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ABSTRACT

ThestateandrelevanceofSystemsasafieldofresearchandaspecificformofscientificinquiry
into complex real-world problem situations, can be enhanced significantly by developing and
applyingmoreformalizedandcoherenttools:anew‘hardware’enablingtobuildanew‘hardcore’
forsystemsscience.Thebasisofthisnewhardwarestemsfromalineofthoughtemanatingfrom
GeorgeSpencer-Brownandthe‘LawsofForm’,runningthroughtheworkofFranciscoVarelaandhis
calculusforself-reference,beingradicalizedbyNiklasLuhmannandhisviewson‘SocialSystems’,
andcontinuedbyDirkBaeckerwiththeapplicationofformtheorytomanagementandorganizations.
Inthiscontribution,theauthordevelopsanunderstandingandappreciationofthepotentialsofa
form-theoreticalapproachtoformalizingsystems(real-worldphenomena)aswellasSystems(field
ofresearch).Centralaspectswillbethepoweroftheform-theoreticalhardwareasregardssystems
storytelling,systemsdiagnosticsandabductivereasoning.
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1. PoINTS oF dePARTURe

SomeyearsagoatanUKSystemSocietymeetinginOxford,PeterChecklandwasarguingthatsystems
theoryjustaboutstruggleson.Surely,headded,thefieldofSystems(withacapitalS)hadbeen
institutionalizedwithinuniversitydepartmentsandcoursesaretaughtdedicatedtosystemstheory
andpractice;butinCheckland’sviewthereappearedtobeacertainstagnationbothwithinSystems
andwithitsacceptanceacrossdisciplines.Inlisteningtohisremarks,onecouldnothelpbutfeela
certainresignationinhisvoice.ByrememberingCheckland,wedidaquickGoogleNgramsearch
ontheterms‘system’and‘systems’inordertocheckforanysignsof‘peaksystem’andapotential
declineinreferencesinpublishedbooks.Theresultsaresobering.Youdoactuallynoticeapeak
ofbothtermsataround1990andaslowbutsteadydeclineafterwards.Theterm‘systemstheory’
peakedataround1980andremainedsomewhatonaplateauuntilthemid-1990s.Sincethenitfell
backinitsprominencetomid-1970slevels.For‘softsystemsmethodology’,Checkland’sowncreation
(Checkland,1999),thepeakoccurredinthelate1990sfollowedbycontinueddeclineeversince.Quite
interestingly,thehardsystemapproachof‘systemdynamics’remainsonahighplateauasregards
referencessincethe1990sandevenshowssomeincreasesincethemid-2000s.Needlesstosaythat
allofthesetermsaredwarfedbymorecommonmanagerialconceptslike‘strategy’or‘marketing’.
Bytheseadmittedlycrudeandquantitativemeasures,butsubstantiatedbytheobservationofoneof
themosteminentresearcherswithintheSystemscommunity,Systemsasafieldanditsassociated
notionofsystemstheoryisincreasinglylookinglikeanicheproductforconnoisseurscholars.
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Thepeakingofconceptsandideasisnottheendoftheworldandanormalprocessintheevolution
ofscience.However,theinitialpromiseofsystemsresearch,providingauniqueconceptuallensfor
addressingcomplexreal-worldproblems,isprobablymoreindemandinouragethaneverbefore.
Messyandintertwinedproblemslikeclimatechangemitigationandadaptation,managingthedigital
transformationofeconomyandsociety,aswellasfindinganewglobalgovernanceframeworkin
atimeofresurgentnationalismandauthoritarianism,defyclassicalpredict-and-controlapproaches
inthefieldsofeconomicsorpoliticalsciences.Systemsunderstoodasapost-classicalapproachi.e.
notboundtoasinglediscipline(e.g.economics)andasinglerationality(e.g.rationalchoice),must
notbeabandonedinthelightofthesechallenges.Inthiscontribution,wewillarguefortheneed
formoreformalizationwithinsystemsresearchandmorerigour–yetalsoforincreasedplayfulness
withinaformalframeworkwecallthe‘hardware’ofsystemsresearch.Weproposeacertaintradition
ofsystemthoughtemanatingfromFranciscoVarela’sworkonacalculusofself-reference(Varela,
1975)thatwasbasedonGeorgeSpencer-Brownandhis‘LawsofForm’(Spencer-Brown,1969).
ThistraditioncontinuedwithNiklasLuhmanninhistheoryofsocialsystemsthathebasedfirmly
onthegroundsofsecond-ordercybernetics(Luhmann,1995)andculminatedintheform-theoretical
reconstructionofmanagementandorganizationbyDirkBaeckerinhis‘FormoftheFirm’(Baecker,
2006).Someinsightsfromourownwork(Reichel,2011,2017)willbere-evaluated in the light
ofwhatwecallanemergingform-theoreticalapproachtosystemsstorytelling,constitutinganew
‘hardcore’ofsystemstheoryandresearch.

2. THe ARGUMeNT FoR FoRMALIZATIoN oF SySTeMS

Systemsasafieldofscienceapparentlyknowsnosingularform,neitherinitsownnamenorinthe
term‘systemstheory’.Actually,weshouldprobablycallitsystemstheoriesinsteadwhenwetalk
abouttheconceptualfoundationsofSystems.ForsomethispluralitywithinSystemscanbeseenas
bothastrengthandvitalsignforitsfurtherdevelopment,creatingnewinsightsandunderstanding
inthecomplexityofthephenomenonofsystems.Giventhenotionofpeaksystemabove,youcould
alsorightfullyarguethatpluralitymightnowbeamajorhindrancetoanyfuturedevelopmentwithin
Systemsandtotherelevanceofthefieldtothegreatsocietalchallengesaroundus.Wearenotyetready
toargueforturningSystemsintoamonochromaticdiscipline,butwedobelievethatthecontinuingrise
ofe.g.systemdynamicsgivesusahintwhattolookoutfor.Therecanbemanycriticismsaboutthe
methodofsystemdynamicsanditsratherunder-complexconceptualizationofsystemsasfirst-order
feedbacksystems,butitsmethodologicalrigor,its‘hardness’ismostlikelytoblameforitsongoing
success(Featherston,Doolan,&others,2012).Wearenotproposingtobecomesystemdynamicists
ortryingtoapplycomputersimulationtoourownsystemstheories;ratherwefollowtheinsights
fromStephanFuchsthatthereisnoharddistinctionbetween‘hard’and‘soft’,betweenthemethodsof
thenaturalandthesocialsciencesbecausethereisnoDing an sich:“Thechoiceofmethods,stances
andapproachesis…notgovernedbyintrinsicdifferencesbetweenthingssocialandthingsnatural.
Rather,‘social’and‘natural’areconsequencesofprocessesofattributionthatvaryfromobserverto
observer,acrosstimeandspace.”(Fuchs,2001,p.109)Moreover,Fuchsisarguingthatwhat“makes
a[science]culture‘hard’andrealist,ratherthan‘soft’andconstructivist,ishardware,amongother
things.”(ibid.,p.306)Hardwaremeanstools,notjustphysicaltoolslikeatelescopebutconceptual
toolslikemathematicsandothers.Systemdynamics’successrestsonitshardwareandthemindsetof
thosewhodosystemdynamicsforaliving.Again,weneitheradvocatethehardwarenorthemindset
ofsystemdynamicists,buttheinsightswecangainfromtheirparticularculture.Withouttheproper
conceptualhardwareandanappropriatemindset,thefieldofSystemscannotprogress.Themindset
wedeemappropriatehereisthatofformalization,notnecessarilyquantification:developingand
applyingformalizedlanguages,toolsanddescriptionsforsystemicproblems.

ThisargumentisinspiredbyresearchoriginallycarriedoutbyFranciscoVarelamorethan40
yearsagoinhisseminalarticleon‘ACalculusforSelf-Reference’(Varela,1975).Varela’slifelong
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journeytofindingananswertoErwinSchrödinger’squestion‘Whatislife?’leadhimtotheinsight
thatinordertounderstandlifeyouhavetounderstandseveralintertwinednotions:autopoiesisi.e.the
self-productionofcomplexsystem-wholes,requiringclosureagainsttheirenvironment,thusstating
autonomyfromtheirenvironments.Onlythenasystemcaninteractwithitsenvironmentwithoutloss
ofidentity(Varela,1981,pp.15–17).Autonomyasself-rulethroughclosureandself-productionleads
totheinsightthat“therulesofoperationareallself-contained,thereisnopossibilityofreferringtothe
outsidefrominsidethesystem.”(Varela,1997,p.73)Theconceptualandreal-worldhardshipswith
self-referencehaveallthesameroot:thedistinctionbetweenactororoperand,andthatwhichisacted
oroperatedupon,collapses.Allcomplexsystemsandallthosemessyreal-worldproblemswecan
perceiveassuchareself-referentialintheirnature.Varelaframedtheproblemlikethis:thepeculiarity
ofsuchsystems“liesinbeingself-indicativeinagivendomain,instandingoutofabackgroundby
theirownmeans,inbeingautonomousasthestrictmeaningofthewordenounces.”(Varela,1975,
p.5;emphasisadded)Inordertounderstandsuchself-referentialsystems,anyconceptualfoundation
hastobeplacedfirmlywithintheirself-referentialgrounds.Inhisquesttocreatinghisownscience,
Varelawentonlookingforaformalfoundationnotonlyfortheproblemoflifebutinfactforall
situations–andallsystems–thatexhibitself-referenceastheircentralfeature.Wearearguingthat
VarelaactuallycameupwiththerequiredhardwaresodesperatelyneededforSystems.Beforewe
canshowsomeapplicationsofthishardware,wehavetobrieflyrehashitsfoundations:the‘Lawsof
Form’byGeorgeSpencer-Brown(Spencer-Brown,1969).

3. oN THe ‘LAwS oF FoRM’ ANd THe FoRM-THeoReTICAL HARdwARe

MuchhasbeenwrittenaboutGeorgeSpencer-Brownandthelawsofform.LouisKauffmansees
them as “a lucid exposition of the foundations of mathematics. It embodies a movement from
creativity,tocreation,tosymbol,tosystemandlanguageandthoughtandself.”(Kauffman,2002,
p.50)Inonesentence,‘LawsofForm’canbedescribedasaconceptualinquiryintotheoriginsof
mathematicsaswellasamathematicalinquiryintotheoriginsofconcepts–summarizedintheform
ofaquestion:howtoinquire?TheanswerSpencer-Browngavewassimple:drawadistinctionand
createauniverse.Drawingadistinctionisathreefoldoperationconsistingofthedistinctionitself,
thatseparatesapreviousunmarkedspacen(no-thing)intotwodistinctsidesthuscreatingthatspace
throughindicationi.e.bydistinguishingthissidefromthatsidethespacebecomesmarkedasm(some-
thing)and,finally,thecontinenceofallaspectsofdistinction/indicationthatareboundtogetherby
itselfintotheformofdistinction.ThesymbolofthisindicationalnotationofSpencer-Browniscalled
‘thecross’or‘token’.Twobasiclawsoftheform,thelawsofcalling(condensingseveralsequential
indicationsintoone)andlawofcrossing(cancellingoutso-callednestedindications),giveriseto
bothasimplearithmetic,asystemofruleshowtooperatewiththecrossandturnmarkednessinto
unmarkednessandviceversa,aswellastoanalgebraicsystemdenotedasBrownianalgebrathat
allowscalculatingwithunknownvariablesaccordingtotherulesderivedfromtheideasofdistinction,
indication,continenceandthetwobasiclawsofform.Itisoneofthesimplestoriginsofmathematics
thatstartswithno-thing,thevoid,andthenaddsadistinctiontocreatesome-thing(Robertson,1999).
Wewillcalltheideasandtoolsdevelopedin‘LawsofForm’formtheory.Figure1depictsthebasic
notationwiththeformofdistinction.

Spencer-Brownstoppedhisworkwhenself-referencewasencountered.Chapters11and12of
theLawsofFormaredealingwithwhathecalls‘re-entry’.Thisisasituationinwhichadistinction
isinsertedintoitselfi.e.whenitbecomesself-indicationalorself-referential.Thensomethingcurious
happens:some-thingisequaltono-thingintime.Indicationgivesrisetospace,turningthevoidinto
theformwhileself-indicationgivesrisetotimeandanoscillationbetweenopposingstates.Whenever
self-referenceiscalled,temporaloscillationsoccur.Thisisimportantinsofarasallcomplexsystems
weobserveassuchtodayexhibitaself-referentialnature,i.e.theyrecuronthemselvesinorderto
evolveandchange.Inthecourseoftheirevolutiontheybecomewhattheyarenot–yet:asystemcan
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changefromapresentstateAtoafuturestate¬A.WhileSpencer-Brownfinishedhisworkatthe
momentwhenself-referencebecomesanissue,Vareladecidedtostarthisjourneyrightherewithhis
calculusforself-referenceasanextensionofthecalculusofindication:“IhavetakentheCalculus
ofIndicationsasastartingpointinanattempttoproduceadequatetoolstodealwithself-referential
situations.Self-referenceis,ofcourse,ofgreathistoricalimportance;itwasresponsibleforamajor
crisisinmathematicalthinkingattheturnofthecentury.Morerecently,withthedevelopmentof
cyberneticsandsystemstheory,otheraspectsofself-referentialsituationshavebecomeapparent,
namely, the fact thatmanyhighly relevant systemshavea self-referentialorganization.” (Varela,
1979,p.141)Thekeyproblemwhendealingwithsystemsthatproducethemselvesautonomously
throughtheproductionofaboundaryisthatofself-reference.Indevelopingarichbodyofformal
foundationsforself-reference,Varelaprovidedthegroundsonwhichanysystemstheorycanstand
andhisworkisaprimeexampleofhowSpencer-Brown’s‘LawsofForm’canbeappliedinthefield
ofSystems.Theemphasisonandembracingofself-reference,drivenbyVarela’smotiveoffinding
aconceptualfoundationfortheautonomoussystemshewasdealingwithasaresearcher,changed
theindicationalperspectiveinsofarasself-referenceisnowasconstitutionalforitastheprimary
distinctionSpencer-Brownmade.Robertsonnotedthatthis“is...anexplicitcreationofanewcalculus
inwhichself-referencewillbethecore.”(Robertson,1999,p.53)Theformofre-entryisdepictedin
Figure2andresemblesthemythologicalcreatureoftheUroboros,theserpenteatingitsowntail.As
abstractasitallmightseem,thisform-theoreticalhardwareofthecalculusofself-referencehasbeen
appliedwithinthebroaderfieldofSystems.Firstandforemost,wehavetomentionNiklasLuhmann
andhisworksonatheoryof‘SocialSystems’(Luhmann,1995).

Figure 1. The form of distinction (Reichel, 2017, p. 91)

Figure 2. The form of re-entry (Reichel, 2011, p. 652)
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4. NIKLAS LUHMANN ANd THe FoRM oF Re-eNTRy

BeforegettingintoLuhmann’sapplicationofthehardwareofformtheory,somebriefremarksabout
hisownachievementsmightbenecessary.LuhmannusedtheideasofwhatHeinzvonFoerstertermed
‘second-ordercybernetics’toaddressthequestionofhowtobuildatheoryofsociety,especially
modernsociety.Thenotionof‘second-order’denotesasituationwheree.g.inthecaseofcybernetics,
cyberneticreasoningisturnedtowardscyberneticsitselfi.e.thinkingaboutfeedbackcontrolinterms
offeedbackcontrol(Foerster,2003;Scott,1996).Themainquestionoffirst-ordercyberneticsis:how
tocontrolasystemthroughfeedbackofitsownpaststatesinitspresentcalculations?Observation
ofthesystemofinterestfromitsoutsidewastheroadtoansweringthisquestion.Themainquestion
ofsecond-ordercyberneticsis:howarecyberneticiansconstructingfeedbackmodelsofcybernetic
systems?Theattentionisnowturnedtowardstheobserverandtheactofobservingsystems.Taken
toitsextreme,thislineofreasoningseessystemsasobserverswhoareobservingthemselves.The
theoryofsocialsystemsistheresultofwhathappenswhenaself-referentialtypeofsystemtheory
isappliedtothesociologicalproblemofatheoryofsociety.Thetheoryisself-referentialinsofar
asittakesintoaccounttheobserverasthepivotalstartingpointofanyobservation,scientificor
otherwise,andthusnotonlygivingatheoryofsocietyobservedasbeingmadeupofsystems,buta
theoryofsocietythatcontainsitselfi.e.givesacoherentandcompletedescriptionabouthowtheories
withinsocietyarecreated(Luhmann,1992).Inotherwords:itisanontologicalconceptualizationof
societyandsociallifewithoutreferencetoontology–thatisthe‘joke’behindLuhmann’stheory.No
othersystemstheorycomesclosetothisandyoumightrightfullyarguethatLuhmann’stheoryisnot
justasystemstheorybutprovidesuswithaglimpsetoaunifiedSystemTheory(incapitalletters).

Hisontologywithoutontologystartswiththepremise,inhisopeninglinesto‘SocialSystems’
that“thestatement‘therearesystems’saysonlythatthereareobjectsofresearchthatexhibitfeatures
justifyingtheuseoftheconceptofsystem,justas,conversely,thisconceptservestoabstractfacts
thatfromthisviewpointcanbecomparedwitheachotherandwithotherkindsoffactswithinthe
perspectiveofsame/different.”(Luhmann,1995,p.2)Inthisperspective,thedividebetweenhardand
softsystemsapproaches,betweensystemsasreal-worldentitiesormereepistemicdevices,isresolved
inanoperationalway:ifthereisasome-thingthatcanbeobservedasasystem,itissystemicinits
consequences.Weholdsuchade-mystifiedformofconstructivism,anoperationalconstructivism
thatisinterestedingettingbetterexplanationsforrealphenomena,suitableastheepistemological
standpointofasystemtheory.InthewordsofFuchsagain:“Constructivismisadequateonlyifitcan
explainwhysomeconstructionsappearunconstructed.Otherwiseitisanarroganceandimposition.”
(Fuchs,2001,p.338).So,thestartingpointforourlineofthinkingaboutanewhardwareforSystems,
istheinsightthatanysystemcanbeobservedasaprocessofdrawingadistinction,adifference,
betweensystemandenvironmentandtheintra-systemicrealizationofthatprocess:thesystem‘is’
thatprocess.Suchanapproachyieldsinsightforamoregeneralapproachtosystemstheory,namely
the clarification and conceptualization of a descriptive language for self-referential systems we
brieflysketchedabove.

Luhmannusedexactlyoneconceptofthehardwarethe‘LawsofForm’andVarelaareproviding:
theformofre-entry.Socialsystemsoperatewithre-entriesconstantly.Thecreationandmanagement
oftheirownparadoxesiswhatdefinesanddrivesthem.Luhmannstartshissystemtheorynotwiththe
notionofunity,ofasystem-whole,butwiththenotionofdifference.Asystemisfirstandforemost
definedbywhatitisnot:bywhatisexcludedfromit,bythefundamentaldistinctionbetweenthe
systemanditsenvironment.Drawingthisdistinctioncreatesthesystemandtheconstantproduction
of thedistinctionwith intrasystemicmeansensures thesystem’sviability:withoutdistinctionno
re-production.Atthesametimethesystemcanobservethisdistinctionoperationanditsoutcomes.
Itre-entersthedistinctionbetweenitselfanditsenvironmentwithinthesystemthroughobserving
howitisdrawingtheboundary.Re-entry,inasocialsystemperspective,isthusunderstoodasaself-
observationofthesystemwithinthesystem.Thisistheoriginofreflexivity,oftheabilityofbeing
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awareofoneself,whatyouare,whatyoubecome.Allcomplexsystemsthatwecanobserveassuch
todayareofaself-referentialnature,i.e.theyrecuronthemselvesinordertoevolveandchange.
Inotherwords:systemsbecome,overtime,whattheyarenot.ForLuhmann,thedominanttaskof
managementthendoesnotfollowasimpleprocedureofplan-do-check-actbutrevolvesarounda
ratherambiguousbalancingactofself-referenceswithinanorganizationandtheprovisionofmeans
forself-descriptionfororganizationalmembersinordertocopewiththeparadoxesofthesystem
(Luhmann,2006,p.433).

InapplyingtheformalnotationdevelopedbyVarelaonthebackof‘LawsofForm’onthecentral
Luhmanniannotionofcommunicationasconstitutiveforsocialsystems,wecandrawthefollowing
formofcommunicationinFigure3.

ForLuhmann,communicationisthebasaloperationofanysocialsystemandhasanevent-like
character.Itis,inhiswords,theunityofthreeselectionprocesses:understanding,announcement
andinformation.Wedepictedtheseselectionsasdistinctionswithdifferentformsofre-entryi.e.
observationswithin communicationof information, announcement andunderstanding.Note that
anydistinctioncanbeobservedfromanyotherdistinction,depictedbythevarioushooksattached
todifferentcrosses.There-entryfrominformationintoannouncementmeansthatannouncingthis
particular information isweightagainstannouncingthat information thatmightalsoberelevant.
Announcementre-enteringunderstandingimpliesthatthisparticularannouncementismorerelevant
than thatannouncement. Informationre-enteringunderstanding then implies that thisannounced
informationisunderstoodregardingitscontextofallotherpotentiallyannouncedinformation.All
thesere-entrieshavetobetakensimultaneouslyinordertoestablishcommunicationinaLuhmannian
sense;theyarecontexttoeachotherwithoutwhichnomeaningfulsynthesiscouldbeachieved.Thisis
oneparticularwayhowtouseournewhardwareinsystemsresearch:tosimplifycomplexphenomena
ofself-referencewithanewdescriptivelanguagefortellingafacetofasysteminadifferentway,
sensitizingresearchersforre-entryrelationsandenablingthemtoasknewquestionsforgainingnew
insights.Usingtheform-theoreticalhardwarecanberegardedasthefirststepinexploringanew
hardcoreofSystemsasafieldwithaformaldescriptionlanguage(Reichel,2011,p.662).Themost
advancedattemptsinusingformtheoryinsystemsresearchhavetobecreditedtoDirkBaeckerand
hisform-theoreticalmodelsoftheeconomyanditsfirm(Baecker,2006a).

5. THe FoRMS oF dIRK BAeCKeR

WefocusontwospecificformsDirkBaeckerdevelopedwiththeform-theoreticalhardwarethatare
basedonkeyideasofLuhmanniansystemstheory.Thefirstformisthatoftheeconomyofmodern
societythatBaeckerdescribesasanempiricalreconstruction.Itstartswithscarcityasthecentral
problemoftheeconomyanddriverofanyeconomiclogic:toeconomizeimpliestoaccepttheproblem
ofscarcityanddealwithit.InaLuhmannianperspective,theeconomythenobservesscarcityand
theactivitiesconnectedtoitandcommunicatesaboutitviameansofpricesexpressedinthemedium
ofmoneyandgoodstradedonmarkets(Baecker,2006b,p.45).Inourveryownattempttodeepen
form-theoreticalunderstandingoftheeconomyasasystem,weplayfullyadoptedBaecker’sformand
includedre-entryoperationsinordertotellaricherstoryabouttheeconomywhileatthesametime

Figure 3. The form of communication (Reichel, 2011, p. 659) 
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increaseourunderstandingofapplyingtheform-theoreticalhardware(seeFigure4).Thedistinction
betweenscarcityandmoneycanbereadasmoneybeingthecontextagainstwhichscarcitycanbe
evaluated.There-entrybetweenmoneyandscarcity,theobservationofthedistinctionbetweenthe
twofromtheviewpointofscarcity,isachievedbytheformationofprices:thepricerelatesmoney
andscarcity.Pricestellmarketactorswherescarcityismostpressingandeconomizationisnecessary.
Nexttotheunderstandingofre-entryastheprocessofself-observationofthesystemwithinthe
system,wenowhaveanadditionalreading:in-formingandrelatingwhatisdistinctthrough(self)
reference(SpencerBrown,1969,p.57).Therelatingaspectofthere-entryoperationisanessential
insightforunderstandingsystemsnotintermsofcausalitybutintermsofcontextuality.Speaking
ofcontexts,marketsarethenrelatedtoscarcitythroughmonetaryreturnse.g.oninvestmentsoron
expenditureswhencomparewithutilitygained.Returnsarein-formingontowhatmarketsmoney
istobedirected.Asmarketsarechanging,flowsofmoneyanditsreturnsarechanginganddriving
theeconomy.Societyisthencontainingcontextfortheeconomy,itsevolution,operationsandtheir
contexts.Thefinalre-entryisthendescribedasgrowth,expressedintheincreaseofthesumofall
tradedgoodsaccordingtomarketpricesover the long-term,andenables theobservationofhow
scarcityisrelevanttosociety.Economicgrowth,inthisobservationalformoftheeconomy,isthe
predominantmeanstoovercomescarcityviainvestinginmarketswithoptimalreturnsandtrading
monetizedgoodsviathepricemechanism.Allofthesere-entriescanbeempiricallysubstantiated,
especiallywhenwelooktothehegemonialpositioneconomicgrowthhasacquired(Schmelzer,2015).

Inusingourform-theoreticalhardwarewecanformalize,inonepicture,verypreciselywhatis
happeninginsuchacomplexsystemliketheeconomy,withouthavingtoexplainthewholestoryin
detailinsequentialsentences.Baeckerwentontoapplythishardwaretoconstructanewhardcore
foraform-theoreticaltheoryofthefirm.His‘FormoftheFirm’workswithsimplere-entriesaswe
havechosenabovei.e.relatingdifferentcontextsofthefirmwithitsbasaloperation.Whilethebasal
operationoftheeconomywasscarcity,thebasaloperationofthefirmisitsproduct.Thisdefinesthe
firmmorethananythingelse.InStaffordBeer’swords:“Thepurposeofthesystemiswhatitdoes”
(Beer,2002).Thestoryofthefirmcanbetoldfromdifferentperspectives,dependingonourinterests
forinquiry.Forexample,wefocusonissuesofhowproductsareactuallyproduced:withtechnology
beingorganizedthroughworktocreatetheproduct.Thisisthestoryofoperationsmanagementand
itisallabouttherelationofproductandtechnologyi.e.there-entryoftechnologyviaworkagainst
thecontextoftheorganization.Itenablesustoinquirecriticallyabouttheconditionsofwork,the
kindoftechnologiesemployedandtheorganizationalstructuresandhierarchiesinwhichthistakes
place.Giventhatre-entryisnotaboutcausalitybutcontextuality,italsosensitizesustothefactthat
changesinthecontexts,e.g.neworganizationalstructureslikenewarrangementsofthevaluechain
ornewdecisionruleslikeorganizationaldemocracy,willforcethere-entrytochangeaswelland

Figure 4. The form of the economy (Baecker, 2006b, p. 45)
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relateproductandtechnologydifferent.Ifwechosetotellthestoryofthefirmfromamorestrategic
perspective,wefocusontherelationoftheproductwithitsorganizationagainstaneconomiccontext
throughbusiness.Strategicmanagementthenbecomesthatactivitywithinthefirmthatisnotsomuch
concernedwithworkortechnology,butwiththewholelotwedescribedaboveintheformofthe
economy:howtoturnscarcityintheeconomiccontextsofthefirmintoabusinesscase.Baecker’s
originalformofthefirmisdepictedinFigure5.

Itisexactlyherewhereweventuredfurtherwithourownform-theoreticalenterprise.Weremain
firmlyonthebasicpremisesset-upbythehardwareasdevelopedbyVarelaoutofthe‘LawsofForm’,
thesystem-theoreticalperspectiveofLuhmannonsystemsasdifferencesandparadoxes,andthe
empiricalworkofBaeckerwhenitcomestotheformsoftheeconomyandthefirm.Whatwehave
chosentodo,istoexpandtherulesofusingtheform-theoreticalhardwareinordertounderstand
thepotentialofitsapplicationbetter.Inshort,wedevelopedourownformofthefirmbyapplying
a ‘mathematical trick’, thuscreatingamore flexiblesystems tool thatcandealwith thesocietal
challengeswebrieflytoucheduponasoneofthepointsofdepartureofthiscontribution.

6. FRoM HARdwARe To HARdCoRe

Issueslikeclimatechangeandthegreaterecologicalcrisis,theaftermathofthefinancialcrisis,the
changesbroughtaboutbythedigitaltransformationareallcontextualchangesintheform-theoretical
viewpresentedhere.Havingabackgroundofmanagerialandorganizationalresearchourselves,we
chosetoreconstructtheformofthefirmbyplacingmoreemphasisontheeconomiccontextsdetailed
intheformoftheeconomy.Indoingsowehithertoenabletheformoftheeconomytochangealong
thelinesofothercontextualchangesinbusiness,technology,thenaturalenvironmentandsociety,
revealingthenatureofaneweconomywecallthe‘nexteconomy’.BydoingsowefollowBaecker
whoactuallyfollowedPeterDruckerandthe ideaofa‘nextsociety’succeedingmodernsociety
(Baecker,2007;Drucker,2007).Theseroughremarksshouldcautionyouthatwhatwehaveattempted
hereisusingtheform-theoreticalhardwareonsomeweakempiricalsignals,manifestinchangesin
therealworld,inordertomakeanabductiveguessaboutthefuture.Morebluntly:wearegoingto
tellaspeculativesystemstory–andthatisexactlywhattheform-theoreticalhardwareisgoodfor.
The‘mathematicaltrick’neededtodothatisrathersimple.ThinkofBaecker’sformofthefirmasa
mathematicalequationinwhich‘economy’isavariableXthathasitsownunderlyingequationgiven
withtheformoftheeconomy.WesubstitutethatXbyitsownunderlyingequationthuschanging
theequationfortheformofthefirm.So,wezoomintotheformofthefirmandreplace‘economy’
withthecontextsof‘scarcity’,‘money’and‘markets’.Wefurtherintroduceanewcontextbetween

Figure 5. Baecker’s form of the firm (adapted from Baecker, 2006a, p. 128)
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‘society’and‘individual’:‘nature’,thusenablingustotakeintoaccountecologicalconsiderations
absentfromBaecker’soriginalform.ThisgivesrisetotherevisedformofthefirmdepictedinFigure6.

Wethenstartlookingcloseratsomechangescomingfromnewcontextslikedigitaltechnologies
andtheirinfluenceonworkandproductcreationaswellasorganizingthefirm;fromchangesinthe
re-entryoperationsbetweenthesenewcontextsthat,again,actonthecontextsthusfurtherchanging
them;finallyhowanewformofthefirmcangiveusinsightsintoanewformoftheeconomyandhow
thisaffectsanewhardcoreofmanagementandorganizationsfromtheperspectiveofbothsystems
theoryandformtheory.Thestoryhasalreadybeentoldelsewhere(Reichel,2017)andisdepicted
initsfinalforminFigure7,sowewillfocusonsomecrucialinsightsgainedfromthisapplication
oftheform-theoreticalhardware.

First of all, the re-entryoperation is truly central to anyunderstandingof complex system-
wholesandtheirevolution.Itsmultiplemeanings,bothasself-observationaswellasrelation to
andin-formationbyacontext,orientssystemsresearchasanempiricalscience.Whatarecontexts
toeachother?Whatchangescanbeobservedinthecontextandintheirrelations?Howarethese
connected?Theseareempiricalquestions revealedbyapplying the form-theoreticalhardware to
systemsofinquiry.Inourcasethishasrevealedtheincompatibilityofscarcityasbasaloperation
foranyfutureeconomy.Scarcityisonlydrivingtheeconomyoffitscliffandmighteasilystimulate

Figure 6. Revised form of the firm (author’s description)

Figure 7. The new form of the firm in the next economy (Reichel, 2017, p. 109)
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futurecrises.Thenascentideasonenoughness,onplenitudeandacommonseconomyfitthestory
toldintheform-theoreticallanguagemuchmoreconsistentthanscarcity.

Thus,asecondinsightbecameclearbyapplyingournewhardware:itisatoolforuncovering
systempathologiesandinconsistenciesinthelightofenvironmentali.e.contextualchange.Thisplaces
formtheoryinthetraditionofsomeaspectsofmanagementcybernetics,mostnotablyStaffordBeer’s
ViableSystemModel(Beer,1995;Schwaninger,2006).ButwhiletheVSMrestedonamorerigid
formofstructural-functionalismandfirst-ordercybernetics,formtheoryisbasedonself-reference
andcanbeseenasonepossiblewayofformalizingsecond-ordercyberneticsforsystemsresearch.

Third,with this form-theoretical hardware, the logical inferenceof abduction is turned into
an epistemological method for systems research with technological results. What we mean by
technologicalresultsareconcreteabductiveguessesintheformofpracticalguidelinesfordealing
withchangingsystemsandtheirchangingenvironments.Inourresearchonthenewformofthefirm
inthenexteconomy,thisresultedinsomeclearimplicationsformanagement,namelythatcontrolover
thefirmhastobedispersedacrossitscontexts,enrichedwithdiversevaluesfromthefirmsinternal
andexternalenvironment,andguidedbyamanagerialethicsenablingcollaborativeevaluationsof
whatkindofvalueiscreated,whythisparticularvalueshouldbecreated,andwhobenefitsinwhat
formfromit.Highlightingcollaborationpointstowardstheshortcomingsofalotofsupplychain
andotherpartnershipsthatfailtotakeintoaccountthesystemicnatureofcollaboration(Neumann,
2012).Changecanbetracedandfocusedwiththeform,butitalsoprovidesasensemakingdevicefor
management(Weick,Sutcliffe,&Obstfeld,2005;Weick,1995)andatoolfortellingself-referential
storiesdealingwiththemanyparadoxesofchange.

Takentogether,theempiricalorientationthroughapplyingformtheory,itsdiagnosticpower
rooted within the reality of self-referential systems, and its abductive epistemology enabled by
the form-theoretical approach constitutes a new form of systems storytelling, both retrospective
(understandingandanalyzingcurrentconditions)aswellasprospective(perceivingandmanaging
change).Thisstorytellingthroughformtheory,inourperspective,formsthenewhardcoreforsystems
theory,researchandpractice.

7. PoINTS oF ARRIVAL

Whatwetriedtoshowinthiscontributionisaglimpseintonewterritoriesforsystemsresearch
andtheentirefieldofSystems.Webelievethatformtheoryashardwareenablessystemsresearch
totellformalizedsystemnarrativesby(1)formalizingsystemsandtheirworkingsi.e.depicttheir
storiesinaneconomicandcondensedmanner,aswellas(2)enableunderstandingofsystemsi.e.
enabletotelltheirstoriesinthefirstplacethroughform-theoreticalstorytelling.Atthesametime,
ournewhardwarecangiverisetoanewhardcoreforSystemsingeneral.Therouteofformalization
ofsystemstheorywiththehelpofaform-theoreticalhardwarehasbeensketchedandillustratedby
examplesrestingonatraditionofsystemsthinkingbasedonsecond-ordercybernetics,the‘Laws
ofForm’,andformalnotationsforself-referentialsystems–fromSpencer-Brown(1969)toVarela
(1975)toLuhmann(1995)toBaecker(2006)toReichel(2011,2017).Thistraditionasitiscontinued
inhererestsonthefirmassumptionthatonlywithanappropriatewayofformalizingsystems(the
phenomena)canthepromiseofSystems(thefield)berealized.Thepointsofarrivalarethereby
multifold,yetifusingournewform-theoreticalhardwarebothrigorouslyandplayfully–asaformal
structureofunderstandingsystemsandconnectingthemtoempiricalrealityaswellasinthespirit
ofthe‘LawsofForm’andthecreationofendlessworldsandpossibilities–weareconvincedthat
thiswillreinvigorateddiscoursewithinSystemsandaboutSystems.
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