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Abstract

The requirements for the design of information and assistance systems in lattensive processes

are interdisciplinary and have not yet been sufficiently addressed in researchdiShestation
analysesevaluates and describes possibilities for increasing the effectiveness and effizidatoyur
intensive processes through desigptimised societechnical systems. The work thus contributes to
further developinginformation and asstance systems for industrial applications and use in
healthcare The central dimensions of people, activity, context and technology are the focus of the
scientific investigation$ollowing the Design Science Reseamdradigm. Design principles derived
from this, a corresponding taxonomgnd a conceptual reference model for the design of socio

technical systems are the results of this dissertation.

Zusammenfassung

Die Anforderungen amlas Desigrvon Informations und Assistenzsystemen in arbeitsintemsiv
Prozessensind interdisziplinarund in der Forschung bisher nicht hinreichend thematisiert. Die
vorliegende Dissertation analysiert, evaluiert und beschraitiiglichkeiten zur Steigerung der
Effektivitat und Effizienz in arbeitsintensiven Prozessen hduatesigroptimierte sazio-technische
Systeme Die Arbeitleistet damit einen Beitrag zur Weiterentwicklung vamformations und
Assistenzsystemefiir industrielle Anwendungen und den Einsatz in der GesundheitswirtsdDisft
zentralen DimensionerMensch, Aktivitat, Kontext und Technologstehen im Mittelpunkt der
wissenschaftlichen Untersuchungeach dem Design Science Research Paradigma. Daraus abgeleitete
Desigmrinzipien, eine entsprechende Taxonomie und ein konpeglles Referenzmodell fur das

Design sazio-technischer Systeme sind die Ergebnisse dieser Dissertation.
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1. Introduction
Humanity is facing extraordinary challenges. Since the Earth Summit in Rio de Janeiro in June 1992, the

United NationgUN) community hasundledits efforts to mastesocial,economicand environmental
sustainability The2030 Agenda for Sustainable Developmerdopted bythe UN member states in
2015, formulatel 17 Sustainable Development Goals (S[2@8d 169 targetswhich are an urgent call
for action for peace and prosperity by all countries in a global partne(smjped Nations Department
of Economic and Social Affairs, 20Zdijectly and indirectlyscienceand technologylay anessential
role in efforts toreachthesetargets The Technology Goals 17i@."EnhanceX cooperation on and
access to science, technolg@nd innovation and enhance knowledge shadigand 17.8 namely
"X enhance the use of enabling technologgyticularlyinformation and communications technolagy

explicitly express these aspiratiofidnited Nations General Assembly, 2019, no pagination)

The SDGstimulateresearch themes fomformation System (19 scholarsworldwide. Watson et al.
(2021) presented IS contributionsto the UNs SDGdy reviewing articles fromhie Association for
Information Systems (A)JSSustainability Summiat the International Conference on Information
SystemdCIS2019 Thar analysisdemonstratel that AIS members were engaged with 16 of the 17
SDGs reflecting significant interest in positively impactinpem (Watson et al., 2021)Thus,
innovations inShave the potential to contributéo fulfilling the SDGs and makittge world better.

The COVIR9 pandemic challenges thiulfilment of the SDGs$n both economic and social terms
(OECD, 2021ailowever, thgpandemiadisruption also shows thgotential of Information Technology

(IT and ISas an enabler forthe transformation ofsociety.For instance COVIEL9 hasaccelerated
researchefforts in business and healthcafku et al., 2021)Thechange is fostered by significant IS/IT
developmentsconfirmed by the 40th IT Issues and Trends Study of the Society for Information
Management (SIM)The study repored cybersecurity,businesdT alignment, data analytics, digital
transformation,and complianceand regulationsas themajor trendsin the IT industry andcademic
researchAdditionally, cloud-based services wilicreasewhile cybersecurity continues to be a concern

(Kappelman et al., 2021)

In all humility before the task, this dissertatidealswith sociotechnicalinformation systemdor user
assistance itabourintensiveprocessesntendingto increase effectignessand efficiencyin industry
and healthcargractice It supports SDG 8 Decent Work and Economic Growtls&@ Zood Health
and WellBeingin the broader contextand joins theabovementioned effortsThe researchwas
performedfrom 2017to 2022in the interplay betweenthe COVIBL9 disruption andhe increasingly

fastpaced digital transformation



a. Problemareaandinfluencing factors
Global narkets and customer requirements adevelopingdynamially, leading to anincreagd

number of custonsed productsand rising product complexity In turn, this developmentresults in
smaller batch sizes per product varigifang et al., 2017)n manysectors batch size ondas become
areality, including industriabnd healtttare productssuch asndividualsed, patient-centred medical
prostheses odrugs(Fraunhofer Institute for Production Technology IPT, 2022; IKV Institute for plastics
processing RWTFBachen, 2022However,producingsmall batch sizesften favours humanwork in

production facilitiegBrecher, 2015)

Therisingcost pressurassociated with these developmentsves the need foproductionSiSIane

as anobjectivecriterion to describe whethesocictechnicalsystens aresuitableto supportlabour-
intensiveprocessesThe same applies to the increasipgpductquality expectations that do not allow
defective partgo resultin expensivaejectsor costintensive repairgDammers, 2022; Mueller et al.,
2020; Milller, VetteSteinkamp et al., 2018production i aiaiey is an objectivecriterion that can
describe whether socitechnical systms supportdoing the right thingsEfectivenessand dficiency

are primarily seen as the goals of sodiechnical systenTEEISI0Y Which is thefundamentfor
(UX and aprerequisitefor the of sociotechnicalinformation and assistance
systemsby the userdn the specificfield of application(Benyon, 2014, 2020; J. Brooke, 2013; Lah et
al., 2020; Nielsen, 1993n summary, system usability is linkedeffectivenessefficiency,and the

overallacceptance ofechnology(International Organization for Standardization 1SO, 2018)

Labour marketsworldwide are continuouslychanging due to th&eiellE e and of
occupationalactivities. As a resultasksare replaced orsignificantlychangd, and new skills are
required.Depending on their economy and labauarket structure, countries are affected differently
by job substitution and task automatiomhis development will continue, as even activities that require
high social and cognitive intelligenaee expectedto be substituted byArtificial Intelligence(Al)
(Ljubica Nedelkoska and Glenda Quintini, 20E®)wever,labour market researcin Germanyshows
that substitution mainly affectsindustrialmanufacturing jobsThesituation is different fohealthcare
occupationscharactersed by a high degree gfatient interaction According to the current state of
knowledge, these tasks atesssubstitutable. Overalltask substitution is driven by technological
development, with job profiles developing more slowly than technmegHowever, here are
indications that it is becoming increasingly difficult and costly to automate futtsis whichis likely
to slow down substitution processes(Katharina Dengler and Britta Matthes, 202Q0oncluding,
Dender and Gundert(2021) reported in their analysis of the German labour markéat digital
transformation hamsthe individual assessment of job loss probabijlityt the perceived availability

of job alternatives in the market seems to compensate for.this



The world population continues to groandis expected taeach its peakvith 11 billioncitizensby

the end of thecentury. Tlis growth isaccompanied by unprecedentgabpulation ageingiriven by
fertility, mortality, and migration change(United Nations et al., 2019The [ nee ol RotE
impactssocietiesand economiess a wholefor example the health of citizens health caredelivery
and workforce capabilities(Heijdra and Prettner, ZDb). Better health care lowers mortalitand
securesmore extendedparticipation in the labour marketdowever, increased life expectancy also
leads tomore cases of illnes&or example, in comparison 2920, six millionadditionalElges deaths

are expectedn 2040due todemographic chang@nternational Agency for Research on Cancer, 2022)
Economic studies have analysed the impacteyhographic changen economic growthshowing that
positive economic impact depesdn employment increases irarioussectors(Frankovic et al2020;
Kuhn and Prettner, 2016However, the continuous employment of anefiggy workforce in labour
intensive processes deandsnew forms ofwork andworkplaces(Daheim and Wintermann, 2016)
Theefore, the Federal Ministry of Education andsBRarch in Germangedicated the Science Year
2018 to the Future of Worli=ederal Ministry of Education and Research, 2019; MBitdyzou et al.,
2018) Future work needs to consider the altered performance of cognitive andaognitive abilities,
reduced occupational and geographical mobility, and increased life and work experience in response
to the demographic chamy(IAB Institut fir Arbeitsmarkiund Berufsforschung, 202Iorespond to
the challengesof demographicchange the Second World Assembly on Age{lWgAA adopted an

action plan to promote the development of a society for all agdsited Nations, 2002)

The [ OVIEER N disruptionjoins a list of majoepidemic and pandemioutbreaksin human
history, from the Athenian Plague in 430 B.C. to the Black Digdiihg as many as 150 million people,
to the Spanish Flwith an estimated death toll of G100 million, to HI\¢ausing40 million deaths, to
the more recentSevere Acute Respiratory SyndrorSBARS Swne Flu or Ebola | dzZNB Y2 @m0 X H A M
addition to the fast developments in diagnostics, contact tracing and vaccinatigslic phealth
measures such as isolation, quarantine and border com&wlain importantin managingnfectious
diseasegPiret and Boivin, 2020%0 farCOVIBL9 has caused more thaixmillion deathsworldwide
(Johns Hopkins Coronavirus Resource Center, 28228jdests high deathtoll, it is alsoa significant
disruptionto economic growthresulting inthe loss ofL14 million jobsvorldwide. COVIEL9 has also
increasedsocial dividesand reinforcedinequalities inlabour markets. The accelerated digital
transformation and automatiorprovided opportunities for highskilled workers Half of the high
skilled workerscould work from home,in contrast t029%of low-paid workers.Consequentlythe
pandemic affected mainly loywaid workers and occupations with a high degree of manual work
(Mascherini, 2022; OECD, 2021a)
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The COVIR9 pandemic haslso exposed the vulnerabilities of health systerworldwide raising
guestions aboutheir (Sundararaman et al., 202 Resiliencés"The qualty of being able to
return quickly to a previous good condition after problém & ambridge University Press and
Assessment, 2022y hasalsobeen defined athe capacity ofnstitutions andactors in health systems
to prepare for, recover from and absodisruptionswhile maintaining core functions and serving the

ongoing and acute care neeidaldane et al., 2021)

Health system resiliencis conceptually linked t@Business Continuity Management (BCnd Risk
Management (RN particularlywith the underlyingnformation Communication Technology (JCThe
health sector, especially hospitals with their care tasks;onsidered a critical infrastructure that
demands ahigh level of resiliencand falls underthe responsibility of theEuropean Union (BU
member states(The Council of the European Union, 2008; World Health Organization, 20d7a)
summary the COVIEL9 pandemic has fundamentally challendagsinessesnd health sygtemsand

accelerated digital transformatigrsuch aseleworkingand contact tracing

The abovementioned factorsignificantly influencehe problem area andare decisive criteria for
developing and usingsocietechnical information and assistance systemnia labourintensive
processesThe subject area of soctechnicalsystems and theiapplicationsare interdisciplinary due
to the humanmachine interaction and the considerable differences in the applicatiomslustryand
healthcare Furthermore, the subject area is influenced by thatlined globalfactorsin all their
actuality. The subject are#s thus overalcomplexand has not been adequately addressed fiormer
research This dissertation aim® increase theknowledgebasein the research fieldby providing

empirical findings and theoretical contributions

b. Objective and research questions
The problem areand influencing factorslefine the broadresearchboundaries othis dissertation.

The objective is to investigate how the effectiveness and efficiency of labtmsive work tasksa

be improvedthrough useroriented information and assistance systeflalcRalYeoleliglei{EIRis1
objectivecan bereachedthrough a consistent user oriertian seems plausibléut it is complexand
challenging to investigatelue to the interdisciplinary nature of the topind the everchanging
technology Figurel preseris the formulated general hypothesisvith the underlyingdimensionsof
people, activitycontext, and technology thahouldbe considered when condunog research isocic

technical information and assistance systef@enyon, 2020)
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The effectivity and efficiency of labour-intensive processes can be increased by ...

... user-oriented information- and assistance systems.

People: Activity and Context: Technology:

* Understand the people who will Understand activities that Examine the Information,
interact with the systems people want to perform Communication, Technology

* Consider that people vary in Understand the context of the (ICT) environment

physical, psychological and social business and the applications Support system integration
characteristics Consider temporal, spatial, with security and data privacy

* Provide systems that will be social, organisational and safety Consider that technologies vary
accepted by people aspects of activities in many aspects and evolve

Figurel: Hypothesis of the dissertation and underlying dimensjons figure)

In this context, lhe dissertationintends to advanceknowledge ofsocictechnicalinformation and
assistancaystemdor labourintensive processdsy providing neworiginal knowledge iempiric data,
bridging knowledge gaps lgeveloping design principles for new systeamsl learning fromthe field
of industrial and healthcareapplications The results form aaxonomy of design principlesand
technologyand industryagnosticreference modelsupporting the development o$ocictechnical
systems for laboumtensive processe Overal|] the dissertationmoves throughout the exchange
betweenmanufacturing industrieand the healthcare sectqrepresenting a additionalcomplexity
level Crossfertilisation takes place between thdesign cycle®f the dissertationwith particular

emphasis on humamachine, machindhuman and machinenachineaspects

For thef e s, various applications were selected for investigation. These include the manual
production of composite parts in individual or group work, asserabfjdisassemblyasks and quality
inspection applicationd_abourintensive processes characterite applicatiorns ina variety ofshop

floor environmentsFor thel e Raaat, radiotherapy(R7 for cancer treatment was selected as
the core area of investigation. Radiotherapwtsimportantpillar of cancer treatment and gresents

an area ofglobal healthcare characterised bya high degree oimanual work andtechnology

Radiotherapy ipatient-individualand implemented byighly educatedexpert staff.

DI (o] ST T [ JREERTY: (DSRis selected as the surrounding researphradigmfor this applied
scienceorienteddissertation.DSR is pragmatic research and supports the designefhats for real

life problemsby applyingseveralresearch cycledt is timeconsuming bt offers the advantage of

linking the different application scenarios in healthcare and industry using single design ®cles.
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significant DSR program typically encompasses many researchers over several years with any number
of intermediate research rests during its evolution(Gregor and Hevner, 2013, 4). Therefore, this
dissertation wasonly possible through intensive academic exchange with research partmers a

support from the application areas.

Dedicatedf eI a0, supporting the hypothesis analysiave been developed according to
Hoang Thuan et a[2019) whopresenta typology of DSR research questions as showigimre2. The
typology is based omnalysingDSR contributions in leading IS journatzording to motivation,
problem statement, research question, research approach, research activities arefadrt
contributionscombined withconceptualto-empirical modellingThe topology is complemented by a
profile of DSR research questions derifrein a patternrmatching analysi€Hoarg Thuan et al., 2019)
Both the typology and the profilesguided the formulation of the DSRresearch question®f this

dissertation

RQ formulation =

wayof — way of T~ wayof
__— knowing framing designing

/ Which [] define
7

\
knowledge base / \
SR |
< e | \
s ~_ ‘
g ~ |
/]

Prior knowledge New knowledge ‘
/ | ; N
/ | conceptualisation operationalisation evaluation
outer world  inner world / \ “,‘”\\ |
~7 | i N [
A, /N [
o 5 /’ ‘ // Ns “.“" \\\ “‘
/ / “ Represent Process \ Evaluate
s 7 | \
// / \
- o 1 \
Requirements Properties Components Implement Use

Figure2: Topology of DSR research questigthsang Than et al., 2019)

Figure3 presents the two research paths for industry and healthcare and twelve research questions
defined followingthe systematic approacto support the analysis of improvirige effectiveness and
efficiency of labouintensive work tasks through useriented information and assistance systems.
The wo research paths direct the researalith the extension oknown solutions to othemdustrial

applicationsandthe development ohew solutiondor known problemsn the healthcare sector.

Different societechnical systems are first explored in their application environment in parts

production and assembly in the industrial sectdhe first research questicaddresseshe impact of

13



semiautomation inlabourintensive processeen process speed, stability and the quality of work
resultswhile providinginformation on the design of quality waskacesin production. The second
research questiofiurther elaborates orthe design of quality wodpacesn smat factories focusing
on HumanMachinelnterfaces(HMI) and the integration of CPS in the smart factory to achieve further
increases in effectiveness and efficierayaysconsideringusers' acceptance of the systenin the
third and fourth research questiongnswers related towork preparation and integratin into
production management systenshiouldhelp further increase socitechnical systems' effectiveness
and efficiency Research questiofive examines system control improvemeriig applyingintuitive
control conceptswhile question siseeks tcanswerfurther the question of how system control can
be automatedo increase the efficiency and quality of manual work. ifgeistry pathway's conclusion
is research questioseven, which investigasdhow digital twins of manual assembly stations influence

the flexibility andversatilityof systemsconcerninghe target variables of the hypothesis.

Further inquiries are carried out in thehealthcare fieldwith a particular focus on applications in
radiotherapy. To this end, research question number eight éixsimines the need for soctechnical
assistancen radiotherapy processessubsequently, research questiome analyses the transfer of
the findings to the area of cametzased patient positioning. Finallgspects of BCM are analysied
research questins ten, eleven and twelve due the increasing importance of resiliencBased on
the understanding of the influence of the COMI®disruption on business processes, it is examined

how Decision Support S¢ms (DSBSand simulation can increase the resilience of setgiohnicd

14



systems in labouintensive processesThe twelve research questions build on each other and

continuously increase the knowledge gained.

How should quality workspaces be designed
that support effective and efficient manual composite preforming in smart factories?

How should a Cyber Physical System for manual assembly be designed to reach high
perceived effectiveness, efficiency and system usability in support of quality workspaces?
Which known industry

solutions can be
transferred to support

the development of
information and
assistance systems for
labour-intensive
processes?

How can user acceptance of Cyber-Physical assistance Systems be improved
paration?

How should assistance systems be integrated into production control
and which value-adding services should such systems support?

How can the control of assistance systems be improved
with intuitive natural user interfaces?

How can the control of assistance systems
for manual work tasks be automated?

How should a digital twin of an assembly system be designed
and how can its virtualisation be used for workplace planning and simulation?

How should user assistance systems be designed
that increase efficiency and reduce risk in radiotherapy cancer treatment?

How should a system for patient positioning be designed

How can radiotherapy to improve efficiency and safety in radiotherapy?

practice be improved
trough the
development of new
information and
assistance solutions?

How resilient is radiotherapy practice against
the pandemic disruption caused by COVID-19?

(=]

How can user assistance systems support
business continuity in pandemic crisis?

=
=

How can COVID-19 risk mitigation be simulated
in support of resilient business continuity of radiotherapy practice?

[y
N

Figure3: Distinct research questions of the dissertation (own figure)

Following theanalytical frameworlof Hoang Thuan et a(2019) the twelve research questiorare
categorgedin Tablel. Theanalytical frameworks orgarisedaccording tadhe seven coralimensions
motivation, problem statement, research questions, research appro@adearchactivities theory in
useand outcome artefacts. Tablel provides a transparentiew of the discourse of this dissertation

that is taken in thawelve design cycles

Dimension
Motivation | Problemsolving Wl w|l w w| w

Gab spotting Wl 0wl 0| w

Problematsation W| w| w
Problem Research

W] W W/ W

statement | challenge

Research gap Wl 0| 0|

15



Research

problem
Requirement w
Research
opportunity
Research | Design process
W W 0| | | | w
questiors (how?)
Design product
(which?)
Knowledge
(what is?)
Research | Exploratory w|l w
approach: | Prescriptive Wl Wl W w| W
knowledge | Constructive W W W| 0| w
goal Confirmatory
Explanatory
Descriptive
Research | Developmental w w
activities: Evaluative ()]
mode of Mixed
inquiry (developmental | w | w w| W
and evaluative)
Theory in No specific
W] W
use theory
Kernel theory Wl w Wl 0wl o
Formal theory
Testable theory
Outcome Instantiation Wl 0wl o Wl 0wl o
artefacts Model
Method
Construct
Desigrprinciples | w | w | 0 | W | 0| W | W

Tablel: Classification of DSR projects of this dissertdtitmang Thuan et al. (2019)
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First, thedesign cycles one to nirtargeting reallife problems are motivated by problesolving and
gapspotting. However, the COMVI® disruption hasencouragd additioral problematisation
research Thidactis also reflected in the problem statement dimension, first characterised by research
challenge, research gap and requirements of Htdalproblems. Howevetthe research opportunity
arose with the COVHD9 disrupton leading tothe last threedesigncycles The defined research
guestions are related to process desigeflecting the focus on labotintensiveprocesseshowever,
some design cycles include elements of product and knowledge questions, as will beishinn
design cycle descriptiohe knowledge goal changed between explorative and constructive research
approachesand continuous prespcriptive goalsing mainly mixed research modes of inquiry referring
to kernel theories and experts' experiencéximarily instantiations were created to be tested in

realistic case study scenariosmplemented by design recommendations and principles

Sandberg and Alvess@2011)unveiledin their literature reviewthat gapspotting is thedominant way
of developing research questions. Jioposel different forms ofproblematsation asanalternative
since in their view,challenging assumptiomaake theories interesting and significaandberg and
Alvesson(2011) presented critical confrontation quastproblematsation and problemasation as
disruptive modes that shdd be applied when defining research questiolsthis dissertation, gap
spotting is not used unilaterally babmplemented with other methodsThis attempt makes this work
more multifaceted.In sum, the researchquestionsof this dissertationare formulated following a
systematic approactsynthesisngthe application aream industry andhealthcareand elaboraingon

the humanmachine, machindhuman and machinenachinedimensions

c. Structure of the work
The work presenteth the remainingpart ofthis dissertationis organsed as followsSection dutlines

essentialaspects of laboumntensiveprocessesThechange of the working worldnd the influencing
macro factors affecting the work of the future adescribed with thai impact on socigechnical
systems Subsequently, the working worlds of industry and healthcare are exarirtklail including
their similarities and differences. Section 2 concludes witisaussiorof the challenge®f designing

sociotechnical systems

Section 3 is devoted to information and assistance systems. dsftggwing research challengabge
different user assistance systems are presentethid exemplaryapplications in industrygrafts and
healthcare aréhighlighted The relation to CybePhystalSystem (CB$s discussed befor®ection 3
concludes with the state of knowledge atite need for action.Section 4focuses onaserbased
assistance systems, chosen as the object of investigation fodigseration. Stringent industrial and

healthcare applications are considerétkamples of composite manufacturing, prefabrication of parts
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and industrial assemblyand quality inspectionare presented for industrial productionThe
applicationsof interventionalradiology,tumour marking and patient positioning in radiation therapy
for cancer treatment are explained in the healthcare secfection 4endswith a reflection and

conclusion.

Section 5 focuses entirely on ti#ESRoaradigm as thdrameworkof this dissertation Following the
scientific classificationf design theoriesthe foundations are laith knowledge contribution, kernel
theories, research paradigm and methods asuftware tools used in the design cycles. Section 5
concludes with rdéction and conclusion§ection 6 describehe design science cyclesthe industry
and healthcare path in detaiFirst, thedesign concept ipresented. Subsequently, the design science
cycles of the industry path and the healthcare path awtlined in a structured approaghincluding
discussions of the knowledge contribution based on reflection and abstradttars, i each design
cycle,one of the twelvededicated research questigtis answeregdsupportingthe overallanalysis of

the hypothesisSection 6closeswith summarisingeflectionsand conclusioa

Section 7introduces reference models before structuring design principles ataxonomy for
transferability to other domainsThen, a reference model féie design oBocictechnical systemfor
labourintensive processes is developed and narratively verifieal stepwise approaciThe section
concludes with recommendations for action befa@summaryand outlook are providedin Section 8.
Finally the research institutions and companies involved are acknowledg8eciion 9 followed by

the Appendix in Section 10

18



2. Aspects ofabourintensiveprocesses
In describing the problem areaelectedsignificantglobalfactors have been briefly introaed. In the

following, theseglobal factorsare scientifically outlined andliscussedin the context of labour
intensive processes and sodi&rhnological systems supp@ry such processesSubsequently,
scientific andgovernmentalstudies d the work of the future are presented, which form the basis for
the following sectionsBoth fields industry and healthcare, which are particularly important for this
dissertation, are examined and compdrconcerninghe development of worlprocessesndrelated

actors. Finally, theorrespondinghallengedo the scope of this dissertation are sumnsad.

a. Change of the working world
The changen the working world isa process that people experieneg work andin their daily lives.

Theprocess isccekrated byglobalisation and digitalisatigureatinginsecurity for many peoplabout
current and future jols in terms ofsalaries job stability, work conditionstequired skills,and overall
participation inthe change processGovernmental widies show that 14% of jobs i@rganisation for
Economic Cooperation and Developmé@ECDHcountries are likely to be automated, while another
32% are at high risk of beirag leastpartially automated. Young people and leskilledworkersface
the highestrisk, but also, high-skilled workers are increasinghffected due to new often Atbased
technologiesPrevious job models with a stable, ftithe job at one employer ardeclining while a
shift towardsservice job@ccurs The COVIR9 disruptionhaswidenedthe gap betweerfavouredand
vulnerablepeople affecting the quality ofmanyjobs. Internet connectivityhasallowed manypeople
to work from homeduring the crisis which has lenefited the platform economy However, pbs
requiring a physical presence, e.g., retail, manufacturing, and transportatiemore likely to be held

by lowerskilled workergOrganisation for Economic Cooperation and Development, 2022)

I. Macro factors
Thebroader subject areaof labour-intensive processess interdisciplinary anccomplex requiring a

deeper view ofthe macro factorgntroduced initially As shown in Figure 4, six macro factoffuence
sociotechnical systems for lalwm-intensve processedrom the market penetrationand demand
perspective Efficiency, effectiveness and acceptance of systems are related to the penetration of
systems in the market. Resilience, demographic change, and substitution impact the demand for socio

technical systemsThefollowingincludes an a priodefinition of theterms used
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Effectiveness

Efficiency Acceptance
S(?fClO;tiChnl(.:al sys?ems Market penetration factors
........................................................... or labour-intensive
Market demand factors
processes \
Resilienc aae
a ainsty ] Substitution by
z B 2 automation
disruptions

Demographic
change

Figure4: Macroforces orsocictechnical systems for laboimtensive processes (own figure)

is aversatileterm useddifferently depending on theliscipline orarea of applicationAmong
others, efficiencys defined asThe good use of time and energy in a way that does not wast&,any
"The difference between the amount of energy that is put into a machine in the édriwel, effort,
etc. and the amount that comes out of it in the form of movenmehtThe condition or fact of producing
the results you want without waste, or a particularyia which thsis done', "A situation in which a
person, company, factory, etcses resources such as time, materials, or labour well, without wasting
any', "Asituation in which a person, system, or machine works well and quigambridge University
Press and Assessment, 202Rfficiency icalculated according t&quationl as the ratio of Product
output to Cost as required resources acehnotreach values above 100%.

ononsadadd? @0

Equationl: Efficiency calculation

The continuous need to reduce costs in industry and healthcare means thatteokitcal systems
must increase the efficiency of laboeimtensive production or treatment processef®r example by

introducingnew technologie®r improving existing ones.

Accordingly Bl is a versatile term that is used different ways.Thedefinitionsspan from

"the ability to be successful and produce the intended resutis'the quality of being successful in
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achieving what is wantédo "how well a particular treatment or drug works when people are using
it, as opposed to how well it works under carefully controlled scientific testing condit{Qasnbridge
University Press and Assessmepf22) The effectiveness of soctechnical systems in labour
intensive processes has two dimensioRgst customers expect highuality products with quality
defined as'the degree to which a set of inherent characteristics of an object fulfigiirements
(International Organization for Standardization 1SO, 2015&cond, gors often result in high
consequentialcosts. Depending on the prodydiaults can no longer be repaired or can only be
reworkedat a highprice. Products that cannot be repaired are considered rejeutd additional costs
are incurred for disposdKiran, 2017)Effectiveness is often synonymous with treatment success or
patient safety in the healthcare sectdgrrorsin patient treatment can have significaetfects,up to
patient death.Consequentlythe medical system suffers from high liability cqdtello et al., 201Q)
Thesociotechnical systems' effectivity measuremesiépendson the gplication areaand includes
humans working with the system$herefore Key Performance Indicators (Kphust reflect objective

and subjectiveeffectiveness perspectives

Efficiencyand effectivenessas objective measurementdave found their way into concepts and
performance indicators, such as in the context of Total Productive Maintenance),(@€ddrding to
Nakajima with the goal of a comprehensive anduble-free production system and the Overall
Equipment Effectiveness (OEES the multiplication of availability, performance and quality efficiency
(Heller and Prasse, 2018; Nakajima, 19B&yure5 outlinesthe taxonomyof TPM andequation2, the
calculationof the OEE.Jeong and Phillip2001) have adapted the concept for capiiatensive
industriesbecause of their belfX" that loss classification schemes are ultimately tied to the industry
type" (Jeong and Phillips, 2001, J105) This statement becomes particularly clear in a direct
comparison of industry and healthcabecausethe patient significantly influences, for instee, the

loading time
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Six big losses Computation of OEE

Equipment failure availability ef ficiency
__operating time

Loading time

loading time
Setup and adjustment

Operating time
Idling and minor stoppage

Downtime
losses

performance ef ficiency
net operating time

. operating time
Net operating Reduce speed

time

Speed
losses

Defects in process

Valuable quality ef ficiency

valuable operating time
Reduced yield "~ net operating time

operating
time

Defect
losses

Figure5: Taxonomyf Total Production Maintenand®akajima, 1988)

0’00 OUL &Y CASNATHDTE GAE | QUEQOE WD EHAW DO QQE O ®
D OO ®Q DD Od WM
a € w'QA0AN

Equation2: Overall Equipment Effectivenddakajima, 1988)

Sundqvist et al.(2014) analysed efficiency and effectiveness within the project management
profession. They confiredthe wide variety éviews on efficiency and effectiveness among academics
and practitioners and the usage of the terms without clear definitions. The authorsecldimat
clarifying the interpretation of project efficiency and effectiveness would help prdjased
organisdions to improve their work. Furthermore, they beliav¢hat new performance indicators

beyond time and cost would increase diversity in performance measure(Semdqvist et al., 2014)

Both dficiency and effectivenessifluencethe usability of societechnical systemaccording tothe
standard for ergonomics of humasystem interactior{International Organization for Standardization
ISO, 2018, 2019h) he standar@¢omplementsefficiency and effectiveness with the systeatisfaction
measure. Tyigal metrics for efficiengyeffectivenessand satisfactionare presented inTable 2
according taBenyon (2020)n adaptationfrom the International Organization for Standardization ISO
(2019b) The level of achievement depends on the system and application areaeby afety-critical

healthcareapplicationsapply nofailure policiesand utilise special platforms for a posteridricident
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reporting (International Atomic Energy Agency, 20B&nchmarks allowthe comparison with other

systems in the respective application ar@ath efficiency and effectiveness support improvements in

time, cost quality and customer satisfactioiSundqvist et al., 2014)

Usability

objective

S EENERESS

measure

Efficiency

measure

Satisfaction

measure

experienced

- Percentage of relevant

Overall - Percentage of tasks - The time neededto - A rating scale for
usability successfullgompleted complete a task satisfaction
- Percentage of users - Time spent on non - Frequency of
completing tasks productive actions voluntaryuse
Meetsthe - Percentage of advance| - The time neededto - A rating scale for
needs of taskscompleted complete tasks relative | satisfaction with

to the minimum time

advanced features

infrequent use

after a specified period

of nonuse

users functions used
Meetsthe - Percentage of tasks - The time neededonthe | - Rate of voluntary use
needs for completed successfully first attempt to
trainingand at first attempt completethe task
use - Time spent on help
functions
Meetsthe - Percentage of tasks - Time spente-learning | - Frequency of reuse
needs for completed successfully,  functions

- Number of persistent

errors

Learnability

- Number of functions
learned

- Percentage of users
who manage to learn a

pre-specified criterion

- Time spent on help
functions

- Time to learmacriterion

- A rating scale foease

of learning

Table2: Usability metrics according to Benyon (2020) adapted from 1ISO (2019)

Thelloeaaes of sociotechnicalsystems ismportant for ISresearcherssystemproviders andisers.

"Acceptability is aboufitting technologies and services into people's livéBényon, 2020, [d.12)

Acceptancecan be seen from differergngles such as political acceptanamnvenience, cultural and

social habits, usefulness and economieandamental to the analysis of system acceptaiscihe

Theory of Reasoned Action (T/Réxd the Theory of Planned Behavior (JfBBpporting the prediction
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of how humans behave based on their attitudes and intentiétsording to theTRA, peopléehave
rationally and utilise availableinformation, which allowsfor predictingactions The likelihood taact
increasewith the intentto performthe acton, whereby the intention is influenced by the attitude of
positive or negative thoughts concerning thehaviour and subjective norms. In turn, people's
attitude is influenced bytheir beliefs about the consequences ahe actionand the social pressure
e.g. byfamily and friendsand what theythink about thebehaviour Social pressure thereby reflects
the motivation to comply witlthe perceived expectations of the peopeoundus(Ajzen and Fishbein,
1980; Fishbein and Ajzen, 197Bf an extension of the TRA, the W& developedto support the
prediction of repeatableactions The modelwas extended byperceivedbehaviouralcontrol, which
reflects thedegree of personal control that one perceste have over theébehaviour Attitude and
subjective normginfluencebehaviourby intention, whereas peceivedbehaviouralcontrol influence
activitiesthrough the effect of intention. Both are influential pdictors of behaviour(Ajzen, 1985,
1991; Fishbeiand Ajzen, 1975)

Contrary to usability, socitechnical system acceptance requinesderstandingthe context of use.
Severamodels have been developed to describe tmelerlying mechanismand evaluate the success
of IS Urbach et al(2009)provided a literature reviewabout the use ofmultidimensionallSsuccess
models. Theauthorsanalysel the theoretical foundation, the object and unit of empiric analysis, the
evaluation perspective and the data gathering and analysis. Accoglito their findings the
acceptancemodel of DeLone and McLeaf1992)was used in more than half of the publications.
Furthermore, IS were mainly analysedby surveying users and performirgructural Equation
Modelling(SEN). ISsuccessvasmainlyanalysedon an individual levednd seldomcomplemented by

an organgational analysis, finding that wagecentlyconfirmed byClarke et al(2020)

DeLone and McLedqi992)developed an integrated we of ISsuccess by presenting a taxonarapd
an IS success modeWwith the sixinterrelated and interdependendimensons system quality,
information quality, use, user satisfaction, individual impact and organisational impaetmodel is
based on usagasan appropriate measure for system succésghe model, system quality measures
the accuracy and efficiency of the system that communicates informatibiie information quality
measures the success of conveying the meanintpe information. Both influence the effect of the
information on the system user. The six dimensions of the model are interrelatedhich has
implicatiors for measuring and analysindS success in empirical studiedt follows that

interrelationships enong the dimensionshould be studied ocontrolled duringananalysis.
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Information quality

Intention to use

System quality Net benefits

User satisfaction

Service quality

Figure6: UpdatediSsuccess modéWilliam H. Delone and Ephraim R. McLean, 2003)

The authors have updated their success model araptsdi it to the new challengesf éSpractice. The
updated models shown inFigure6 aspublishedby the authors in theit A TenYear Updatéarticle.
Servicequality was addedreflecting that new srvicesare continuouslyadded to many products.
Furthermore, individualand organisational impacts have been combined intt benefitsas a
commonsuccessneasure Finally intention to usehas been introduced tbetter distinguish between
mandatory versus voluntary or informed versus uninfornusdge However intention to usds more

difficult to measure tlhn actual usagéWilliam H. Delone and Ephraim R. McLean, 2003)

The Technology Acceptance Model (T)Atkvelopedby Davis(1985) is another widely used model
for studying the acceptance sf/stemsTheindividuals attitude towards system usage determined
by perceived usefulnessidease of usePerceived usefulnegseans that he user believes the system
will enhance the job performancevhile ease of usémplies that the system usage wikquire low
effort. Davisalso presented evidence that the model can be usedoroduct designEase of usés
important, but the usefulness of a system is even maréical (Davis et al., 1989The robustness of
TAM as a prediction modelasverified in a metaanalysis byKing and H€2006) The TAM was later
extended toexplainperceived usefulnesmdusage intentionsegardingsocial influence and cognitive
processes. The extended TAMvas tested involving voluntary and mandatory usbgfore andafter
system implementation Social influence processes (subjective norimage, voluntariness) and
cognitive processes (job relevance, output quality, result demonstrability, perceised of usg

significantly influence user acceptandge termsubjecive normis based on thé'RAand the TPB
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(Ajzen, 1991; Fishbein and Ajzen, 19&)bjective normepresents the social pressure which has a
positive effect onthe intention to use and orthe image representing thestatus of peopleBoth
subjective normand image have a positive effect on perceived usefulneBse experience variable
reduces the impact ofubjectivenorm and intention touse and perceivedusefulnesdor involuntary
use casesJobrelevancedescribes theperceived usefulnessf technology for doing the job and
positively affectperceived usefulnes®©utput quality represents the effectiveness of technology in
gualitative terms with a positive effectnoperceivedusefulnessResultdemonstrabilityalsopositively
affects perceivedusefulnessand reflectswhether a user directly recogses the system'sbenefits
(Venkatesh and Davis, 2000)

(Venkatesh et al., 2008¢cognsed the need for a synthesis of several existing user acceptance models
and introduced the Uniéid Theory of Acceptance and Use of Technology (UTBd$Ed on a review

and comparison of RATHB, TAM the model of PC utdation, the diffusiorof innovationgheory and
combinationsof these models and theoriesThey providd a unified tool to assess the success of
technology introductionhelpingto understand acceptance driveisigure7 shows tle model with the
direct determinants ofuser acceptancand usagebehaviourand the essentialmoderatorsgendes

age voluntarinessand experience Ehrari et al.(2020) recently studied how human motivational
determminants influence the tradeff between safety and privacy in technology acceptanazhealth.

Consequentially, the authors extended the UTAUT model taking human motivation into account.

Performance
expectancy

Effort expectancy

Behavioral intention User behaviour

Social influence

Facilitating —

conditions

Figure7: Unified Theory of AcceptancedaUse of Technolodyenkatesh et al., 2003)

26



The TAMB model, as presented iRigure8, depictsa network of determinants ofn individuals
technology adoption and usédt is more comprehensive than TAMand supports actional guidance.
The authors claim that the model helps nagers implement interventions to minisa resistance to

new technologyViswanath Venkatesh and Hillol Bala, 2008)

experience voluntariness

subjective norm

image

job relevance :
perceived

usefulness

output quality

result
demonstrability

A

o ~

’ Anchor \ behavioral use
computer intention behavior
self-efficacy

~

perceptions of
external control

computer

SKie perceived

computer ease of use

playfulness

.

o ——————

Adjustment
perceived
enjoyment

objective
usability

Figure8: Technology Acceptance Model TBWiswanath Venkatesh and Hillol Bala, 2008)
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The communication of innovations also influences technology acceptawesetimein social systems.
Rogerg2003)describel this process in hitheory of diffusiorof innovatiors introducinginnovators,
early adopters, early majority, late majority and laggards segments. The segmentdhéanoption
curve of innovationgwith the critical masseachingthe chasm point at the boundary of early adopters

andthe early majority(Moore, 2014)

Recent discourse critedd the use of usabilityandLah et al.(2020)investigated the relationship
betweenperceived usabilitgnd perceivedusefulneskperceivedease of usef the TAM(Lewis, 2018a;
Tractinsky, 2018) ewis(2018a)provided evidence thatperceivedease of usés another measure of
perceived usabilityconnecting the TAM tthe usability construct and providing an outlook into the
future: "...l believe the construct of usability has agit future both in usability science (theory) and
usability engineering (practice), either alone or as a fundamental part of the larger assessment of user

experience'(Lewis, 2018a, [&).

Vaezi et al(2019)analysed user satisfaction withSusing a multattribute approach They elaborate
on the relationship between satisfaction with attributes, components, and the ovegatemto
understand hav users perceive system succe$tie model incorporatethe system and service
successcomponents ofWilliam H. Delone and Ephraim R. McL42003) and shows that user
satisfaction withSderives from satisfaction with the single system componentsthadorresponding
attributes. They identifiedthe information attributes satisfaction witlnformation currency, format
and completenessthe system attributegase of useand response timegand the serviceattributes
accessibility and availability of support serviessnostimportant for usersatisfaction.Finally,Jewer
and Compea2021)developeda hybrid model for understandin@successit isbased orWilliam H.
Delone and Ephraim R. McLe&&003)and their focus on system and uséut elaborates on the

process elements which represent developments of activities and events over time.

ii. Workof the future
The world of work i€ontinuouslychanging and Frey and Osborné013)described this change in

their early work The Future of Employmerithe authorsleveloped dabourmarket model teestimate
the number ofjobs at riskhrough computerisation. Theynalysdthe probability ofcomputerisation
for several hundred occupationsith the result thatmany jobs in transportation logistics, office
administration,production and the service sectawere at riskof beingreplaced Frey and Osborne
(2013)also emphasisedhat new algorithmsallow for computerisingnon-routine cognitive tasks
Additionally, they predicted that newlevelopments in robotics auld lead to further automation.
Together they estimated thapproximately47% of United Sates employmentcould beautomated

within oneto two decadesTheir model alsshowed that salanand educatiorlevelswere strongly
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linked with the occupations probability of computerisatiomnd that workersshould acquire new
creative and social skills to reallocate to tasks that are-susteptible to computerisatio(Frey and
Osborne, 2013)

Their foresightednesss confirmedby the deploymentof robots worldwide The number of industrial
robots in operation reached 3 million in 2020 and is expected to goo®B00,000 installed units per
year in 2024However, it should be notethat 70% of industrial robots are installed in Asigth a
high share in electronics productioficcording to the industry associatiof3%of the industrial robots
installed in 2020 perforrhandlingand 12%assembly taskdvost of the robotsinstalled in 202Qvere
non-collaborative(94%).Advancemergin clowd computing, 5G, machine visicand Al wilimprove
robots' performanceand enablenew applicatiols. Service robots are most widely used for delivery
(37%) cleaning and disinfectio(29%) medical and rehabilitatiof15%), social contac{13%)and
automated restauranty6%) while nobile robots are established in transportation and logistarsd

medical robots are mainlysed for surgerie@fr, 2022; Muller, 2021)

The risk off RN R Te e was assessed byjubica Nedelkoska andeBda Quintini
(2018)based orFey and Osborné2013)and data fron32 OECD countries tife Progranme for the
International Assessment of Adult Competencies (PJACECD, 2021b)Earlier discussions about
digitalisation leading to massive job loss are how more nuanced, recognising that changsk to t
profiles within jobs may be the more important employment impa¢Eurofound, 2021, ).
Subsequently, thanalysis considers occupati@ntasksand the potentialof task substitution by Al,
additive technologiesAR oIDSSAccording to the findings 14% of jobs in OECD countries are at high
risk, meaning that their substitution witbxistingtechnolog hasa probabilityof more than70% while

an additional 32% of jobs havenaautomationprobability of 50%0 70%.Thevariation in the risk of
automation acrossOECDcountries is explainedby differencesin economies,for example,the
occupational mix within industries and the mix of tasks assigned to one occupaticonclusion, the
likelihood of job substitution is higher in East and South Europe, Germany, Chile, and Japan compared

to AngloSaxm and Nordic countries arithe Netherlands.

The figures vary between the different industries and jdbst example, mnufacturing fabricated
metal productsand manufacturing motor vehicles, trailers and setngilers have a meanautomation
probability 0f52%and51% respectivelywhilethe human healthindustry shows lowerautomation
probability of 42% On an occupational levedssemblers face the highest rigkjob substitutionwith
59% compared to health professionals wi85%.Overall, therisk declines with educatio®IAAGKills
andsalary levelsThe analysisonsideredechnologicatapabilities not actual technology penetration,

influencedby acceptance and adoptiqhjubica Nedelkoska and Glenda Quintini, 2018)
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The Institute for Employment Research ([A&f the Federal Employent Agency in Germany has
incorporated thefindingsinto the web-based interactive toollob Futuromat The toolexplainsthe
degree of automation ofn occupationbased on its tasprofile. In addition to statistical information,
the technologies replacing the activities are alpmesentd, and education opportunitiesare
recommended(IAB Institut fr Arbeitsmarktund Berufsforschung, 2021 helAB has studied the
scientific backgroundt Germany's national and regional levetslalescribedt in relatedpublications

(Dengler andsundert, 2021; Katharina Dengler and Britta Matthes, 2021)

Additional research has been conducteah the digitalisation of industrial work with sometimes
contradictory resultgHirschKreinsen, 2016 Recent COVHD9reasoned researchas focused on the
possibility ofexecutingtasksremotely. The results shawd that 37% of jobs in the United Statesutd

be entirely performedfrom home but variations are high between cities and industr{Béngel and
Neiman, 2020; Holgersen et al., 202h)their occupatiorbased analysis supported by crowdurced
data, Holgersen et al. (202talculatel a similar figureof 38% for Norway. Digitalisation coutelp
counteract the skiéd labour shortage in many industries and provisningsfor the retired, as
shown by Lorenz and Zwick2021) The studies underline the influence of digitalisation and the
expected change in the working wondth occupational and geographic variatiofi$us the socio

technicalsystem design must considdre impact ofdigitalisationon specificwork tasks.

An additionakffectwith extensive impact othe future working worldsthe ubiquitoui el aa
EWEL. "...demography plays a crucial and important role in malifferent economic processes"
(Heijdra and Prettner, 2020a, p51) Understanding the influenceequires a deep understanding of
economic and nomarket dependenciesas demanded byHeijdra and Prettner(2020b) "The
relationship between automation and age isstlaped, but the peak in automatability among youth
jobs is far more pronounced than the peak among senior work@isibica Nedelkoska and Gt
Quintini, 2018, p8). The statement linked to the previouslyoutlined substitution risks through
automation showg the dependeng between work and age in an exemplary mannein labour
intensive processes, these dependencies laigh, and the increasingly flexible, decentralised and
knowledgebasedwork will require new skillsOverall, he demographic change will lead tew
generations entering the workforcevhile older geneationswill work longeror changetheir form of
employment(UlrichWalwei, Jurgen Deller, 2020ompared to 2015the number of 2664 years old
will decreaseby 2050in many highincome countries Contrary to subSaharan Africawhere the
working-age population is projected to reach 1.3 billeimultaneouslyThe share of people above the
age of 65is expected toincrease significantly in highcome countries. The situation in 2050 is
comparatively reflected in Figure®theform of population pyramids fokow-IncomeCountries (LIE

Lower-Middle-IncomeCountries (LMICandHigh-IncomeCountries (HIE
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Figure9: Population 205QUnited Nations Department of Econ@naind Social Affairs, 2022)

The global workforce of womeis below that of menbut while the gender gap is closing in high
income countries it continuesto widen in emergingcountries (International Labour Organization,
2022) Overall, international trade in the globalised worldl increase the demand for higghskilled
workers who fulfil cognitively more cortgx and collaborative tasks using technological competencies
and often work remotely The transformation of the labour market will continue with a growing
platform economyemploying he emerging middle class, women and the eldedffen with less
economicsecurity, health insurance or retirement pla&orld Economic Forum, 202Bermanent
employmentwill be increasingly supplemented or substituted pyojectbasedtemporary work At

the same time work will diversify with workers holding several joland new formsof employment
emerging, such asjob sharing, interim management, mobileork, or crowd employment The
transition towardthe circular economy is expected to create 7 tan8lion new jobs by 2030mainly

in industrial countries (European Commission Competence Centre on Foresight, .202%)
demographic changand the future of workare increasingly discussed many countrieswith a
particular focus onthe ageing workforceThe questionthat arisesin this regardis how the work
environmentscan be restructuredo sustain employability of all age groups, retain people in their jobs
and reintegratethe unemployed into the labour markeMaintainingwork performance depends on
many factors such aswillingness to engge in lifelong learningwhich socieechnical systemgan

support

Also,work should beorganisedso that employeescanremain active throughout their working lives
without suffering physical or mental healibsues Attention mustalsobe paid towork circumstances
because stressful and poor working conditions are responsible for performance problems as
employeesage(Buck et al., 2002Y heLater Life Workplace Index (LD\Was been developed to asse
ageinclusive practices and working conditions for susb@fy managing agdiverse workforces in
organisationgWilckens et al., 2021)The effect of age on performance is characedliby a decline in

physical work capacitiesetainingmental work capacitiesand enhancingognitive and social skills
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(Karazman 2000). The range of individual differencpsiiformance grows wider as people grow older
each year However agetypical changesneed to be assessed in combination witihdividual

performance abilityasvisualisedn the different curvesn FigurelO.

Factors influencing performance:

: * Private lifestyles
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Figurel0Q: Individual differences in work performaneéh increasing agéBuck et al., 2002)

Age becomes a problem if the work demanaslonger match théndividual work capadis In the
future, work must be managetb prevent excessive stress on peogiegmote the mental and physical
performance of employees, and ensuhat the capacities of ageing employees are exploited to a great
extent To summase, if workersmust permanently perform work under unfavourable conditions
they will likely face healtnd performance problems as thage Table3 outlines common risks and

potential counteractionghat sociotechnical systems can suppdBuck et al., 2002)

Work risks Actions required

- Repetitive work routines - Ergonomic workplace design

- Permanent concentration - Fostering healthy work processes

- Forced awkward postures - Job enrichment by changing type, content,
- Night shifts methods of work, or mixed tasks

- Physically demanding work - Reducing time pressure

- Machinepaced work - Introducing flexible workingime models

- Head, noise, dust - Limiting deployment times

- Tight deadlines

Table3: Health risks and actions requir@8uck et al., 2002)
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For example, socitechnical systems can malab rotation easier, enhance jobs, and offearning
opportunities. They can also suppdhe training of youngworkerswith low qualifications.However,
"Policy needs to ensure that digital technologies are deployed in the workplace in a feenait
way" (Eurofound, 2021, R2). In hiscomprehensive contributionTams(2022)analysedthe lower
performance levels of oldanserscompared to youngeonesin executinglT tasks. He developed a
model with information processing speed of older workegis the cause of reduced-tdsk capacity
influenced by boundary conditiongs shown irFigurell. According to the author, IT experience and
selfefficacymitigatethe negative impacts of performance decliméhile IT overload and effort coef

IT uselead tothe oppositeeffect. He concludd his analysis with recommendations for IT designers,
including consistent mapping between interface components based on pattern recogngiogfags

instead of spatiatlements and faceted interfaces that group results into broatkgories.

Certain resources provide a buffer against
the impacts of declining processing speed
(IT experience and IT self-efficacy)

e Information IT-enabled task
& processing speed performance
Boundary
conditions —__ Certain conditions of use aggravate the

impacts of declining processing speed
(IT overload and effort cost of IT use)

Figurell: Extended view of a&jng and ITenabled task performand@ams, 2022)

Societechnical systems casecure employees' job performance if designed to compensate for age
related changesConsequentlythe demographic change and its influences must be an integral part of

sociotechnical systerm desigrfor labourintensive processes

The term[EIIaae, is often used in connection with technical systetnst is more fafreaching in its
overallconcept.Manyarticles have been published @ublic health, epidemiological, environmental,
architectural, soial, psychological, organisational, energgpmmunication and cybersecurity
resiliencelt is noticeable thatdemographic changeonsiderably impactsosne of theseopics(Souza,
2015) The National Research Coundiéfines resilience a%... the ability to prepare and plan for,

absorb, recover from, and morguccessfully adapt to adverse even(dlational Research Council,
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2012, p.1) and refers to the galof embracinga culture of resiliencezigurel2 visualses the different
phases ofresilienceand highlights thempact of a disruptionand the following absorption and
recovery phasesThe goal is to minirse the disruption insystem performanceind duration The
adaption phase should secure that systems are more restlefoture disruptions"Building resilience
does not mean abandoning efficiency, but rather maging socieeconomic systemslongterm

sustainability in the face of future disruption€'rump et al., 2020, [220).

High

System Performance

Low

Plan Absorb Recover Adapt

Figurel2: Stages of resiliendeINKOV and Trump, 2019; National Research Council, 2012)

This definition of resiliencehangeghe viewin whichrisk efforts are concentratad in the time before
anincident(National Research Council, 201R3silience is linked tBCM and RMnd is therefore,
more broadlydefined in the recently revised inteational standard 1S@2300 aghe "ability to absorb
and adapt in a changing environméiginternational Organization for Standardization 1SO, 20Pti3$
view on resilienceimproves traditional riskbbased approachegarticularly for lowprobability and
highiimpactrisks such as climattisastersor cybersecurity threat§LINKOV and Trump, 201%hile
supporting resilienceefforts, BCM securethe uninterrupted provision of businessperationsand
gained attention following the terrorist attacks 8eptember 1%. The 1S@2301 standard defines the
requirements to implement, maintain and improve a BCM system. It can be applied to industries and
healthcare businesses regardless of location, typerganisationalsize.In this context,RM helps
identify, analye, evaluae, control and monitorrisks while awell-defined BCM plan supports the
effective management othe identified risks. This relation ialso pointed out in IS@Q7001 and

BS25999(International Organization for Standardizat ISO, 2022; The British Standards Institution,
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2012) For BCM, technical redundancyeisentialbut insufficient a fact clearly demonstrateih the
COVD-19 crisisin which nontechnical mitigation measuresere widely applied Howevertechnical

redundancyplaysa critical role inmanyBCM projects.

Resilience can be seen from a system and netvparspective,in whichsystem designers need to
understand the interonnectiors within the systemenvironment.Understanding the dependencies
within asystemallowsfor identifyingcritical functionghat can lead taascading failure Thus system
resilience can be increased dudng system functioning to core services strengtheningselected
functions.A resilience analysis should include physical, information, cognitive and social domains to
achieve maximum impadLINKOV and Trump, 201%urthermore, Zampieri (2021) proposeal a
method to quantify resiliace from an ecological perspectias the amount of disturbance a system
could take before it shiftinto an alternativeconfigurationand fom the engineering point of viewas

the ability to restore a previous condition.

Andrea Filippetti et al(2020)evaluatdthe relationship between innovation and resilience within the
EU. Their work shows that more innovative regions outperfortesd innovative onefllowingthe
2008 financial crisjsconcluding thatinnovation increases resilience during and aftercrsis
Argyroudis et al(2022)outlined how digital technologies enhance resilience by providing rapid and
accurate assessmesibf conditiors and by supporing decisionmakingbefore and duringincidents
Argyroudis et al(2022)evaluatel |0T, AI/ML, Buiding Information Modelling (BIM Digital Twir{DT)
approachesand agentbased modelling antheir application in the different phasef aresilience plan

for critical infrastructure. However, enhancing systems with technologies addingconnectivitycan

also increaseulnerability.

Systemgheory can serve as a framewdikbetter understand a systemmfunctionality in the event of
cascading changéLINKOV and Trump, 2019fhe systems theory approach can Ierther
complemented with a panarchgriven approactincorporatinga top-level view ¢ systems and their
interconnections(Gunderson, 2012A resilient Digital Twin approach to prepay organisations for
unexpected incidentsvas proposed byvan der Aalst et ali2021) The authorsdescribedcreating
Digital Twins of an Organisation (DT&3a grand challenge in th& field and proposed usitnybrid

or augmented intelligencas assistive Al to make DTOs more resilient to disruptions.

Resilience is essential natural disasters such as earthquakes, hurricanes, wilddineslooding. The
2017 hurricane Marigfor example, revealed the vulnerdity of radiotherapyhealthcareservicesin
Puerto Ricowhich was affected by power outage loss of communication andon-availablity of
transport services.Gay et al.(2019) sharad their experienceof recovering operations aftethe

hurricane An empirical study among medical physicistsfirmedthat digital process datesnecessary
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for comprehensive RM. The study also providediotherapyprocessmap supportingBCMwork
(Engbert et al., 2019Recurringhumartmade disasters such as war and terrorism demonstrate the
need formore resilience across all domainas shown bizub et al(2022) The authorsiescribel

how oncologists continwgto provide cancer care to 139,000 individuals with newly diagnosed cancer
and 1,200 children in active treatment during the invasion of Ukrdimaimmarsing, it can be said
that it is increasinglyimportant to include resilience knowledge i system desigrand to support

resilience withthe development ofnnovativelS

b. Working environments in industry ahdalthcare
The working environments in industrial and healthcare are subject to constangeh A look into the

past highlights these changes and supports the view into the future. The following contents are
essential foundations for addressing the research questions. Developmesitsjlarities, and

differences are presented, and the role ofrhans isdiscussed

I. Industy4.0and 5.0
The term Industry 4.Qvas publiclyusedfor the first time at the Hanovetrade showin 2011 The

Federal Government of Germarassociatedindustry4.0 with the potential to create value and
accelerae innovation. It was included in the 2014 hightech strategylnnovations for Germany
(Steinhoff, 2016)Many countriegdefined similagovernment strategies such dade in China 2025
Ubiquitous Manufacturing South KoreaBring Manufacturing back to the UKand Future of

ManufacturingNorway. Based orthe numerous publicationdndustry4.0can beseenas

"...Industry4.0 involves value chain orgaaiion and technology. CP®eep track of
physical processes, connect the virtual world with the physical world, and make
decentralsed decisions within the smart factories of Indusdr®. Morewer, the IoT
enables reatime collaboration and communication between CPS. Decisiaking
processes are supported by DM [Data Mining], which is able to discover knowledge from
various sources. Participants can géilboth the crossrgansational and iternal services

via the IoT
(Wang et al., 2017, 315)

Wang et al(2017)describel Industry4.0 reflectingthe evolution d industrial production froncraft
to massproductionand frommasscustomisedo masspersonalised productigias shown irfFigurel3.
Craft productionor Industry1.0 of the 18" century was charactersed by products manufactured

according tespecificrequirements A limited number of productsvere manufactured at high cost#\
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paradigm change appeared with machibasedproduction Mass productioror Industry2.0 allowed
to produce productsat low cost butwith a limited varietyusingassembly lines, standardisati@md
division of labourMass customisation productioof Industry3.0 is driven by the developments in
computer, information and automation techragy, allowing a wider variety of productsto be
producedefficiently with flexible manufacturing systems supported Byterprise ResourcePlanning
(ERP andManufacturingBExecutionSystems (ME$ Mass personalisation productiaf Industry4.0
enablesmart factoriego producefully customise products at the cost dfaditionalmass production

(Wang et al., 2016; Wang et al., 2017)

High Craft Mass Mass Customisation Mass Personalisation | High
Production Production Production Production

=
2 =
© >
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= =
-g ni:::::::::::::: -g
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Low Low

1700 1913 1980 2000 2050

Figurel3: Evolution of production paradig(Wwang et al., 2017)

The components of Industd.0 haveevolvedwith the developmentof technolodes. P Sconnect the
virtual andthe physical worldTheyare highly networked solutions equipped witimtelligent sensors
and actuatorsThe Internet of Things (10T based ometworkedCPSndobjectsthat collaboratively
exchange informatioisupported by new technologieblew mobile communication networks such as
5G enable machin®-machine (m2m communication with high bandwidth and low latenc{8&PP,
2022; Telefonaktiebolaget LM Ericsson, 20IR)e advances in datdandling particularly in Al
support the storage and analysis of large amounts of distributed, detde the Internet of Service

(o9 provides services to users via multiple channels.

Many Internet4.0 technologies and their implementations as&own in the 27 Small Medium
Enterprise $MB centresin GermanyBundesministerium fur Wirtschaft und Klimaschutz, 20Z2g

eary framework for mass personsdition production developed bWang et al(2017)and shown in
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Figurel4is still validevenconsidering the fast developmewf Al, BlockchainbGtechnologies and
Digital Twingand their impacon IS(French et al., 2021)Vith a technologyindependent viewDeuter
and Pethig2019)undertook an approach to generalise the multiple definitions @&Band positiored

it in the Reference Architecture Model Industiie 4.0 (RAMH#.0), as described in DISPE®1345
(German Institute for StandardizatipB016) The modeprovides a basic architecture for Industp,
including an Asset Administration Shell (AMa8dallows a classification according to the life cycle of
products according to IE§2890 aml the IT representation in the hierarchy according to 62264 and
61512 (International Electrotechnical Commission, 1997, 2013, 20P®& importance oDTsfor
industrial applications hasften been describedand thelndustrial Digital Twin Association (IDTWas
founded tosupportthe implementation and dissemination @fTtechnologieqIndustrial Digital Twin

Association, 2022)

Enterprise Information System

Order Resource Project Supply Chain
Tracking Management Planning Management

Manufacturing Execution System

Production Production Work in Resource
Planning Scheduling Process Mgmt. Allocation

Internet of knowledge

Data Artificial Optimisation
Mining Intelligence Algorithms Data
Cyber-Physical-Systems
Internet of Service Warehouse Management System

Network Layer

Figureld: Mass rsonalisation productiofWang et al., 2017)

In addition to technological developmenésd the experiencedrom the COVIEL9 crisis there is a
paradigm shiftnoticeableaway frompure growth-orientated businesgoward sustainable economies.
The European CommissiqiG describel this shiftin the Green Dealision as Industrys.0 and

transformativefor Europe based on resilience, sustainabiliyd regenerative and circular economic
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principles.The Industrnyb.0 vision is proposed to supersede Indugti§andis expected to deliver new
forms of economic and social value as well as higher resiliegaiast future cries. Table4 compares
Industry4.0and5.0, highlighting the approach to conneng digital transformation with sustainability
and climate action(European Commission, 2022; European Commission DirectGexteral for

Research and Innovation, 2021)

Industry 4.0 ‘ Industry 5.0

- Enhanced efficiency through digital - Combines competitiveness and sustainability
connectivity andAl - Alternative modes ofechnologygovernance for

- The energence of cybephysical object sustainability and resilience

- Optimisation of business modelsr profit | - Human-centric approach taward technology
maximisation - Bmpowering workers with digital devices

- No focus orthe decoupling of resource an¢ - The transition towards environmentally
material use from negative environmental| sustaindle uses of technology
climate and sociampacts - Qorporate responsibilityfor the value chain

- Indicatorsfor the progresgowardswell-being,

resilience and sustainability

Table4: Comparison ofndustry 4.0 and 5.QEuropean Commigs DirectorateGeneral for Research and Innovation, 2021)

While the vision of Industr§.0 isdescribed the current state of digélisation of production in
countries andndustries isstill verydifferent. Wagire et al(2021)presened an overview of Industry
4.0 maturity modelsTheydeveloped a technologfocused modekpecifially adaptedfor developing
countries while Zutin et al. (2022) analygd the maturity of Industry4.0 technologiesfor the
applicationin aircraft manufacturing which needs to produce faster, cheaper and better while

following the strict regulations of aviation agencies

ii. Healthcare4.0
"Health lags far behind other sectors in harnessing the potential of data grndldechnology, missing

the opportunity to save a significant number of lives and billions of doll@@ECD, 2019, no
pagination) The digitalisation of healthcare offers the opportunityor better patient care, more
efficient hospitals and higtech medical productgKaltenbach et al., 2018However, in many
countries healthcare systemmust catch upwith digitalisation and reform healthcare ecosystens
through information and technologyHealthcare Information and Management Systems Society,

2019) Gastaldi and Cors(2012)proposal a two-fold approach exploringon the one sidenew and
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better approaches to delivering hospital healthcare whide the other side exploiting existing
routines. Exchange of experience withdjacentareascan providefresh ideas(Javaid and Haleem,
2019; Unterhofer et al., 2021)The term Hospitad.0 has become established based on the
digitalisationof production in Industry.0. Hospita#t.0 describes the digitisationand networking of
treatment and cae processes in hospitals with networked and interoperable medical devices that
provide digital services. The devicegnteract with users via intuitive humamachine interfaces and

offer applicationopportunities(Mildner et al., 2019)

Hospitals, contrary to industries, are based on diagnosis and therapy procaggasted by logistics
processes such as pharmaceuticals supply, laundry services and waste didfgmsahstead of
manufacturing products, hospitak treat patients with care activities Communication between
patients and treatment providers must beonsideredwhen digitalising processesand services
Medical cyberphysical system$MCPF can support physiciansand nursesin decisioamakingand
optimise the supporting processeey et al., 2018Figurel5 comparesindustrial production in an
assembly linavith Industry4.0 production and the patient flow in a hospitdhe flexible production
of Industry4.0 with the orgarsational principle ofbatch sizeone is similar tothe patient flow in
hospitals with the patients mowng individually between the diagnosis and treatmeattivities
Standardsation of treatment paths is applied, but patiestemain individualHospital employees such
asphysicians nursing and administrational staff mustmmunicate anéxchangenformationfor the
best treatment of patients with the givenresources Information and user assistanaystemscan
support staff to increasetheir process efficiency and improveatients' individual and demand

oriented therapy(Kruse et al., 2018; Meister et al., 2019; Wibbeling et al., 2018)

Production flow assembly line Production flow Industry 4.0 Patient flow hospital
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=== Product flow === Patient flow

Figurel5: Comparison of industrial productiamd hospitaloperation(Wibbeling ¢ al., 2018)
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In this context, Electronic Health Records (BHiRs particularly important and have the potential to
transform the healthcare sector. These can be individualsiEBIiRRaining patient medical cardata or
EHRsaggregatingdata on an orgasational or geographical leveélBut while the majority of OECD
countries (70%) say they are implementing ways for people to access their health data electronically,
fewer than half (43%) include the ability foatients to interact with their own health record§OECD,

2019, no paginationPrivacy, interoperability and security are limiting factors for both types of EHRs
However, ISresearchers have the theoretical and technical expertise to design, develop and facilitate
EHRgKohli and Tan, 2016; Kruse et al., 20I8)ring the design of EHRssocictechnical systems
approachshould be followedo secureusability and reduce cliniciamorkload. The design should be
based on a deepnderstanding of the work environment of clinicians and care tedtmally,health

care organisations and EHR providers should establish continuous design and learning cycles to
improve system usabilitgCarayon and Salwei, 202UsingAl, aggregated EHRs can also predict the
likelihood ofalLdl G A Sy & Q& F dzinslakdsvn 5§ et dl.(@0R0) vithich dnatd@value-adding

applications.

iii. Radiotherapy.0
Compellingapplication scenarios for Healthca4ed arise in the technologgnd labourintensive

radiotherapy asan essentiapart of cancer treatment. More than 15 million cases of cancer are
diagnosed each year. Cancer is the secondlitgpcause of death worldwide, responsible for
approximatelylO million deathsyearly. The number of cancer cases is expectedtmaase by 75% in
the next 20 year¢The Internaibnal Agency for Research on Cancer IARC, 2082)reasons for this
are the growing world population and the increasing life expectancy. In addition to surgery and
chemotherapy,RTis the most important form of cancer treatment. It is ofteombinedwith the
aforementioned therapiedor curative and palliative purpose&tudes state that the treatment
benefitsmore than 5060f cancerpatients(Atun et al., 2015)Radiotherapyis performed in hospitals
andRTcentresandrequireshighresources. Diagnhostics and therapy equipment are cajpitahsive,
and extensive construction work mecessaryor therapy rooms. Operating costs are high,ragular
machine maintenance and specsgalil staff arenecessaryToday, linear acceleratoftinac are used
worldwide, and technological advances enabinore precise, efficient and persoradd treatment

(Mdller-Polyzou, Reute®ppermann et al., 2019)

In analogy to Industr.0,technicalinventions havenfluencedthe development oRT Hectrification
was the prerequisite for-Xay tubesthat enabledRadiotherapyl.0, whileRadiotherapy2.0originated

with the discovery of artificial radioactivity and the understanding of radiation phyNiew. IT systems
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enabled imaging and 3D planninfteeatment plans in RadiotheraB.0. Finally, RadiotheraphOis
the extensivelhdigitalisedRTshown inFigurel6. Like Industryt.0, it is primarily driven bgdvanced

integrated systemand high connectivity
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Figurel6: Development of Radiotherapy 1.0 to 4.0 (own figure)

Radiotherapy.0 is closely linked to Hospi#l0. The intelligent interaction of people and technology
in Radbtherapy4.0 can reduce complexity and increasgciencyand patient safety. Radiherapy4.0
thus addresses the challenge of efficiehnigh-quality, and costconscious cancer treatmelriKramer
and Stoffers, 2019)

bPPPKSIfGK aeaidsSya NBYI A ManWdppoitunitiedldh iprove thetheakthy ¥ 2 NJXY |
of individuals and communities remain untappe@@ECD, 2019, no paginatiodssistance systems
with varying degrees of intelligence and interactivity cansatitiata to provide information to users
with a view toefficient and safdRT Figurel7 presents the radiotherapy process with the underlying
data sources and IT systems. The lokisdivided into diagnosis, radiotherapy treatment and after
care with subprocesses admission, imaging, planning, treatment, discharge and {fofow
Radiotherapy is datach, a fact pointed out in several Al publicatioff®arkinson et al., 2021,
Thompson et al., 2018The data used or generated in thericais subprocesses is structuredemt
structured or unstructured as in many healthcare ared%raverso et al., 2019)t can be digital or
analogue, reatime or non-reaktime. Some data is exchanged automatically betwehe involved
systems. Other dataeed tobe processed manually W Tstaff (Eder & Shekhovtsov, 2021; Mayo et
al., 2018) Oncology Information Management Systems (OlM8ten integrated into Hogital
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Information Systems (HJShave evolved from linac control systems to comprehensive systems
providing specific interfaces for the different occupation groups irRfidepartment, thus supporting
patient management, st management and linac control (Elekta, 15.01.20B&ture Archiving and
Communication Systems (PAGBpport the management aéxtensie image data from prevailing
imaging systems. Therapy Planning Systems) @m®$entral software tools that determine the exact
dose distribution in dned areas within the patient's body. They communicate with OIMS and PACS

via standardisedICOMfile exchange. Furthermor&Tcentresoften use additionabilling, patient

management, and quality assurance solutigisiller-Polyzou et al., 2022)

® = SR

B

Diagnosis Radiotherapy treatment After-care
Imaging Treatment Discharge
Medical/ lab/ Planning Image fusion/ Patient Discharge After-care
surgery reports CT data/ SGRT pretreatment validation data examination examinations
Diagnostic Planning Contourn Immobilization Aftercare Blar Control
imaging data MRI data s CBCT/ EPID/ SGRT £ CT data
Tumor board Iso/ reference Dosacalculation Respiratory Medical Control
decision points marking gating data discharge reports MRI data
Anamnesis/ Respiratory gating - Treatment Control Patient
biometric data SGRT or other lieatmentiiclds fractions/ doses CT data reported data
Appointment Immobilization Secondary check/ After treatment Control Medical reports
planning validation data QA measurement examinations MRI data P
Process and Process and Process and Process and Process and Process and
safety data safety data safety data safety data safety data safety data

Oncology Information Management System (OIMS) often integrated into Hospital Information Systems (HIS)

Picture Archiving and Communication System (PACS)

Treatment Planning System (TPS)

Various applications often integrated using DICOM, HL7, SQL queries (e.g. patient guidance, billing, safety and quality assurance solutions)

Figurel7: Radiotherapy data sources and IT systems (own figure)

Societechnical nformation and usenssistance systems can glithe data in descriptive, diagnostic,
predictive and prescriptive ways according to the catesbion of Gartner(2022) balancing the level

of human input towards decision and actitaking.

iv. Operator 4.0
A vision for Operato4.0 is presented biRomero et al(2016)in the context of Human Cybé&thysical

Systems (HCP@nd adaptive automation. They descritveork systemdor Industry4.0, which are

based on ahumanautomation symbiosisaiming to increaseproduction efficiency. The systems
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execute a form oadaptive automation for the dynamic allocatiofitaskcontrolto human operators
or machinesRomero et al(2016)describeOperator4.0as arevolutionof the interaction of operators
with manufacturing systemss shown irFigurel8. The Operatod..Ois charactersed by manual and
dexterous work with limited supportrém mechanical tools and machindsor a long timethis was
the predominant form of workThe Operator2.0 arose with workers being assisted by comp1aieied
control and automation system3.he OperatoB.0 interactswith industrial robots in humainobot-
collaboration scenarigsurrounded by machines and computer todtgmally,Operator4.0 repesents
the smart worker of the future who is aided BYCP Sereating adaptive production systems based on

enhancinghuman physical, sensorial and cognitive capabilifi@mero et al., 2016)
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Figurel8: Evolutionfrom Operator 1.0 to 4.QRomero et al., 2016)

The goal of adaptive automation is

"...the achievement of humaautomation symbiosis by means of adaptation of
automation & control across all workstations of a hurwemtred and adaptive
production system in order to allow a dynamic and seamless transition of functions (tasks)
allocation between humans and machines that optimally leverages human skills to

provide inclusiveness and job satisfaction while also achieving production objéctives
(Romero et al., 2016, p.79)

Adaptive automation can be reached withumarrin-the-loop supervision ofthe 2 LIS NI & 2 N a
performance in humammachine interaction. The supervision can be performed by the operator, by
the machine or by bothising a hylid setup(Munir et al., 2013)Romero et al(2016)describe human
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agents with their physical, sensorial and cognitive capabilities and artificial machine agents with their
repetitive capabilities. In their visighybrid agents are intelligent in a symbiotic relationship between
humananR Y I OKAY S GKI (i SBDadifeRto pekodm nhahidl kabks adaddig to the
performance and quality expectatiom®nsideringhat the skills of the Operator.0 can change over
time. The design of the systems shall secure operftiendly work conditions in terms of
practicability, safety, freedom from impairmerand individualisation and personalisatio@®azzaneo

et al. (2020) introduced the Operatord.0 compassas shown inFigure 19, representing the
technologieonnected to the activities and capabilities of workers while highlighting the importance
of interaction capabilities in addition to cognitive, sensorial and physical abilitiebis sensgthe
Operator 4.0is empowered by adapting the shop floor accdrdy to workers' skills, capabilities, and
needs. However, regarding workplace desigmgric analysis shows th#tte assessment of personal
data related to wetbeing or performance is not welcomed among workénstead workers would

like to participaten theirworkspaceandproduction design. Promising Opera# solutions seem to

be the ones that support smooth work practices and workerdividuality (Kaasinen et al., 2020)
ConsequentlyValue SensitiveDesign(VSD based on conceptual, empirical and technical investigation
can be usedo securehuman values considered systemdesign Value conflicts limiting the design
space camrise, for instance, itvust agairst security or privacy against secuili§azzaneo et al., 2020)
Value conflicts can alsoccurin the healthcare sector with the procgisg of patient health data.

Specialdgislationis in forceto protect patient healthdata (Bundesanzeiger, 2020)
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Figurel9: Operator 4.0 compag&azzaneo et al., 2020)
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Depending on the IS application, several operators can exist. In RT, for instatealnphygists
operate and superviseomplex technical deviceSheyapply physical methods in medical diagnostics
and therapy and are responsible for the quality and safety of the technical equipment and processes.
Their responsibilities increase in clinical pige with the move toward more specisdid treatment
courses and modalitieSamei, 2022; Samei and Grist, 20Mgdical technical assistants for nuclear
medicine orradiotherapy technologistéRTY) support theRTprocesses during imaging examinations

and at thelinacand work directly with the patientBERUFENET 2019).

In summarsing, the Operator4.0 concept recognises the humaentric role of the operator itHCPS
and urges the consideration of human factors in industrial and healthsacgtechnical system
design.ConsequentlyiGazzaneo et al2020)stated, "...Industrial Revolution is inevitably changing not
only what the human operators do and how they do it, bubal$o they are, their identity and all the

ethical issues associated with their practi¢€azzaneo et al., 2020, 219)

v. Patient 4.0
The concept oPatient 4.0 is closely linked to the digilif journey, which describes the data spaces

created around peopléom birth to death Thesédncludepersonal dataategorsed into volunteered,
observed,and inferred data. Individuals' volunteer datas sharedby themselves while external
sensors recal observed dataOn the other hand, inferred dates derived fromvolunteered and
observed data(World Economic Forum, 2011personal data storagdigital Twin, usage control,
sovereignty, and ethics are often discussed in connection with personal Blataonal data storage
addressesafeguardingpersonal data, which can bmplementedcentrally or in federategystems
The machine readability of the data@ssentiafor Alapplications(Panesar, 2019Y heDigital Twin as

a virtual patients derived from Industry 4.0 araffers advantages from a healthcare perspectisgch
as personalised medicif{Bruynseels et al., 2018)etermining who is allowed to ugersonal data is
already incomprehensible for many peopla fact that will become even more difficult witlthe
progressingligitalisation Meta-consent conceptbuild on defineddata, and user classes can provide
asolution to this problemPloug and Holn2016)presentd such aconcept forthe healthcare sector
Decisioamaking power over personal data is closely linked to data sovereigictyding the guiding
principles of freedom of choice, selfletermination, seHcontrol and security.Data sovereignty
requiresboth digital competencieandregulation.Data ethicglescribedundamentalissues of moral
and societal handling of personal data. In this context, the aim is to create more transparency,

decentralise dataandenable data donationéPalmetshofer et al., 2017)
46



Meister and Ottq2019)presentd aframework for a selfletermined lifein an increasinglyligitalised
world. The framework idllustrated in Figure 20 and coversthe three evolutionary steps Digital
Shadow Digital Meand Digital Twin. Ta Digital Shadow is charactexd by data stored in data silos
of different providers and only available to selected applicatidi®e user has onkyinimalinfluence

on the usage of the data. The Digital Me secures a holistic \fitve @vailable datasit works across
provider boundaries. The data becosteansparent to users, andserscan control their dataFinally,

the Digital Twin interacts with the ecosystemhile learning and performingew skills. Overall, the
frameworkensures that citizens camake sovereign decisiormdout usingtheir data.Personal Data
Storage is a central element in the framework amhsists ofall data of the Digital Me. The Digital
Business Modeleflects that the individuals and their data become part diusiness modelwith a
value assigned to the personal dafaigital Literacy, Digital Rights and Regulations, Digital Ethics
Digital Governancand Corporate Digital ResponsibilRyS E ONA 6 S (KS Ay RAQGARdZ f Qa
and the legal, regulatoryand ethical framework for data usag@&he Digital Business and Data
ecosystemconnecs producers, suppliers, buyers and other market participgMeister and Otto,
2019) Hadzic and Chang (2010) show an application in the healthcare sé@tdheir Digital Health
Ecosystem (DHE®atincorporatesthe use of theEHRwithin the DHES.

Digital Business Models

Digital Literacy

Digital Me .
Personal Data Digital
Storage Sovereignty

Digital Rights & Regulation Corporate Digital

Digital Business

Tk Ecosystem
Digital Ethics L

Digital Governance

Digital Ecosystem

Data Ecosystem

Figure20: Digital Life Journey FramewdMeister et al., 2019)

Jannes et al(2019)provided a profound overview balgorithms for digital healthcareshowedhow
they can contribute to improving caemnddiscusedissues of misuse and liabilities for algoritirased
decisions!'Not everything that is technically feasible is necessarily sdtiedasirable'(Jannet al.,

2019, p6). And remembeing that "Digitalization is more than technology; it is a process of
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transformation. Especially in healthcare, the hum#sthuman interaction like patiento-physician
plays an important role(Meister et al., 2019, 830). For example, lsared decisiormaking between
patients and physicians can be supieal by PatientReported Outcome Measures (PROMashich
objectively measure the perceived health status of patiemith standardsed questionnairesPROM
data supplementclinical andhealth systenprocessdata. "The fundamental idea is that whagally
matters is the healthrelated quality of life: every medical intervention should ultimately contribute to
AYLINRGAY3I 2N YFEAYOGFAYyAy3a GKS LI GASyadQa ljdzr £t AGe@
(Steinbeck et al., 2021, p). PR data collected for example with mobile applicationsprovide
feedback forcontinuousimprovement Identified successattors for PROM implementation are
patient focus,the definition of clinical champions, standasdition, IT infrastructure, incentives and
political will (Steinbeck et al., 2021 he approach is supported by the extended chrardice model
developed byS. Y. Ho et a(2019) whichintroduced theinformed activated patientaking an active

role in healthcare services

"People want to take greater control of their health. In 2017, 3.7 billion healted
smartphone appsvere downloaded globally, up from 1.7 billion in 2013. The proportion

of adults seeking health information online more than doubled between 2007 and'2017

(OECD, 2019, no pagiitt)

vi. Similarities and differences
"Industry 4.0 and digitalization. Both of them address the lack of skilled workers at the one hand and

the need for increased productivity at the other hareister et al., 2019, (830) Unlike industry,
hospitals work with patientswhichadds further complexityHowever,n terms of process flows, the
principle of Industry.0 can be transferred to the patient in the hospital. The treatment path,
resourcegequirements and flow of materials are similarHospita.0 andthe Smart Factory, with
patientsmovingindividually between the therapy steps. sfwtal4.0is defined by high agilitipcusing
on the diagnosis and therapy processkss personneintensive and hospital staff are crucial to the
success of the therapy. The suppprbvided bysocictechnicalinformation andassistance systems
providescontextsensitive informationleading tomore efficient processes and neetisised care for
patients (Wibbeling 2018)The potential for improvements is high."...a fifth of health care
expenditure in OECD countries (around USD 1.3 trillion annisafig) used to generate better health,
and sometimes even harms healtfOECD, 2019)Therefore, there is a considerable need for

optimisation in the healthcarsector.
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c. Challenges
In 2007aTV statiorpointedout the lack of digitalisation in th&ustralianhealthcaresystem."One of

the major killers of patients is the Australian medisgstem&own chronic inability to share vital
information" (ABC News, 2007; Hadzic and Chang, 20103 drastic statement is understandable
even in today's world. A survegmongdoctors in German practices 2021showed that 53% of
medical practices still communicate by telephone, 19% bynail and 22% by faXBITKOM and
Hartmannbund, 2021)n contrastppportunities can arise from the digital transformation in the health

sector.

"A digital transformation can help meet the changing needs of patients and the public. It
can serve as a catalyst for a tedrased approach to deliver quality and-calinated
health services. This is particularly important with ageing populations, a growing chronic

disease burden and rising expenditure."
(OECD, 2019, no pagination)

In contrast, industries have made considerable progresigitalising and automatingrocesses and
activities. Tansferring learning from industry to the healthcare sector can help overcome the
digitalisation challengewhile creatingresearchopportunities for the Business and Information

Systems Engineering (B)J8SBmmunity(Legner et al., 2017)
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3. Informationand assistancsystens
The research field dScomprises a wide range of interdisciplinary aspects withinl8liéecycle from

development to application in orgasditions. Technological innovatiorgave stimulated research
activitiesin 1Sand related scientific aredeading to arich knowledgebase "...the major strength of

the field is its responsiveness to a large variety of issues emerging in organisations as they learn to
exploit the new technological potential(Avgerou, 2000, [2). The scientific field of IS is
interdisciplinary but it is stronglylinked toengineering and social sciences. It is often challenged by
both disciplinesand must continuously preits value Nevertheless, it is also argued that the complex
nature oflSrequires interdisciplinary theories and methodologi€ging orientecn improving rea

life aspects of orgasations, ISresearch is responsive and produces knowledgectly impacting
practice. Thisfact is perceivedas a significant strength of IS research compared to traditional
academis (Avgerou, 2000; March and Smith, 1995)

ISreseach originated fromapplied computer sciencand hasdeveloped with IT innovatiomand
organgational impact TodayiSstudies areoften hosted in business and econorsithoolsather than

in computer science and engineerirgajor academigournals and conferences have evolysdch as

the Management Information SystemBI[(S Quarterly, Information Systems ResearcBcandinavian
Journal of Inform#ion Systems, the European Journal of Information Systems, the Journal of
Information Systems, and the International Conference of Information Systemg(A@i8rou, 2000)
Furthermore,the creation of the Association of Information Systems (AIS) in, M5 its regional
structure for America, EMEA and Australagiasa significantmilestone for the academic field &%
(Association for Information Systems, 202&ycording toAvgerou(2000) the field of ISincludesfive
thematic areasas depicted infable5. The topics differ in their@plication areasand the underlying

supporting research fields.

Thematic area ‘ Chaacteristics

Applications to support the - Application areas such as database technology, transactio

functioning of an orgasation processing systemBSS$expert systems, electronic data
interchange, multimedia systems, compu®spported
cooperative work systems

- Understanding the domains of application and devéigp
models for forming applications

- Based on decision theory, psychology, orgativnal theory

and operational research

The process of system - Developreliable and effective systems in a cadticient way

development - Introduction of ystem analysiand lifecycle management
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Shift from system construction to systamplementation and

management issues

ISmanagement

Evolution ofiTand learning processes within orgjsations
Centralsed and decentraded management ofS
ComprisegSstrategy development, using IT to manage
change, applying IT in multinational sgts

Informed by strategic management, quality management a

business process engineering

The orgardational value ofS

Costbenefit analysisprofitability, and competitiveness
ITas an enabler of orgasdtional transformation
Adopton of social sciences to understatite impact on

organsations

The societal impact d&

Impact on wealttcreation, working life and social life
Aspects of soci@conomic development, work, privacy,

identity, democracyand ethics

Table5: Main thematic areas of information technolo@§wvgerou, 2000)

The work described in this dissertatimtlassified agdesigningapplications to support the functiang

of industry and healthcare organisatiart$owever,it is alsoinfluenced by thehemesorganisational

value of I&ndsocietal impact of LSas it impacts the working life of users and the social life of patients

"From a conventional academic perspective IS has serious limitations. It lac#stihetiveness of

theory and method that is usually associated with scientific disciplifdsgerou, 2000, [22).

Therefore, IS scholars haspenteffort establishingheories,paradigmsand methodologiesMultiple

theories inform thefive thematic areasand reference disciplinesuch assystem modelling and

development,knowledgebasedsystemsand DSSindividualand organgsational behaviour problem

solving and decision makingpusiness economics and sociologyJost influential however, are

systems theornyand theorgansational rationalism and structuratiotheory, aspresentedin Table6

(Avgerou, 2000)

Thematic area ‘ Characteristics

System theory
(P. Hanika, 1977)

- Breakdownof problemsinto parts anddiscovery otausality

- Valid across conventional diptines

between the elementary unit or variables of these parts
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- Generalgation to generalsystemtheoryand speciagation,

e.g. ®ft systems theonjor unstructured problems

Organgationalrationalism - Sudy of organkationsin societywith a focus oniinproving

(Becker and Potter, 2002) organgationalefficiency

- Includes decisioimaking theory, administration science,
industrial and orgasational psychology

- Dominant approach in management research

Structurationtheory - Societechnical tradition of IS researctvhich onceptualses
(Giddens, 1986) the association of technology amdganisations

- Reconciliation of the technical and tkecial

- The citical theory showed that modiSdevelopment

approaches support an interest in technical control

Table6: Important influenial theories(Avgerou, 2000)

In his map of science, shownkigure21, Hieronymi(2013)positions system science and system design

in the sciences fieldIn his view,S/stem Sience andSystemDesign create a brigk betweenformal
sciences and normative sciences. In line wAtlgerou(2000) cognitive, social ahtechnological
systems aspects angarticularly interestingfor this dissertationand with it the scientific fields of

psychology and cognitive sciences, sociology, economy and engineering

Logic and
mathematics

Systems Science: systems theory,
cybernetics, information, complexity

Earth sciences, __— Ecology, Psychology, Sociology, kx‘""*r\ Engineering
Physics, chemistry — Biology Cognitive sciences Economy sciences

Technological
systems

,//

Social
systems

Cognitive
systems

Systems Design: decision making, problem
solving, design

|
Values and
aesthetics

Figure21: Map of sciencesystem sience and system desigHieronymi, 2013)
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"The recent years ... have seerdT SR Ayy 2@l GdA2ya GKI G GNYzL @
that can be digitized will be digitized, and this trend is continuing at an agapeed'(van der Aalst
et al., 2018, p443) In their contributionto the 60th anniversary of the BISE joainvan der Aalst et
al. (2018)reflected on the past, present and future oT and IS andpresened the shared view of
leadinglSscholars.n their view,the discipline becomemore multiparadigmati¢ enabling holistic
solutions to problemsThe authorsighlighted the impact of the developments iiT and referedto
the growth of computing power that hasrought IT and the real worl@loser Hurdles of digitasing
enterpriseshave been solvednd thefuture emphasiwvill be on better, more usefriendly and easier
to-interconnect software systemsaking into consideratiofResponsible Data Science (RB&curing
fairness, accuracy, confidentiality and transpare\@n der Aalst et al., 20L®Recently in lne with
Industry5.0 aspirationsand following up on previous work tyedrick(2010) a call for green IS
research accelerate Exemplarysystemswere namedto help companiesreduce carbon emissions

(Lehnhoff et al., 2021)

The interdisciplinarity of I$fluencesthe concept of knowledge creatiof®n closer examination,
knowledge creation inlS has two dimensionsIS research can adince knowledge withirthe
boundariesof the 1Sdiscipline but it canalsoengage with otheresearchdisciplinesFollowing this
path, Tarafdar and Davisa2018)theorised four types of knowledge curibution structured byintra-

and interdisciplindty, as shown irFigure22.

Knowledge contribution in IS research

inter-disciplinary

intra-disciplinary

knowledge contribution knowledge contribution

+ [ ' '

Single disciplinary
A contribution to the
IS discipline that
draws on theories
and concepts core to
the IS discipline itself.

Home disciplinary
A contribution to the
IS discipline that
draws on theories
and concepts from
the IS discipline and
other reference
disciplines.

Cross disciplinary
A contribution to the

IS discipline and one
or more other
disciplines, and that
draws on theories
and concepts from
the IS discipline and
other reference
disciplines.

Interdisciplinary
An integrated
contribution that
develops
fundamentally new,
fused concepts,
which exist at the
intersection and
inter-subjective area
of IS and other
disciplines, and that
draws from the IS
discipline and other
disciplines.
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Aliterature reviewin the Basket okightjournalsof the AlSunveiledthat 84% of the publicationsere
intra-disciplinary. Fewemterdisciplinary 1Sesearch wvere identified, mosty related to psychology,
strategy, orgargational behaviour economics, operations researahnd sociologyNotably,only one
articlerelated to health care was identified in the analysis. The autbtated,"The IS discipline needs

a robust disciplinary core that is strong in its indigenous understanding of IS phenomena together with
a supple and opeminded disciplinay boundary that can confidently engage with other disciplines”

(Tarafdar and Davison, 2018)

The contribution in this dissertation is credsciplinarywithin the category of intedisciplinary
knowledge contributionAs shown inFigure23 and adopted fromTarafdar and Daviso(2018) it
utilises IS research frameworks, draws from adjacent theories and alternates between industrial and
healthcare applicationd'he analysis conducted Blarke et al(2020)of more than 500 articles in the
Basket of eight journalsf the AlSshowed that most publications (96%) took a single perspective on
one stakeholder only, and most of them (93%) took the perspective of the system spBolkmwring

the recommendations o€Clarke et al(2020) singleperspective and dugberspective research are

used in this dissertatiowith the views of system stakeholders and system users.

Organisational
theories

System \ Social

theory theories
" N /

™\ Consolidated and d
expanding deep structure:
single and home

Periphery of flux:
Cross and inter-
disciplinary IS research

e @’

Healthcare I Computer-
Interaction

/~ disciplinary IS research ™~

Industry 4.0

Figure23: ISenvironmentadapted fromTarafdar and Davisof2018)

In summary, it can be said that the need fS8research continues to increase, driven by innovations,

digitalisationof the working and privaterevironment, and extensive global networking of systems and
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devices. At the same time, the need for secuesilient,and useffriendly systems isontinuously
increasing.Therefore, esearchwill shift from technologyfocused tobehaviouraland socialissues
oriented methodology This dissertatiorsupports this shift and follow¥an der Aalst et al (2018)
regarding the approach toward better, more udeendly and easieto-interconnect software

systems.

a. Research challenges
The scientific classification of information and assistance sysagaithe recognition of the reference

disciplinesin engineering and social scienciespact the research challengesolp et al.(2019)
presened an overview of scientific areaand correspondingesearch challereg The areas were
outlined in connection with the International Conference on Research Challenges in Information
Science (ROLSSincethen, minor changeshave occured, as the topics of interest ahe RCIR022

reveal. The area of business process management was broadened to enterprise management and
engineering while dgital transformation was added asnew researchchallenge Also,usercentred
approachesvere more broadly formulatedsuseroriented approachesncluding thevital challenge

of human factors in IS heeight scientific areasnd correspondingesearch challenges are shown in

Table7 (International Conference on Research Challenges in Information Science, 2022)

Scientific area Research challenges

ISand their Requirements engineering, modeldriven engineering, datdriven
engineering evolution,method engineering

Useroriented Social computing and social network analysisgrcentred design,
approaches collaborative computing, human factorslia

Data andnformation | Daabases and information, information search and discoviefgrmation

management security and risk managemempnceptual modelling and ontologies
Enterprise Business process engineering and management process mining
management and enterprisemodelling, digital transformation

engineering

Domainspecificl S Ehealth, Egovernment, Ecommerce, Industrd.0, webbased
engineering applicationsand servicessmart citiesdigital humanities

Data science Big dataandbusiness analytics, decision information systems, knowle

discovery anananagementjnformation and value management

Information CPSwebinformationsystems(WI9, grid computing and cloud computin

infrastructures loT, pervasive and mobile computing
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Reflective Research | Research methodologies|i§ the impact of information on the enterpris
and practice and the individual, lifecycle medk, design science and rationabection

research and case studies in IS

Table7: Topicdnternational Conference on Research Challenges in Information S@ea2¢

Research frameworkBave been developed tspecify research challenges for specific application
domains Cohen et al. (2019) analydthe design and management of digital manufacturing assembly
systems in Industry 4.0. They iderd the main technical research trends as standardisation,
integration, serviceoriented architecture (SOA), intelligent devices, new Industry 4.0 applicasiod
technology transfer. Thesgere complemented by the main organisational research trends resilient
smart factory, employer skills evolution and employeverking activitiesMettler and Raptig2012)
provided a research framework for Health Information Systems @}IBaborating orthe challenges,
trends and enablers. They highligldtthe opportunties in EHealth, clinical systems, personde|i
independent living patient-centred systems, clinical support systems, mediz85 home care and
chronic disease systems, personal guidance, patient safety and quality improvement syBbems.
research chllengesand opportunitiesreflect the breadthandthe need for further knowledge if§

particularly forassistance systems ageform of IS

b. Userassistance systems
Oneform of ISisuser assistance systexrtMorana et aldefined user assistance as

bodd 'y AyuSttAaasSyd aeadsSyQa OFLIoAftAGe G2 Fa
of human, task, and/or contextdependent augmentation of the humgnomputer

AYGSNI OdA2yd | aSNJ aaradlyOS aeadSya oNARIS i
YR GKS KdzYl'yQa AYRAQARAdzZ f OF LI oAtAGASE BAGK

outcomes."
(Morana et al., 2020, 1.89)

The authors clas#fied user assistance according to the degree of interactivity and intelligence.
Interactivity representghe bidirectionalinteraction between users and the user assistaggstem.
Thisinteraction can be for example in the form of dialogueusing text and voicehannels The
intelligence of a user assistance system describedevel ofcontextspecific task fulfilmensupport
provided by the systenirhe advances iAl supportaccelerate the development ahore intelligent
user assistanceystemsincorporatingevenemotional intelligencan recognsing human affect and

adapting corresponding responses via the user interfg&®uast et al., 2021}Figure24 shows a
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conceptualation of a user assistance system. The user is reflected by the interplay between human
cognition, affect andbehaviour according tdStangor et al(2014) while systems can be optisgd for
specificuser dimensionsThe usernteractswith the assistance system using various input and output
channels including text, voiceor graphics The user assistance systeiseif is described by the
interactivity and the intelligence componesihat alsoprovide the interface to the backend systems
(Morana et al., 2020)

User User Assistance System
Human Cognition Interactivity Intelligence

(attention, cognitive

effort, mental load, * Audiovisual « Affect recognition
perception) embodiment * Biosignal
* Biofeedback processing
actions, clicks, text, * Communication * Knowledge

Human Behavior
(activity, decision task
performance)

Human Affect

biosignals, voice etc.

graphics, sound,
information, etc.

Multi-channel
access

Natural language
(e.g. voice, text)
Recommendations
Social cues

* Etc.

o m n C

representation
Machine learning
Machine
translation

Natural language
processing

Speech recognition

OZ mMm=xODP ™

(emotion, physiology,
satisfaction, stress)

Etc.

Figure24: Conceptualisation of user interaction with user assistght®ana et al., 2020)

Additional classifications of user assistance systems have been developkd §and engineering
domains. Somauthorsclassify by the naie of assistance or level of information provided. Others

for instance, Reinhart (2017) classiy by the degree of autonomy, interactivity, or intelligence
distinguisling between execution, perception and decision assistance. Execution assistance systems
such adifting aids assist in physical tasks. In contrast, perception and decision systems are classified
as cognitive assistance. Cognitive perception assistance supports the five human, semées

cognitive decision assistance supports complex decisiakirg.

Aehnelt and Bade(2015)differentiated five types of information assistance) raising awareneskby
providing information about occurrences withtime work environmentb) operational guidancevhich
filters complex information to a required minimynt) monitoring to identify quality issuesd)
documenting process steps andality issues including tracking back functionalktyguarding users
againstoverload by balancinthe level of information. Rising awareness, monitorafigjuality issues
and process documentaticare essentiain many medical applications due to theverity of potential
treatment errors. According toLudwig(2015) user assistance systenean be classified into three

categories depeding ontheir degree of autonomya) automatic or backgroundassistancg b)
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assistance by supporting thuser with an appropriate bundling of functigrend c)assistance through

decision support.

Morana et aldefined user assistance idealthcare Information Systems (HIS.. as a people, activity,

and contextdependent augmentation of task performance by bridging the gagl®tSy G KS &d&ad s
functionalities (technology) and the individual capabilities of people with the goal of positively
influencing task outcomes(Morana et al., 2017, pl). They utilisal the level of interactivityand

intelligence of assistance systems accordmiglaedche et al(2016)and definal three corresponding

modesas outlined inTable8 based on thectivity levebetween user and systenihe classification of

Morana et al.(2017)is applied in thigissertation Thedimensions ofpeople, activity, and context

support the procesoriented analysis of the technologlominated applications.

Scientific area Research challenges

Supportive mode The system provides some information, but the user perfothes task

primarily. Such systems show low interactivity antklligence.

Cooperative mode The system and the user perform parts of the task. Such system

charactersed by high interactivity and medium intelligence.

Notifying mode The system performs aignificantshare of the tasksThe user is only
notified of the progress and the results. Such systems have low to me

interactivity but high intelligence.

Table8: Types of user assistance systéMaedche et al., 2016)

Urbach(2019)presentd 21 digitalisationcases fronseveraleconomic and societal sectors on how
organisations transform themselves in the interplay with digdalvelopmaents. Information and
assistance systems are the corenmdiny instanes presented thereinS. Hinrichsen et af2016)gave

a concise overviewf@ssemby assistance systenrsa morphological chart. The chaidesselecting
and discussingndustrial assembly assistance systems. Similar categorisatierss developed by
Merazzi and Fried€R017) Merkel L. ¢ al. (2017)andBortolini et al.(2017) Additionally,Zaeh etal.
(2009) developed a multdimensional measre to detemine the complexity of manual assembly
operations, which considers human performance, attention allocation, and learmspgctsto
effectively predict assembly complexiiThe followingexamples of assistance systems in industry and

healthcareshow the vesatile fields of application of assistance systems
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I. Applications inndustry and crafts
Numerous forms ofiser assistance areitilised in industrialand crafts applications, ancekected

assistance systenme emphasised belovirhe aim is to give thattentive reader an overview of the

diversity of user assistan@pplicationsn their contextual environment

Cognitiveassembly systemshelp employees incomplex tasks such d@acoming outgoing goods
inspection, manual assembly or disassen(iyiller, VetteSteinkamp et al., 2018Yhe systenDer
Schlaue Klaugs one example o& cognitive assistanceystem It usessensors to determine the
necessanguidance based on an integrated knowledge systéhe system consists of amdustrial
camera specially designetighting elements and an image processinginit to guide employees
cooperativelythrough the work procesdt is supplemented by a user display for system control and
assemblyinformation. The camera imageare captured analysed and combinedith previously
defined knowledgeelements. The assistance system uses the data and results francdignitive
process to generate guidelines for the employee tailored to #ipecific situation. The system
superviss the assemblyprocess andautomatically triggerssubsequentwork steps. The syam

thereby eliminategpaperbased work instructions.

Figure25: Assembly and quality inspection syst@iK Rose+Krieger GmbH, 2022)

Automated machines in manual assembly atumanRobot Collaboration (HRR@nable intelligent
forms of factory designFigure26 shows an enéf-line inspectionareawith a mobile inspection
systemequipped with tabletsand collaborative robts in an Industry.0 environmentThe system is
based on collaborative robots and can be used regardless of location. It is,riolwisive and can be
combined with an optical inspection and quality control module based on 3D imaging. Intelligent pre
processing and learning classification procedures can be created for individual inspection

requirements(Bosch Rexroth, 2022)
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Figure26: Endof-line inspectior{Bosch Rexroth, 2022)

Many other assistance systems are available for industrial applicatiard technological
advancement leads to new variants of existing systems or entirely new systemsiegnéhg barriers
to entry in industrial applications are comparatively low, as long agthestment is justifie@nd the

safety of the application is guaranteed.

ii. Applicationsn healthcare
Assistance systemwith different degrees of intelligence and interactiviye also used in many

applications in the healthcare sector. These includemong others decision support medical

ventilators, patient monitoring systenand robotassisted systems for surgery and radiology.

Robotassisted surgery is rapidly growing in hospitahe fieldrefers tousingrobotscontrolled by the
surgeon as surgit#ools. In other words, the robot does not act independently or autonomobsly
rather in asupportivewaytranslaingthe actions of the surgeons into robatovementsand thus into
the patient on the operating tableThe system® LINGS O A foAeRayhpleitdScbrhpansatefor the
trembling of surgeons. After initially sobering experiencesrihopaedicdn the 1980sand 90s,robots
are now widely used in minimally invasive surgggnaecologynd urology. Improved ergonomics for
surgeons is arucialbenefit of robotassisted systems. Timeost commonly used systeis DaVind)

followed by the Senhance® systeshown inFigure27. The systenconsists ofrobots that are

positioned alongside the bedheyhold the camera and instruments that the surgeon controls from

the consolewnhile receiving haptic feedback from the systefme patient anatomy is presentetb

the surgeoron the screen(Dietmar Stephan and Frank Willeke, 2019)
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Figure27: Robot-assisted surgerfwith courtesy oMarien Gesellschaft Siegen gGmbH

Virtual Reality (VR) and Augmented Reality (AR) are used for various assistance applications in the
healthcare domainas shown irFigure28. Thus surgical plans are reviewed in collaborative scenarios

with colleagues before the actual surgery is performed. Spatial computing platforms and modern AR
equipment helpphysiciansinteract with patientspecific data consisting of CT and MRI images
potentially enriched with additional informatio(Brainlab, 2021)Augmenting computegenerated
information into the real worldfor instanceduring surgeriessupports physicians in retime with
guidance and decision support. The conaion of real and virtuabbjects is based oaccurate
3Dregistration and can be enhanced by additional tracking mechanisms that enable instrument

guidance angbrecie implant positioningdNextAR, 2022)

DIRECT LIGAMENT ASSESSMENT

Figure28: Virtual Reality and Augmented Reality applicati®sinlab, 2021; NextAR, 2022)

The collaboration between humans and robotn assist healthcare tasks in rehabilitatibigure29
showsa robotbased rehabilitation systero diagnoseexisting abilities andupportupper extremity
therapy. The systemcombines virtual therapeutic training scenaritrough a HoloLen® and a
display. The training scenarios instructyrect,and evaluate everyday tasks. The different levels of
assistance and repetitions allow skills to be relearrte@dugh stimulation of the nervous systeifihe
system has integrated sensors to record rgale motion parameters such dke elbow and arm's
forces and positionsThe HRC dynamically calculates the level of supgudtadapts to the specific
situation(BEC GmbH, 2022)
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Restricted

Figure29: Robotic rehabilitation systefwith courtesy of BEC GmbH)

Also, he pharmaceutical logistic in pharmacies and hospitals has been automated to a considerable
extent in the last decade. The efficierdgistration,stocking and commissioning ofedicationare
performed by automabn, saving pharmacist timdncreasing digalisation based on new telemasic
infrastructure and services suchelsctronicprescriptionswill enhance pharmaceutical developments
such as 2hour and sekservice terminals in pharmaci€Bhelack of qualified staffiue todemographic
change also accelerates the deployment of such syst@&psstore, 2022; Gematik, 2022; Meditech,
2021)

Figure30: Pharmacy robots for medicatigMeditech, 2021)

Various additional assistance systems for healthcare applications are avddalebeamplein nursing

and rehabilitation Often mentioned examples aiifting aids andSE2 41 St Siz2ya G2 adl

musculoskeletal systems and help them relearn movemerfiise healthcare sector benedit

considerably from assistance systems, evéndée benefitare often not visite to patients

c. Industrial and medical CybBhysical Systems
The assistance systemsepentedfor industry and healthcarapplicationsinteract with humansn a

humancontrolloopto adifferent degree. Thifactbecomes visible considering the definition of HCPS
by Romero et al(2016)
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"... systems engineered to: (a) improve humaniliibs to dynamically interact with
machines in the cyberand physicalg 2 NI R4 o6& YSIya hikchideAy Sttt A3aS
interfaces, using huma® 2 Y LJdzi SNJ Ay i SN} Ot A2y G(SOKyAldzSa R

(p))
ax

cognitive and physical needs, and (b) improvenhn physical sensingand cognitive
capabilities, by means of various enriched and enhanced technologies (e.g. using
wearable devices). Both -BPS aims are achieved through computational and
communication techniques, akin to adaptive control systems wh#n human in-the-

loop."
(Romeo et al., 2016, p679)

The degree of linkage between computational and physical elementeyas dastheir intelligence

and interactivity resulting in system differences adaptability, autonomy, functionality, safety, and
usability "Cyberphysical systems progressively operate in social spaces, such as in the smart grid,
disaster response systems and transportation systems where humans are the users, survivors or
drivers"(Dey et al., 2018, .3). Thisfactis particularly valid foMCPShat interface with physicians,
nurses, patients and accompanying persons of patients. MCPS promise to reduce healthcanel cost
improve health monitoring and support to overcome the shortage of healthcare persdim&kver,

they havehigh demands on reliabilifysecurityand safety, often manifested inlaws and regulations

MCPSare based on the integration of a network of medical devices.

MCPSfor assisted applications support health monitoring without contngjitheLJ- (i A &ghjiday a
life. They offer medical advicdor example by measuring redime physiological datahrough
biosensorsMCPS for controlled applicationsare applied inintensive careor surgery rooms where
oxygen supply and ventilator systsrfor breathing support, infusion pumps or monitoring sensors are
used. The design of such systems hasierous challenges, including inoperabilggcurity,privacy
and overall Quality of Service (Qa®ey et al., 2018)In some application scenarios, the social
component of socidechnical systems must be given special considerdtading toSocial Cyber
Physical Systems (SCE®azzon et al., 2013)he® considerationsan also include special cultural or

personal requirements fodesigningsuch systems

d. Stae of knowledge and need for action
The classification of information and assistance systems in the research landscape shows the

interdisciplinarity of the research field as described by the research questions. The selected examples
from industry and healthcare reflect the influenoésuch systemsn organisations, work processes

and peopleUnderstanding the broader context beyond the pure user system relationship is essential
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because dtent contradictions may become saliewhen implementingan IS (Weeger et al., 2021)
However newapproachescan also triggepromisingdevelopmentsWeinhardt et al(2020)described

in their editorial for theBISHournal the potentialof citizen science folSresearch.Consideringthe
fastgrowing degree of digitaation, citizen science approaches could be one way of franiég

researchrelevant to society ad impactingt.
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4. The enpirical object othe study

In the followingsection the empirical investigations focus to a large extent on lsesed assistance
systems in industry and healthcare. Labased assistance systems are widely used to support manual
positioning and marking activities as well as quatigpectiontasks Trey are suitable as objects of
investigation for several reasons. On the one hand, they are an integral padustrial production

and manufacturing lines worldwide and are used in assembly lines, group assembly stations and field
assembly. They supporpre-assembly, final assembly, pestsembly and disassembly tasks.
Furthermore, lasers are used in numerous applications in hospitals and medical practicesaitehare

known to the treating staff and patients.

Thus, numerous manudlinctions in individud and groupwork scenarios can be investigatddiser
basedprojection systems display work plans by sequentially structured laser projectiomthenwork
object. Laser projectiois a display technologyat competes with monitoibased solutions, guided
light cones, video projectors oAR but also offersopportunities for knowledge transferLaser
projection in assembly ani@provides the advantage of a highly visible gmécisein-situ presentation

of the defined content. The user's requirements floe operability of the laser projection system may
well vary with the size of the work object and the workgroDpie to the predominant projection of
geometric objects, lasdvased assistance is independent of the language and culture of the people
performing the activitiesThe insitu projection onto the assembly object or the patidras also the
advantage that research studies arely slightly influenced by secondary activities. In addition, faser
based assistance systems are flexible and scalable. Their use in industry and healthcare supports

comparativeevaluationsTherefore, lasebasedassistance systems aa@ ideal object oinvestigation

for the analysis of the defined research questiarighis dissertation.

Figure31: Laser projector and system (with courtesy of LAP GmbH Laser Applikationen)

Figure31shows thecomponentf asinglelaser projectorand the system configuration with a central

workstationconnected tothree laser projectors placed abovedadicatedwork area. The perating
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principleof the lase projectorisvisualsed with the inside view of the laser projector. The green laser
beamgenerated by a diodé&asersourceis corrected by optical lenses and directed by mirrors onto
two galvanometersvith perpendicularaxes Thesayalvanometersre equipped with mirrors and can
deflect the laser beanwithin a definedrange The oscillating direction of the first galvanometer
defines the first axis of the projection ara®hile the second galvanometer adds the second axis to the
projection areaAn optical prism can superimpose a red laser beam on the green laserfbegellow
colourprojection.The laser spot creates an image by followagath defined based othe CAD data.
The fast movement of the laser spot results in an imége the human eye perceives as a line or a
curve.Thelaserprojection system receives calibration datefined by laser targets placed on the work
area. The system then receiv@sojection data in the tool coordinates systernfihe calibration
procedure déines the position othe single laseprojectorsand enables them to correctly display the
projection datastructured according to the digital work instructions that users want to projébe
projected lines then helpisersplace objects in the correctrder at theright place. Laseprojection
systensare scalableandthe length and widthof the projection areacan be extendedControl oflaser
projection systems is ofterealisedwith conventionalRremote controfor via theusersoftware(LAP

GmbH Laser Applikationen, 2022hb)

a. Laserassisancein industrial production
Laser assistance systems are used in many industrial sectors due to their specific prdpddstgal

applicationsfor laserguided manual assemblyere already described in the ea®90s byBrowne
(1991)and have since then established themselves as valuable tools in production lines worldwide.
The laser lines projected onto the assembly object or work surface in the work area aretuisitge
human eye and form a detection and measurethelane. The precise display of contours ftat
surfaces or threalimensional objed benefits for example, the aerospace industry, electronics
manufacturing,and the wood and concreteprefabricationindustry. In addition, mounting parts
commissioning can also lmupported withlasers Thein-situ projection onto assembly objests
ergonomi¢ and the laser lines do not overstimulate tieiman senses. Aspects such as wearing
comfort, hygiene,and battery runtimes, which must beonsideredwhen using smart devices, are

irrelevant for laser assistance systems.

Furthermore, such systems are easy to operate, aathin times are short. In combination with a
camera, the functionality of the systems can be extendeder assistance systems aisodeployed
asquality and ergonomic workstatiorier manual assemblghanksto their scalability, low investment
and maintenance costs, and benefits for workdPsoduction processes cémerebybe implemented

in a flexible and adaptable mann@uller-Polyzou et al., 2018)
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I. Compositemanufacturing
Industrial projection lasers are used in manual composite manufacturing worldiviaeal of2.18 Mt

of global composite consumptiof21%)was processed in 2015 using the manual manufacturing
processes of hand and prepreg Hay. Even with increasing automation, a considerable sludre
compositeswill continue to be manufactureth manual processeis a market that grew at 8% p.a.
from 1960to 2010 and 4% p.a. from 2010 to 20B®cause of the COVID crisis, d4%drop was
reported for 2020 in albpplication sectors, except rotor blade manufacturimghich continues to
prosper, stimulated by the trend towards renewable energ{&stin & Co, 2021; JEC Gra2{l7)

In the aerospace industry, lasassistance systemare important manufacturing systems for the
manual production of composite partas shown irFigure32. Thepictures showthe control of the
work steps at the GUI of the system computer and the placement dfitite-GassReinforcedPlastic
(FGRB fuselage parts in the cleanroorncreased efficiency in production, quality through process

reliability, high flexibility, robustness and low investment costs are the decisive criteugifaglaser

projection systemsThus, the systems significantbontribute to reducing composite manufacturing
costs(Aligned Vision, 2021)

Figure32: Composite production (with courtesy of LAP GmbH Laser Applikationen)

In rotor blade production for wind turbines, laser assistance systems are used for pBeasgibre
ReinforcedPlastiq GFRPcomposite plies into the curvedould. Digital work plans derived from CAD

data are projected by the laser system using projectors fixed under the ceiling of the production hall.
TheCADcontoursare projected froma10-12metreRA A G yOS 2y G2 (GKS Y2dzZ RQa

laying of the GFRplies along the displayed laser linegh millimetre accuracyAdditionally, the laser
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systems indicate thepositions of additional moulded parts mounted into the rotor blade for

reinforcement.Again, whole @amscan be guided simultaneoushhile working ondifferent tasks

Figure33: Rotorblade production (with courtesy of LAP GmbH Laser Applikationen)

Overall, he demand for low manufacturing costscomposite productiolis contrary to the increasing
number of product variants in many target industries ateé dynamics with which these are
manufactured. Market developments that are difficult to plan, for exammhe composites for

e-mobility, requireflexibleand versatile compositproduction facilities

ii. Wood and concreterefabrication
Other gplication aeasfor laser assistance systems can be found in industrial wood processing and

the precast concrete industry. Here, the placement of large and small compoaerdtdonding or
drilling must be performed precisely on largarts. The laser assistance systeffers the advantage
that the projections can be made frooonsiderabd distances and on the entire componeihe work

consists of coordinated tasks on the same objstied outsimultaneoushby a teamof workers

One exampleof the use of laser asgance systems in this sector is the production of prefabricated
wood housesvhere workers are supported in manufacturing and assembtintber elements The
laser assistance system transforms the construction CAD data into precise laser lines and éontours
wall, roof, and ceiling elements. In this application, the laser projecgbng/the mounting locations,
positions, and orientations of frames or plates to perform manual tasks quioklpreciselyThe laser
contours can also indicatdilling holes for electrical cables and sockatd cut-outs for windows and
doors Figure34 showsthe placement of a componendirilling hole support and a quality inspection
task using the control softwareDifferent laser colours, text and projext symbolsndicate various
tasks on the same work surfaaed provide additional assistande carryingout the work stepgLAP

GmbH Laser Applikationen, 2022a)
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Figure34: Industrialwoodworking (with courtesy of LAP GmbH Laser Applikationen)

Furthermore, laser assistance systems are used for industpiadi truss productiorn multiple shapes
and sizes. Typical laser applications in this Belgport stacking laminates before pressing, visualising
areas with different strength gradings, awtieckng that visible knothole are not within the final
shape of thewood truss Furthermore, he position of clamps and steel reinforcements can be
indicated even on large elements such as roof trusses or bridge aedst®ownin Figure35 (ZLASER
GmbH, 2022)

Figure35: Industrial wood truss production (with courtesy of LAP GmbH Laser Applikationen)

Another example is the production of precast concrete partstf@ construction business. The
production of precast wall elements is shownFigure36 with a precast vall element laserguided
placement ofelectric socketsandreinforcement and cubuts for windows and doorst the casing

site. Once alcomporents are placed on a table according to the production plan, concrete is poured
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on the table filling the wholgvall elementexcept forthe cutouts. Correspondingomputercontrolled

production lines uséong, rotary or carousel tablder serial production of custoretd walls

Figure36: Precast concrete parts production (witburtesy of LAP GmbH Laser Applikationen)

After pouring the concretethe workers use thdaser projections to contrahll elements' presence,

correct position, and orientatianThisquality controlis crucialfor doublewall production, in which

two sepaately produced walls are joined togethdlnitechnik Systems GmbH, 202RJodern
architectural requirements andhigh degree of manual work for prast elements stimulate research

and developmentDigital networking of planning and production tools, increased usage of sensor data

from the production processand new production methods such as additive fabrication can support

more efficient and custorséd production In particularthe latter cansupport the demand for more
customsed and graded surfaces . | 01 2@t Sl |f ®X wnanunT CNBYY |YyR
Kozlovska, 2020)

iii. Assembly and quality inspection
In addition to the described applicatig, laser assistance systems are useatimer industries for

manual assemblyand quality inspectiortasks. The systemssupport mainly manual and hybrid
assembly tasks with small number of assemblies bahigh number of product variantas shown in
Figure37. They aremore flexible tharautomatic assemblgtations(Lotter and Mduiller, 2018)aser
assistance systems can be usedhdividual assembly stationfiow production linesgroup assembly
stationsand on-site productionof large productssometimes called XXL productiobhey support
mainly theassembly subtasksf handling, joining, controlling and marking according to the former
standard VDI 286QAssociation of German Engineers VDI, 2022)
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Figure37: Manual, hybrid and automatic assemiglyotter and Mller, 2018)

The resultof the work is based oprimary and secondary assembly functions according to8588,
DIN8580 and VD2860, which serve ahe basis forthe correspondingvork instructionsprovided by
the work preparation departmentin many cases, however, the work instructions can stifbbad in

printed form at the assembly workstation.

One exampl®f assembly and quality inspection at a singkrson workstation is shown igure38.
The picturesshow theassembly of control cabinetequipped with electrical component3he laser
projection system with two laser projectors mounted on the top of the workstatindicatesthe
assembly location of the componenaccording to thepredefined worksequence Collaboratively,
tasks such as template drillingable duct placement, wiring and label positioning Gdso be

supported
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Figure38: Hectricalcabinet assembly (with courtesy of LAP GmbH Laser Applikationen)

A laser system integrated into an assembly line is presentEjirre39. The laseprojector is marked
with a red circle for better visibilitand supports parts commissionirduring product assemblyThe
system was installed as a Cytitrysical showcase at the Mittelstandszentrum Saarbriicken andecent
for mechatronisand automation tehnology ZeMAZeMA gGmbH, 2028imilar production lineand
assembly in group workacesare usedin manyindustrial production sitessuch ashe production of

household appliances

Figure39: Laser system integrated into an assembly (wi¢h courtesy 6 ZeMA gGmbH)

Other applications of laser assistance &nown from the production dfrgescaleproducts such as

aeroplane manufacturing and shipbuildings shown inFigure40. A disproportionate increase in

manufacturing efforts characterises the production of XXL prtlukst a certain point, the limits of
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scalability of a production system are exceeded so tlatekample, new buildings or handlifigs
must be designed/ery large products are oftelly customsed, complexand produced following the
organgationalprincipleof on-site production(Behrens et al., 2014Qn-site producion is flexible, with
little standardgation and a low degree of automation. In the production efaplanes, wagons, trucks

and busses, on the other hand, the line assembly principtespplicabledue to a higher level of

standardsation (Mach Florian, 2015)

Figure40: Largescaleproduction in aviation and shipbuilding (Airbus, Meyer Werft)

In manyassembly applications, humaneith their longterm production experience control the
quality of assemblyasks Other reasons for quality control llye humaneyecan bepoorly accessible
installation locatioms, objectsunsuitable for camerdased method, the costsfor automated quality
inspectionor the required flexibilityin the production lineExamples of such quality control tasks,are
among othersthe inspection of welding lines and spots, adhesives or the presence and correct fit of
rivets. lase projection systems carin some configurationsalso be used fomeasuring tasksA
methodfor assembly assistance and position data feedhesiikgtwo projection lasers was presented

by Miller and Bal{2016) In additioncameras enabladditionalpossibilities for asembly and quality

assurance applications

b. Laser assistance in medicine
Laser assistance systems are also used in human medjmatieationsLaser lines are projeet onto

the human body as referengmints, lines,or contours Physicians use laser lines antersections to
positionpatientsandtherapeutic devicesThus, he precision and good visibility of the laser projection

arecritical, while itsnon-contactoperationsupports generahygienein the clinical environment
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I. Laser assistander interventional radiology
Laser guidance supp@physicianavhen inserting needleat angiography and CT systems to perform

imageguided biopsies and percutaneous ablatiofike laser helps insedne or multipleneedles at
planned locations and angles at the patient boldyaligns the laser cross with the planned pattile
the progression of the needles is monitorddsed orimaging systemg2ractitioners are supported by
software-assisted path planning and guided insertion for safatiical work tasksas shown irFigure
41. The laser guidance systeim integratedinto CT scanners and angiography systé@igmens

Healthcare GmbH, 2022)

Figure4l: Laserguided needle insertion (Siemens Healthcare GmbH)

In addition to this specific application, many imaging devisesh as Computer TomograplCT)

devicesalso have builin lasers tchelp placepatients in a definegbosition

ii. Laserassistance in radiotherapy
The principle of moderiRTis based on a working process consisting@fimaging, therapy planning

and irradiation at thdinac as shown irFigure42. Today linacsare used worlévide in the precise

treatment oftumours

=
> Gel|

) o

i
] [
3D-imaging Therapy planning Treatment
CT and/or MRT expert software at LINAC

Figure42: Radiotherapyvork process (own figure)
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INRT, reproducible patient positioniniga primaryconcern(Carl et al., 2018Patient positioning refers

G2 NBLINERdzOA Y3 defingddldhgihe Snjulat@a for tdshinantiplagnifan the basis

of CT andpotentially additional Magnetic Resonance Tomography (NIRdroviding soft-tissue
information. Thesamepatient positionmust be reproducedaccurately in the treatment roorat the

linac Various techniques are available for these positioning tassisigunarks ol KS LI G A Sy G Qa
reference points andiasers in the treatment room is the most widely ugedhniquebecause of its
satisfying accuracyease of useand low cost (Guo et al., 2020)Consequentially laser patient
positioning systems are listed on the WHO list of priority medical deviceRTqWorld Health
Organization, 2017b)

The 3DBimaging process performed for tumour marking is cakl@dulation Most RTcentresusea
dedicatedplanningCTdeviceand an external laser systemo perform this task. First, the patient is
immobilised in a defined position usingimobilisation deviceshown inFigure43. The kind of
immobilisation devices used depeson the tumour.Patientspecific antibacterial thermoplastic face
masks with foam head supports are used for head and neck caftoemasks &rfixedonthe patient
couch in defined index positions. Additional knee aomt upportstabilisesthe patient's positiorand
increase patient comfort. Breast boards withxilely adjustablearm- and handsupportare combined

with head supports to treateft and right breast cancemwhile @dominal compression systems or

pressure belts are used for thoracic and abdominal treatméotéit Indudries NV, 2022)

Figure43: Patient immobilisation devices for radiothergi@rfit Industries NV, 2022)

Asfia et al(2020)analysed 3D printed patienspecific immobilisation devices and compéteem to
traditional ones.The reported benefits includeimproved patient comfort, high accuracy between
immobilisation devices and pants, and reproducible setup with beam attenuation propersasilar

to thermoformed immobilisation devices. The advantages are set against the disadvantages of slow
3D printing and potential inaccuracies in the digitisation of patieassia et al(2020)conclude that

further research Is needeidr the 3D printing of immobilisation devices.
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The target poirg defined in thesimulation andolanningCTare made visible on the patient by a laser
system and marked with skimarks as shown irFigure44. The target point can either be the iso
centre of the device or defined reference pointsor CT and MRIinaging devicessystems with
movable laser lineare installed in the imaging room§he patient carater be positioned based on
the skin marks at the linagsinga laser systeninstalled in the treatment roonandthe same type of

immobilisation devicessed before

Figure44: Laser marking at CT and MRI (wittudesy of LAP Laser Applikationen GmbH)

The CT and MRI images taken in the defined patient positions are then us€fpfanningwith expert
software. Radiation planning involves calculating how the radiation dose prescribed by the radiation
oncologistcan bebestapplied to the tumouyconsidering the linac's technical capabiliti€pecial care

is taken to ensure that Orgars-Risk (OAS) such as the bladder, rectum or heart receive as little
radiation aspossible. In addition, the number of fractions in which the prescribed total dose is
administered is defined during therapy plannifiglekta Solution&\B, 2022; RaySearch Laboratories,
2022; Varian Medical Systems, Inc., 2022)e ase divisiorinto several radiation fractions is related

to the fact that cancer cells divide more often than normal ¢etlskingthem vulnerable to irradiation.
Cell dvision occurs durinthe M phase, which is the time when radiation cauBexyribonucleic Acid
(DNA damage to the cancer cell$herefore, each radiation fraction musause moreharmthan a
cancer cels repopulaing ability Normal cells heal defects better than cancer cellsading to

radiotherapy's overall wanted effe¢Schlegel et al., 2018)

The positioning of the patient at every fraction @slled interfraction positioning. External laser
systems installed in the treatment room visgalithe isecentre of the linac. The laser linesd the
previously applied marks on the patieate then used taeproduce the patiens position from 3D
imaging. Figure45 shows the radiation therapist positioning a patient immobilised on the patient
couch with a face mask. The radiation therapist uses the couch contrabt@ the patient on the

couch to the isecentre position(Jacob Van Dyk, 2020; Schlegel et al., 2018)
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Figure45: Laser positioning &t linac(with courtesy of LAP Laser Aigptionen GmbH)

Laser positioning systems are installed in more th@®@RTcentresworldwide and on approximately
15,000 linacgIAEA, 2019)They are important assistance systefar the responsiblestaff and offer

opportunities for innovatior{Leuphana University Lineburg, 2022b)

c. Reflection and conclusion
The examples of lasdrased assistance systems in industry and healthcare reflect the versatility in

applicationand the similarityof manual positioning and quality inspection tasks. §hasetbased
assistance systems aneell suitedfor analysinghe research questions in the industry and healthcare
context Theanalysis and subsequent desiginrsocietechnical information and assistance systefors
labourintensivetaskspresuppose garadigmthat allows technical systems to be examined in the
different cases othe application contextsolvingrealworld application problemsvhile ensuiing an

expansion of the scientific knowledge base.
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5. Desigrscienceresearchparadigm
Design Science Researsla paradigm thasupports the design of IS for reabrld applicationsDresch

et al.defined DSRas

. a methodological approach concerned with devising artifacts that serve human
purposes. It involves the development of innovative condinns, intended to solve
problems faced in the real world, and simultaneously makes a kind of prescriptive
scientific contribution. An important outcome of this type of research is an artifact that
solves a domain problem, also known as solution conegfith must be assessed against

criteria of value or utility."
(Dresch et al., 2015, p)

In this senseDSHs sometimes also called Constructive Resedrcii996 Simon published the first
edition of his book he Sciences of the Artifigial which hedistinguishel between natural science and
the science of the artificial knowndayasdesign sciencétating that the world is more artificial than
natural, he criticgded that traditional science canot be the only source of knowledd&imon and
Simon (1998) Simon and Laird2019). Artificial is everything lumans have designed, including
tangible objects such as machines aimangible elements such asrgangations. dn contrary
traditional sciences exploredescribe, explain and potentially predi¢dDresch et al.)In their early
work, Hideaki Takeda et d[1990)formulated a method for developing resedrbased on desigihey
described the abstradBeneral Design Theory (G a descriptive model to explain how design is
conceptually performedTheirdesign cycle methods with dhbction, deduction and circumscription
inspired otherauthorssuch asviarch and Smitl§1995)andlater Kuechler, W. and Vaishnavi,(2008)

to developthe DSRparadigm Nunamaker and Chef1990)usad a system development approach for
IS developmentThey focued on engineering and practical application instead of system deSige
authors introducel theory-building stating thatsystem development, experimentation, observation,
and performance testing canontribute to research System development in this sense includes
prototyping and product development Experimentation includes simulationfield experimats,

observation case studies, field studiaad surveys.

Walls et al.(1992)proposedto use designscience for research and theory development the IS
domain In their view, devebping prescriptive theories contributes taeveloping practical and
effective solutions.March and Smith(1995) also advocated the application ofdesign science
fundamentals to conductesearch inlS However, hey proposedintegrating natural sciences to
explain the createdrtefacts and usindesign science to construct and evaluatésfacts.Baborating

on organgational managementRomme and Endenbur¢?006) argued that traditional science
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contributes to understandingxistingorgangational systemswhile resarch on ceating newsystems
should apply design sciencéhe authors also proposed design scietegeneraliseorganisational

management knowledge and secure research results publication

In academic management researcran Aken(2004) proposed design science to overcomehe
relevarce problem. He stated that descriptiedriven research resulting iorganisation theornghould
complementprescriptiondriven research based on design science resultinganagement theoy.
He proposed that the research products be fieddted and grounded on technological rul&hese
technological rules evolved later intsignpropositions for a particular class of problenmportant
in the description 0DSRSs its positioning agastexplanatory research and adjacent areas depicted
in Table9 (van Aken, 2004; van Aken et al., 20283q the authors stateda 5 S SofeBtgd research

X YIF1S&8 I ONBI (A JFandkiavdthl.2a16)g Kl G OFy 0S¢

Explanatory research

Design SciencResearch Adjacent areas

- Describe and explain the | - Improve the present - Action research focuses on

present and the past - Involved as actors casespecific improvemerst

Observation of
phenomena

Results ircausal models

Results irageneric design

Justification by pragmatic

instead of generic
knowledgecreation

Evaluation research verifieg

validity and outcome -

- Justification by description - Focus on effectiveness the effectiveness of system

and explanatory validity after acreative jump or processes

- Focus on truth using logic§ - Used in engineering and

deduction medicine

- Used in management
sciences, physics, and

operationsmanagement

Table9: PositioningdSRagainst explanatory researdfian Aken, 2004; van Aken et al., 2016)

In their inaugural essay of the newesign science department at the Journal of Operations
Managementvan Aken et alpromoted DSRor knowledge creation in th®perationsManagement
(OM) community.Theauthorshighlighed that contrary tothe material aréfact focus ofengineering
most OM systems are soeiechnical They argudthat DSR is particularly suited to deal with the social
component of such systems.DSR can theby support the OM community in creating strong
partnerships between research and practi@e claim verifiedin this dissertationby the intensive
cooperation with research institutes and companiePesignscience is an applied sciencend

epistemologicaparadigm that prescribes solutions for solving probdsaand canhelpreduce the gap
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between theory and practice (van Aken, 20®bmme 2008 Some authors have creatdalSRyenres
to structure the field of IS researchn his MIS Quartéré S RA (i 2 NI DivebsiyYolTeyigha 2y
Science ResearcRai(2017) with contributionsof leading IS scholadiscused commonalitiesand
differences in the practice oDSRin IS Raiidentified genrespresentedin Table 10 with key

characteristicend contributions.

Design Sciencgenre ‘ Characteristics

Complexity - Enterprises depend on soefechnicallSwhile system attributes are
often not known and control often exceeds human capabilities

- "...design science must deal effectively with the messy complexi
real IS problems and avoid the reductionism found in research
simplifies theproblem space to one in which known theories a
solutions readily apply(Rai, 2017, b) by Alan R. Hevner

- In stable system environmentkernel theories ofbehaviourcan be
applied to predict asfact performance (predictive planningyhile in
fastchangingsettings, agile processes can beed (adaptive learning

- "...design scientists will increasingly move away from the limitatior]
kernel theory predictions to ta more adaptive solution searq
approaches of fast design iterations under the intellectual contrg
the design team'(Rai, 2017, 5) by Alan R. Hevner

- lterative desjn cycles of DSR suppoefining artefacts to cope with

uncertainty factors

Computational - Computational Design Sience emphases interdisciplinaty in
developing new data representations, algorithms, methods a
humancomputer innovationssecuringinpact and relevance

- Computational Design Science supports an interdiscipli
information-centric and domairoriented approach

- Often computational DesignScience does not require a theory bat

demonstration of novelty and validity

Optimisation - The creation of arefacts requires a model of the problenand
optimisation supporing ISdesignby proposing prescriptive solutiong
- "Modeling and simulation aefacts can be especially useful f
decision support in dynamic problem environments (e.g., in ipy

health or emergency response contexts) where problem instance
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too complex to specify and solve comprehensively in an optimizg
framework"(Rai, 2017, @) by H. Raghav Rao and Sumit Sarkar

Contributions to IS can be theoreticallmsed orsimulations

Representation

IS will be more effective if the model represents stakeholdg
perceptions of phenomena in the domain area. Thath from
conceptual model to stemimplementationshould bedocumented

ISresearchers need to distinguish between conceptual modelling
representshe realworld and data modelling

"design science label plays a valuable legitimizing function, but
work of this genre hasbeen performed, and continues to I
performed, without it"(Rai, 2017, pl2) by Andrew Burtorlones ang

Jeffrey Parsons

Economics

Economicdesign scienccuses on the design of aefactssupporting
economic activitiesdecisionmakingandresources orgasation
Research is informed by economics amehaviouraltheories, OM
algorithms computer sciencand contextual environments
Affordances of new technologiesan redefine economg and
researchers need to evaluate systems and not only Efaats

owith the Internet as a platform for computing and econon
activities, there is the need to bring together econontiehavioura)
and computational perspectives to understand how to des
innovative platformbased business modél§Rai, 2017, pl4) by Alok
Gupta, Wolfgang Ketter and Arun Rai

Tablel0: Design Science genres accordinRan(2017)

Rai (2017) highlighed common characteristics across the genrafs developing and evaluating

solutions,therebyadding knowledgé¢o the IS and application domasnHe outlinel commonalitiesn

the search processs for new solutions andheir evaluationin context and unveilked significant

differencesin the actual artfacts being designedn summarsing, Rai(2017)presened the diversity

of DSRin the IScommunity. Peffers et al(2018)describal five DSRgenres as shown inrable11,

distinguishedoy theory, arefact creationresearchprocess and evaluation.
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DSR genre ‘ Characteristics

IS design theory Focus on the composition and presentation of design theory.
artefact instantiation isnot required, and the evaluation can K

conceptual.

DSRmethodology Describespractical and outcomeriented artefact developmentand

evaluation Theories are used to argue that thegefactmight work.

Designroriented IS researcl Focusoninstructions forthe design and operation d§ Theutilisation
of theory is goabriented, the evaluationis method-oriented and

strong rigaur is expected.

Explanatory design theory| Summaries theory development and feature evaluation us
hypothesis testing. The evaluatipats a strong emphas@n method

and theory development.

Action design research Describes practicénspired research resulting in the design
problemsolving artefacts. The process is interventiaiven with

several iterative evaluatisand design stages.

Tablell: DRgenres and their characteristi¢Beffers et al., 2018)

This dissertatiofocuses on supporting economic activities in the context of lalia@nsive processes

in industresand healthcare. It investigates, among others, how the affordance of new technologies
creates new opportunitieslt also uses modelling and simulation techniques in design cycles to
optimise an artefact's application. The dissertatican therefore be asgned to theeconomicsand

the optimisation genre according toRai (2017) The intended resultawill answer the research
guestions and provide instructions on designing IS. Therefore, this dissertation is also assigned to the

DSRnethodologyand desigrorientedgenre according taPeffers et al(2018)

a. Desigrtheory
The IS community has been discussimgsigntheory since the early 1990sontroversially. The

discussionturned around the necessity of kernel theoriesd the need for theomation. Venable
(2006)reinforcedthis by stating thatirtefactdevelopment can be grounded dheory, or theory can
be the outcome of design workn his essagainst Theory: With Apologies to FeyerabElirdchheim
(2019)complairedthat IS scholars focedtoo much on theory development amdcommendabd that

ISresearchbecome more relevant, resilient and resourcefRkferring to thedissentamong experts

on Information SystenDesignTheory (ISD) Fischer et al(2010)cluster Design Theories into ISDT
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categoriesTheydiscusgdesigntheory based on the three classes of general statements according to

Chmielewicz 1994s presented iMTablel2 andfour theory types shown ifmablel3.

General statements Description
Theoretical statements Describe causeffect relationships supporting explanation a
prediction

Technological statements Express meansnd relationships supporting goariented

description

Normativestatements Specify concrete choices based on values and known side eff

Tablel2: General statement€hmielewicz, 1994)

Key theory types Description

Explanatory theory Several theoretical statements that explain the subject of rese

Predictive theory Several theoretical statements that predict the subject of resesz

Normative theory Normative statements form a normative theory

Prescriptive theory Integration of explanatory, predictive and normative stateme
for artefactcreation

Tablel3: Key theory type@-ischer et al., 2010; Gregor, 2006)

Fischer et al2010)confirmedthat kernel theories from natural or social science serve as foundations
for artefactcreation followingWalls et al(1992) but emphasisd that no definitionof kernel theories
should be explanatory, predictive, normative or prescriptiVe.summase, Fischer et alclassiied
ISDTs according to two dim&ions. The first dimensiodesigntheory as a key artefact describes
whether IDTis recognged asan output of ISDSRand relates to the level ddrtefactgeneralgation.

The second dimensiokernel theories required for groundimigscribes whether kernel theories are
needed forartefact creation. Based on the two dimensigri§scher et alclassify selectedcademic

contributions intolSDT schookss shown irHgure46.
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Kernel theory

yes fundamentals
(Walis et al. 1992, Gregor
2006, Gregor and
Jones 2007)

Design theory

opponents
(March and Smith 1995,
Hevner at al. 2004)

Kernel theory

pragmatists
(Goldkuhn 2004,
Venable 2006)

Kernel theories required for grounding
=
o

no yes

Design theory as a key artefact

Hgure46: Three schools dé8design theoryFischer et al., 2010)

Gregor and Hener (2013)recognsed two schools in the desigscience paradigm. THaesignTheory
Campwith Gregor and Jong2007) Markus et al 2002\ alls et al(1992)and thePragmatic Desgn
Campwith Hevner et al(2004) March and Smitl§1995)and Nunamaker and Chgii990) Gregor and

Hevner(2013)tried to harmonge the two positiongo enhance implementation and rigoin DSR

livarianalysed design theory contributions with a focus on the ofteited publcationsof Walls et al.
(1992) Venable 2006Gregor and Jone007) Baskerville and Priddeje (2010) PriesHeje (2010)
and Niehaves and Ortbacf2016) He complaired about the frequent use of the word theory in DSR
publicationsandadvocaed f S&aa G KS2NE X 0 dzi(livariSA02D,bMU) RIS Belleddy ( KS 2 |
that the forces of legitimsing ISas a research disciplinvere often more in focus thamdvancing the
knowledge baselivaristated there is nobroad consensus odesigntheory in DSR itsand discussg
this thesiscontroversially The analysis divari concentratel on the designed product as an outcome
of ISresearch livarianaly®d the publicationsWalls et al(1992) Venable(2006) Gregor and Jones
(2007) Baskerville and Priddeje (2010) Niehaves and Ortbach(2016) according to
conceptuakations ofdesigntheory in DSRSusinglSand softwareartefacts forthe argumentation.
Hesynthessed the results inFigure47, visualsing the coverage of the design theories within the chain

of kernel theory, ITartefactand effects on the outer world. He categsmdl the design theories into
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design theond to 3and design theorg asacombination of 1 to &ndconcludel that DSR researchers

should carefully use the concept of design theory and indibate they use it in their work

Class of IT artifact

Kernel theory - Meta requirements
s . Effects
justificatory knowledge - Meta design

- Instantiation

Design theory 1 Design theory 2 Design theory 3

Figure47: Different conceptions of desidimeory (livari, 2020)

Followingthis, livaridiscussd the role of kernel theories in DS& IS emphassing thescientifically
justified use of kerneltheories as aprerequisite fordesign theoies. Considering the classification
scheme ofischer et aland the conceptions dhe design theoryof livari, one can summase selected

key contributions of design theogs showrin Tablel4.

Publication = Key aspects

Walls et al. | - Advocata the use of design science for research and disalifise concet of

(1992) prescriptive theories for developing practical solutions to existing problems

- Design theories are grounded on explanatory, predictive or normative theori

- Introduced ®ven characteristics of 1S design theawyd believed that isgle
instances are no design theory

- Natural, social sciences and mathematiesnel theories are mandatory

- IS design theory with design product and process

- Meta requirements as class goals to which theory applies

March and | - Advocated integratin between design science and traditional science
Smith(1995) | - Design science creates things that serve human purposes

- Differentiated between descriptive natural science and prescriptive design sci
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- Theory building is characteristic of natural science and not agdescience
- An instance itself is already a valid DSR output
van Aken - Advocatel design science for research in the management field and csgiioms
(2004) - Research results should be prescriptive to etagér application by orgasations
- Research results should be genesatie to allow solving a class ofpbtems
Hevner et al. | - Advocatel DSRwithout usingthe term design theory
(2004) - Definad seven guidelines for DSR in IS
- DSR in IS is based on a knowledge base, but artefacts do not have to beagr
on kernel theories
- Instances are valid outpsibf DSRn IS
Goldkunhl - Advocateal the use of design theory for IS to inform the design process, with k¢
(2004) theories being an essential part of it
- Defined four types of groundings: conceptual, value, explanatandempirical
- Only theorsed practical knowledge should be design theory
Venable - Advocatel theory building as central for DSR activities
(2006) - Design theory does not need to be prescriptive, and kernel theorieakcable
but not necessary
- Design theory for IS eels only technology, external problem and utility
- One instance of a solution is not enough, but generalisation is needed
Gregor and | - Advocatel that design theory for IS consists of purpose and scope, consti
Joneq2007) principles of form and function, artefact mutability, testable propositio
justificatory knowledge, principles of implementation, expository instantiatior
- Purpose and scope correspotwimeta requirements. The principles of form a
function correspond to metadesign
- Introduced justificatory knowledge substituting kernel theory. Justificat
knowledge can include existing design theories and practical themrase
Baskerville | - Advocatel two types of design theory: explanatory with requirements satisfy
and Pries objectives and practice design theory focusing on processes
Heje(2010) | - Adopted an internal view on system requirements as in software developn
with explanatory design theornaddressing the relationship between me
requirements and metalesign within the IT artefact
Niehaves - Advocatal a model of Explanatory Design Theory (Ebfluenced bySEM
and Ortbach | - Introduced kernel theories to explain the relationship between me
(2016) requirements and metalesign

Tablel4: Gontributions of design theorgased on(Fischer et al., 2010)
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An essential ten in the context of design for practical use is affordance. aff@rdances allowor
managdng the relationship betweenT, thecontext ofuse anddesign for practicéFayard and Weeks,
2014) IS scholarsften conceptualise affordances d&&userrelationshipg (Maier and Fadel, 2009)

This dissertatioriocuses on the artefact as a key contribution of the DSR for IS and follows the school
of opponents, particularlyhte ideas oHevner which will be outlined in more detail in the following.

Affordance aspects are considered in the design of the artefacts and tested in the evaluation phases.

b. Knowledgecontribution
"Rather than producing general theoretical knowledge, design scientists produce and apply knowledge

of tasks or situations in oat to create effectivartefacts" (March and Smith, 1995, @53) Atrtificial
artefacts are one form of knowledge IBDSR March and Smith(1995) define the four
constructs model methodsand instantiations Constructs are the basic elements and are used to
describe phenomena. Models are built from construatsl describe tasker situations. Methods are
developed to describe ways of performing activities. The physical implementation of constructs,
models or nethods in product®ccurs ininstantiatiors. Figure48 provides an overview of thartefacts

and their interrelationshipsln more detail,constructsare a conceptuation usingvocabulary and
symbols todescrite problems and solutions within a specific application domé&inthis way, they
represent the knowledge of particular discipline. Constructs can be highly falised, including
entities, attributes, relationships, and identifiers. However, constructs can also be informally
formulated. Models describereality, representing reaivorld situations in the problem and solution
domain. A model consists of constructs and propositions that exghesselationship between the
constructs. A model is a solution component for a design tdskhodsare based on construcend

can take the form oélgorithms or guidelines showing how to perfoarspecifidask.Models can be
connected to methods by prading input to them. Methods can also be used to transform one model
into another.Instantiations are the implementation déSartefacts into thenaturalenvironment. The
operational instantiation is used to evaluate and yeds feasibility and effectivenesértefacts must

be evaluated as part of the design science wortemonstrate their feasibility after being buff¥arch

and Smith, 1995)
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Instantiation

* Describe tasks, situations or * Describe ways of performing
artefacts activities
Constructs Constructs
* Describe phenomena * Describe phenomena
N:oposmons exchange ‘N:oposmons
Constructs Constructs
* Describe phenomena * Describe phenomena
Constructs Constructs
* Describe phenomena * Describe phenomena

Figure48: Overview ofypes ofartefacts (March and Smith, 1995)

Hevner et al(2004)shareal the view ofMarch and Smitl{1995)that artefacts do not include people

or organgational elements."We conceive of ITartefacts not as independent of people or the
organizational and social contexts in which they are used but as interdependent and coequal with them
in meeing business needgHevner et al., 2004)The authorsacknowledged that the organsational
perspective of implementingSis essential but the capabilities ofartefacts are equally important.
Furthermore,the design ofartefacts requires creativity and domain competence in areas with often
limited theoretical knowledge. In this sensthe creation of artefacts extends the intellectual
boundaries of human problemolving. Alsq artefacts must be welbescribedto allow their
implementation in the application domairfHevner et al., 2004)Gregor and Hevner (2013)

charactersed the nature ofartefacts as either material or abstract.

Weigand et al(2021) proposal a top-level for DSRartefacts. The authorsdifferentiated
betweentechnical objects and artefacéd between technical and netechnicalartefacts. They claim
that their DSRartefactis universabnd addartefactmaker and useas agentsdistinguishing between
designing and makingctivities Figure49 presentsan IS application artefact described using the
ontology. Thehuman agent uses the applicatiaccording taause plan prescribeth user interactiors
and supports business processes an orgarsational context.The artefact interacts with various

components and with input and output datdhe authorsalsoforesee hat CP3Swill create a new
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type of artefact and might become more prominent than traditionéd thus requiring an adapted

terminology(Weigand et al., 2021)

<<usage effect>>
Business
performance

<<component>>

1/0 device
- - <<usage>> <<use practice>>
pta i Business process Business practice
Input data

<<component>>
object code
<<DSR artifact>> <<using>> <<agent>>
IS application User interaction User
<<component>>
database

<<use effect>>
Output data <<use condition>>
Work system

<<component>>
processor

Figure49: Information system application based on the ontologWeiigand et al(2021)

Design knowledge can be expressed in different forms and levels of abstrattabnas inhe above
describedartefacts and design principlesr theories. The level of detail depends on the background

knowledge of the designer who wants to apply the kitedge(Chandra et al., 2015)

"The appropriate and effective consumption and production of knowledge are related
issues that researchers should consider foremost throughout the resgaockess from
initial problem selection, to the use of sound research methods, to reflection, and to

communication of research results in journal and conference articles
(Gregor and Hevner, 2013, 338)

Gregor and Hevnef2013) made a considerable contribution by proposing
contribution framework andDSRtheory as the fifth type of theoryaccording to the taxonomy of
Gregor(2006) They clainthat knowledge contribution tdSRs not only reached by creating theories
but also by partial theory and new desigrtefacts. Gregor and Hevner (2013) algmsition
justificatoryknowledgeas nearly synonymous with kernel theories from natural science, social science
or mathematics. Justificatory knowledge refers to informabwiedge from the applicatiomlomain

and experience from practitioner$ablel5summargesthe different forms of knowledge contribution

that aDSRproject can produce. Knowledge contributions in a project can alsxtmss several levels

The research presented in this dissertation contribuiethe level 1 and Xnowledgetypeswithin the
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different designcyclesutilising justificatory knowledge from the application domalii@&regor and
Hevner, 2013)

Contribution types Exampe artefacts

More abstract, complete| Level 3Welldeveloped design | Design theories (midange and
and mature knowledge theory about embedded grand theories)

phenomena

Level 2Nascent design theory | Constructs, methods, models,
Y Y Y Y Y Y knowledge as operational design principles, technologics

principles/ architecture rules

More specific, limited, an¢ Level 1Situated implementation| Instantiations (eftware
less mature knowledge of artefact products or implemented

processes)

Tablel5: DSReontribution typegGregor and Hevner, 2013)

Gregor and Hevng2013)also elaboratd on the DSRknowledge basewhich they preserdd in the

form of descriptive K omega) knowledge and prescriptive lambdg knowledge as shown irTable

16. To ground the research, the authors presented a research path thatestény investigatg the
SEA&GAYT 1y26t SRIS @yt KIXK SR Sk O NARLIGiAc@yiRhbdeamR 3 S 2
descriptions and sensmaking knowledgeinformed the research questionAdditionally, existing

artefac 2 NJ RSAaA3y (KS2NR S awek NRstigatédh& ware lifkgb2o6imiR IS 0 |
research questionsSuch knowledge can be attributed to the same, simoardifferent application

domain of theresearchproblem Tablel6 presents the various forms of knowledge contribution of a

DSR project.

K RSAONRLIGAGS (y26ftS [ LINSAONRLIIAGDS (y26f ¢

Phenomena (natural, artificial, human) Constructs

9 Observation 1 Concepts

1 Classification 1 Symbols

1 Measurement Models

i Cataloging 1 Representation
Sensemaking I Semantics/ Syntax

1 Natural laws Methods

1 Regularities 1 Algorithms

1 Principles ! Techniques
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1 Patterns Instantiations
i Theories 1 Systems
I Products/ Processes

Design Theory

Tablel6: DSRnowledgebase(Gregor and Hevner, 2013)

According toGregor and Hevne2013) identifying the contribution can sometimesbe challenging

becausdt depends on thartefactdesigned, the field of knowledge, the audience and the publication
channel. Furthermore, the degree of knowledge contribution might be incrementartefacts or

partial for theories. "A fundamental issuelisK & y2 KAy 3 Aa NBlIffte aySgoé
something else or builds on some previous id@ategor and Hevner, 2013, 34) In sammarking a

DSRproject can contribute different types arkhowledge depending on the probleand solution

maturity, aspresentedin Figure50.

Application Human
environment capabilities
knowledge sources

Contribution to Informing « Cognitive
* Research Q knowledge Q knowledge

" * Creativity
opportunities

Q knowledge

* Reasoning
and problems + Analysis
* Vision and » * Synthesis
imagination * Social
* Research * Teamwork
questions * Collective
intelligence

Constructs Models Methods Instantiations

design theory

A knowledge

Figure50: The roles of knowledge in Design Science Res@arefor and Hevner, 2013)

91



Improvement Invention

low Develop new solutions Invent new solutions
for known problems for new problems
Research opportunity and Research opportunity and
knowledge contribution knowledge contribution

Z

—

=)

L

©

=

(o

2

5 Exaptation

3 A ns Extend known solutions to
high 1 new problems e.g. adopt

solutions from other fields
Research opportunity and
knowledge contribution

high low

Application domain maturity

Figure51: DSRknowledgecontribution framework(Gregor and Hevner, 2013)

The two maturity dimensions define a feguadrant matrix as presented ifrigure51. Based on the
matrix, routine designimprovementexaptation,andinventionare descriked asDSRproject typesand
outlined inTablel7.

Type of project Characteristics

Routine design - Known solutions to known problems

- Existing knowledge araftefacts are used to solveproblem

- The esign does not need research methodsstive problems

- Professional design or commercial systeneed to be distinguishe
from DSR

- b2 O2YyUNROGdziA2Yy A ( Ro pHblidatrRin gcadgmy|

journalsare possible

Improvement - New solutions for known problems

- Creation of more efficient and effectivartefacts such as products
processes, services, technologies, or ideas

- Building innovativeartefacts requies a deep understanding of thg

application domain
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- Improvements in efficiency, productivity, qualitgnd competitiveness
must be demonstrateéind communicated

- Research work should be grounded in kernel theories fom{ y 2 4
YR S@LfdzZ G§A2Y 2F AYLINRGBSYSyij

- Improvement projects contribute to the knowledge base on le\&l-3

- MostDSRorojects are improvement projects

Exaptation - Known solutions extended to new problems

- Utilisation ofartefacts from one application domain to another based
researchersexperience in multiple disciplines and application doma

- Artefacts are adaptear exapted to the new problem context

- Design knowledge from one application field is applied to another

- Common project type because new technotog@pens research
opportunities

- Exaptation contributes mainly tq knowledge at levels -B, but

increased understanding aftefacts can also exten® ndwledge

Invention - New solutiors for new problems

- Inventions can b&®SRf an artefactis created that can be applied ar
evaluated in realife and newK | y Rka@vNdige is created

- Most invention research is recogad asartefacts or instantiations

- Knowledge flows are typically from prescriptive to descriptive and ¢

result in anew application domain

Tablel7: Types oDSRprojects(Gregor and Hevner, 2013)

"The limited knowledge accumulation and evolution of [D&sign knowledgein DSR as observed in
the IS community is problematic because single contributions tend to remain isolated with little to no
relation to other solutions(vom Brocke et al., 2020, 21) The expansion dhe knowledgebasein

DSRs challenged byom Brocke et a[2020) The authors arguthat a model that composes design
knowledge from multiple perspectives wouldriedit ISresearch considering that design knowledge
ages. They descrideghe needto reuse design knowledge to address more complex problants

update t over time.

The authorsdescribedhow to position design knowledge contributions in the problem and solution
spacewith the supporting conceptual and methodical todirst,they preseneéd a design knowledge
model with the components for BSRoroject, as shown irFigure52. It contains the problem space

described by the application context and the goosdsecriteriafrom technology, information,
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interaction and society domain€orresponding success measures can include security, reliability,
performance, accuracy, timeliness, usability, user experience, accessibifigyrnesslit also contains

the soltion space withthe knowledge represented in the form afrtefacts, design principles and
theories. The solution space is supported by design process information and kernel theories. The
solution space can improvia the different design cycles of the pect. Both the problem and the
solution space arinterlinked based on evidenceThe confidence of the evaluation depends on the
type of evaluation performedhe rigaur of the applied methods and the quality of the resulthie
maturity of design knowledge can be judged based on the projectabilitye problem to other real

world issues, thedesign solution's strength, and the evaluation's confidefvwoen Brocke et al., 2020)

Design Knowledge

Problem Space Solution Space

Representation

Context

* Domain * Constructs

» Stakeholder * Models

* Time * Methods

* Space * Instantiations

* Design Theories

Goodness criteria
Process

* Technology
* Information
* Interaction

* Society

* Search criteria
* Foundations
* Build activities

Figure52: Design knowledge mod@lom Brocke et al., 2020)

Concluding,Goldkuhl (2020) presened epistemic knowledge types related to the design science
process phasegre-design knowledgeincluding ealuative and explanatory knowledgm-design
knowledge including prospective knowledge with design hypotheses grabt-design knowledge
including prescriptive knowledge with design principldde presentd a landscape withseveral
epistemic types including evaluative, critical, appreciative, normative, explanatory, prospective,
prescriptive, categorial and attributive knowled@@oldkuhl, 2020)Knowledge contribution in DSR
meansgeneralsing research results. Generic designs can be transferred within a sgfication
domain to other contexts. The transfer is based on a generic design model without losing effectiveness

in applicationGeneralisingystems with significant social components requirighereffort than pure
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technical systemdt is essentiald understand what is specific to the context and what is generic and
transferrable for knowledge contribution by generalisatigknalysisof scenarios with contextual

deviations can support the process of knowledgmeralsation (van Aken et al., 2016)

"The characteristic that distinguishes design science knowledge from other forms of knowledge is that
it includes designninciples: prescriptive statements that show how to do something to achieve a goal"
(Gregor et al., 2020 PN NeIey (DP are widely accepted to capture, document and share
knowledge about the design tartefacts. Researchers have reacheedonsensus about the content

and structure ofDPs(Romme and Endenbur@006) Gregor and Jone@007), vom Brocke et al.
(2020), even though the terminologand formulationvary in software designgomputing education

and managemen{Gregor et al., 2020Purao et al(2020)consideed DPsas knowledge outcons

Theauthorspresentd four dimensionsnfluencingDPs asshown inTablel8.

Dimension ‘ Description

Influences - Theoryinspired DPsbased on prior theoriesand kernel theories provide
justificatory grounding

- Priordesign efforts of theeam support reflection and formading newDPS

- Instantiations ofartefacts and associated practices can inspire other desig

- Results from formativeand summative evaluation dbDSRcan emphase

elements that have produced the desired outcome

Temporality - The research team can engageliacoveringdPs as part of their design, buil
and evaluation cycles

- The research team can disco@®sin a separat learning and reflection stag

- Formulation oDPsbefore implementing thertefact

- Discovery oDPsafter deployment of theartefact

- The achaeological approaclyenerates DPsbased on significant and/or

successful Iartefactsdeployed in the past

Actors - The researcher or the research team engaged in the design science ef
responsible for the formulation and communication@®Ps
- Collaboration with relevant stakeholders or application experts can secure
the formulatedDP4ulfil the application domain specifics

- Academic partners not involved in the design process can formulatBfse

Cmtent - A common way of formulatinBPss.a Ay waAlGdzZr GA2y 6 {
LIS NF 2 NI  ¢Roronie/a@ Bhéenburg, 2006)

- DPscan also be formulateldy separating the form and function of tretefact
(Gregor and Hevner, 2013)
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- Some dsign science researchers formul@®swithout a defined structure

- Special structures have been presented for activiented and materiality
oriented DPS(Chandra et al., 2015)

- A more cbtailed structure has been proposed Bregor et al(2020) & C ;
Implementer | to achieve or allow A for User U in Context C em
aSOKIyAaYa amI aHXI aoX Ay@2ft @Ay

Rationalew @ ¢

Tablel8: Dimensions of design principles orig{Psirao et al., 2020)

Chandra et al(2015) in their contribution to the 48 Hawaii International Conference on System
Sciencesfocused on designingartefacts that are intended for human usén their view, "Design
principles interpret descriptive, explanatory, and predictive knowledgdich can be referred to as
the kernel theory into something that can be used in the practice of building purposefutt¢facts"
(Chandra et al., 2015, p040) Chandra et al(2015) analysed DPsin terms of actiororiented,
materiality oriented ad both action andnateriality-oriented formulation correspondngto the focus
on technologyand its utilisation They identied inconsistency in théormulation of DPs publishedn
leading IS journalslescribel a consistent wayo formulate DPs and introduced a precise structure
while outlining boundaies "Provide the system witfmaterial property in terms of form and
function]in order for users tgactivity of user/group of usetsin terms of action]given thatfboundary
conditiong dza S NJ BhRdelidfcs or implementation settingg[Chandra et al., 2015, p045)
They alsgroposal measuring the effectiveness of DPs by the eaismstantiationinto an artefact,
the artefacts goalfulfilment and the effectiveness in the application contekxpplying theconceptof
Chandra et al2015) Seidel et al(2018)presentd a sensemaking support system for environmental

sustainability transformations.

"Design principles ... are an important part of desiigeory, as they contain the distinctive element
that distinguishes design knowledge: the prescriptive statemef@segor et al., 2020, 8). The DPs
scheme folT-basedartefacts in societechnical systems presented KBregor et al(2020)is detailed
Their work wasnotivated by inconsistencies in the treatmentDPsand the lack of attention to the
peopledimension(Chandra et al., 2015)ence, they anafgd the roles of human actors and their use
of DPsfor societechnical systemsrigure53 visualses the roles in the process BfiPdevelopment.
Originating from the abstract domain, theplementerappliesthe DPsof an abstractsolutionto the
instantiation of the solutionThe nstartiation of the solutionfulfils the user's aimavhile the enactor
performs actions to accomplish th@urpose The teoriser abstracs design knowledge from a

concrete instanceroblem, increasing the knowledge bagéregor et al(2020)emphassed that the
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different actors in this procesaustbe considered when formating DPs The level of generality and
possibledecomposition todwer levels might be needed for clear communicatiddditionally, aDP
title can helpcommunicateits key topic.According to the authotdT-basedsystems change their

behaviour because of the involvement of humanich in turndemandshumansto be corsidered

abstract domain
(design principles formulated)

Abstract re——— Abstract
abstraction 4 Problem LS elEt,, Saltition \ application

e
t@r \

Instance Instance & implementer
Problem Solution
user enactor

instance domain
(design principles in use)

Figure53: Design principles in ugéregor et al., 2020)

In sammarsing, Gregor et al(2020)introduced a new conceptual scheme fBPutlined inTablel9.
The scheme includesommonelements such as goals and mechargsmreachthem. However, it $
extended by theoles of the human actorshe contextof DPsthe consideration of thecomplexity of
IT-artefactsandtypes of causatios,as well aseveraimechanismso achieve the goand the optional

rationale justifyingthe DP.

Structure Components

Forimplementer Ito achieve or allovAim Afor | Aim, Implementer and User
User U

In Context C Context boundary conditions, implementatio

setting, further user characteristics)

Employ Mechanism M1, M2, MX A y @| Mechanism (acts, activities, processes, fol
Enactors E1, E2, E3 X architecture, manipulation of othegirtefacts)
Subsidiary componentsdrtefacts that can have

their ownDPs

Because oRational R Theoretical or empirical justification for tHeP

Table19: Components of the Design Principle Sch@amegor et al., 2020)
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In this dissertationthe four defined dimensionsaccording toPurao et al(2020) have been used to

selecta specific apprach to formulate DPs The formulation is influenced by kernel theorjgsior

design effortsand instantiations in the industry and healthcare domain. Diftswere formulated in

an additionallearning and reflection stagdhe author collaborated in selet] design cycles with

academic and no@academic application domain experts wheevelopng the DPsand followed the
a0NHzOGdzNBE Ay waAiddz GA2y8 {2 (2 I OKARBE®R and2 dzi O2 Y
Endenburg (2006) Tool support for DSR is available based on the development of
MyDesignProcess.caoy vom Brocke et a{2017) It is argued that such tools support the structuring,
documentation, maintenance and presentation of DSR research projects and finiisiggad, this

dissertation pesensresearch findings peerreviewedacademic publications

c. Relevankerneltheories
Kernel theories from different academic domains insgitbis dissertation Knowledge fromIS

information infrastructure and electrical and mechanical engineering domainfermed the present
work, particularly in designing and implementinghe technical case studiesSystem theory,

organisational rationalism and social theor@soplayed a significant role.

Human factors areritical aspects due to the human actors in setégghnical systems. Useentred
design based on cognitive science theogygonomics ad behavioural science as usedin this
dissertationto understandphenomenain the design cycledn particular, the aspects of memory,

attention, action, cognition perception and navigatiowere considered

From a psychological point of view, memory is defined'tas ability to retain information or a
representation of past expesnce, based on the mental processes of learning or encoding, retention
across some interval of time, and retrieval or reactivation of the memg@hyfierican Psychological
Assogtion, 2022, no paginationThe widely accepted muklstore model introduced bytkinson and
Shiffrin (1968) distinguishel between woking memory and longerm memory. According to the
model, the central executive component is used for decisi@king, planning and related activities,
while the articulary loop and the visuospatial sketchpad hold auditory and visual information.
MacGrego(1987)defined working memory capacity as three to four items of a word, phrase or image.
The longterm memory consists of semantic, procedural, and episodic memory. The Sememory

is responsible for the meaning of information, while the procedural memory staEssity
performancerelatedknowledge. The episodic memory includes autobiographical informdtioally,

the permastore holds the information we will never fetgChunking information into meaningful

fractions helpstore informationturning it intomemory that can be retrievetater (Benyon, 2020)
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Attention is defined asa "state in which cognitive resources are focused on certain aspects of the
environment rather than on others and the central nervous system is in a state of readiness to respond
to stimuli" (American Psychological Association, 2022, no paginayeys can negatively influence
attention to activities, which isdefined as"a selfinitiated sequence of movements, usually with
respect to some gda(American Psychological Association, 2022, no paginafidr® way in which
attention is allocated to activities has been describecelective and divided attentiotheories,each

of them with a different approac(BROADBENT, 1958; Egeth and Kahneman,. ¥a#s)tion aspects

are essential for the design of sod&chnical systems, specially for safetyelevant healthcare

systems.

Cognition is"all forms of knowing and awareness, such as perceiving, conceiving, remembering,
reasoning, judging, imagining, and problem solvingArterican Psychological Association, 2022, no
pagination) Research has developed from a talsased human information processing view to a
position that considers system useras autonomous actors, setjoverning their behaviour
(Greenbaum and Kyng, 2020; Norman, 19B&3tributedcognition theoryextends the approactvith
external artefacts supplemeimg human memory and knowledgéHutchins, 2000) Embodied
cognition is linked to affordance and perceived affordance of technolagies in the design afocic

technical system@Norman, 2002)
According to theAmerican Psychological Associat{@022) perception is

"X the process or result of becoming aware of objects, relationships, and events by means
of the senses, which includes such activities as recognizing, observing, and discriminating.
These activities enable organisms to organand interpret the stimuli received into

meaningful knowledge and to act in a coordinated manner."
(American Psychological Association, 2022, no pagination)

Perception allows us to sense the environment, including the workspace ofteotinical systems
by interpreting visual, auditory, or haptic informatioRerception helps people to navigate through
the environment with navigationbeingdefined as'the mechanisms used by an organism to find its
way through the environment, such as to a migration site or its home §iteferican Psychological
Association, 2022, no paginatioiavigationncludes object identification, exploring the environment
and finding ways toward specific destinatiod$e socigechnical system design should help users

obtain knowledge about the system and the workspégenyon, 2020)
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d. Researclparadigmapplied
The researciparadigmapplied in this dissertatioisthe three-cycle framework oHevner(2007)based

on Hevner et al.(2004) The presentedframework provide a wellformulated structure for DSR
projects based othe relevancerigour and design cycleas shown irFigure54. The relevance cycle
secures thesignifi@anceof the researchor the organisatiorthat appiesthe designedartefactto solve

a reallife problemin context The relevance cycle bridges thaesignwork with the application
environment that consists of people, organisational system, technical systepmoblems, and
opportunities. The relevance cycliurns around systemrequirements and field testingwhile the
rigour cycle bridges thalesign workwith the knowledge baseThe knowledge base includes the
foundations of scientific theories, methods, experience, expenimta-artefactsandown experience

The rigar cycleturns around grounding the research work in the knowledge base by providing

additions to the knowledge base.

Rigaur is essential for DS be considered valid and reliableemonstrating the designed artefact's
validity is reeded to satisfy the intended use asécure the academic contributiorsf the design
work. For this purposegthe rigaur cycle is informed by scientific theories and methoglsperience,
expertise, andneta-artefacts of design products and processéhe design cycle circles betwettre
design of product or procesartefacts and the evaluation of thosartefacts. Methods fom the
knowledge basesupport the design workin terms of construction, justification and evaluation

activities(Gregor and Hevner, 2013; Hevner et al., 2004; Hevner, 2007; Hevner and Chatterjee, 2010)

Application domain
* People

* Organisational systems
* Technical systems

* Problems and opportunities

Design Science Research

Build Design
Artifacts and
Processes

Evaluate

Knowledge Base

Foundations

* Scientific theories and
methods

* Experience and expertise

* Meta-artifacts
(design products and
design processes)

Figure54: DSRramework(Hevner et al., 2004)
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A DSR project often starts witthentifyingthe problem in the correspondingpplicationenvironment.

In this phaserequirements and acceptance criteria for the evaluation are often elaborddegign
work resultsmust be tested in the application domaifor example in the form of field studies and
can lead to changes in requirements. Innovation in design work isestby referene to the existing
knowledge base ofmeta-artefacts, experience and expertise. Thus, DSR work relies onutilient
knowledge baseand benefits from creativity. Additions to the knowledge base d¢aciude new
theories, methods, producartefacts, processartefacts or DPs In sammarising, the DSRparadigm
according taHevner et al(2004) addresses practitioners in the environment domain and scientists in
the knowledge base domaimwhile the interplay of the three cyclaesharacterises pragmatic science
drawing on a statement from the management fielh y £ @ Wt N} AYI GAO { OASy O0SQ
and relevance(Tranfield et al., 2003, [219)

e. Researcimethodsapplied
Nunamaker and Cher(1990) believed that d X a&adSya RS@St2LIVSyid | yR

YSGK2R2f 23ASa | NB 02 YL} SY Sdfnersididal artd ynRtimgthotojogicaly G S 3 NJ
' LILINR F OK gAff 3ISySNI {(Munambkerand Elozh, 1990 103N spprodthk NS a d:
applied qualitative, quantitave, and mixed research methodsthe DSRiesign cycled-urthermore,

the system developmentrameworkof Nunamaker and Chef1990)provided the basicstructure for

inquiry and data collectionThe methods applied and presented belomclude hermeneutic

approaches building on prior researslork and empiric approaches providimgw empiricdata and

knowledge

I. Systematiditeraturereview
A SystematicLiterature Review (SLRRis an efficient method for analysing the knowledge bé&sea

specific topicand has been recommended Byebster and Watso(2002)for the IS field The results
of acomprehensive SLRovide a basis foDSR projects in terms of existingefacts and relevant
theories Consideringhat academic knowledge iacreasingcontinuously it is suggestedhat every
research project should start withnaSLR(Saunders et al., 2019The secondary study ofmaSLR
consolidates relevant primary studiédentified within the SLR scop&he termsystematic in this
senserefers to a tansparentreproducible, andunbiased method for the selection and review of the
literature. Additionally, synthesisinghe selectedarticlesshouldproducenew knowledggGough et
al., 2012)
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The method ofSLRhas a long history in biomedical science, education, psychology, social and
behavioural science and an increasing number of publicatisitgy SLRre reported. Tranfield et al.
(2003) for example, analysed methods from medical science for their applicability to management
science to promote practitioner and contegénsitive reviews. They argued that systematic reviews
compared to narrative ones are more replicaldeientific,and tranparent with less biasSLRs provide

a broader decision base to interpret own findings aftkr groundingwithin the globalknowledge
base.SLRs can also be used fofigymaking allowingevidencebased decisioimaking(Dresch et al.,
2015) An SLRsupportsthe rigour cycle primarilgndadds to the relevance cycle of the DSR paragdigm
according tdHevner et al(2004) Most SLRpproaches hava standardstructure ofsearchselection,

and evaluation processdsllowingthe definition of the review topic

Two major types freviewscan be distinguishedrirst, SLRs aggregatingnmogeneous primary studies
are often quantitative using deductive method§&econd, bterogeneous primary studieoften
qualitative, are compiled in a configurative review using inductive interpretatand exploration
methods. A thoroughSLRrequires time and resourcegnd $akeholders can influence the review
process at different stages. The review process can benefit fl@ractive involvement olsuch
stakeholders based on their organisationajpoactical knowledgeTheSLR work can be performed in
teams applying common standards aexipert software tools.The team approach caincrease the
speedand thequality of theSLR projeciThe firststep of the search strategis definingthe review
topic concerninghe scope in terms of breadth, deptlime, and available resourceélso, he search
terms, sources, inclusion and exclusion criteriast be definedtogether withthe target hnguags

and publication period

Minimising bias an be achiegd by including synonymantonyms,and various spelling of terms in the
search term and strictly applying inclusion and exclusion crit@ii@. search process is performed
electronically irmcademidatabasedut can dsoincludegrey literature. In the various SLRs conducted
for this dissertationthe searchwascomplementecby online search engines émsureno publications
were overlookedForward and backward searches basedraliterature reference list adeld further
relevant studies tahe search proceg®resch et al., 20)5The search strategy should be documented
in a search protocohs shown imable20. "Without a protocol that is publicly accessible, it is difficult

to judge between appropriate and inappropriate modification®4bher et al., 2009, R)

ection Description

Concept Summary of the problem andpic ofreview
Context Research contegtuch as industry, location or sectors
Period The periodis considered in the review
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Language Languages considered in the process

Strategy Deductive, inductive, aggregative, explorative

Search string Search string conssbf search terms connected by Boolean g

proximity operators

Inclusion criteria Criteria that determine the inclusion of studies
Exclusion criteria Criteria that determine the exclusion of studies
Sources Databases, proceedingsiternet, or others

Table20: Systematic literature review protda®resch et al., 2015; Moher et al., 2009)

The steffollowing the identification process is the removabloiplicates and the screening for relevant
studies. The screening processapplied in the projects of this dissertation weldiberately broad in
scopeto not miss outon essentialstudies.The selected articlesvere then assesseds full-text to
secure their relevanceA final set of studiesvas then included in the content analysis based on
categorical, open or mixed coding schemes using expert software for qualitative afAlVE&S.ti
GmbH, 2021)The overall sorting and documentation of processvere conductedin literature
management softwar¢Swiss Academic Software, 202lNe synthesis combis¢he content analysis
results,creating new knowledgéor DSR cycled he synthesiasually isnot linear but often requires

several iterations of data organisation, pattern recognition, data integradimhrobustness check

Many publications are availabten SLR proposing frameworks and guidelines for performing reviews.
This dissertation uses the Preferred Reporting Items for Systematic Reviews andAmadtais
(PRISMA) concept and checkilistts 2009 versioras shown irFigure55 (Liberati et al., 2009; Moher

et al., 2009) In 2020, a updated versiorof PRISMAwas published supporting gquantitative and
qualitative mixedmethods with the primary goal of evaluating health interventi¢Rage et al., 2021)
However, PRISMA 2009 is the core of PRISMA 202léfethe requirements othis dissertation.
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Figure55: Preferred Reporting Items for Systematic Reviews and-We#dy®s(Liberati et al., 2009; Moher et al., 2009)

Finally, SLR is not only an appropriate method to inform the DSR work condugté&dlso supports

research question constructigi$andberg and Alvesson, 2011)

ii. Contentanalysis
Content analysis is a method appliedanalysepredominantly textual content using quardiive or

gualitative approaches’In quantitative content analysis the process of categorization is running
automatically, following a fixed algorithm, whereas in qualitative content analysis the assignment of
categories to text passages always remainaarof interpretation“(Mayring, 2019p. 1). In this sense
the quantitative content analysigses category frequency ostatistical methodswhile qualitative
analysisuncovers meaning using interpretatioMixed methods or hybrid approaches calso be
applied which can be called... a qualitatively orientated categoiyased content analysis ..."
(Mayring, 2019, p2). Qualitative content analysis is bibliometric and can be used to analyse semi
structured interviews or published materidflayring(2008)defined four stepsof a content analysis

shown inTable21.

Description

Material collection The material to be analysed is deliminatadd the unit of analysi

is defined
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Descriptive analysis Formal characteristics of the material are assessed, providing

background for subsequent content analysis

Category selection Structural dimensions and related analytic categoriessalected

to be applied to the collected material

Material evaluation The material is analysed according to the analytic dimensions

Table21: Process steps of content analysiyring, 2015)

Hsieh and Shanno(R2005)distinguisked conventional, directed, or summative qualitative content
analysis which diffels in coding schemes and origins. In conventional content analysis, codes are
derived from the text data, whileesearch findings guide the initial codes in the directed approach
The summative approach involves counting keywords and interayéte context Therefore, all three
schemes interpret meaning from data and beldonghe naturalistic paradignfHsieh and Shannon,
2005) Categoriesfor classification ofhe reviewed material can be derived deductively or inductively

as visualised in the step modelsFigure56.

Inductive step model Deductive step model

— Research question, object —| Research question, object
] ]
Determination of category definition Theoretical based definition of the
(criterion of selection) and levels of aspects of analysis, main categories,
abstraction for inductive categories sub categories
Step by step formulation of inductive Theoretical based formulation of
categories out of the material, definitions, examples and coding
regarding category definition and rules for the categories
level of abstraction.
Subsumption old categories or Collecting them in a coding agenda
formulating new categories
Revision of categories after 10-50% of | || ~ Formative check of Revision of categories and L, Formative check of
the material reliability coding agenda reliability
Final working through the texts |, Summative check of Final working through the texts L, Summative check of
reliability reliability
Interpretation of results, ev. Interpretation of results, ev.
— quantitative steps of analysis — quantitative steps of analysis
(e.g. frequencies) (e.g. frequencies)

Figure56: Inductive and deductive content analy@#ayring, 2000)

In the deductive approaglcategories are defined before assessing the material. In the inductive
approach categories are derived from the assessed maileduring the content analysiddayring
(2019)distinguishe eight different technique$or text comprehension and interpretatiof.hesewnere

summarising, inductive category formation, narrow contaralysis, broad context analysfermal
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structuring, content structuring, typbuilding content analysis and scaling structuriAgditionally
mixedevaluationmethods caralsobe applied.The eliability of the content analysis can be enhanced
by invohing a team of researchers. Inteoder reliability can be calculated with the Cohen kappa when
using deductivapproachesin inductive approachesliscussions between the researchers can lead to

assessment or code definition chamsg#&ayring, 2000, 2019; Seuring and Gold, 2012)

Qualitative conteh analysis i®riented to the research questionn contrastto open or explorative
approaches such as grounded theoltyallowsthe processingf large quantities of verbal or visual
data either from one's research or existing one where the latteuimbtrusive (Cho and Lee, 2014)

The selection and argumentation of a specific approdoh content analysis increas¢he
trustworthiness and validity of the research work conducted. The same applies to the careful

documenation of the process, code groups and codes applied.

iii. People activity, context, technology
The people, activity, context and technology (PA@&inework supports humawentred user

experience design by understanding how people use systems, whichiastai¢ performed in which
context and thetechnology featuresapplied. "People use technologies to undertake activities in
contexts" (Benyon, 2020, @26). Consguently, changes inethnologyin hardware, software,
communications and content imply a changéthe activities in contextas shown inFigure57.
Activities within their context lead ttechnology demand#or people tofulfil their tasks According to
Carroll(2002) technologies offer opportunitiesotinfluence and change activitieBesigners take this
context into account when creating interactive systems. lmaakwara-looking approachthe four
dimensions of the PACT concegan be usedwhen analysing systems and structuringelevant

knowledge.

Requirements

Activities in

People Technologies
contexts P &

Opportunities

Figure57: Activities and technologies, Benyon (2020) based on Carroll (2002)
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The people dimension in the PACT concept reflects physical, psychological, ysodgl and
attitudinal differencesimpactingsystems usageDifferences in physical characteristics and the five
sensesnfluencehow people perceive technologies in contexigonomicDPgeflect these differences
combined withpsychology and work studies competés: As described by Komlos (2004), they are
often based on anthropometric researemd applied as human factolis interactive systems design
to improve efficiency, @alth, and safety.People also differ psychologicalfpr example in their
personality, emotions, matial or memory capbilities including their preferencedor words or
numbers which impacts the design of user interfaces. The OCEAN model with tfieehiprsonality
traits openness, conscientiousness, extraversion, agreeableness and neurotadsifies people into
personality typesthat can be used for system design or to understand the differences in job
performance as described Bothmann and Coetz€2003) Mental models play aessentialrole in
system design within the people dimensidPeople interact with systems and observe the sy&em
behaviair from the perspective otheir actions.In thisway, and by studying supplementary material
such as manualpeoplebuild a mentakystem mode{(Norman, 2013)Overal| system design support
people informing correct and useful mental modebsdditionally, the people dimensions reflect social

and attitudinal differences among theystem users

Activities are distinguished by their cooperation, complexity, temporal and saféiyal
characteristicsand demands on humasystem interaction.This considerswhether activities are
performedindividuallyor in groups, under time pressure wiith interruptions. Likewise, frequently
performed activities can be made simplknd activities that are not performed frequently can be
designedto be easy to learn. Activities also influence the hummaachine interface and its
requirements.For safetyrelevant activitiescertainfactors must beconsideredn systems desigr-or
example, incorrect operation of systems in health applications can endanger patintshis reason,
activitiesfor medical deviceare examined in the light of relevant standarduch as ISO 14971:2019
application of risk management to medical devieesl IEC 62368.:2015 application of usability
engineering to medical devic@atemnational Organization for Standardization ISO, 2015a, 20T8a)
PACT conceptiso reflectiow activities are performed usin& Theactivities' context cabe analysed
underphysicalsocialandorganisationahspectsThe place of system usage defines lighting conditions,
background noise, humidity and temperature, Internet connectivity and system accessibilitythAlso,
service and maintenance aspects of technical systems are influenced by environmental conttigons.
social and orgasational context define whether system users can rely on support from others,
privacy issuesand social normghat can impact the acceptability of systems. The impactSain

organgations has been subject to comprehensive resedealding to theemergence of thecademic
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field of Management Information Systems (ME®) outlined byKuechler, W. and Vaishnavi,(2008)
andreviewed byZhang(2013)

The technology dimension of the PACT concept fiffaltyises on the input and output modalitieadh
communication and content factordnput and output devices play an important role designing
interactive systemsThe technical capabilitiesf input and outpt devicesdefine how designers can
create the humarmachine interface. This includes the way and form of data input and outpilithee
overall system control. Technical developments, for exampli@ sensor technology and data
processing, offer possibilities foew system designvherebydevelopments are oftetinfluencedby

the consumer sector, as the example of Siri and Ah@vs ConsequentlySeymour et al(2018)
comprehensivelypresentd the potential of Natural Face Technology (N&Td enabled realistic and
interactive avatars for emotionally engaging hurrraachine interactionFor example, displays in
various qualities and shapemnd innovation in vision technologies such as small paderful
projectors combined with camera technologgn redefine the user experience of interactive systems.
Alsq voiceand haptic output technologies combined with forfeedback loopare used todesign the
way users interact with systemdrinally, the technology dimension of PACT also includes
communicationaspects with its various forms and characteristics of wireless and wired netwadks a
contentelemerts. Content can be describesgaccurate, ugo-date, relevantand by its presentabin

to system users in the form of pull or push strategies. The PACT framework can ke desigjnand

analysehumancentred interactive system@enyon, 2020)

Iv. Structuredguestionnaires
Questionnaire surveygprovide a systematic form teollect data about people, preferences, and

behaviours efficientlyStructured questionnaireare well suited to study individuals and can be used
on-site or in remote settings when using online questionnaires. Furthermore, they can be used to
survey entire countries or regions aamulti-language setugfficiently. Online questionnaireallow
respondentgo answer questionst their convenienceHoweve, formulating questionnaires is tirme
consuming andmust ensurethose questionnaire itens are understandableand unambiguous,
generate productive data, and are easily analyé@enyon, 2020)However, metaanalysis confirms
that online questionnaires result in lower response ratesn other research methodéaikeler et al.,
2020) Furthermore biasesmust be considered when planning drconducting questionnairbased
surveyyBhattacherjee, 20125everal structured questionnaires have been developed andadtiin
this dissertation. Botlonline and papebased questionnaires werimtensivelyusedin the design
cycles The questionnairegonsistedof both structured and unstructured questions. Structured

qguestions were used for statistical evaluation, whereas unstructured open questtiowed
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participantsto express their opinions and idedairthermore, the standarded questionnaires System
Usalility Scale (SUS) and After Scenario Questionnaire (AgQ)ntentionally included in the
guestionnaire designThe questionnaires were optisad for high participation rates and combined

with additional measures such as telephone calls to further ineréas survey acceptance.

"Usability does not exist in any absolute sense; it can only be defined with reference to particular
contexts" (John Brooke, 1996, R07) However, it is difficult to measure and compare usability
between different systemsThe standard 1S@241 Ergonomics of Human System Interactiom
particular, Part 210: Humastentred design for interactive systemsfers to effectiveness, efficiency

and satisfaction as aspects of system usabifliyternational Organization for Standardization ISO,
2019b) To solve the problemJohn Brookelescribedthe often-referencedSystem Usability Scale
(SUS)test as areliable and low-cost method for assessing aystenis perceivedand subjective
assessment adhskbasedusability. TheSUS was developed using a pool of 50 potential questions that
were tested. The questions leading to the most extreme responses and an equal amouatidf s

agreement and disagreement values on a{daent Liker scale were assembled.

As presented imable22, the SUS questionnaimeasures the perceived system usability with ten
guestions that reflect theneedfor support, training, andhe overallcomplexityof systemusage The
guestions are fanulated withanalternating positive and negative ton€éhe responses on thefioint
Likert scale range from 1 eqsaitrongly disagre¢o 5 equalsstrongly agregLikert, 1932)The SUS is
used after task completigmnd users are asked tdl in the questionnaire before any peer discussions.
All questions need to be answergdhile the centre point should be selected if a user cannot respond
to a questionThe score contributions from each item are summed up to calculate the SUSEaohe
item's score ranggfrom O to 4. For items 13,5, 7 and 9 the scoe contributionis the scale position
minus 1 while it is five minus the scale position for items 2, 4, 6, 8 andi€scores are multiplied

by 2.5 to obtain the overall SWstween 0 andLOO.

SUS questions 1 2 3 4 5

| think that | would like to use this system frequently

| found the system unnecessarily complex

| thought the system was easy to use

| think that | would need the support ottechnical person to be abl

to use this system

| found the various functions in this system were viglégrated

| thought there was too much inconsistency in this system
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I would imagine that most people would learn to use tbystem

very quickly

| found the system very cumbersome to use

| felt very confident using the system

| needed to learrmany things before | could get going with th

system

Table22: System UsabilitgcalequestionnairglJohn Brooke, 1996)

Bangor et al(2009)developed a schemas shown ifFigure58, that helpstranslate the Gto 100 SUS
scores into an absolute judgement of usability. For this purpose, they performed empiric studies with
an extended version of the SUS questionnaire to create acceptability ranges that correlate with the

SUS score3he raing helfsto understand and communicate SUS findings.

not acceptable marginal acceptable
A tabilit
e low high
ranges
Grade
Salc F D © B A
Adjective oo best
ratings lmagl‘nable ROOK ok good excellent  imaginable
L | | ] | ] £ | | | | |
0 10 20 30 40 50 60 70 80 90 100

Figure58: Comparison of SUS scofBangor et al., 2009)

Furthermore,Lewis(2018b)used datafrom 166 unpublished industrial usability studies with the SUS
to model the relationship between single SUS items and the overall SUS score. The results allow

reseachers tobenchmarksingleSUS items according to mean SUS sdoremn experiencef SUS68

and SUS80. Theefore, the values in Table 23 cha used tanterpret single SUS items efficiently

SUS questions Target for Target for
SUS=68 SUS=80

I think that | would like to use this system frequently X 0 do X 0 Dy

| found the system unnecessarily complex X HOn X MOy

| thought the system was easy to use X 6@ P x4.24

| think that | would need the support of a technical person to be & KL.85 XK o

to use this system
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| found the various functions in this system were viglégrated X 586 @ X 96 @
| thought there was too much inconsistency in this system X 20 @ XK 7w P
| would imagine that most people would learn to use this sys X 74 @ %4.19
very quickly

| found the system very cumbersome to use X 26 & X 668 &
| felt very confident using the system X 78 @ %4.25

| needed to learrmany things before | could get going with th XX 09 & X 6
system

Table23: Iltem benchmarks for Sld8estionnairgLewis, 2018b)

"The System Usability Scale (SUS) is the most widely used standardized questionnaire for the
assessment of perosd usability"(Lewis, 2018d, [©®77) A comprehensive analysis of the SUS
including its psychometric propertieseliability, validity and sensitivityhas been conducted Hyewis
(2018d) The author highligtetd, among othersthe flexibility of the SU&gardingminor changes and
translationsbut recommenckd procedural steps to ensure errdiree questionnairecompletion.In an
additional article Lewisanalysed the relationship of the SUS with the Computer System Usability
Questionnaire (CSUroving that CSUQ scores can be interprdigdpplying a grading scaleewis,

2018c) In recent workLah et al(2020)elaboratedonthe relationship between measures of perceived
usability and the Perceived Usefulness (PU) and Perc&wasd ofUse (PEU) components of the
modified Technology Acceptance Model (mTAM)e authors providé evidence that Perdeed Ease

of Use(PEU)neasuregerceived usability.

Zwakman et al(2021)analysed thesuitability ofthe SU&s a standarded measurement method for
Albased voice assistanisability using explanatory factor analysis. They anticipated differences
between GUI and voiekased systems and proposed the Voice Usability Scale (VUS) based on
Amazon's Alexa voice assistant analyBie authorssuggest thatvUS overcomethe drawbacks of

the SUS for measuringice-assistantusability.

The After Scenario Questionnaire (A868Jeloped bylames R. Lew($991)consists of three questions
to capture the ease of task congpion, satisfaction with the time needed for the task completion and
satisfaction with the supporting information during task completion. padicipants answere the

guestions listed in Table 2dhmediately after completiga scenariebased usability sily.
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ASQ Questions 1 2 ‘ 3 4 5 6 7

Overall, | am satisfied with the ease of completing this t

Overall, | am satisfied with the time it took to complete t

task.

Overall, | am satisfied with the support information
(online helpmessages, documentation) when completil

this task.

Table24: After Scenario Questionnaifeewis, 1995)

The responses on theqoint Likert scale range from 1 equalsongly disagre¢o 5 equalsstrongly
agree The corresponding ASQ scoreddculatedusng the arithmetic mean of théhree response
values.If the participants do not answer llaquestiors, the ASQis calculated by averaging the
responsesJames R. Lewis (1991) presented a psychometric evaluatioshbass that the three items
canbe summarsed to one common resultvhich supports easy reporting dfuslies resultfJames R.
Lewis, 199; Lewis, 1995)

Finally, themodular evaluation of key Components of User Experiémne€UE questionnaire was
applied to measure the user experience of technjmalducts in specific case study scenarios. The
meCUE is scientificalljounded and focuses oracquiring user experience with interactive
technological devices. It consists of four validated modules for product perceptions, user emotions,
consequences of age, and a judgment of attractiveneshe meCUE questionnaire can also be

adapted to specific research tasks because of its modular fbtimge et al., 2017; Minge, 2018)

v. Interviews group discussionand focus groups
Interviews group discussionsand focus groupseffectively gather information from various

stakeholders.Interviews and discussions can be organised in unstructured, partially structured or
highly structured formsand onducted faceo-face, via telephone oby video conference. Non
standardised forms are, for ariple, narrative interviews, while more structured forms can be
performed as guided interviews or panel discussiqfathel, 2008) Structured interviews are
thoroughlyprepared,and the interviever follows a defined path of formulated questions. Structured
interviewscan be prepared and conducted witteasonableeffort, but the interviewerneeds tobe
able to manageunexpected responses. In sestiuctured interviewsthe interviewer uses a set of
prepared questions butan also note additional data and explore newtopics of interest Such

interviews are more demanding for the interviewéut more informationcan be gatheredBenyon,
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2020) Different types of data analysis are used depending on how the interviews are ceuduct
Narrative interviewsare often first transcribed before being coded in the content analysis. Video
interviews can also be coded directly using expert software for qualitative anédyEiAS.ti GmbH,
2021) In semistructured interviews, the free responses are often clustered for subsequent analysis.
Structured interview results, on the other hand, can be directly analysed quargitatwnd statistically

using expert softwar¢lBM, 2021)

Focus groups aran informal technigque used in variguareasincluding ergonomic desigfCaplan,

1990) Small groups of six to nine users are brought together for a limited fitme focus group, led

by a moderator, discusses new concepts and identifies isuesvo to three hous. Thissituation

often leads to a group dynamic with spontaneous reactions and new creative ideas. The moderator
follows a structured approagloften with a preplanned script. Overall, the moderatoust guide the
groupinteraction wthout limiting the discussion. Several focus groups should be performed for the
findings to be more representative. Focus groups can discuss either hypothetical systems or use system
prototypes. Following theusers' written consentfocus groups can alsbe video recorded for

subsequent analysifor example using qualitative analysis softwafATLAS.ti GmbH, 2021)

Overall, focus groups are tirmnsumingconcerningpreparation, conduction and analysis. In
particular, the analysis of the unstructured data can be elabodaite terms of resource¢Nielsen,

1993) "... focus groups can be effectively designed, fielded, and analyzed from varying perspectives
and priorities"(Tremblay et al., 2010, p00). Focus groupareappropriatefor DSRbecause thewllow
comprehensive discussienegarding theartefacts developedFocus groupare flexible, allow direct
interaction with participants, provide largmounts of rich dataand one can build upon comments

of other respondents. Theylso facilitate critical analysis of research results and can generate new
possibilities to obtain better solutions to problenf§remblay et al., 2010As shown inFigure59,
Tremblay et al(2010)presentd two types of focus groups that can be used to evaluate artefacts
developed by DSR. Exploratory focus groups are used to achieve incremental improvements in the
design of artefacts. Artefacts aneviewed in the focus grups, and changes are implemented
accordingly. Confirmatory focus groups demonstrate the utility of the developed artefacts in the

environment of the application field.
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Environment Design Science Research

Field test Build Design
Artifact

Interactively refine
artifact design

Release artifact
to field test

Evaluate

Confirmatory
Focus Groups

Exploratory
Focus Groups

Figure59: Focus groups in Design Science Reséaremblay et al., 2010)

According toBruseberg and McDonagPhilp (2002) focus grou can also be combined with other
techniquesFocus groups have been applied for industrial and healthcare designamakDesigners

... need to understand that consulting users directly is not a way to take away the task of designing
from designers, but to enhance their designing process through deep immersion into the user

experiences, aspirations, and dreanfBtuseberg and McDonagPhilp, 2002, p36).

vi. Casestudy
The goal okingle or multiplecase stuésis to understand social phenomermd complex realife

problems by collecting and analysing empirical evidefcecase studies are the preferred strategy
when "how"or "why" questions are being posed, when the investigator has little control over events,
and when the focus is on a comtg@orary phenomenon within some relie context"(Yin,2003, p.1).
Therefore"... case studies tend to be exploratory, descriptive, and explanatdipresch et al., 2015,

p. 22). Case studiesbserve and analysealphenomerawithin their contextandarewell-suited when

the boundaries between phenomenon and context are nbvious Case studiesely on multiple
sources of evidencand canbenefit from pria propositions.Theyare often based omuantitative or
gualitativemethods including questionnaires before and after case study executibservationsand

group discussiongour major types of case studiean be distinguishedSingle and multiplease
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studies as well as tlistic and embeddednes as shown irFigure60. Multiple case studies armore

robustbut requirehigh effort for preparation, execution and evaluatigiin, 2003)

single-case designs multiple-case designs
Case
Holistic
(single unit
of analysis) Case Case
Case
Co || o]
ETbeldded Embedded unit of
multiple units i
(multiple u ainilysis 1
of analysis) = ase
Embedded unit of
lysis 2

Figure60: Classificatiorof case studiegYin, 2003)

Several methods can be used to increase the validity of case studies. Besides using multiple sources of
evidence, case study reports can also be reviewed by exptatiernmatching can increase internal
validity, while external validationcan use tlories or replication of case studies. Reliability of case
studies should be secured byeparingcase study protocold hepreparationaldesignof a case study
defines the researchquestions,corresponding caspropositions,the unit of analysis, the logithat

links data to propositions anthe criteria for result interpretation(Yin, 2003)In this dissertation
severalcase studies have beanducted The multiplecase study design wamsainly selected with

the embeddedmultiple units of analysisThe conduction of the casgtudies included the technical
preparation of the case environment, theatning and preparation for the specific case study, the
development ofparticipant and observer questionnairetie development ofcase study protocs)
screening of candidage conduction of pilot case and the final execution of the case studiés
summarsing, it can be stated thatysing case studies for research purposes remains one of the most

challenging of all social science endeavd¥sh, 2003, pl).
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vii. Observatios
Observation of users ahe workplace or ina defined case studys a standard methodh usability

engineeringandprovides information that can complement usability testitgdoing so, lte observer
should not interfacewith the observed scenario buhstead be quit and virtually invisible with th
goal that the users work with the systemsthmeir usual way. The observer should document the
findings and take notes of situations that could be discussed during a debriefing s@ssi@nds the
end of an observation sessipthe observer can start taracting with the user to potentially collect
additional information for example about features thatthe user did not utike. Observation can
reveal unknown user behaviour and thus help to improve system dé¢Nligisen, 1993)Observation
can also besupplemented bya video recordingrequiring the users' written declaration of consent

(Bundesamt fr Justiz, 2022)

A particularform of observatiororiginating from product desigis the contextual inquiryaccording

to Beyer and Holtzblat(1998) and Holtzblatt (2012)p ¢ KS 20 aSNBI GA 2y G+ 1 Sa
workplace. The users are observed while performing their tdakgassive inquies, the observation

is followed by a discussion with the use&rhile in active inquiryquestions are asked during the
observation The fourcontextual inquiryprinciples are context, partnership, interpretation and focus
aslisted in Table25. Contextual inquiry is based on the immersion of the observer asguation.

Reflection andunderstandingorovide input on multiple aspects of product usage at the workplace.

Contextual inquiry principles Description

Context Work tasks should be observed within their context at the ac

workplace User stories can help during the observation

Partnership Participants are experts in their field and contribute to the desi
The observer understands patterns in the scenario while the

contributes with expert knowledge

Interpretation The observed scenarmustbe interpreted, including abstaction,

to create conceptual interpretations

Focus The workplac®bservationshould focus on a particulaspect

Table25: Principles of contextual inquir§Beyer and Holtzblatt, 1998; Holtzblatt, 2012)

This dissertation applied observatioimsindividual case studieguring the design cycle3 he findings
were documentedin customised observatiomuestionnaires which, among otheraspects also
reflected the user experienceFurthermore, the knowledgedse was continuously increased in the
industry andhealthcareapplication domains through numerous -site visits andexpertdiscussions
based on the contextual inquiry method.
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viii. System modelling
System modelling has its foundations time system andgenerd systems theoryaccording to

Bertalanffy(1968) It conceptualisesatural or artificialystemsincluding functional, architecture and
datastructures System modelling is the basis émralysing and simulatirgystems in application areas.
It helps to explain real systemand supportscomparison and extrapolatiorin system engineering
system modellingpelps formulise development requirements and often supplements specifications
Technical Data Packages (J.0B¥stems can be modelled with awternal perspective focusing on
interactions with other systems within the conteuch context modeksiso defineghe boundaries of

a systemSystem models can also be behaviowsath as state diagrams, reflecting how systems react
to external stimul Structure models present theystem's different models including the data
architecture. Data processing modules detail how data is processed/agiious stages while
classification models visualise common characteristics of entifinghe other handprocess models
visualise the processesipported by a systenProcess models can be complementbd data flow
modelsthat show how information flows from one process to anotfidaberfellner et al., 2019; Shea,
2020) Two forms of system modellingoth withtheir ontology, semantics and syntaace used in this
dissertation. kst, Business Process Modelling Notation (BBMIds used to describehealthcare
applications' business processesrkflows, and information flowgOMG Object Management Group,
2022) Second,Unified Modelling Language (UMivas used to describe the architecture of a
conceptualartefactdesigned in a DSR cy@@bject Management Group, 2017)

ix. Discreteeventsimulation
Discrete Event Simulation (DES a modelling technique thaimulates complex systems' behaviour

and environmentincluding the interaction between individuals amatire populations. The term
discrete reflects the fact that the time flow of the simulation is based on time intetvaiieeen
specific discrete events. This redudhke simulation time and increases modelling flexibilityitially
developed for industrial engineering and operations research, DE®eis used for healthcare
simulation and optimisation. DES models areduasn entities, attributes, events, resources, queues

and time as shown ifmable26 (Karnon et al., 2012)

Core elements  Description

Entities Entities are bjects with attributesthat consume resources andact toevents.

The objects enter queues. In healthcare modetdities are often patients.
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Attributes Attributes are specific features of entities such as age, @ea health status.

Attributes can change and are useddetermine the behaviour of entities.

Events Events can happen to entities or tkavironment in any logical sequence.

Resources Resources are objects thantities can useto provide services to entities

Resources can be treatment devices, physicians, or nurses in healthcaresn

Queues Entities are queued if a resource is ociagh Queues have a maximum capag

anda handling strategy

Time A simulation clock references the time of the simulatiahich is orgarsed ino

discreteevents.

Table26: Core elements of DES mod&arnon et al., 2012)

Zhang (2018) analysed the application oDESin healthcare decisionmaking by systematicdly
reviewingthe academic literaturete identified he fourleadingapplication categorieBealth and care
systems operatioli65%),disease progression modellifig8%),screeningmodelling(5%) andhealth
behaviourmodelling (2%).More than 68% of thénedth care and care system operationsodels
simulated problems of individuélealthcare centres or hospitalé healthcareexampleis presented
by Werker et al.(2009) who developeda simulation model to reduce radiotherapy planning and
patient waiting times.A simulationas an expeiimentation of realworld systens with a simplified
modelis sometimes the only way to investigate alternative scenarios.-RedHt testing could bedo
time-consuminggxpensivepr evendangerousParametric simulation models provide the additional
advartage of influencingthe system behaviour during simulatiofWhite and Kane, 2007)his

influence could also be dynantiy connectingthe modelwith a real object

"Sensors that allow for continuous monitoring of technical systems increasingly make it
possible to create such individualizedndynic models. This type of model has been
GSNXY¥SR W5A3AA0L € CHoAYIQ aAYyOS Al Oft2asSteée NBLN

object.”
(Bruynseels et al., 2018, p)

Wright and Davidso(2020)highlighiedthe difference between a model andQigital Twin. According

to the authors the Digital Twin is characterised by a model of the object, evolving data related to the
object, and dynamically updatinidpe object model.The authors claim thdiDigital twins are of most

use when an object is changing over time, thus making the initial model of the object invalid, and when
measurement data that can be correlated with tlsisange can be captureqWright and Davidson,
2020, pA4).
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Finaly, aprerequisite for DES that the system's stateis fully described at each instant in time
contrast to continuous simulations, the system state does not changswieen two events The
changesbetween the system states are often modelled with transition probabilities.Therefore,
multiple simulations with the same input parameters will create stochastically distribrgedlts
which need to be interpreted accordinglin this dissertation, DES is used in atesigncycle to

evaluate the impact of risk mitigation measures on radiotherapy business KPls.

f. Expert software utged
In the context othis dissertation, expersoftware was used. The softwat@ols madespecificdesign

tasks possible in the first place or simplified them to a considerable extent. The software used includes
both analysis andhodellingtools. Thesoftware packages are briefly presentediered by frequency

of useto supporta better understandingf their use in the desigoycles

The Citavi literature management and knowledge orgsation softwarewas used in theSLRgo
search, categorise, screen, and evalutite abstracts of the publications. The clehdsed version
supportedcollaborative workwithin the research teanfor instanceyalidatingthe literature screening

to increaseresearctrigour (Swiss Academic Software, 2021)

The ATLAS.tsoftware was intensively usefdr structured qualitative data analysis in design cgcle
ATLASI supports variousoding formsand analysis othe codes in code trees and -c@currence
tables.The software wassedto code documents and analysgerviewrecordings. Furthermore, the

RTworkflowswere analged with ATLASi based orvideos fromRTpractice(ATLAS.ti GmbH, 2021)

The Limesurveysoftware was used to create online questionnaires, condttrveys, and analyse
industrial and healthcare projects' ressll The software supportsommon question and answer

schemes ad the design of an optinsed implementation for the surveftimeSurvey GmbH, 2021)

The softwareSPSS8vas utilsed for statistical analysiof researt results.The results of the online
guestionnaires were mapped in structure and content in SifelStatisticallyreviewed Descriptive

statistics functios with distributions, means, and standard deviations wesed(IBM, 2021)

Thebusiness process modellisgftware MSVisb supported the modelling oRTbusiness processes
based orlUML Thebusinesprocessesunderlying IT systermendstaff responsibilitiesvere modelled
in swim lanes. Thprocess diagramsisualsed the complex relationships and interactions amere

used in expert discussioasid ashe basis for further research projec{slicrosoft, 2022)
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The Unity®development platform for creating and operating interactive, fiale 3D content was
utilised in abachelor thesis supervised by the author of this dissertatidmity®was usedo develop

and deploya Digital Twin model for subsequent case study analykinity Technologies, 2022)

Google Dialogflovis acloud-basedservice within the Google Clowshvironmentthat can be usedo
developAkbasedconversational chatbotsThe sevice is based othe deep learning technologiesf
Google Assistandirtual agentsusingNatural Language Understanding (NLU) modedse defined
and couldrecognge the intents and the contextof use caseand act accordingly. Google Dialogflow

was used to implemerd textbased conversational chatb@&oogle Cloud, 2021)

TheAnyLogicsimulation softwareallowsmodelling, simulating, and optimisirmpmplex systems and
processedor industry and healthcareThe software enables the modellirad realworld problems
supports experimentation on digital system representati@rsl provides 2D and 3D visgation
features The AnyLogisimulation modelling software was used within this dissertation to asedRT

processe¢The AnyLogic company, 2021)

The webbaseddiagrams.nesoftwareallowsthe creaton of diagrams to visuaée complex processes
and structures The features includeamong others the creation offlowcharts, UML, network
diagrams, mockups argystem architectures. Thdissertation useéthe softwareto create the system

architecture of thetarget desigrand selected use casé3Graph Ltd, 2021)

The f4transkript software supportsthe manual transcription of recorded interviews. dupports
manual typing correction with variable speed controlimestamps, comments and automatiaf
tasks The software was used to transcribe a series of interviewthe subsequent content analysis

(dr. dresing & pehl GmbH, 2021)

The Siemens®otally Integrated Automation Portal (Tlidrludes software for programming PLCs and
HMIs. It allows access tbe automationproject, from planning to engineering and operationA was

used to configure and programe the component®f the CPS used in one case st(@igmens, 2022).

TheFibersinmsoftware supports the design and manufacturing of composite pasissideringhe part
geometry, material behavig and manufacturing processekne software was usdo preparea case

studyfor producingcomposite partgSiemens Digital Indtries Software, 2020)

TheergoCAMsoftware is a tool for planning and preparing cutting processeggsusedto prepare a

case study for composite productigRroCom Automation, 2021)

AUTODESK® Invenitom comprehensivesoftware toolfor 3D mechanical design, documentation and
product simulationThe softwarevas usedo design and simulatkvad modeldor creatinga CPS for
a case studyAutodesk, 2022b)
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TheRhinoceros 3Boftware is a cosefficient software toofor 3D mechanical desigand simulation.
The softwareallows the integrationof userspecific plugns and was usefbr one design cycldgo

improve work processggRobert McNeel and Associates, 2022)

g. Reflection an@onclusion
The DSRparadigm combinedwith the qualitative and quantitative research methgdsovides a

sound framework for the investigatiortd this dissertationHowever, the selection, preparation and
application of numerous research methods are very time and resecmosuming Furthernore, the
methods must adapt to the changed objects of investigation. For thés]$ community undertakes
further efforts to extend the analysis methods to cope with the new challenges of the digital world.
For exampleCecezZKecmanovic et a(2020)highlight new approachefr investigatingdigital trace

data from machines or human operatdisat could be used in future research
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6. Desigrscienceresearcicycles
In this sectionthe DSRramework suppored by research methodds applied totwelve designcycles

in the industry and healthcare patio answer this dissertation's research questioBgpert software
supports the investigationat variousartefact build and evaluation stag. A design cocept was
developed tgposition and visualise the selected application fields of the industry and healthcare path
within the underlying DSR framewowpplications from composite production, manual assembly and
radiotherapyhave been deliberately chosen tepresent important areas of a global business on the

one hand andpplications of lasebased assistance on the other hand.

a. Designconcept
The design cycles are first presentedthin the overall design conceptto allow a better

comprehensionThe DSR framewonkith the three unitsEnvironmentDesign Sciena@ndKnowledge
Baseand therelevancedesignandrigour cycles ipresenedin Figure6l. The industrial path is divided

into two subareas Nol composite preformingvith one design cycle and N&industrial assembly

with six design cycles. The healthcare pathway is dividedwt sub-areasNo. 3 radiotherapy cancer
treatmentwith two design cycles ando. 4 radiotherapy business continuiyith three design cycles.
Abstract design principles are derived from the different design cycles, adding to the overall knowledge
base. kally, ataxonomyof DPsand reference model fadesigningsociotechnical systems for labour

intensive processes are developgdesentedand verified

Figure61: Design Science Conceperview(own figure)
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