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Abstract
Contemporary societies are eYperiencing local anE gloCal cIallenges XIicI IaWe IigIligIteE tIe compleY 
nature of our present anE its systemic proClems� in tIis conteYt
 Iuman actors nE tIemselWes collaCorating anE 
interacting XitI neX tecInological tools XIicI are Cecoming increasingly releWant in Eaily actiWities� 5Ie main 
cIanges concern tIe relationsIip CetXeen Iuman�tecInology anE Iuman�enWironment
 XIose relations are in 
continuous transition anE eWolution� 5Iis neX collaCoratiWe moEality alloXs us to imagine neX future scenarios 
anE Eesign spaces XIere Iuman anE non�Iuman agents cooperate anE interact
 proEucing increasingly accurate 
information anE artifacts� *n tIis contriCution Xe Eiscuss possiCle strategies for integrating AEWanceE Design 
(AD) metIoEology XitI tIe groXing aWailaCility of tecInological tools anE Eata� *n particular
 Xe argue tIat tIe 
support of tecInology anE tIe information it proEuces in Eesign EriWe processes is Ielpful in estaClisIing an 
empatIic relationsIip XitI tIe Ieterogeneity of agents tIat inIaCit tIe ecosystem anE can foster more conscious 
anE sustainaCle processes anE innoWations�
Author keywords
AEWanceE Design� /on�Iuman Actors� Data� .etIoEology
Introduction
Contemporary societies are eYperiencing social
 enWironmental
 anE institutional cIallenges Eue to critical issues 
intertXineE in compleY anE systemic proClems
 creating a confuseE anE trouCleE present ()araXay
 201�)
 
XIere Eifferent actors
 sucI as inEiWiEuals
 puClic aEministration
 companies
 researcIers anE enWironment
 
nE tIemselWes collaCorating in Eierent conteYts anE relating to neX tecInological tools anE system XIicI are 
Cecoming increasingly releWant in Eaily actiWities (Figure 1)�
Climate cIange
 increasing economic ineRuality
 anE tIe clear criticality of tIe current economic system
 
cIaracteri[e toEays society anE iEentify it in tIe concept of permacrisis (5urnCull
 2022)
 or polycrisis 
(-aXrence
 +an[XooE � )omer�DiYon
 2022)
 XIicI is EeneE as a series of serious long�term cIallenges
 noX 
often laCeleE as gloCal systemic risLs� Due to its specic features
 tIe concept of crisis oers a Eual perspectiWe� 
it can Ce conceptuali[eE as an opportunity for progress
 Cut at tIe same time it can Ce seen as a contraEiction 
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CetXeen opposites forces tIat alloXs for acceleration from past to future (,osellecL � 3icIter
 200�� 5urnCull
 
2022)
 oCserWing IoX tIe resulting impacts are interconnecteE�
5Ie topic of acceleration anE oWerlapping
 in turn
 is iEentieE Cy tIe increasing Welocity at XIicI transformations 
are Iappening across society
 culture
 anE enWironment� 5ecInology�EriWen transformation Ias a noticeaCle 
impact on Iuman cognitiWe
 creatiWe anE social sLills anE eWolution ()ayles
 2012� 4tiegler
 1���)� Potentially
 
eWery aspect of Iuman Eaily actiWity is meEiateE Cy interaction XitI tecInological interfaces� AccorEing to moEels 
of emCoEieE anE eYtenEeE cognition
 Eigital 
interfaces anE meEia sIape not only tIe Xay 
Xe tIinL Cut also our CoEies (ClarL
 200�)� 
0n tIe otIer IanE
 tIe proEuctiWe system 
struggles to aEapt to sucI transformations 
E u e  to  i ts  i n t r i n s i c  i n e r t i a �  A l t I o u g I 
initiatiWes sucI as *nEustry ��0 support anE 
finance tecInological innoWation in tIe 
inEustrial sector
 estaClisIeE manufacturing 
processes
 especially in IeaWy inEustrial 
sector
 still rely on significant amount of 
energy consumption
 raX material eYtraction 
anE cIeap laCor cost�
*n orEer to aEEress sucI cIallenges
 community�CaseE anE sIareE Wision presents itself as a possiCle opportunity 
to aEEress sucI compleYity anE foster a transition to a more sustainaCle future (&uropean Commision
 201�)
 
incluEing solutions EeriWeE from collaCoratiWe actions anE integrateE planning among tIe ecosystem of actors 
anE tools
 tIrougI multiEisciplinary approacIes (ALata et al�
 2020)�
Design cultures IaWe EeWelopeE Eesign spaces anE approacIes to managing sucI compleYity assuming Eierent 
cIaracteristics EepenEing on tIe conteYt� currently
 Eigital tecInologies
 sucI as macIine learning anE *nternet 
of 5Iings
 IaWe Cegun to permeate Eesign�EriWen Eisciplines
 leaEing tIe Eesign community to asL Eifferent 
Ruestions aCout tIe Xays in XIicI Eesign is Eone ((iaccarEi � 3eEstrµm
 2020)� Among tIese approacIes
 
AEWanceE Design (AD) Ias focuseE on tIe time factor as a central parameter to consiEer in EeWeloping Eesign�
EriWen innoWation (CelascIi
 201�� Celi
 2010
 201�)� 5ogetIer XitI tIe aEoption of anticipatory anE speculatiWe 
practices (CelascIi et al�
 201�� Celi � Formia
 201�)
 aEWanceE Eesigners engage XitI multiple speciali[ations anE 
Eisciplines to EecoEe tIe compleY structure of possiCle future scenarios�
*n recent EecaEes
 tIe groXing aWailaCility of electronic EeWices eRuippeE XitI a Wariety of sensors anE 
interconnecteE tIrougI mesI netXorL anE to tIe XeC
 Ias generateE a layereE structure of Eigital georeferenceE 
information (;annoni
 201�)� 4ocial transformation can Ce oCserWeE Cy applying computational metIoEs on 
cultural Eata (.anoWicI
 2020) as Xell as climate cIange is stuEieE tIrougI tIe analysis of enWironmental Eata� 
0Wer time
 Eata Ias Cecome a central aspect to consiEer Euring tIe Eesign process� )oXeWer
 tIe compleYity of 
connecting Eata CetXeen tIe gloCal anE tIe local Eimension emerges Eue to CotI tIe Ieterogeneity of collecteE 
information anE tIe Eenition of an appropriate LnoXleEge structure (CattaCriga
 2022)�
5Ie successful or aEWerse relationsIips estaClisIeE among tIose participating in tIis transition are also 
constantly eWolWing
 anE one of tIe major cIanges concerns tIe relation CetXeen Iumans anE tecInology
 anE 
CetXeen Iumans anE tIe enWironment�
5Iese interactions IaWe enaCleE a process of consciousness�raising in relation to tIe EiWersity CetXeen 
inEiWiEuals tIemselWes
 conteYt anE tecInological tools
 XIere tIe concept of Eifference assumes tIe 
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cIaracteristics of an ontological source of societal empoXerment XIicI
 IoXeWer
 alloXs for tIe connection of 
tIe inEiWiEual XitI tIe collectiWity itself ()araXay
 201�)� 5Ie Ieterogeneity of society is reecteE not only in tIe 
iEentity of inEiWiEual people Cut also in tIe Eefining cIaracteristics of tIe pIysical oCjects anE tecInological 
systems XitI XIicI people interact eWery Eay� tIis reEefinition of tIe relationsIip CetXeen Iuman anE non�
Iuman
 Eecreases tIe gap CetXeen pIysical anE Eigital XorlEs
 EetacIes itself from stanEarEi[eE iEeals anE 
accepts tIe uiEity of CoEies (FerranEo
 201�)� *n fact
 it is possiCle to iEentify a neX space for tIe eYpression of 
tIe inEiWiEual
 of personal eYploration anE relationsIip XitI tecInological tools XIere corporeity is no longer 
EeneE Cy its material cIaracteristics Cut assumes tIe Eenition of Wirtual corporeity (BraiEotti
 201�)� )uman 
anE articial capaCilities interact anE Eene neX forms of relationsIip
 immateriality of CoEies anE oWercoming 
of social patterns
 accorEing to tIe concept of glitcI
 tIat is an error in tIe corporeity of tIe Cinary society tIat is 
iEentieE tIanLs to Eigital tools (3ussel
 2020)�
*n tIis contriCution Xe Eiscuss tIe possiCle strategies to integrate tIe AD metIoEology XitI tIe groXing 
aWailaCility of Eata� *n particular
 Xe argue tIat using Eata to estaClisI an empatIic relationsIip XitI tIe 
Ieterogeneity of agents tIat inIaCit tIe ecosystem
 can foster more conteYt�aXare processes anE innoWations�
Design-driven innovation in complex environments through Advanced Design
5Ie transformations taLing place in tIe relationsIip CetXeen people anE Eigital tools IaWe maEe it possiCle to 
initiate a series of eYperimentations anE iEentification of possiCle future scenarios relateE to tIe eWolution of 
tIis interaction anE to gure out XIat coulE Ce tIe Xays to EeWelop a multi�agent collaCoratiWe process
 moWing 
from tIe concept of )uman�macIine interaction to tIat of )uman�macIine Cooperation ()oc
 2000) anE 
Ieteromation (&LCia � /arEi
201�)
 introEucing a collaCoratiWe anE LnoXleEge�sIaring aspect�
CollaCoration represents a Iuman CeIaWior naturally present in peoples genes
 Cut it is a capacity tIat must Ce 
eYerciseE anE EeepeneE to foster an enWironment anE conteYt tIat can leaE to open
 cross�sectoral (4ennet
 2012) 
anE responsiCle innoWations (BloL � -emmens
 201�)� 5Ie tIeme of cooperation acRuires particular releWance 
XIen incluEeE in tIe current process of Eigiti[ation of our society
 XIicI is consiEereE among tIe most releWant 
cIanges taLing place anE is an intrinsic conEition of toEays society (&scoCar
 201�)�
*n fact
 tecInological support to Iuman
 cognitiWe anE operatiWe capacities (.onari � BaralEi
 2020) can Ce an 
asset for policy maLing
 puClic interest actions
 anE innoWation of operational anE project processes ()oc
 2000)
 
stressing tIe neeE to iEentify IyCriE spaces XIicI alloX tIe co�eYistence of Iuman anE non�Iuman agents�
AccorEing to tIis perspectiWe
 tecInological systems
 tIeir EeWelopment anE tIe information it proEuces XoulE 
no longer Ce neutral anE inEierent from a functionally anE etIical point of WieX (Wan Ee Poel
 2001) Cut Cecomes 
an agent XIo interacts anE actiWely participates in tIe Eesign process
 initiating a conteYt in XIicI Iuman actors 
Eesign not for tecInologies Cut XitI tecInologies ((iaccarEi � 3eEstrµm
 2020)�
5Ie eYperience of tIese Eigital systems is unEergoing a cIange� *n fact
 tIe inEustrial Eesign artifact is createE 
to perform a function in relation to an operator (5roncon
 201�)
 Cecoming a compleY performance of oCject 
properties anE senses accorEing to tIe DonalE /ormans aorEance concept (/orman
 1���
 200�
 2011
 2013) 
anE tIe relationsIip XitI tIe ecological psycIology ((iCson
 1���) tIeme of tIe surrounEing enWironment� 
tecInological systems anE tIe Eata proEuceE Cy tIem
 Cecome actiWe agents of tIe process in tIe moEe of co� 
performance
 (,uijer � (iaccarEi
 201�� (iaccarEi � 3eEstrµm
 2020) i�e�
 an approacI to Eesign XIere sucI 
oCjects collaCorate togetIer XitI people
 introEucing tIe possiCility of conceiWing tIe artificial actiWities of 
tIings as a Eecentrali[eE Eesign practice in a IyCriE moEe CaseE on intentionality anE eYperience (ALata et al�
 
2020� ,amar
 201�)� 5Iis co�proEuctiWe aspect introEuces tIe elE of socio�tecInology
 a elE of innoWation in 
XIicI compleY tecInological systems IaWe a political
 etIical anE enWironmental impact XIereWer tecInological 
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EeWelopment inWolWes a Ieterogeneous comCination of Iuman anE non�Iuman elements� (7ermaas
 2011)�
Accepting tIis multi�agent collaCoratiWe Wision
 it is tIerefore necessary to inRuire in XIat Xay Eesign Eisciplines 
anE cultures can eWolWe tIrougI tIe presence of non�Iuman actors participating in tIe process
 oWercoming tIe 
limitations Eue to tIe current approacI of a feX metIoEologies
 sucI as )uman CentereE Design�
As tIe Iuman agent opens to neX forms of co�operation
 it is important to iEentify future scenarios anE neX 
Eesign spaces CaseE on tIe more�tIan�Iuman concept
 incluEing tecInologies in tIe Eiscussion�
5Ierefore
 it is releWant to unEerstanE IoX tIe conceptual Eesign space can cIange to a neX moEality of 
interaction XitI tecInologies anE Eata
 XIicI Cecome Eesigning actors (/icenCoim et� Al
 2020) anE aEEress a 
furtIer leWel of compleYity of tIe reality arounE us XIere tIe cognitiWe oXs of Iumans
 animals anE macIines 
co�eYist ()ayles
 200�)� iEentifying neX Eesign�EriWe moEes tIat are collaCoratiWe anE EeclineE in tIe multi�agent 
spIere
 tIe gure of tIe Eesigners also eWolWes
 nEing tIemselWes interacting XitI actors of a Eierent nature
 
anE tIe role tIat is eYerciseE in tIe relationsIip XitI Eigital tools also cIanges (CattaCriga 2020� -im � +ung
 
201�)�
4tarting XitI an in�EeptI analysis of some Eesign EriWen metIoEs anE processes currently put into practice
 it is 
possiCle to eYplore tIeir cIaracteristics anE unEerstanE IoX tIey can Ce resIapeE
 accorEing to tIe preWiously 
mentioneE metIoEs anE tools�
Introducing non-human actors in Advanced Design methodology
*n orEer to introEuce tIese tIeoretical moEels into Eesign practice
 tIe researcI proposes to use an AEWanceE�
Design EriWen approacI
 trying to unEerstanE IoX anE if it is possiCle to incluEe non�Iuman agents in tIis Eesign 
frameXorL�
AEWanceE Design (AD) is to Ce consiEereE as an articulateE system of Eesign practices useE to Eesign processes
 
proEucts or serWices for compleY scenarios set in tIe future (CelascIi
 201�)
 a systemic approacI tIat is CaseE 
on collaCoratiWe practices CetXeen multiple actors to EriWe transformatiWe cIange XitIin tIe realities in XIicI it 
operates�
*n tIe last 1� years
 it Ias starteE to emerge IoX tIe concept of anticipation anE future stuEies (Poli
 2010
201�� 
;amenopoulos � AleYiou
 200�) can Ce EriWers to support an aEWanceE Eesign approacI capaCle of responEing 
to tIe compleYity of tIe eWer�cIanging Eimension of innoWation
tryingtoclarifytIerelationsIipCetXeentIeeWolut
ionoftIetimefactoranEEesign� leE innoWation (Celi
 2010 citeE in CelascIi
 Celi � Formia
 201�
 p�22)�
0Wer tIe years
 tIis metIoEology Ias openeE up tIe Wision of inEustrial Eesign to tIe concepts of anticipation 
(Celi
 201�� Formia
 201�� *°igue[ Flores et al�
 201�� CelascIi et al�
 201�) anE Ias leE it to propose itself as an 
approacI tIat interWenes in tIe compleYity of relationsIips linLeE to tIe cIanging conteYt (CelascIi
 201�)
 anE 
to innoWation processes conEitioneE Cy enWironmental anE social factors anE lacL of resources�
*n tIe synoptic frameXorL EeWelopeE in recent years
 XIicI incluEes four main integrateE anE interconnecteE 
macro�elEs of action in AD (4uccini
 2022� 2023)
 tIe factor 5ime
 future anE anticipation Ias releWance to our 
reasoning� AD inserts tIe time factor as a elE of action (CelascIi
 et al
 201�) XitIin tIe Eesign process
 linLing 
past
 present anE future anE seeLing to anticipate cIange anE maLe it accessiCle tIrougI tIe materiali[ation 
of processes
 patIs
 artefacts anE conjectures (Celi � .orrison
 201�
 p��0�)� *t enaCles tIe aCility to imagine 
possiCle
 proCaCle
 potential futures (CelascIi et al�
 201�) anE applies to tIe conteYt Cy reacting to cIange 
tIrougI continuous innoWation�
AnotIer macro�fielE is representeE Cy *nnoWation of CollectiWe 4Iaring Processes
 in XIicI people � tIe 
community anE tIe territory � interacting tIrougI co�Eesign processes anE collectiWe intelligence practices 
(CelascIi
 Celi � Formia
 201�) � are consiEereE actors anE actiWe agents for tIe EeWelopment of neX forms of 
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Eesign capaCle of responEing to current cIallenges� 5Ie founEation is tIe iEea tIat tIe collectiWe
 social anE 
sIareE construction of tIe Wision is tIe Ley to success (CelascIi et al�
 201�
 p�2�) of more sustainaCle proEucts
 
serWices
 systems�
A tIirE suCject on XIicI AD focuses its XorL is 5ransformatiWe *nnoWation� *t is CaseE on tIree principles� i) 
aEaptaCility (.o[ota
 200�� *°igue[ Flores et al�
 201�)
 XIicI supports cIange
 actiWates collectiWe forms of 
learning
 anE alloXs Eesign to transform critical issues into opportunities tIrougI anticipating practices� ii) 
sustainaCle transformation
 XIicI leaEs Eesigners to reect on responsiCilities in transforming tIe CeIaWior of 
inEiWiEuals anE communities� iii) cultural cIange
 tIrougI iteratiWe anE continuous eYperimentation
 creating 
forms of Eesign tIat start from tIe future anE leaE to 
cIanges in tIe present (CelascIi et al�
 201�)�
-ast Cut not least is ,noXleEge *nnoWation� in AD tIe 
sIaring of LnoXleEge anE tIe actiWation of collectiWe 
LnoXleEge constitute forms of innoWation (CelascIi 
et al�
 201�) cIaracteri[eE Cy� i) interEisciplinarity 
anE cross�fertili[ation CetXeen CotI acaEemic anE 
non�acaEemic competencies� ii) forms of 3eection�
in action (4cIon
 1��3) in XIicI Eesign is reaE as 
a reflectiWe practice� iii) learning Cy Eoing training 
systems anE Cy tIe collectiWe (*°igue[ Flores et al�
 
201�) anE co�proEuceE learning processes�
Conclusion
*n tIis contriCution
 Xe IypotIesises tIat a Eesign 
approacI sucI as AD
 XIicI alreaEy Ias in itself 
ingreEients sucI as multi�staLeIolEer collaCoration anE cocreation
 anticipation
 collectiWe intelligence anE 
LnoXleEge practices
 anE cultural cIange tIrougI continuous eYperimentation
 can Ce tIougIt of as introEucing 
non�Iuman agents to facilitate Eesign proClem�solWing
 using Eata as real actiWe agents tIat can act on tIe 
outcome
 tIanLs also to tIe meEiation of Eesigners XIo are aCle to manage tIis neX WariaCle�
5Ie re�Eenition of tIe meEiation roles consiEering tIe emergence of non�Iuman agents in tIe AEWance Design 
system can Ce aEEresseE from tXo main Eirections� 5Ie rst aspect concerns LnoXleEge transfer anE facilitation 
CetXeen speciali[eE researcI anE tecInology proWiEers
 companies
 professionals anE users� 5Ie seconE one 
is tIe Eenition of neX tools anE strategies to emCeE in tIe Eesign practice in orEer to eYtract Walue from tIe 
continuous Eata collection anE systemati[ation tIat Eesigners carry on�
3egarEing tIe rst aspect
 Eesign eEucation is cIaracteri[eE Cy a signicatiWe multiEisciplinary approacI
 as Xell 
as tIe professional practice articulates across multiple speciali[ations� 5Iese intrinsic Rualities
 togetIer XitI tIe 
capaCility of Eesigners to CuilE eectiWe narratiWes arounE tIeir researcI
 giWe tIe Eesigners tIe opportunity to 
CuilE empatIic connection CetXeen staLeIolEers anE consumers� Also
 tIrougI tIeir meEiation
 Eesigners IaWe 
tIe capaCility to Eemystify preconceptions toXarEs tecInology
 Cut also to aEEress anE interWein in compleY 
topics sucI as priWacy anE Eata use� 4ucI meEiation is of groXing importance as neX tecInologies
 sucI as A*�
CaseE systems
 raise concerns across professionals
 institutions
 consumers anE regulatory CoEies� 4trategies 
to transfer information anE Wary EepenEing on tIe targeteE auEience� Practices tIat are commonly useE in AD 
anE tIat translate compleY Eata into more compreIensiCle anE usaCle information incluEe Eata Wisuali[ation
 
scenario CuilEing
 Eesign ction
 anE reports�
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4ucI practices neeE to Ce EeWelopeE in synergy XitI Eata collection anE systemati[ation tools� 4ince 201�
 
tIe AEWanceE Design 6nit of tIe 6niWersity of Bologna Ias Ceen EeWeloping a Eigital tool to systemati[e tIe 
continuous process of case stuEies collection� 5Iis custom system is Cuilt
on relational connections CetXeen tIe EataCase elements� 5Iis structure alloXs to IigIligIt tIe emergence of 
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