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,_[LUKLK�+LZPNU&�

4HZZPTV�)PHUJOPUP��(UKYLH�(ZJHUP���:[LMHUV�4HɈLP
Polifactory, Department of Design, Politecnico di Milano. 

;OL�J\YYLU[�ZJLUHYPV�VM�ZVJPV�[LJOUPJHS�[YHUZMVYTH[PVU��TVKPÄLK�I`�[OL�
pandemic, has highlighted the importance of increasing the use of technologies 
Z\JO�HZ�H\NTLU[LK�YLHSP[`��(9���]PY[\HS�YLHSP[`��=9��HUK�TP_LK�YLHSP[`��49����HSS�
NYV\WLK�\UKLY�[OL�[LYT�¸L_[LUKLK�YLHSP[`¹��?9����[OH[�VɈLY�[OL�WVZZPIPSP[`�VM�
bridging the gap between the digital and real worlds. 

>P[OPU�[OL�ÄLSK�VM�PUK\Z[YPHS�KLZPNU�HUK�WYVK\J[�KLZPNU��[OLYL�OHZ�ILLU�H�SVUN�
WOHZL�VM�L_WLYPTLU[H[PVU�HUK�YLÅLJ[PVU�VU�[OL�YLSH[PVUZOPW�IL[^LLU�[OL�KLZPNU�
HUK�L_[LUKLK�YLHSP[ �̀�^OPJO�JVUJLYUZ�[OL�PTWSLTLU[H[PVU�VM�TVYL�PU[LYHJ[P]L��
JVSSHIVYH[P]L��HUK�LɉJPLU[�KLZPNU�WYVJLZZLZ��;OL�KPɈ\ZPVU�HUK�HKVW[PVU�VM�
practices and tools for augmented and virtual prototyping have been debated 
MVY�HSTVZ[�[^LU[`�`LHYZ��0[�PZ�UV^�^PKLS`�HJJLW[LK�PU�[OL�ZJPLU[PÄJ�JVTT\UP[`�
HUK�[OL�PUK\Z[YPHS�^VYSK�[OH[�(9�HUK�=9�JHU�JVU[YPI\[L�[V�PUJYLHZPUN�LɉJPLUJ`�
PU�[OL�\ZLY�L_WLYPLUJL��KLZPNU��WYVK\J[PVU��VY�THPU[LUHUJL�VM�WYVK\J[Z��;OL�
ÄYZ[�IVVZ[�MVY�[OL�KPɈ\ZPVU�VM�L_[LUKLK�YLHSP[`�PU�[OL�PUK\Z[Y`�JHTL�^OLU�(9�
and VR were included in the technology landscape of Industry 4.0. Gaming, on 
the other hand, has been the driving force behind the initial dissemination of 
these technologies to end-users. The most relevant case being Facebook, and 
what they did with Oculus , a device released during the pandemic and ready 
for large-scale adoption by both the general public and developers. 

The pandemic, which required the sudden introduction of drastic social 
and organizational changes, has increased the average level of digitization of 
people and organizations. More people now own appropriate devices to interact 
with AR and VR. Meanwhile, more and more organizations are designing or 
JVUÄN\YPUN�KPNP[HS�ZVJPHS�WSH[MVYTZ�[V�Z\WWVY[�HUK�KLTVJYH[PaL�·�MYVT�NHTPUN�
to education and healthcare — the use of these technologies. Also during the 
pandemic, especially in the initial emergency phase, a population of makers and 
designers with the support of Fab Labs and makerspaces was the protagonist of 
mobilization on a global scale, aimed at designing and manufacturing personal 
protective equipment and parts or components of respirators. It was based on 

Realising Distributed Design

Forecasting New Forms of Distributed 
Design Supported by Extended Reality.

Extended Reality and Distributed Design: A (thus far) 
Missed Interaction

In the stage between design and fabrication, designers and makers typically 
spend a considerable amount of time during the prototyping activities, in order 
[V�\UKLYZ[HUK�[OL�JVTWSL_�NLVTL[Y`�ULJLZZHY`�MVY�MHIYPJH[PVU�VWLYH[PVUZ��
,_[LUKLK�YLHSP[`�WYHJ[PJLZ�JV\SK�OLSW�KLZPNULYZ�HUK�THRLYZ�[V�SPTP[�[PTL�
consuming tasks, in favour of a more streamlined production process of 

Extended Design?

Extended Reality for Digital Creative Processes: 
What’s Happening?

[OL�\ZL�VM�[YHKP[PVUHS�[LJOUVSVNPLZ�MVY�KPNP[HS�THU\MHJ[\YPUN��(U`�L_WLYPTLU[HS�
HWWYVHJO� [V� [OL� \ZL� VM� Z\JO� [LJOUVSVNPLZ� HZ� L_[LUKLK� YLHSP[`� �[OL�TVZ[�
accessible in the technological landscape of Industry 4.0) would have allowed 
PU[LYHJ[P]L�KLZPNU�VWLYH[PVUZ�PU�]PY[\HS�LU]PYVUTLU[Z�̂ P[OPU�H�JVU[L_[�VM�WO`ZPJHS�
and social distancing.

(�ZLHYJO�VM�ZJPLU[PÄJ�KH[HIHZLZ�YL]LHSZ�H�SHJR�VM�SP[LYH[\YL�VU�[OL�YLSH[PVUZOPW�
IL[^LLU�+PZ[YPI\[LK�+LZPNU�HUK�L_[LUKLK�YLHSP[ �̀�^OPSL�0UK\Z[Y`�����WHYHKPNT�
is increasingly interested in considering the Fab Lab operational model in two 
ways: i) to create digital twins of the Factories of the Future and increase their 
YLZPSPLUJL��)tJ\L�L[�HS���������� PP�� � [V�L_WLYPTLU[�^P[O�[OL�\ZL�VM� PTTLYZP]L�
technologies to increase the potential of human-centered manufacturing systems 
(Ramalho et al., 2020). 

0[�LTLYNLZ�[OH[�THRLYZ�HUK�-HI�3HIZ�OH]L�UV[�`L[�L_WSVYLK�[OL�WV[LU[PHS�VM�
L_[LUKLK�YLHSP[ �̀�;OL�YLHZVUZ�TPNO[�IL�KPɈLYLU[!�OPZ[VYPJHSS �̀�[OL�L_[LUKLK�YLHSP[`�
is not part of makers’ repertoire  in terms of Fab Labs practices and equipment. 
Moreover, open-source software and hardware for virtual reality, which is more 
compatible with the philosophy and principles of making and distributed design, 
has only recently been implemented. Finally, before the pandemic, AR and VR 
were technologies that played a secondary role in the design, prototyping and 
manufacturing processes that were mainly carried out in the presence of people, 
especially in Fab Labs and makerspaces.

However, if we try to relate the practices of Distributed Design with the 
L_[LUKLK�YLHSP[ �̀�^L�JHU�PKLU[PM`�[OYLL�WV[LU[PHS�HYLHZ�VM�L_WLYPTLU[H[PVU!�

  [OL�ÄYZ[�SL]LS�JVUJLYUZ�[OL�]PY[\HSPZH[PVU�VM�-HI�3HIZ�HUK�THRLYZWHJLZ�
as places where immersive processes of conception, materialisation, 
sharing and learning of distributed design take place. The focus here 
is on the creation of the digital twin of these labs, which until now has 
ILLU�SP[[SL�VY�UV[�H[�HSS�PU]LZ[PNH[LK�VY�L_WLYPTLU[LK�

  the second area is about the theme of virtualization of distributed design 
processes, ranging from the initial design phase to the use of machines, 
[OYV\NO� [OL�JVSSHIVYH[P]L�L_WLYPTLU[H[PVU�WYVJLZZLZ� �KLKPJH[LK� [V�
immersive prototyping practices.

  the third area is about the virtualization of distributed design outputs 
and therefore everything that concerns the virtual or augmented user 
L_WLYPLUJL�VM�[OL�HY[PMHJ[Z�KLYP]PUN�MYVT�KPNP[HS�MHIYPJH[PVU�WYVJLZZLZ��
especially for documentation of their use, and customization. 
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an artifact. We have selected some 
best practices regarding the use of 
L_[LUKLK�YLHSP[`�JVUULJ[LK� [V� [OL�
different possibilities of the XR 
through the various stages of the 
design process: concept developing, 
prototyping, fabrication, and output 
validation.

The first stage might be a problem when the users cannot simultaneously 
ZOHYL�[OL�ZHTL�WO`ZPJHS�ZWHJL��;OL�KPMMPJ\S[PLZ�[V�ZOV^�HUK�L_WSHPU�H�ZPTWSL�
concept could be avoided through a series of steps that goes from drawing 
sketches on paper, showing a 3D representation, or a rough mock-up. 
Transferring these operations in a virtual collaborative environment could 
mitigate those drawbacks. Still, a lack of defined standards and tools, 
combined with rapidly changing hardware and software platforms do not 
facilitate this phase (Krauß et al., 2021). Nowadays, numerous solutions 
are coming up: already established VR software such Gravity Sketch and 
Tvori are demonstrating features such as the involvement of multi-users 
at the same time, while Facebook Reality Labs is working on its own VR 
JVSSHIVYH[PVU�L_WLYPLUJL���

Further stages of prototyping find a better way to implement XR 
HWWSPJH[PVU��=PY[\HS*VTWVULU[�PZ�H�TP_LK�YLHSP[`�[VVS�[OH[�HSSV^Z�\ZLYZ�[V�
digitally place electronic components such as resistors and capacitors on a 
custom breadboard, tune their values via software, and see these changes 
applied to the physical circuit in real-time. The research team behind this idea 
questioned the common difficulties behind circuit design and discovered that 
their pool of users spend a considerable portion of the circuit-debugging time 
working on topological aspects of the circuit and trying to select or tune the 
values of specific value components. We found that their solution is a good 
L_LJ\[PVU�VM�49�PU[LNYH[PVU�^P[O�H�WYV[V[`WPUN�[LJOUPX\L��JPYJ\P[�KLZPNU�HUK�
physical computing) widely spread in Fab Labs. However, the result lacks 
universality and scalability because the team designed the system around 
a custom breadboard and a digital application that require specific skills to 
let everyone implement them correctly.

;OL�HWWSPJH[PVU�VM�[OL�L_[LUKLK�YLHSP[PLZ�JVTLZ�H[�[OL�LUK�VM�[OL�MHIYPJH[PVU�
process in the case of “Earthen Shells Digital and Manual Fabrication” (IAAC, 
Barcelona, May 2017), where it does not influence the design of the shelters, 
nor the prototyping stage. It is, indeed, an additional validation phase that 
brings a more valuable, intuitive, and quick look for the user. It was a seminar 
where thirteen  students built three earthen vaults in their first master year. 
The students used clay deposition through a robotic arm and 3D-scanner  
to generate an AR analysis system of the structures by superimposing the 
virtual model passed to the robotic arm and the actual mesh generated from 
the scanning process. The AR application aimed to visualize the changes 
happening to the structure during the various fabrication stages, and thus 
enabling the user to understand the effect of their actions on the structure.

´An interesting direction 
of development concerns the 

evolution of the role of Distributed 
Design in relation to digital 

technologies´

Realising Distributed Design

The hypothesis emerging from the case studies outlines some themes 
JVUJLYUPUN�[OL�WV[LU[PHS�PU[LYHJ[PVU�IL[^LLU�L_[LUKLK�YLHSP[`�HUK�+PZ[YPI\[LK�
Design. More precisely, this hypothesis is that XR can support and foster the 
LUOHUJLTLU[�VM�+PZ[YPI\[LK�+LZPNU�WYHJ[PJLZ�PU�KPɈLYLU[�^H`Z��0[�JHU�PUJYLHZL�
the potential of collaborative and participatory processes - from co-creation to 
JV�WYVK\J[PVU���[OH[�HYL�HSYLHK`�H�OLYP[HNL�VM�+PZ[YPI\[LK�+LZPNU��0[�JHU�L_[LUK�
the possibilities of access and inclusion to the world of Distributed Design 
through the virtualization of spaces, equipment, and practices. It can technically 
L_WHUK�[OL�WV[LU[PHS�HUK�ZJVWL�VM�VWLU�HUK�KPZ[YPI\[LK�Z`Z[LTZ��-PUHSS �̀�P[�JHU�
accelerate work on the circularity principles of Distributed Design, working on 
simulated innovation processes that can prevent or reduce errors in creative 
and manufacturing processes.  

For these reasons, does it make sense to talk about Distributed Design 
HSZV�PU�[LYTZ�VM�,_[LUKLK�+LZPNU&�0M�^L�HZZ\TL�[OH[�,_[LUKLK�+LZPNU�PZ�H�
WV[LU[PHS�ÄLSK�VM�WYHJ[PJL�[OH[�L_WHUKZ�[OL�WYPUJPWSLZ��WYHJ[PJLZ�HUK�WYVJLZZLZ�
of Distributed Design into a virtual dimension, the challenge then becomes to 
\UKLYZ[HUK�OV �̂�WYHNTH[PJHSS �̀�L_[LUKLK�YLHSP[`�JHU�YLZWVUK�[V�[OL�ULLKZ�HUK�
potential of Distributed Design.

Starting from these reflections, Polifactory - the makerspace of the 
7VSP[LJUPJV�KP�4PSHUV���KL]LSVWLK�¸*;93�¹�PU�������HU�L_WLYPTLU[HS�PUP[PH[P]L�
[OH[�Z[PT\SH[LZ�KLZPNULYZ�HUK�THRLYZ�[V�L_WSVYL�[OL�WV[LU[PHS�VM�L_[LUKLK�YLHSP[`�
for Distributed Design in terms of co-creating and prototyping solutions that 
JHU�LUHISL�PUUV]H[P]L�WYHJ[PJLZ�VM�,_[LUKLK�+LZPNU�^P[OPU�[OL�-HI�3HIZ�HUK�
for their communities of users and innovators. To support this purpose, CTRL+ 
L_WLYPTLU[Z�^P[O�[OL�\ZL�VM�KPɈLYLU[�ZVM[^HYL�HUK�[VVSZ�MVY�(9�HUK�=9�PU]VS]PUN�
JVTWHUPLZ�SPRL�;=690��ZJOVSHYZ�HUK�[LJOUVSVN`�L_WLY[Z�PU�[OPZ�ÄLSK��0U�WYHJ[PJL��
*;93��Z\WWVY[Z�KLZPNULYZ�HUK�THRLYZ�PU�[OL�\ZL�VM�L_[LUKLK�YLHSP[ �̀�[V�L_WHUK�
or augment the features of open-source artifacts created by Distributed Design 
WYVJLZZLZ�HUK�[V�L_WSVYL�[OL�\ZL�VM�KPNP[HS�MHIYPJH[PVU�PU�[OL�JYLH[PVU�VM�[VVSZ�
[V�H\NTLU[�VY�L_WHUK�[OL�\ZL�VM�]PY[\HS�YLHSP[ �̀�-PUHSS �̀�[OL�ZJVWL�VM�*;93��PZ�
[V�L_WSVYL�PUUV]H[P]L�^H`Z�[V�L_WHUK�[OL�WV[LU[PHS�VM�+PZ[YPI\[LK�+LZPNU�^P[OPU�
the society. 

Distributed Design is a magmatic area. Primarily, Distributed Design is 
characterized by a systemic dimension towards innovation and a human-
centered approach in the relationship with technology. Moreover, Distributed 
Design conceives design and production processes as open and inclusive, and 
P[�PZ�PU[LYLZ[LK�PU�[OL�JPYJ\SHY�[YHUZP[PVU�VM�[OL�JVU[L_[Z�PU��VY�MVY�̂ OPJO�P[�VWLYH[LZ��
Finally, an interesting direction of development concerns the evolution of the role 
of Distributed Design in relation to digital technologies. In this sense, the body 
VM�[LJOUVSVNPLZ�MVY�L_[LUKLK�YLHSP[`�JHU�Z\WWVY[�+PZ[YPI\[LK�+LZPNU�[V�THRL�H�
KPZJPWSPUHY`�ZJHSL�ZOPM[��L_[LUKPUN�P[Z�ZJVWL�HUK�J\S[\YHS�ZWOLYL�VM�PUÅ\LUJL�MYVT�
digital fabrication to digital transformation. 

Extended Design? Experimenting Extended Reality for 
Distributed Design  

Extended Design?
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Emerging at the intersection of the Maker Movement and 
design sensibility, Distributed Design provides a framework 
for designers, makers and creatives to innovate the field of 
design towards more sustainable, inclusive and collaborative 
practices. As global challenges intensify, shifting the global 
paradigm to support global connectivity and local productivity 
where “bits travel globally, while atoms stay local” becomes 
urgent. Distributed Design is a proactive response for makers 
and designs to prefigure viable design alternatives to the 
current paradigm which is designed for mass consumption. 
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Design Platform, ‘This is Distributed Design’ presents a state-
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Distributed Design, clarifying through practice, its standing as the 
framework for collaborative, open, inclusive, sustainable design.


