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ABSTRACT

Whathappenswhenanengineerattempts toaddress thevalue-neutralparadigmand theholistic
deficitsinengineeringscience?Thispapersetsouttoaccountfortheinterplaybetweenanunmanned
aerial system engineer acting as a “champion” of value sensitive design (VSD) and their more
objectivistresearchorganization.Actionresearchmethodsareusedbytheauthorsinanattemptto
implementVSDinareal-worldresearchorganizationandtherebybridgethetheory-practicegap.
Primaryempiricaldataarecollectedwhichindicatetheengineerhasinternalizedandoftenutilizes
aVSDapproach.BothbarriersandcatalyststowideradoptionofVSDwithintheorganizationare
experienced,andrecommendationsforovercomingparadigmatic,strategic,structural,andcultural
barriersareaddressed.Thisworkdemonstrateshowactionresearchcanbeusedtoshiftengineering
awayfromavalue-neutralparadigmtowardsthevalue-sensitiveapproachadvocatedbytheauthors.
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INTRoDUCTIoN

In thiswork,weuseactionresearch-conductedat theUnmannedAerialSystemsCenterat the
UniversityofSouthernDenmark-tobridgethetheory-practicegapbyimplementingvaluesensitive
designinareal-worldengineeringcontext.

Action Research
“Actionresearchisanorientationtoknowledgecreationthatarisesinacontextofpracticeandrequires
researcherstoworkwithpractitioners”(Bradbury-Huang,2010).Unlikeconventionalsocialscience,
actionresearch’spurposeisnotprimarilyorsolelytounderstandsocialarrangements,buttoeffect
desiredchangeasapathtogeneratingknowledgeandempowerstakeholders.Wemaythereforesay
thatactionresearchrepresentsatransformativeorientationtoknowledgecreationinthatitseeks“to
takeknowledgeproductionbeyondthegate-keepingofprofessionalknowledgemakers”(Bradbury-
Huang,2010).Theactionresearchapproach ischosenfor thestudy topromote theuseofvalue
sensitivedesigninatransparent,accountable,andcontextually-awareway.
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Value Sensitive Design and the Theory-Practice Gap
Value sensitive design(VSD)isatheoreticallygrounded,interdisciplinaryapproachtotechnological
developmentwhichactivelyconsidersethics,humanvalues,andthesocialimpactsofthetechnology
duringthedesignprocess(B.Friedman&Hendry,2019;B.Friedman,Kahn,Borning,&Huldtgren,
2013).VSD’stheoreticalconstructincludesthreemainphases:1.conceptual,2.empirical,and3.
technologicalasshowninFigure1.Theconceptualphasefocusesonhumanvalues,stakeholder
engagement -ofbothdirectlyand indirectly impactedstakeholders–andethicalconsiderations.
Philosophersoftechnology,socialscientists,appliedethicists,andtechnologyethicistsareparticularly
well-suitedtotheworkintheconceptualphase.Theempiricalphaseisusedtoexploreandunderstand
theinteractionsofthetechnologywithindividualpeopleandsocietymorebroadly;thisphasemay
beconductedbysocialscientists.Thetechnologicalphaseiswheretheinputsfromtheconceptual
andempiricalphasesareembodiedwithinthetechnology-aprocesssometimesreferredtoasthe
translationofhumanvaluestodesignrequirements(vandePoel,2013).TheVSDprocessisiterative
andinteractional,witheachinputordesignchangeinonephaseimpactingtheothers.VSDutilizes
aholisticworldviewwheretheinputsofmultiplestakeholders–evencritics-areincludedinthe
designprocess(Cuppen,Pesch,Remmerswaal,&Taanman,2016).

Despite being developed over 20 years ago and being the subject of hundreds of academic
researcharticles,VSD’sapplicationwithinrealengineeringprojectshasbeenlimited.Inonestudy,
219publicationsaboutVSDwereidentified,butonly17oftheseutilizedtheapproachtoactually
buildtechnology(Winkler&Spiekermann,2018).TheapplicationofVSDwithinthepublicsectoris
moreopaquethanwithinacademia,andcompaniesclaimingtoutilizeaVSDapproachisalsolimited.

Inthispaperweemployactionresearchtouncoverandpointtotheoreticallyandempirically
foundedparadigmatic,strategic,structural,andculturalreasonswhyuptakeofVSDmaybelimited,
aswellasprovidingsolutions toovercomingsomeof thesebarriers inanattempt tobridge this
theory-practicegap.

THeoReTICAL GRoUNDING

Wewillbeginbyexplicatingrelevanttheoreticalgroundingstobettercontextualizetheempirical
work,whichfollowsintheMethodssection.

Adominantnarrative in the technicalsciences-andabarrier to implementingvalue-driven
designapproaches-isthatengineersdonothaveto,orcannot,takeresponsibilityfortheircreations
sincetechnologyisvalue-neutral.This isreferredtoas theneutrality thesis in thephilosophyof
technologyliterature(Spahn,2015;Vermaas,Kroes,Light,&Moore,2007).Arguably,organizational,
institutional,andsocietalsub-optimizationisprevalent,andindeednotionssuchasboundedrationality

Figure 1. The value sensitive design approach consists of three inter-related phases: 1. conceptual, 2. empirical, and 3. technological. 
Graphic by the authors, based on (B. Friedman et al., 2013).
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andtheensuingimpossibilityofcontrollingtheusagesituationsoftechnologiespointtowardsthe
absolutionofresponsibilityofengineers.However,theemergenceofamultitudeof“wickedproblems”
inmarket-driveneconomiesconnectedtoecological,social,andtechnologicalsustainabilitymakenew
demandsofengineering.Engineersmaybeeagertocontributetosolutions,butarealsoembedded
intoprofessionalandorganizationalculturesandcontextsthatcanconstrainindividualagencyand
carrywiththemstrategies,values,andinteractionalcomplexity.Thiscouldbetracedbacktoalack
ofemphasisonthecontextualaspectsoftechnologywhichisevidentinaccountsofengineering
educationalandorganizationalcultures(Schein,1996).EmpiricalevidencefromtheUnitedStates
showsthatengineeringstudents’ levelofengagementwithpublicwelfaredecreasesduring their
studies,suggestinga“cultureofdisengagement”withholismandcontextualaspectsintheengineering
sciences(Cech,2014).Paradigmaticfoundationsandtraditionsinthepracticesofengineeringscience
playanimportantroleinperpetuatingthesepatterns.Shiftingfromapositivist,value-neutraltoa
holistic,value-sensitiveperspectiveinvolveschangeonanorganizational,educational,andpersonal
level:acommitmenttotruereflexivitytoachievedouble-looplearning(i.e.learningthatasksnot
justwhatittakestoupholdthesystem,butalsoifthesystemitselfshouldbechanged)(Solitander,
Fougère,Sobczak,&Herlin,2012)andwherereflectionleadstodevelopmentandaction.Inthe
following,wewill elaborateonhow this canbe attained,what roadblocksonemight encounter
underway,andhowtheymaybeovercome.

Threemaincategoriesofbarrierstoadoptionhavebeenidentifiedtohavebearingonincorporating
responsible, reflexive, or ethically informed practices and teachings in educational institutions:
strategic,structural,andculturalbarriers(Solitanderetal.,2012).Weadaptthisframeworktoalso
includeparadigmaticbarriers,inordertoapproachtheissuefromafoundationallevelandtoshow
howtoutilizephilosophyasapractical tool forovercoming theverybarrier itcreates.Potential
methodstoovercomethebarriersaredevelopedandsummarizedlaterinFigure4.Akeyaspectof
theapproachisthatof“champions”,“sponsors”ofanewwayofdoingthingswho“daretoenact
theirowncriticality”(Solitanderetal.,2012).Inanengineeringcontext,thiscanbeconsidereda
formof“activistengineering”:“someonewhonotonlycanprovidespecificengineeredsolutions,
butwhoalsostepsbackfromtheirworkand tackles thequestion“what is the realproblemand
doesthisproblem‘require’anengineeringintervention?”(D.Karwat,2020;D.M.Karwat,Eagle,
Wooldridge,&Princen,2015).

Paradigmatic Barriers
Thevalue-ladenworldviewis instarkcontrastwithpositivism,astilldominantparadigmin the
technical sciences, although considered outmoded by most scholars in philosophy of science.
“Worldviews,alsoreferredtoasparadigms,arebasicsetsofbeliefsthatguideaction,a‘general
philosophicalorientationabouttheworldandthenatureofresearch’thattheresearcherbringsto
thestudy”(Guba,1990)ascitedin(Cawthorne,2020).“Inengineering,adominantworldviewis
positivism(Sismondo,2009;Vermaasetal.,2007);positivismisgroundedintheideathatthereis
one,objectivereality(Gamborg,2018).Researchshouldbevalue-free,andtheresearchermustbe
independentandobjective.Experimentalmethodsareutilized,dataareoftenquantitative,andthe
researchdesignisfixed(Gamborg,2018).Positivistsseetheresearcherasbeingseparatefromthe
worldtheystudy”(Guba,1990)ascitedin(Cawthorne,2020).

Underanon-positivistworldview,“researchcannot–andshouldnot-bevalue-free,andthe
researchermustacceptthattheyarenotfullyindependentorobjective.Non-experimentalmethods
areutilized,dataareoftenqualitative,andtheresearchdesignisflexible.Non-positivistsseethe
researcherasbeingpartoftheworldtheystudy(Guba,1990)”ascitedin(Cawthorne,2020).

The researcher’s world view has important implications to responsibility; if technology is
value-neutralthentheengineercannotberesponsibleforany“built-in”values,andresponsibility
is therefore assigned to the user. If, however, technology embodies values, then the engineer
sharessomeresponsibility,alongwiththeuser.Atechnologicalmediationstanceviewsthisasthe
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interplaybetweenthetechnology,thedesigner,andtheuser,allsituatedinacontextofuse(Verbeek,
2008).Responsibilityisoftenassociatedwithholdingoneaccountableforwrongdoing,buthereit
encompassesbothblameworthinessforhavingdonesomethingbad,butalsopraiseworthinessfor
havingdonesomethinggood.Itshouldbenotedthatthereisalsoanimportantdistinctionbetween
beingheldaccountablebyexternalparties,andacceptingresponsibilityforone’sownactions.

InVSD,engineersmaybeconsidered“strong”andtohavearesponsibilitytoconsiderhuman
values during the design process. “Strong designers are powerful, and there is a strong causal
connectionbetweentheintendedusesoftheproductandtheactualuses(Vermaasetal.,2007).By
contrast,weakdesignersareconstrained,forexample,byeconomic,political,institutional,social,and
culturalnorms,andthecausalconnectionbetweenintendedusesoftheproductandactualusesare
weak(Vermaasetal.,2007)“ascitedin(Cawthorne,2020).VSD-methodscouldleadtoa“shiftin
responsibilityfromuserstoengineers,andhencetoastrongerdesigner/engineer”(Cawthorne,2020).

Incommensurability of Paradigms
ValueSensitivedesignishighlyinterdisciplinaryinnature.Itseekstocombinetheinsightsfrom
such markedly different fields as engineering, philosophy and sociology. While this is not an
impossibleendeavor,itdoespresentseveralfundamentalchallenges,intermsofdefininggoalsand
agreeingonmeanstoachievethosegoals-orevenestablishingwhenagoalcanbesaidtohave
beenachieved.ThomasKuhndescribesinhisseminalwork(Kuhn,1962)howdifferentfieldsand
schoolsinacademiahavetheirowninternallogics,thatrelyonsocial,historical,ideological,and
methodologicalfactors.Indifferentfieldslogicsemergeandarereinforcedovertimeasthefieldis
legitimizedandinstitutionalized.Thistendstoentailspecializationintermsofnotonlytheorybut
alsowhichmethodsareapplied,whatconstitutesgooddata,ontologicalandepistemologicalquestions
aboutthenatureofrealityandwhataccesswehavetoit.Italsocomesacrossinhowresultsare
communicated,viawhichjournals,andusingwhattypesofvisualaidsormetrics.Itisverymuch
alanguageorcodeinwhichoneattainsfluency–ornot.Failingtomasterthecodesofafieldwill
formallydisqualifyanywork,orsimplyrenderitperipheral,effectivelyriddingitofimpact.This
leadstoseveralproblemstobedealtwith,thatholdsrelevancetothedisseminationofVSDaswell
asanyotherinterdisciplinaryeffort.AccordingtoKuhn,paradigmsareincommensurableinasmuch
asanargumentthatisconsideredvalidinonefieldmaywellbeconsideredinvalidinanother.Itis
intheverynatureofscience,i.e.specializationintoanarrowlyscopedfield,thatmuchisexcluded,
complexityisreduced,andonlyfeaturesthatspeaktoaspecificspecializationwillbeaddressed.
ReferredtobyKuhnas“theessentialtension”(Kuhn,1977),thisisthestrengthofscienceandalso
perhapsitsbiggestweakness,sincespecializationcanhaveusoverlookimportantelements,dueto
thefacttheyarenotaddressedbyourparadigms.

Similarly,theontologicalfoundationsoffieldsdiffer.Qualitativemethodstendtobeapplied
ininterpretivistontologies,wherethereislessfocusonwhatisobjectivelyintheworldandmore
focusonsubjective interpretationsof theworld.Sincequalitativeresearchconcerns itselfwitha
deepandthoroughunderstandingofandaccountingforthemeaningandsensemakingofthelife
worldsofrespondents,ittendstorelyonthick,detaileddescriptions,thatleadstotheorization-less
broadgeneralizations,andmoredeepidiographicunderstanding.Theresearcherisaveryactiveand
importantpartoftheresearchprocessandissometimeslikenedtoatoolthatco-producestheresults,
andthereforeneedstoaccountfortheirpositionandbiases.Conversely,quantitativemethodsseek
togeneralize,andtendtotakeaspointofdepartureamoreobjectivistontology,whichallowsfor
muchbroadergeneralizationsandquantificationofresults.Theresearcherisconsideredanoutside
observerofthephenomenathatisbeingstudiedandanyinfluenceontheresultsfromtheresearcher
isconsideredasourceoferrors.Inpositivism,thephenomenonthatisbeingstudiedisisolatedfrom
itscontext,inordertopreventenvironmentaleffectsfrompollutingthedata,leadingtoafavoringof
laboratoryexperiments.Ininterpretivismtheobjectofstudyisviewedasbeinginaninterdependent
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relationshipwithitscontext,andremovingtheobjectfromitscontextwillrenderresultsincomplete
atbestandmisleadingatworst.

Holism,perhapspositivism’sfarthestremovedcounterpart,istheapproachthatisattempted/
appliedinVSD.Theobjectofstudyisviewedasbeinginaninterdependentrelationshipwithits
context.Engineeringscienceandengineersholdimmensepowerovernotonlyourpresentbutalso
futuresocialreality,arealitythattheparadigmisill-equippedtodealwith,sinceitcannotwithinthe
paradigmaticlimitationsunderstandnoraccountforhowhumansinteractwithtechnology.

Thetaskofconsideringthecontextualimplicationswhentheontologyandfeaturesoftheobject
ofstudythemselvesarevariablesthatareupfornegotiationisimmenseandsometimesreferredtoas
”moraloverload”.Thisappearswhen“anagentisconfrontedwithachoicesituationinwhichdifferent
obligationsapplybutinwhichitisnotpossibletofulfilalltheseobligationssimultaneously”(vanden
Hoven,Lokhorst,&vandePoel,2012).Moraloverloadisacuteinvalue-basedengineeringbecause
nowtheengineermusttakeintoaccountnotonlytechnicalbutalsosocialandethicalconsiderations.
This significantly increases the complexity of already complicated technologies such as drones.
Whereas a humanist might analyze the phenomenon of drone technology from a philosophical
perspective,orasocialscientistmightinvestigatethehumanimpactofanewtechnology(an“actor’s
value”approach),VSDrequiresstudyofboth thehumanimpactaswellas the technologyitself
(Spiekermann,2015).

Strategic Barriers
Organizational strategy is traditionally defined by Mintzberg as “how organizations make and
interrelate their significant ...decisions” (Mintzberg,1978). ImplementingVSDpractices inany
organizationhasseriousimplicationsforthatorganization’sstrategyandmayprovetohavestrategic
barriers. At a university, an organization that holds many highly specialized departments and
groups,eachwiththeirownseparatestrategies,inadditiontotheoverallorganizationalstrategyof
theuniversity,settingonethatalignsallaroundcanbecomplex.Inadditiontodepartmentaland
organizationalstrategies,theseverefinancialdependencyonexternalfundingcomestointroducea
thirdstrategyinorganizationalactivities,namelythatofthefundingagenciesthattheorganization
vies for support from.Since securingexternal funding is so crucial in academia today,both for
individualresearcher’scareerpaths,aswellasforresearchorganizations,thefundingagenciescome
toactsimilarlytoaboardofdirectorsexternaltotheorganization-orwhattraditionalmanagement
literaturereferstoasshadowleadership,i.e.leadershipwithgreatimpact,butwithoutformalpower,
authorityoraccountability/responsibility.Assuch,theincorporationofseveralunalignedstrategies
canleadtoacomplexity-overloadfororganizationalmembersandleadersalike.Withasurplusof
changeandadaptationhappening,includingfurtherperspectivesandengagingindouble-looplearning
(Solitanderetal.,2012)mayseemespeciallycumbersomefororganizationalmembers.Yetinreal
academicresearchprojectsthisisthesettinginwhichVSDwillbeintroduced.

Structural Barriers
Anorganizationalstructuredefineshowtasksareallocated,howtheorganizationiscoordinated,and
howitissupervised(Pugh,2007).Whenwebridgetheoryintopractice,theincommensurabilityof
paradigmsoftenmanifestsinconflictsininterdisciplinaryefforts.Whatisconsideredalegitimate
argumentinonefieldiswholeheartedlyrejectedbyanother.Thistakesplaceonanindividuallevel,but
thedifferencesareinstitutionalizedaswell.Academiaincentivizesprolificproductionofpublications
inhighlyspecializedjournals,thatadheretofield-specificlogicsandcodes.Failuretomasterthe
codesoradheringtothelogicsispunishedbysimplynotbeingpublished,i.e.removingthevoiceand
reducingtheimpactofinterdisciplinaryresearch.InaFoucauldiansense,academics/researcherscome
toself-disciplinebybecomingincreasinglymorespecializedandadheringtofield-specificlogics
inordertoremainemployed.Publishorperishiscurrentlythecredoofmanyacademicinstitutions,
andsinceacademiaisahighlyglobalizedindustry,whatisabenchmarkingpointinonepartofthe
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worldquicklybecomesstandardpracticesglobally.Fiercecompetitionleadstosub-optimization,
notonlyondepartment level,butalsobetween individual researchers.The incentives to takeon
interdisciplinaryresearcharefew,andaddressingthewickedproblemsoflatecapitalism-whichare
bynatureinterdisciplinary–maybecomeanundesirablechoiceforwhichoneislikelytobe(with
moreorlessintentionality)punishedbythestructuralandstrategicpowersthatbe.

Thefundinglandscapealsohasgreatimpactonwhichresearchprojectsandagendasaretaken
on.Utilitarianandmarket-logicabiding roles foruniversitiesandacademiaare increasinglyand
uncriticallyportrayedbypoliticians,opinionleaders,fundingorganizations,etc.andthesediscourses
areinevitablymakingtheirwaytoresearchinstitutions,formallyandinformally.

Cultural Barriers
EdgarScheindefinesorganizationalcultureas“thebasictacitassumptionsabouthowtheworldis
andoughttobethatagroupofpeopleshareandthatdeterminestheirperceptions,thoughts,feelings
andovertbehavior”(Schein,1996).Whilethereisoverlapbetweenparadigmaticandculturalbarriers,
theparadigmaticapproachallowsustoutilizephilosophyasaneducationaltool,whilethecultural
approachallowsustopointtohowparadigmaticallybasedassumptionsplayoutineverydaybehavior
andpractices.Afulldescriptionoftheorganizationalcultureatthedronecenterisoutsidethescope
ofthispaperandwillbeaddressedinfuturework.Hereweincludeonlyelementsthatpertainto
thealreadyoutlinedstructuralandstrategicbarriers,toillustratehowtheseissuesbecomepartof
theorganizationalculture,andhow,alongwiththeparadigmaticfoundations,culturalconceptions
guideactionsatalargelytacitandunconsciouslevelsincewearelargelyunawareofthebasisof
ourculturalassumptionsandwerarelymakethemexplicit(Schein,1996).Theythereforeneedto
be acknowledged, identified, and addressed, to challenge/critique/altermalapropospractices and
conceptualizations.

In summary, the Theory section has outlined the grounding for the barriers encountered
empiricallywhichareintroducedinthenextsection.

MeTHoD

The empirical part of this work utilized the action research approach (Bradbury-Huang, 2010)
describedearlier,whereatransformativeworldviewisusedinaparticipatoryeffort toreforma
practice.Here,theaimistoreformthepracticeofdronedevelopmenttoutilizeavaluesensitive
designapproach.Inthisstudy,theactionresearcheristhefirstauthor(Andersen),andthepractitioner
isthesecondauthor(Cawthorne).

The study took place at the University of Southern Denmark’s drone engineering research
activities.TheUniversityofSouthernDenmark’sUnmannedAerialSystemsCenter,orDroneCenter,
wasestablishedin2015(SDU,2020).TheDanishstatesawthepotentialfor“hightech”jobcreation
andeconomicbenefits,andinvestedheavilyindrones-flyingrobotswithsomelevelofautonomy
(Villasenor,2012)-inabidtobea“firstmover”withinEurope(Research,2015).TheDanishstate
hadaNationalDroneStrategyin2016(Science,2016),andtheDroneCenterwasoneoftheresults
of these initiatives.Today, theCenterconsistsof26employees,mostofwhomare teachersand
researchers,allworkingwithindrone-relevantfields.ThemissionstatementoftheCenterreads:

We focus on research, education, innovation, and collaboration in the UAS domain for the benefit 
of society. (SDU, 2020)

TheCenter’smainresearchdirectionsincludedevelopingautonomousdronesthatcanflylong-
rangebeyondtheviewoftheoperator,large-scaleperceptionincludingdrone-mountedcamerasystems,
systemmodeling,andenergyefficientalgorithmsandcomponents(SDU,2020).
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TheempiricalresearchwasconductedbetweenFebruaryandNovember2020.Theprocesscan
bedividedintothreeiterativedatacollectionandanalysisstages:

Stage 1:Thefirststageconsistedoftworoundsofdatacollection,focusedonthepractitioner:first,an
in-depth,qualitativeinterview(Kvale&Brinkmann,2009)withthepractitioneronhispractices
andpersonalvaluesinengineering,inorderto1:beabletoaccountfortheseand2:beableto
compareandcontrastthepractitioner’spracticesandvalues,withthepracticesandvaluesof
theorganizationthatthepractitionerbelongsto.Theinterviewwassemi-structuredandhighly
exploratorytoallowforaninductiveapproachwherethepractitioner’sownconceptualizations
comeforth,ratherthanbeingsuperimposedbyeithertheresearcher/interviewerorthetheoretical
framework.Theinterviewwasaudiorecordedandlastedtwohours.

The second method in the first stage was participant observation of the practitioner in the
laboratory. The practitioner was video and audio recorded while working on a prototype value
sensitivedesigneddrone.Thispartwascarriedouttoobserveandenquireabouthow,andindeed
if,theaforementionedvaluesmanifestinthebuildingofaVSDbaseddrone,andtocastlighton
catalystsandbarrierstoadoptionofVSD.Thisfirststagewasconcludedwithadatasessionwith
thepractitionerandresearcheranalyzingthedata,toarriveatastrategytoadvancetheapplication
ofvaluesensitivedesignintheorganization.

Stage 2:Thesecondstageconsistedofparticipantobservationinthelaboratoryandduringflighttests
ofthedronewhilefinalizingtheprototype.Theparticipant,aswellascolleagues,studentsand
externalusersofthelabs,wereobservedoveraperiodoftwomonths,intermittentlyaudioand
videorecorded,renderingca.15hoursofaudio/videorecordings,suchasthatshowninFigure2.
Thesecondstageincludedobservationofcolleagues,students,andcollaboratorsinteractingwith
thepractitionertocastlightonorganizationalcultureandinteractions,paradigmaticallybased
underlyingassumptions,andstrategicandstructuralbarriersasperceivedbythepractitioner
andotherorganizationalmembers.Itwasconcludedwithadatasessionbetweenthepractitioner
andtheresearchertofurtherthestrategytoadvancetheapplicationofvaluesensitivedesignin
theorganization.

Stage 3:Thethirdandfinalstageentailedadatasessiontoattainanoverviewoftheinsightsuncovered
inthepreviousstagesandfurtherfocusthefutureeffortonadvancingtheVSDapproach.The
datasessionwasvideoandaudiorecorded,andlastedthreehours.Thepractitioner’svalues,
virtues,andorganizationalactionswereinductivelyanalyzedandthendeductivelymappedonto
existingVSDandorganizationaltheory.

Intermittentwiththeabove-mentionedmajordatacollectionevents,werealsoongoingdiscussions
andanalysesrecordedthroughdocuments,emails,textmessages,field,andaudionotes.Theentire
datasetwasreviewedafterstage3andrelevantdatawasselectedforfurtheranalysis.

ReSULTS

The action research approach and the three data collection and analysis steps introduced in the
Methodssectionproducedthefollowingresults,whichhavebeencategorizedfollowingthetheoretical
groundingoutlinedintheTheorysection.Thissectionincludesbothresultsandanalysisconcurrently,
followingtheactionresearchapproachinwhichthesetwoprocessesareperformedtogether.
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Paradigmatic
ParadigmaticbarrierstoimplementationofVSDinthedronecenterwereencounteredanddocumented
throughoutthedata.Inthefollowingweaccountforthesebarriersandproposesolutions.

Problem: Metrics. One field/paradigm does not accept another field’s metrics, which makes
interdisciplinaritydifficult.Values,asfoundinVSD,arecumbersomelyquantified-although
plenty of other social or societal contextual elements will hold the same inherent lack of
unquantifiability(seeTheoreticalGroundingParadigmaticBarriers).Thisalsoposesproblems
in terms of publishing, which is discussed in the Strategic Barriers section. “How can we
measureit?”“Wherearethenumbers,howcanwequantify?”“Iftherearenonumbers,it’snot
research!”“That’snotscience!”“Thisisatechnologyproject.”(inresponsetoaskingforan
ethicalperspective,i.e.ethicsisoutsidetherealmorparadigmoftechnologicalresearchandis
thusrenderedoutsidethescopeofprojects-anillegitimatepointofview/concern.)

Solution 1:Educateengineeringstudentsthatpositivismisaparadigm,not“thetruth”,i.e.thereis
morethanoneparadigm,soparadigmsneedtobeunderstood,selectedandarguedfor,nottaken
forgranted.Wesuggestintroducingphilosophyofscienceintothefoundationaleducationof
engineersbyapplyingKarlMaton’sLegitimationCodeTheory(Maton,2014).Asengineering
studentsare traditionallynotveryengagedby the tacit andabstractnatureofphilosophyof
science,wesuggestthisframework,asitallowstheeducatortotakeaspointofdeparturethe
lifeworldofstudentsaswellas the tacitcommunicativeandcontextualacademic traditions
oftheirmainfieldbyapplyingcodesorlanguagethatisconsideredlegitimatetothestudents.
This allows the educator to legitimize interdisciplinary knowledge thus ensuring relevance
and impact of interdisciplinary teachings to monodisciplinary students. In order to succeed
in interdisciplinaryefforts- ineducationandelsewhere- it isparamount that thecodesand
contextualizationofknowledgeortheoreticalinsightsareadaptedtoattainlegitimacywiththe
receiver inquestion (Maton,2014). In thecaseofadaptation forengineeringaudiences,we

Figure 2. The practitioner readies the prototype drone for its first text flight test while two colleagues and a student look on. 
Observations took place over a period of two months and were intermittently audio and video recorded (Image by the authors).
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suggestutilizingvisualizationsandexamplesthatarefamiliartoengineers.Functionalapproaches
withontologiessubscribing(orproximal)torealismfromthesocialorhumanisticsciencesmay
resonatebetterwithengineersthanhighlyconstructivistoneswithradicalontologicalpositions,
andmaythereforerenderbetteroutcomes.

Solution 2: Seek out, write for, and legitimize new interdisciplinary journals. This also builds
relevanceandcontentfornewjournalsthatwillcarrysuchworkinthefuture.Communicatethe
existenceofthesejournalstocolleaguestoensurethatpeopleknowthereisbibliometriccredit
tobeachievedoutsideoftraditionalmonodisciplinaryjournals.

Solution 3: Communicate the critique of the value-neutral fallacy inherent in positivism - the
dominatingparadigminengineering.Challengeyour fieldsunderlyingassumptions,usinga
dialogical, non-confrontational communication strategy. The value-neutral fallacy is easily
refutable,butsomeonehastostarttheconversation.Andunderstandthatresolvingthekindof
ensuingcognitivedissonancethatcomesfromchallengingunderlyingassumptionscantaketime
andeffort–itisamarathon,notasprint.

Problem:Conceptualizingoftheengineersas“weak”orlowonagency.“Wecannotcontrolthe
usagesituation;Weareworkingwithdrones,nottheirpotentialsocietalcontexts.;Wecannot
control thedesignprocessfully, therearepartnersandmanagementandsuppliersandother
stakeholdersthatsteertheprocess.;Engineershaveverylimitedpower.;Engineersaretools.”

Solution: Engineers are constrained, but they are certainly not without agency. Sadly, this
conceptualizationofengineersastoolscanbecomeaself-fulfillingprophecy.Educateengineers
toknowthisviaeducationalreform,andteachthemreliablescientificmethodslikeVSDfor
holisticthinkingsothatthosewhoaresoinclinedfeelconfidenttoenterintodiscussionsbased
onscientificevidence.

Problem:Moraloverload-theengineerisoverwhelmedwiththeendlessnumberofvariablesthat
arisewhentakingonaholisticapproach.Thepractitionerexperiencedthismanytimes,especially
whenfirstworkingwithVSD:“Thestruggleofbalancingallofthese-oftenconflicting-ethical
andtechnicalrequirementscanbeoverwhelming.AtonepointIrememberIfeltparalyzed-even
choosingthemotormanufacturerseemedtohaveseriousanddireconsequences!Whatwerethe
workingconditionsinthefactory,whataboutresourcedepletionofrareearthmetals,etc.etc.?”

Solution:VSDistheproblemandsolutionsimultaneously.Whenfirstapplyingtheframeworkto
thedevelopmentofatechnology,thenumberofvariablesareoverwhelming.Butovertime,
VSDcomestoactasaguidingframeworkthathelpsalleviatethisexactpressureandsortout
prioritiesinasystematicmanner.OnemantraintheVSDliteratureis“progress,notperfection”
(B.Friedman&Hendry,2019).

Strategic
StrategicbarrierstoimplementationofVSDinthedronecenterareencounteredanddocumented
throughout the data. In the following we will account for the encountered barriers and propose
solutions.

Problem:AsdescribedinTheoreticalGroundingofStrategicBarriers,organizationalstrategybased
onbringinginexternalfundingcaneffectivelyappropriatethestrategiesofexternalfunding
agencies’andinsertthemintotheeducationalorganization’sstrategyandmodusoperandi.Societal
discussionsabouttheutilitarianroleofresearchasanagentforsocietaleconomicgrowthseeps
intotheorganizationalidentitybywayofbotheconomicstructuresaswellaspoliticaldiscourse
(Richter&Hostettler,2015).

Thedronecentersstrategyreadsasfollows:“Weconductresearchindronetechnologiesand
futuredroneapplicationswithinareassuchasagriculture,inspection,energy,healthandemergency
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management…Weareaninterdisciplinaryteamofresearcheswithspecializationswithine.g.design
andconstruction,robotics,computervision,softwareandembeddedsystems.Togetherwecreate
dronesolutionstothebenefitofsociety.”(“AboutSDUUASCenter,”2020).Benevolencetowards
societyisaframethatleavesplentyofroomforinterpretationandwhileadmirableforitshonorable
intentions,itisalsoamissionstatementthatcanaccuratelycontainhighlyheterogenousprojects,
withoutformalconflict.Thiseffectivelymeansthattheguidingeffectofsuchamissionstatement
isminimal. Insteadofformallyqualifyingoreliminating theuptakeofaproject,suchamission
statementinsteadrenderstheindividualproject,andindeed,whatthebenefitofsocietyevenmeans,
upfordiscussion.Whilethisseemsconvenientlymalleablewhenworkingwithnumerousdifferent
partnersandcollaborators–anditdoesholdthepotentialtoinvitecriticaldiscussionabouteach
potentialproject–thislackofmissionclarityeffectivelyleavesastrategicgapwhichcouldbefilled
outbypartners.Thisholdsthepotentialtodestabilizethestrategyoftheeducationalorganization
renderingtheminmanycaseslessconsequentialthanthestrategiesofexternalpartners.Thisinturn
notonlyrendersorganizationalsurvivalcontingentonexternalpartners,italsoaddstotheinternal
organizational complexity for organizational members. This is reflected in the data through the
frequentappearanceoftheargumentagainstapplicationoftheVSDapproachinthedata,madeby
bothcolleaguesandstudents,thatitfailstoalignwithmarketlogicsanditwillruinthebusinessor
marketpotentialofanygiventechnology.Businesspotentialandmarketlogicsarenotmentionedin
theUAScentermissionstatement.Itisnonethelessstronglypresentindiscussionsabouttheutility
ofVSDin thedata, showinghowmarketandbusinessconcernsplaya strategic role,with little
transparencyastowhenorwhy.

Solution:For thisproblem,VSDactuallyoffers itselfasasolution.Aframework likeVSDcan
beutilizedasatoolforasystematicscreeningprocessfornewprojects.Thiswouldallowthe
organizationtomaintaintheplasticityofitscurrentmissionstatementtoattractabroadarray
ofpotentialpartners,whileinternallymanagingtheactualuptakeofprojectsinasystemicand
transparentmanner.Inatimewheretheroleandpurposeofresearchandscienceisnegotiated
heavily(Richter&Hostettler,2015),internalandmanagerialclarityaboutpurposeandboundaries
ofactivitieswithinresearchorganizationsisparamount.

Problem:Suboptimizationandinfrequentinteractionandinternalcommunicationbetweenhighly
specializeddepartmentsinthislargeeducationalorganizationleadstoalackofsynergy-such
asinterdisciplinary,holisticprojects-betweenfieldsanddepartments.

Solution:Bevisibleandcommunicateyourwork,inyourowndepartmentbutveryimportantlyalso
outsideyourowndepartment.Trytokeepanopendoorpolicy.Manyseedswereplantedinthe
earlydaysofthepractitioner’sworkwithVSDthattookmonthsoryearstocometofruition.
Maintainingalong-termtimeorientationandunderstandingthatthissortofeffortwillmature
slowlyiskey.Communicatewheninvitedto,butsimultaneouslytrytobeproactiveandseekout
opportunitiestocommunicatetheagendaacrosstheorganization.Whiledoingsoalliesemerged
overtimetothepractitioner,bothinsidetheorganization(students,colleagues,supportstaff)
andoutsidetheorganization.Formerstudentsbecamefuturecollaboratorsmorethanonce,so
investingtimeinplantingtheseseedseventuallypaidoff.

Problem:Metrics:Onefielddoesnotacceptanotherfield’smetrics.Thisposesstrategicproblems
intermsofpublishing,sincepublishingispartofanyresearchersoutputandlegitimacy.

Solution:Activelyseekoutandtargetnewjournalsasastrategic,concertedeffort.Thisalsobuilds
relevance, legitimacy,andcontentforthesenewjournals,whichwillhopefullypublishsuch
workinthefuture.Communicatetheexistenceofthesejournalstocolleagues.Again,thereis
bibliometriccredittobeachievedoutsideoftraditionalmonodisciplinaryjournals.
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Structural
StructuralbarrierstoimplementationofVSDinthedronecenterwereencounteredanddocumented
throughout the data. In the following we will account for the encountered barriers and propose
solutions.

It is clear from the data that when positivism fails to legitimize value-free or non-holistic
approaches, it is frequently replacedbyargumentsbasedonmodernistconceptualizationsof the
sovereign reign of the free market. Adherence is found with organizational members to 1. the
conceptualization of the governmental research organization as comparable to any other profit-
generatingorganization,and2.conceptualizationsofthecorporateresponsibilitiesofprofit-generating
organizationssimilartooutmodedviewslikethatofMiltonFriedman,frequentlyparaphrasedas
“thebusinessofbusinessisbusiness”(M.Friedman,2007).Thisimpliesthatsocialresponsibility
orsustainabilitycanbeapriorityinbusiness,butonlyifitismadeexplicitlysobymanagement,
i.e.thereisnoethicalimperativeaboutsocialorenvironmentalresponsibilityinherentinrunninga
business.Andonthefaceofit,itmightseemlikethelogicofVSDhasnoplaceinamarketlogic.
VSDpracticesdonotalignwithmarketlogics,atleastnottotheextentthattheconceptof“value”
isconceivedofassomethingmorethaneconomicvalue.Butevenabidingbycurrentmarketlogics
andpractices,responsibleandsustainablebusinesspracticesarebecomingastandardpracticein
organizational branding as a path to organizational legitimacy. The tech industry is being held
accountableforthesocialimpactoftheirtechnologiestoamuchgreaterdegreethanwhenMilton
wrotehisthenseminalworkinthe70s;theconflictsandtrial-likehearingsthat“thebig5”tech
companiesarebeingsubjectedtoexemplifythis,alongwiththeexplosionofthefieldofCorporate
SocialResponsibility(Rushe&Paul,2020).Thegreaterthesuccessofthetechnology,thelargerthe
impact,thegreaterthepower,thegreatertheassignmentofresponsibility.Legislationisalwaystrying
tocatchupwithtechnologicalinnovationandinthisvacuumappearsCSRasafieldanddiscipline,
potentiallymakingoutaplaybookforstrikingthatbalance.Yetthelackofresponsibilityliteratureand
practicesinengineeringscienceandeducationisstriking.Responsiblebusinesspractices,responsible
communicationpractices,responsiblemedicalpractices,etc.havebeenstandarddisciplinesintheir
fieldsfordecades(Morsing&Schultz,2006).

Problem:Suboptimizationandlackoffrequent interactionandinternalcommunicationbetween
highlyspecializeddepartmentsinthislargeeducationalorganizationleadstoalackofsynergy
-suchasinterdisciplinary,holisticprojects-betweenfieldsanddepartments.“Ireallyenjoy
SDUinternalcommunicationandnews,I’malwayssurprisedathowmuchdifferentstuff is
goingonallovercampusesandalsofindingpeopleinotherfieldsworkingonrelatedareasto
myown.”Thisalsorelatesverycloselytoparadigms.“I’llneverforgetthefirsttimeIwentto
thehumanitiestotalkaboutdrones.Theatmospherewasovertlyhostiletowardsthem.”What
comesacrossashostiletosomeonefromanobjectivistparadigmmaysimplybecriticalfrom
aninterpretivist.Itwillbehardtoknowthedifferenceifoneisnotfamiliarwithcriticalschools
ofthoughtprevalentinboththehumanitiesandsocialsciences.Theseapproachesareuseful
forinvestigatingandcritiquingpowerbutmayseemveryforeigntoengineers.Perhapsmore
importantly,theinterdisciplinarycontact-evenforafewminutes-highlightsthepractitioner’s
ownapproach todronesor technology tohimself: “overhere (at thedronecenter),we love
technology, we’re excited about the potential…and we can’t deal with what comes after its
producedanyway.Sowe’remuchmoreexcitedaboutthedesigningandbuildingpartandit’s
notsomuchaboutwhathappensafterwe’vedevelopedthetechnology.”

Solution 1:Setupinterdisciplinaryworkshopsforcolleaguesandstudents.Basedontheworkshops,
seminars,andpresentationscarriedoutbythepractitionerthroughouttheirthreeyearexperience
workingwithVSD,wecannotoverstatehowpowerfultheinterdisciplinaryexperienceisinterms
ofignitingthisinterestinpeople.Ifthereisanypotentialwithcolleaguesorstudentstakingan
interestinVSD,itwillcomeoutinaninterdisciplinaryworkshoporotheracademicactivity.
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Solution 2:Bevisibleandmakesuretocommunicateyourwork.Dosoinyourowndepartment
butveryimportantlyalsooutsideyourowndepartment.Trytokeepanopen-doorpolicy.Much
oftheworkwithengagingcolleaguesandstudentsstartedslowly,butseedsthatwereplanted
earlyongrewstrongovertime.Communicatewheninvitedto,buttrytoalsobeproactiveand
activist,byseekingoutopportunitiestocommunicatetheagendaacrosstheorganization.This
willcausealliestoemergeovertime,bothinsidetheorganization–suchasstudents,colleagues,
andsupportstaff-andoutside,whereformerstudentscanbecomefuturecollaborators.Asstated
before,investingtimeinplantingtheseseedstrulypaysoffovertime.

Cultural
CulturalbarrierstoimplementationofVSDinthedronecenterwereencounteredanddocumented
throughoutthedata.Inthefollowingweaccountfortheencounteredbarriersandproposesolutions.

Problem:Theculturalconstruct thathasbeenreferredtoas“theproblemofmanyhands”isan
exampleofhowparadigmaticfoundations,strategy,andstructurecometogethertoformacultural
constructthatguidesbehaviorinengineeringingeneralandthedronecenterspecifically.“In
additiontoresponsibilityascribedtoacollectiveofpeople,responsibilitycanalsobedistributed
overdifferentpeople.Whenalargenumberofpeopleareinvolved,itmaybeproblematicto
identify thepersonresponsible foranegativeoutcome”(Meijers,2009).Almostallmodern
technicaldesignprojects,includingdrones,involvemorethanoneengineerandthusdecision
makingpower,responsibility,etc.aredistributedovermanypeopleorgroups.Whilethereare
realstructural,strategic,andparadigmaticissuesatstakethatconstraintheagencyofengineers,
theunderstandingthatthisisthecasecomestoactasaculturalconstructwhichguidesactions
andovertimeceasestobequestioned.Theriskinvolvedwiththisculturalconstructisthatduring
thedevelopmentandproductionoftechnologiesno onetakefullresponsibilityforwhatisbeing
created.ThepractitionerhasencounteredthisthroughouthisapplicationsofVSD.Thereseems
tobenospacecarvedoutforconsiderationsliketheseinengineeringcollaborations,andwhile
theperspectivemaybeallowed,thedecisionnottopursueagiventechnologyisrarelytaken.
Relegatingethicalconsiderationsas“non-functionalfeatures”,definingthembywhattheyare
not(functional)speaksvolumesabouthowtheyareconceived-asbeingsecondarybyengineers
andresearchersalike.

Solution:Theculturalconstructsurroundingtheproblemofmanyhandsissomethingwehopeto
effectthroughtheintroductionofholisticparadigmsandfurtherempiricalresearchintowhatsort
ofopportunityspacesoccurforengineers.Butasthisproblemisheavilytiedintoorganizational
andsocietalstructuresfarbeyondthereachofourinfluence,itisnotonewehavesufficient
knowledgeofatthispointandwillrequirefutureworktobeabletoconfidentlyproposeavalid
solutionfor.

Problem:Theneutraltechnologyfallacy:Engineerstraditionallyapproachtechnologiesasneutral.
Inthisspecificcase,thedatashowsconsistentprotestsandinitiallackofacknowledgementof
ethicsasanissueforengineering:“thisisatechnologyproject”.

Solution:Introducethesediscussionsaswellasparadigmsorframeworksthataddresstheissues
inyourownteachingtocreateeducationalandcultural legitimacy.Forcommunicationwith
colleagues, it is important to approach the issues throughovertlydialogical communication
andavoidlecturingmonologueswhenatallpossible.Asethicsisnormativeinnature,avoiding
takingontheroleof“theethicspolice”.Approachingyourroleas“thehelper”,not“thehero”
isparamounttoacknowledgethepersonalagencyandresearchdomainsofcolleagues.

Asummaryofbarriers,includingspecificchallenges-inadditiontopotentialchampionactions
andrecommendationsforlong-termdevelopments-arelistedinFigure3.
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Solitanderetal.haveoutlinedtheframeworkofFocusandDeliverytocreateastrategicand
actionableoverviewofprocesses related to championing an agenda in a research and education
organization.Theframeworkisdividedintofocusanddelivery,andfurthersubdividedintonarrow,
intermediate,andbroadfocus,andexistingandnewstructuresfordelivery.Figure4utilizesthis
structureandexplicatesvariousactionsthatcouldbetakenbythepractitionerandcollaboratorsthat
arediscipline-specific,semi-disciplinespecific,andinterdisciplinary.Whatthisfigurecastslighton
ishowimportantitistoworkstrategicallybothwithcolleaguesinone’sownfieldaswellasoutside.
Thepractitionerhasexperiencedotheringfromcolleaguesinhisownfieldregardingtheinclusion
ofethicalissuesthathavebeeneasiertotakeinbycolleaguesoutsidehisownfield.Simultaneously,
though, there isnopurposeindevelopingethicalframeworksforengineers toworkwith, if it is
doneinamannerthatdoesnotmakesensetoengineersbutonlytosocialscientistsorphilosophers.
Staying in touchandcontinuouslycollaboratingwithpeers fromall threegroupsoutlined in the
Focusboxeswillcreateabetteradaptedmessageandresearch/educationproducts,thanneglecting
anyoftheperspectives.

By using action research with a VSD agenda we impart normative ideals; but technology
developmentisnotvalueneutralinanycase,andsinceweknowwearenotneutral,wemustnot
purporttobe,rather,wemustacknowledgeourownpositioningandmakeitclearforalltoseein
ordertomaintainscientificrigor.Additionally,sinceVSDisaparticipatoryresearchpracticethat
emphasizestheinclusionofstakeholderperspectives,choosingamethodlikeactionresearchwhich

Figure 3. Main barriers, actions that can be taken by champions, and recommendations for changes to practice; based on 
(Solitander et al., 2012)
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placesasimilarorheavieremphasisonparticipation,contributestomethodicalandparadigmatic
consistency.

CoNCLUSIoN AND FUTURe woRK

Thisworkcontributesbyusingactionresearchtobothidentifyandaddresssomeofthechallenges
ofimplementingVSDinarealengineeringcontext.Basedonourfindings,itiscrucialtounderstand
and acknowledge the immensity of what one is asking of a traditionally trained engineer when
takingonholisticapproaches.Theseapproachestendtonotcomeveryeasilytoengineersdueto
theissuesoutlinedabove,sowefurtherrecommendutilizingrelevantcommunicationstrategiesfor
cross-disciplinarylegitimizationofknowledge.Toaddresstheparadigmaticconflicts,wefurther
recommendimplementingholisticperspectivesinengineeringeducationtoaddresstheproblemof
thepositivistfoundationsofthediscipline.

TherecommendationslistedinFigure3andFigure4furtheridentifymyriadopportunitiesfor
futureworktoexpandandrefinethecurrentstudy.Someoftheserecommendationswillbeeasier
toimplement,suchasthoseutilizingexistingstructures,whileotherswillrequirecompletelynew
structures to enact. The lessons learned and approach taken in this study may prove even more
valuableinthefutureshouldengineeringshiftawayfromvalue-neutralorvalue-freetechnological
development,towardsvalue-sensitivetechnologicaldevelopmentaswerecommend.

Furtherfieldworkisneededtocreateanethnographyofthedronecenter.Suchculturalanalysis
will allow for a more complete account of the organizational culture and enable application of

Figure 4. Ways to integrate VSD into drone research, industry collaboration, and education; based on (Solitander et al., 2012)
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LegitimationCodeTheorywhichoutlineshowtofacilitateinterdisciplinaryactivitiesineducation
thatensuresbothrelevanceandlegitimacytoengineeringstudents,colleagues,andleadership.Moving
forward,weseegreatpotentialinutilizingactionresearchtocreateevenmoreinsightstohelpbridge
theVSDtheory-practicegap–withindronedesign,andbeyond.
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