeling concepts, the
documentary referectengés frortermo concedonsequently depending on whether
concepts have already been identified, therimary documentary reference unit isa

term or a concept.

The termprimary documentation sniised because, strictly speaking, ditarmentary
refenee unitse considered as well. katancethe documentation concept recommends
how information orknowtige resousstetpeoplehould be documented. These are, so to
speaksecondary documentary referdependiitg on how the documentatioocess is

carried outSince the documentation concept is designed for implementation in companies,

this detdiis not discussed further

The following figure29 explains the relationship betweltumentary refereneadunit
documentary inrdt visualvayusing three example scenarios

a) Properties of a book are recorded in a database.
b) A documentation entry iseated for a term found by text mining.

c) A documentation entry is created for a concept, as intended by the proposed

documentation concept.
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Documentary describes Documentary
reference unit unit

ID TITLE AUTHOR
,,EmStem: 003 Essays In Science Einstein
Essays In
Science”
- 1
................ <
Database entry U
describes concrete U
physical book. y
Lorem ipsum dolor sit amet,
consectetuer adipiscing elit. Term ID123
Maecena or congue H .
massa re, magna StM_ BOOk
- B Characters: 4
lectus ibero, sit Quantity: 1
amet col s, cros quis
b urna. Nunc viver gperdiet
enim. Fusce est. us a e
o e s S A
Pellentesque habitant morbi Documentation entry
tristique senectus et netus . 7 by
et malesuada fames ac turpis describes term “Book
egestas. found by text mining.
Concept ID123
Preferred label: “Book”@en
Definition: “Physical object
consisting of pages
made of paper.”@en
C
Documentation entry
describes concept “Book”
as a unit of thought.

Figur@9 Visual explanation of the relationship debtweem me nt aandy d 0 @ 6 meusirg &hwregy uuwmm it © 6

differemxample scenarios.
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5.2 Structure of the documentation concept
As defined ichapter®.1 Documentation concépghe documentation concept is a modular
system consisting abclimentation templates. These templeeagferred to agoadules

There are different types of modules.

docunodilet ar vy

Sincethe documentation ppoach isconcepiorientedthis template has to be completed

The central and therefore mandatory modthe& P r i mar y

first.It is the starting point for a documentation eAthyother modules are used to describe
the primary documentary referebseiallythe entire documentation consists of several
documentation entries, each describing an a concrete term or coRagmte 30
schematically illustrateslocumentation consistingtbfeedocumentation entries in the

minimal configuration without descriptive modules.

Entire documentation consisting of a set of documentation entries.
|

Documentation entry 1

Primary
documentary

reference unit:
“Single
substance”

Documentation entry 2

Primary
documentary
reference unit:
“Substance
combination”

Documentation entry 3

Primary
documentary
reference unit:
“Substance
identifier”

Figur&0 Schemaitlastratioof a documentation congtateéepotimentation entries in the minimal configuration
without descriptive modules.

In the course of ontology creation, concepts can be viewed from different pexSpextive

documentation concepbvers the following three perspectivagh are referred to as

dimensions

r

e



Documentation concept Pagel03

1 The domain knowledge dimensionconsideres all tHenowledgeand knowledge
resourcethat are available focanceptThis includes everythitizat describes the
concept in its nature, i.e. its meaninfgbesits position in the semantic netwetk
ceteraThis perspective refers to those steps ipribeess of ontology creatitirat
are referred to in rtteodologies for instanceas andysisdesigor conceptualization
activitiesUsually this dimension corresponds to the perspective @flidiss inputs
the KEs use to create the ontology.

1 Theengineering knowledge dimensioreonsiders atheknowkdgeand knowledge
resourceghat referto the implementation of the concept. The focus here is not on
the description of the conc@&pnature, but on how the sestructured, natural
language description of tbencept can be formally represented usirantatogy
languagel hismayinvolveformalization matterdut also aspects of integration such
as characteristics of the software, technologies or infrastructure used. In
methodologies, the associated actiatie referred to asplementatioformigzation
for example. Usually, this dimension is only relevant for KEs. However, as the chapter
@ Selective insights into corporate réalith as s h own JsoisterastedirDES ar €
this perspective.

1 The management knowledge dimensiorronsidergshe handling of the concept and
the associated documentation efithys includes knowledge about fhréorityand
affiliatioof a conceptn other words,ite dimension considaswhichconcept sets
or ontologies a concept belongs, for whisecases and competgrguestionsa
conceptis relevantget ceteraAccordingly,managemeiaes not refer to project
managment, milestones or the like, but to thenagement of theoncep. The
explicit recording of such knowledge is intended to facilitate the handling of the
documentation for readers and contributors from both target groups DEs and KEs.

The following figur81lillustrates the three different perspectives using exemplstigrs
thatmayarise when people think about a concept.
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Does this correspond to the abbreviation “SubiD”,
which | found in the in the database “SubDB"?

Where can I look up examples? Domain Does the definition of the term
" ) . knowledge “substance number” in the “Pharma
Are “substance identifiers dimension Glossary” correspond to this concept?

the same as “substance codes”?

Is the associated data secret?

Who can | ask about this?

Are the identifiers all on the

same level or do they have a
hierarchy?

Is this only an identifier for
single substances or also for
substance combinations?

Should | represent this using a
datatype property or using a

What is the associated

competency qugstior_v? Primary :
Is the “substance identifier” object property and a class?
or the “substance name” documenta r,y Can we represent the
inquired? reference unit: inherent structure of the
For which use case is e.g. “Substance different identifiers using

this relevant? identifier” property chains?

Should we use SHACL
in this context?

How important

is this concept?
NOZ \OX

Management Engineerin
knovgledge In which ontologies is Can we realize an on-the-fly kngowledgeg

this concept supposed transformation from relational

dimension dimension
to be represented? data to RDF triples for this data?
Is this already implemented Is our test environment able to handle the
or is the formalization still in amount of triples if we represent all available
progress? “substance identifiers” as instances?

Figur81 Visualization of the three different perspectives on a concept, calledodisninasipaspieitmaybsive
when they think aboekémeplary epiies b st ance i dentifiero

For each of these three dimensions, the documentation concept pronereson-

specific modulestor describing a concepigure32shows the recommended assignment

of these modules to dimermis Thanks to the modular documentation approach, the
recommended assignment can be adapted by the user of the documentation concept if
required.In addition, general modulesare offered General modules include generic
information Thereforethey are not inherenttimensiorspecific.Theycan be used to

extend the set of dirrspesidic modMeg/u/e extensionscan be used &xtend a single module
Theoretically, module extensions campmied onvirtuallyany module. However, it is
recommended to use module extensions selectively and sparingly in order to keep the
documentatioeffort low and the clarity tgrigure33shows the general modules as well

as the module extensioRgyure34 shows theecommended extension of the dimension

specific modules by general modules and module extensions.
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Domain
knowledge dimension

Engineering
knowledge dimension

Management
knowledge dimension

Alternative labels

Formal
representations

Related use cases

Foreign identifiers

Engineering

Related competency

knowledge resources questions
Domain DRl Affiliation
status
Definitions Test status rggardmg Test status regarding
reasoning relevance
Explanations Priority

Domain knowledge
resources

Concept category

Relationships to
other concepts

Figur@2 Dimensiepecific modules according to the recommended assignment to dimensions

General modules that can be added to the three dimensions. Module extensions

that can be added to

- other modules.
Related people Decisions
Knowledge resources Tasks Agreement
Engineering
Notes Source
knowledge resources
DOIME MOOHEe(EE Discussion Image
resources 9

Figur83 General modules and module extensions

The modules are described individually in the following sections. At th@anpoashort
noteis made for the general modul& n o wl e d(gpefiguRe@slte gememlgpierties

are supplemented by dimensspecific properties in the moduee€E ngi neer i ng
resocanddd®esn@i n k n wAdthoegl iy rmay beeused in ffjenerad form, it is
recommended to use the dimensipecific modules for comprehensive documentation.

k n
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Domain Engineering Management
knowledge dimension knowledge dimension knowledge dimension
Alternative labels Formal_ Related use cases
representations
Foreign identifiers Engineering Related competency
knowledge resources questions
Domain [l Affiliation
status
Definitions Test status rggardmg Test status regarding
reasoning relevance
Agreement i i
g Engineering related Priority
People
Source Engineering related Management related
Decisions Decisions
. Engineering related Management related
Explanations
Tasks Notes
Domain knowledge Engineering related Management related
resources Notes Discussion
Engineering related
Concept category o .

Relationships to
other concepts

Image

Domain knowledge
related People

Domain knowledge
related Decisions

Domain knowledge
related Tasks

Domain knowledge
related Notes

Domain knowledge
related Discussion

Figur@4 Recommended compilation ofspeefisioodules extended by general modeidsreasidnsodule

Figure35below shows the composition of a single documentation eatrgnmpact way

On the right side of the figure, sonspexts are listed that are not covered by the
documentation concept. The ndigure 36 shows what a complete docuraéinh
consisting dfour documentation entries looks like wherptiraary documentary reference
unitis described by thmesentednodules.
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Concept-oriented Aspects not
documentation entry covered by
le that documentation
Mandatory mtOd‘t", e that " Primary documentary concept
serves as a starting poin reference unit v.
for further documentation. (mmm = o -
. [ Project L
Modules for documentation ) " (R i_ _____ e
of domain knowledge Aimmane Bl o . A
regarding the primary . = ,r Ontology 1.,’
documentary reference unit. + extensions ! specification Py
_____ Ry
Modules for documentation Formal hH| ~---- Yo __ .
of engineering knowledge representation 1 Competency i ¢
regarding the primary _ = | question ¥
documentary reference unit. + extensions 1 description 1%
| A _____ o
Modules for documentation H | o __ S
of management knowledge HAClEL TR N~ Use case 1:'
regarding the primary _ = : | description "4
documentary reference unit. + extensions TTTTERTTTT

In the concept-oriented documentation, reference can be
made to external documentation artifacts (e.g. by recording
a link to a document with a detailed use case description).

Figur85 Schemaitlastratioof a single documentation emtplamigions on the left side. On the right, potential
documentation aspects are shown that are not covered by the documentation concept.

Entire documentation consisting of a set of documentation entries.
|

Documentation entry 1 Documentation entry 2 Documentation entry 3
Primary Primary Primary
documentary documentary documentary
reference unit: reference unit: reference unit:
“Single “Substance “Substance
substance” combination” identifier”
Domain knowledge [h Domain knowledge [h Domain knowledge [h
modules modules modules
+ extensions + extensions + extensions
Engineering H Engineering H Engineering H
knowledge modules knowledge modules knowledge modules
+ extensions + extensions + extensions
Management H Management H Management H
knowledge modules knowledge modules knowledge modules
+ extensions + extensions + extensions

Figur@6 Schematic illustration of a documentatiortlueeistimgeoitationesntn the complete configuration using
all available module types.
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5.3 Structure of documentation modules

The following describes hothe documentatioomoduks are structured, i.e. which
components they consist of. The insights into corporate sbalwd that two levels of
granul arity are requi r &8eletticerinsighs tito cosordtea t i o n
realitypy JFor some modules there are therefore two vergidasdlightModules in théull

version are used faletailed documentMimudfules in thdightversion are used fdast
documentatidhanks to these two versions, the documentatiwegiocan not only be

adapted to fast working methods by leaving out modules but also ing theéulevel of

detail.

Modulesconsist opropertiaadstatementse two termpropergndstatemearte based on

the structure of RDF triples (see cha@t@r3 Ontology languaggpowever, thenformal
documentation concept is presented using graphical tergplelteniodule consists of one

or moreproperties Thefull version of the modute A | t e r Kdot examplentiwdése |
the propertie® r e f er r e dé6 SAybntmmdéyvarida & tedvmadd@e groups, so to
speak, a set pfopertiesLight versions simply contain fewer properties and are therefore

less complex and comprehensive.

In the case of 810 S y npopertynihe reference unit is phenary documentary reference unit
According to thestructure of triplesthis reference unit corresponds to subjectThe
property is applied lmpocumenting concrete valugor example, the propedySn o iy md
used for the concepSubstance identiféeby entering the synonyiSubstancaumbed

in the documentatioBy doing so, afatemenfis madeabout the reference unftdesired

and applicable Janguage tagcan be assigned to natural language entriesndhbiiss low

level multilingual documentation.

A possible representation of the given example as a triple is the follbeifgox
statement represents a part of the module structure while the AdBo&rdteepresents the
documented fact:

TBoX: <Referenc e unit> <has synonym> ‘"Literal"@lang

ABOX: <Substance identifier > <has synonym> " Substance number "@en .
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As the implementation of the documentation concept is not in the focus of this thesis, it is
not discussed further at this point but ih a BOe&lookd 6

Using thdull version of the modul@ Al t e r nastan exanplthedohorvihgdfigures
37 and 38 explainthe structure omodulesFigure37 shows the modul@ questioras a
template. Figurd8 demonstrates application for the concejubstance identiféein
both figures, theomponentsnoduleropergndstatemeanie indicated.

Option to enter
Module name free text Statement

atomic
Property

D> Preferred Aldbreviation:

| free text input | lang |

Property name

Module < > Svnonvm:
| free text input ¢ ’C:Ompler)t(.
— roperty
Abbreviation: consisting of
| free text input two atomic
) properties

I
Plus sign (+) indicates Expected Option to
possibility of multiple use. cardinality — enter
Digit one (1) indicates MIN:MAX language
possibility of single use. tag

Figur&7: Annotated template foothd@lternatiiabe&full version)
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Alternative labels

> Preferred Abbreviation:

atomic
—>{ subID [ en |||} Property
—>{ subID | de |
J
3
Module < P> Synonym:
—>| Substance number | en |
—Pl Substanznummer | de | comp/ex
> Property
Abbreviation: consisting of
—>| Substance No. | en | two ato,mlc
properties
—>| Substanz No. | de |
J
\
— Statements

Figur88 Annotated applicationrabthd@lternative labglsll versidioy the referencéSutistance identifier

In addition, symbols and notes at the top of the modules éntheammodule type, the
version and, if applicable, the dimension figeee 39). At the bottom there are
recommendations who shaduise the module and whé&gure 4Q)

Mandatory module <& Domain knowledge ﬁ. full version
General @ Engi ing K lod % light )

ngineering knowledge ight version
General module in dimension 9 9 g 'Kl

Dimension-specific module & Management knowledge ﬁzz"’no distinction

Figur@9 Loose collection of symbols and hirds thisptgyetithe modules. Left: Type of the module. Center:
Dimension. Right: Version of the module.

Application throughout the entire process. ‘ DE & KE
Application during analysis and conceptualization. & DE
Application during formalization. & KE

Figurd( Selection from the occurring combinations of recommendations about target group and time of module af
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5.4 Mandatory module: Primary documentary reference unit

As described abovihe moduled Pr i mar y d o« muismthé only mgndatoy f er e n c
module of the conceptiented documentation. It serves as a reference point for the
following modulesFigures 41ral 42 below show the modwe a template and in its

exemplary applicatiofhepreferred lab@htended fothe readers of the documentation as

well as for the transfer intioe ontology.The ID (identifigallows permanent identification

and referenog of the documentation entry, even if pheferred label of the concept

changes.

Mandatory module z.:z."no distinction

> Preferred label: | free text input

| free text input

First module to be used when creating a documentation entry. ‘ DE & KE

Figuud: Mandat ory modul e O6Primary documentary

Mandatory module ﬁj"no distinction

> Preferred label: | Substance identifier

ID: | D34002

First module to be used when creating a documentation entry. ‘ DE & KE

Figurd2 Exemplary applicatfdhe mandatoog | PEmafy documentary refei@nce unit
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5.5 General modules and module extensions

5.5.1 Related peope

Figures 43 and 44 show the general médRle | a tingtsl full@red asdighevérsiofhe

full version is applied exemplarily in the dimergsibro ma 0 w | (s&el figueed45T he

light one is demonstrated in the dimen8idhn g i n e e r(seenfigurekd®ybet-mald g e 0
or Employee IBusually unique withdircompany. They are therefore suitable for referring

to a person without much effoif. a corporate register of ens is available, these
characteristics can be used to look up additional information such as telephone or room
numbers. Besides, thenail address can also be used to establish contdebl&haa be
specified to capture tpesition or responsibibfs of a person in the compathg Expertise

to indicate due to which knowledge a person is listed in the documentation.

General module ﬁ‘ full version
Related people
P> First name: | free text input |
Last name: [ free text input |
E-mail: | free text input |
Employee ID: | free text input |
Role: | free text input | lang |
Expertise: | free text input | lang |
0:n
Application throughout the entire process. & DE & KE

Figurd3 Gener al modul e 6Rel ated peopl ebd

( f
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(J
General module _Z" light version

Application throughout the entire process. & DE & KE
Figuud4 Gener al modul e O6Rel ated peopled (I
General module in dimension <& Domain knowledge ﬁ. full version

D> First name: Conan

Last name: Kaiser

Employee ID:
Role:

| |

| |
E-mail: | conan.kaiser@company.com

| E24303 |

I [ en

Governance Manager in Regulatory Affairs

Expertise: Conan knows for which regulatory
processes “substance identifiers” are
required.

Daisy

free text input

free text input

E30884

Data Scientist in Clinical Study
Analysis

Expertise: Daisy knows in which format and
from which data sources “substance

identifiers” are retrieved when
analyzing clinical studies.

Application throughout the entire process. & DE & KE

Figurd5 Exempl ary applicat i @ulveifinint t éh eg eln ereanls i mod 61D Ma



Documentation concept Pagel14

General module in dimension <& Engineering knowledge _Z"’ light version

Gustav

E-mail: | gustav.it-services@company.com
| free text input

Employee ID:

Description: Gustav is technical administrator of the
database “SubDB” in which the “substance
identifiers” are currently managed.

Ina Schneider

E83082

E-mail: | ina.schneider@company.com

Employee ID:

Description: Ina has the knowledge and tools to
quickly triplify large amounts of data.

Application throughout the entire process. ‘ DE & KE

Figurdg Exemplr vy appl i cati on o f (lightlversiomne nt ehrea | d i mmoednusli eo nd Foel na
knowl edge®
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5.5.2Knowledge resources

As described in chapt& Selective insights into corporate rédiitg gereral module
60 Kn o mwls ® doptains thépropertidecess conCohfidentiaktydLicens&helLocation
refeseitherto a physicdbcationsuch as library or to a digital locatittrat is specified by
aURL.Figures 47 and $8esenthe malule in its light and full version. FigurdldStrates
the full v e r figuren 50 dhe applipapoh bfdhe tightoversidre module
60 Kn o vd ceuigexersdédoy dimensiospecific propertiesm the modulesbomain
knaeldgeseusBand@&ngineering knowledgeuer ¢ e s 0

[J
General module ﬁ full version

> Name: | free text input | lang

Location: | free text input: text or URL | lang

Access control: O no O yes: | free text input | lang

Confidentiality: O unclassified O internal O restricted O secret

License: | free text input: text or URL | lang

Description: | free text input: text or URL [ 1ang

Application throughout the entire process. ‘ DE & KE
Figurd7-Ge n e r aKnowiedge tesdercéd ul | ver si on)
General module _Z." light version

> Name: | free text input

Location: | free text input: text or URL

Description: | free text input: text or URL

Application throughout the entire process. & DE & KE

Figurd8 Ge ner al mo d u | kght@rKionp wl edge resourcesé
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General module

> Name:

Location:

License:

Description:

)

full version

Intranet article “Our Top 10
Substances”

en |

http://intranet.company.com/?id=123

| lang |

Access control: O no ® yes: | only available within the

company network

en |

Confidentiality: O unclassified @ internal O restricted O secret

free text input: text or URL

| lang |

In this article, the relationships
between a) different identifiers and
b) single substances and substance
combinations are explained using
examples.

en |

Application throughout the entire process.

& DE 2 KE

FiguudAEx emp | ar vy

appl i Kaowledgeresofiitgetsiong gener al

General module

> Name:

Location:
Description:

_z." light version

Intranet article “Our Top 10
Substances”

http://intranet.company.com/?id=123

In this article, the relationships
between different identifiers as well
as substances and substance
combinations are explained using
examples. Unfortunately our external
DEs can't access it and we can't
forward it because the article is for
internal use only.

Application throughout the entire process.

& DE & KE

Figuré0 Exemplaggppl i cati on of t he lightversioom)a | mo dul

e

mo d u |
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5.5.3 Decisions

The module D e c allews to daendentdecisionsn a way that they are comprehensible
to others From the perspective of knowledge exchange, theQigidssonsideraadd
Decision reasomparticularly relevarfsee full version in figure 51As shown by the
examples ifigures 3, 54 and 5%mnportantdecisionsnayoccur in all thredimensions.

Figur€l Ge n e r aDecigioidsd Ufi @l 16 ver si on)

Figuré2Gener all molightvérsion)6 Deci si ons & (



































































































































































































































































































