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Abstract: This paper investigates the potential and challenges
of real-time collaboration in shared virtual space, focusing es-
pecially on emergent collaborative efforts, for which the 2017
social network experiment Reddit r/place can function as an
example.

In order to carry out several experimental sessions of virtual
collaboration an application was programmed that allows multi-
ple participants to interact in a shared virtual environment. The
effect of this was tested in different sessions, each no longer
than 20 minutes. The experiments taken into consideration
were carried out as part of a seminar with 50 student partici-
pants at ./studio3- Institute of Experimental Architecture at the
University of Innsbruck, winter term 2019.

In this paper the prospects of virtual collaboration as a future
design tool are approximated by documenting and analyzing
the results of these experiments as well as the functionality of
the application, to come up with usable instructions to repeat
these experiments in further investigations. This seems rele-
vant as the developed interaction design differs from tradition-
al CAD software, as the use case and situation is still an unex-
plored territory.

The experiments showed that collective problem solving
gives results, which are visually novel and unfamiliar. They
were achieved magnitudes faster and the results showed to
be higher in geometrical and formal complexity than one
single person could achieve by conventional 3D modeling.
Keywords: architecture, digital design, virtual space, collaboration
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INTRODUCTION

Collaborative artistic work is investigated through digital media by a software in-
terface that enables multiple players to simultaneously 3D-model within a shared
virtual environment. The focus is on forms of collaborative, network-based crowd
interaction and their mutual impact on identity, freedom of choice and manipula-
tion in the design process. All the players join one file simultaneously and can edit,
observe, copy, undo or redo anybody else’s actions in real time, much like a couple
of children in a sandbox, communively constructing castels, which are oftentimes
way more inventive and complex than a single mind could ever have produced.

The Sandbox - the area of action - is a virtual interactive environment built in
Unity:"an empty world seen through the computer screen. The players interact with
each other by placing or deleting predefined 3D-Geometry (Assets) into a virtual en-
vironment. Navigation happens only through a first person view. The environment
is rendered with artificial shading. The objects are simple geometry-wise, and are
articulated by colored textures.

The players had to accomplish simple assignments, like constructing an animal, in
a limited time frame of 10-15 minutes. Without the possibilities of verbal commu-
nication they had to negotiate through actions what the common understanding
of the given assignment could be.

There are multiple approaches to confront the blank-piece-of-paper problem.
Observing each other naturally lowers this barrier and the inspiration gets boosted.
This kind of playfulness and how such integration could have a highly desirable influ-
ence on the creativity and efficiency of a digital workflow is also to be investigated.

Field of application

The bespoken experiment was conducted as part of the master course Experimentelle
Architektur 1 - safari (za'fa:ri) s« Reise — A Multiplayer Exploration at ./studio3 -
Institute for experimental architecture which is under the lead of Univ. Prof. Arch
DI Kathrin Aste at the University of Innsbruck, Austria. This course was taught by
Valerie Messini, Damjan Minovski, Dominic Schwab, Dominik Strzelec during the
winter term 2019-2020.

The 54 students participating where Astl Kevin, Auer Dominik, Azizi Armin, Bauer
Kilian, Casovskij Bogdan, Castegnaro Paolo Francesco, Castellanos Hornung Hedwig
Michelle, Devos Michel, Dorner Sabrina Hildegard, Edelmann Julian, Etzelstorfer
Sophia, Fantini Mirco, Felder Marco, Frick Magdalena, Gmeiner Melanie, Grof3 La-
rissa, Hamedinger Oliver, Hefel Jonas, Hetzenauer Michael, Hristov Toma, Jensen,
Peter Marius, Kammerlander Valentin, Kennel Christian Josef, Kipp David, Kirejen-
ko Valeria, Kross Daniel, Leiter Andreas Matthias, Linta Madeleine, Lukasser Da-
vid, Mayer Johannes Michael, Navarro Preuf3 Luis, Nadia Rumpfhuber, Nagenrauft
Caspar, Niederleitner Marina Carolin, Ocal Erkut, Petrovic Natalija Natasa, Plunger
Alina, Pomberger Martin, Praxmarer Francisco Javier, Preims Nadia, Priester Wil-
liam, Reichinger Alexander, Rosenfelder Jonas Frederic, Sauer Robin Stefan Maria,
Schlenz Wilhelm Konstantin, Stein Marian, Stock Lilly Anna Maria, Storke Elvis
Samson Maxim, Trojer Maximilian, Garcia Uberbacher Marc, Vogler Leon Viktor,
Warmuth Adrian, Winner Lisa-Maria, Worister Michael, all enrolled in the master’s
degree course in architecture at the University of Innsbruck.

1 unity https://unity.com/
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Expected Results

Collaboration and teamwork in design involves a great deal of communication and
organization. Because of this, for architects, the method and corresponding media
of choice used to be sketching and a tracing paper roll, where ideas can be iterat-
ed and several people can contribute by adding yet another layer, sketching out
their designs. In spite of all digital design tool developments, this method or better
workflow still persists because of its excellent communicational qualities and the
allowed intuition. Currently, 3D design software and CAD solutions offer no equiv-
alent real-time tools for the complex and seemingly chaotic workflows of early de-
sign stages; they only offer non-real-time organizational protocols to manage and
organize large-scale projects involving many people. Analogue sketching, though,
has limitations regarding how many people can participate and and regarding the
need to be physically present in the same space; additionally, there is the inherent
limitation of drawings being two-dimensional. All those limitations are to be over-
come once entering virtual space. This project investigates the potential and the
challenges of real-time collaboration in shared virtual space, focusing especially on
emergent collaborative efforts.

Our present is characterized by instability, uncertainty, complexity and ambiguity.
This might profoundly change the way we live, learn, work and socialize. We will re-
quire new forms of individual and collective action, as well as interactive and hybrid
types of space. This experimental setup for collective content creation should offer
an outlook to the visual and spatial qualities of crowd-sourced art and/or architec-
ture. Forms of collaborative, network-based crowd interaction will have a profound
impact on the concepts of identity, freedom of choice, and manipulation in the
design process. The intuitive and spontaneous actions are believed to ultimately
generate a highly speculative and fragile form of spatial and material organization. It
is expected that collective problem solving gives outcomes, which might be achieved
faster and result higher in complexity and density.

Furthermore, its social effects are to be taken into account: Not only is it post-race
and post-gender, as only the action of placing or deleting as well as the interaction
with others defines the players’ identity, but it is also a multiverse of harmonic ap-
proval, ruthless destruction, democratic collaboration, communal effort, uncompro-
mising struggle and never-ending collective inspiration, as such it erases the binary
categorization of a good versus a bad action.

RELATED WORK

Previous Version of Sandbox (Rhino)

A related predecessor project is called ‘Rhino Sandbox’. It is an experimental re-
al-time collaborative plugin that runs on Rhinoceros 3D,? a computer-aided design
(CAD) application. Rhinoceros 3D is widely used in architectural practice and edu-
cational environments, due to its low cost, accessibility and potential to be extended
and adapted in functionality through plugins.

‘Rhino Sandbox’ was developed by Damjan Minovski in 2017, in order to be used
during an InnoChain workshop at the IAAC in Barcelona.? The main goal of the
project was to develop a minimum viable product that can be tested during the
workshop.

2 Rhinoceros 3D, https://www.rhino3d.com/
3 http://innochain.net/workshop-seminar-2-iaac-barcelona-4-7-july-2017/
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In terms of functionality it allows the user to access the most native commands
and functions of the host application Rhino, which are then repeated in real-time
across all connected users, effectively allowing them to work in the same document.
From a technical standpoint, though, it is better described as multiple unique work-
spaces that are kept synchronized by the plugin ‘Rhino Sandbox..

The main focus of the prototype is to allow access to all modelling related tasks,
such as creating, modifying and deleting geometry. More specialized functions such
as creating drawing layouts for printing were not implemented. While working with
the software each user has only limited information about the state of their collab-
orators. One is a uniquely colored ‘view arrow’ that represents the viewing cone of
the viewport of any given collaborator. Further, a colored indicator is displayed over
objects that are selected by other users, in order for all to be aware that a change
on this specific object might happen soon. As the host application Rhino is not in-
tended to support this functionality, several limitations are present. For example, it
is not possible to track authorship of the created objects, nor is it possible to protect
objects from being changed or deleted by other users.

Other related work

According to curator, researcher, educator, and arts writer Rachel Marsden, the
notion of collaborative, digital artistic practice has become increasingly prolific in
recent years,* allowing for transcultural exchange and global participation. A new
contemporary art field seems to be emerging, welcoming new audiences, as it be-
comes part of a specific type of mass media - the online and viral domain.

From the online and viral domain-based art field mentioned above, the MOON
collaborative online drawing platform stands out: collaboration between Chinese
artist Ai Weiwei and Danish-Icelandic artist Olafur Eliasson. MOON is based on
a web platform where participants from all over the world can collaboratively
draw and connect.” Visitors were invited to actively participate in leaving their
personal mark, by doodling or writing a statement on an initially blank, white
digital moon’s surface. Thereby, the collaborative platform transcended in-
ternational borders and allowed participants to remotely connect in a creative
and expressive exchange. During the time in which the webpage was accessi-
ble for visitors to contribute (November 2013 to September 2017), over 80,000
entries were submitted, turning the blank, digital lunar landscape into a col-
laborative online-archive of diverse comments, statements, drawings, and re-
sponses. Olafur Eliasson posits that ‘Each contribution has created a small but
distinctive change to a developing landscape - highlighting the importance of
individual expression amongst collective participation. Moon’s open call for
creative input is a powerful statement about the potential for ideas to connect
people across vast distances and break through political, social, and geographi-
cal boundaries in the Internet age’® Eliasson’s statement describes the necessi-
ty for collaborative and meaningful ways to bridge geographical and social gaps
while opening up creative practices towards human and non-human intra-action.
Spatial setups prevalent in online multiplayer video gaming are promising, since
its invention in the second half of the 20" century online multiplayer video gam-

4 https://rachelmarsden.blog/2013/11/12/moon-by-ai-weiwei-and-olafur-eliasson/, online
source, retrieved 2021-05-19, 16:00

5 accessible on moonmoonmoonmoon.com from 2013-2017

6 https://olafureliasson.net/archive/artwork/WEK108821/moon online source, retrieved
2021-05-19, 16:00
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ing has increased its relevance as a social space.” In MOON, surrealist traits of
collaborative playful artwork meet the global practice of online video gaming.
Eliasson’s account highlights that collaborative online spaces do not need to be
limited to the practice of gaming; instead, boundaries are blurry, so online spaces
may turn into social spaces in which works of art are collaboratively generated in
a playful manner.

EXPERIMENT SETUP / TECHNICAL IMPLEMENTATION

As a technological basis for the project, the cross-platform game engine Unity® was
chosen. It allows for fast iterative development as well as easy integration with 3D
modeling software used in architectural schools.

Navigation Design

The first person perspective (FPP) was chosen as the basis for all navigation and
interaction in the project. The other option would have been to implement an orbit
navigation system as it is used in most 3D content creation packages. It was de-
cided against it in favor of the FPP because it enabled a more direct and localized
interaction in human scale. Further it allows for a more interactive and immersive
environment, with gravity acting upon users and enabling created objects to act as
a physical ‘collider’ or barrier, akin to game environments.

On the technical level, a first person controller is responsible for receiving and
processing user inputs related to navigation. The interaction scheme called ‘WASD
navigation’ was recreated, where keyboard inputs with the respective ‘WASD’ keys
are translated into movement along the positive and negative X and Y axis, relative
to the current orientation / view of the player. The view direction itself is controlled
by moving the mouse, where the X-axis of the mouse is translated to yaw and the
Y-axis to pitch. The player avatar is composed of a 180 ¢cm high and 40 cm wide
capsule-shaped collider, with the virtual camera situated at the eye-level.

This configuration allows the player to move inside the virtual environment, but
at the same time he is constrained by only being able to move on surfaces or objects
(the colliders) and is prone to ‘fall off’ the game world if he walks off a ledge, as grav-
ity acts on the player. In case a player falls off, a respawn mechanism is responsible
for moving him back to a common starting point (spawn point).

Interaction Design

There are two main modes of interaction: placing and deleting objects in the virtual
environment. With the FPP system in place the user has limited abilities to draw
objects inside the program, as the movement of the mouse is directly linked to
navigating the environment. Instead, it was decided that the user can place pre-
defined objects. By pressing the left mouse button, a mathematical ray is created.
It originates at the user’s camera view, directed through the center of the view
intersecting with the virtual environment. If the intersection point is closer than

7 Katie Salen, Eric Zimmerman, Rules of play. Game design fundamentals. MIT Press
2003; Henry Jenkins, “Game Design as Narrative Architecture”, in Noah Wardrip-Fruin,
Pat Harrigan (eds.), First person: new media as story, performance, and game, MIT Press
2004, 118-130; Friedrich von Borries, Matthias Bottger, and Steffen P. Walz, Space Time
Play. Computer Games, Architecture and Urbanism: The Next Level, Birkhduser 2007;
James Ash, The interface envelope. Gaming, technology, power, Bloomsbury 2016 and
Espen Aarseth, Stephan Glinzel (eds.), Ludotopia. Spaces, Places and Territories in
Computer Games, transcript 2019

8 unity https://unity.com/ online source, retrieved 2021-05-20, 12:00
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50 meters, this is the position where an object is created. The orientation of the
object is determined by the normal vector of the intersected object. The scale is set
beforehand by the mouse-wheel. The possible range of the scale factor lies between
0.2 and 4.0, while 1.0 is assumed as default value and is defined to be an object that
fills approximately one cubic meter.

Figuratively the user ‘shoots’ objects that stick to previously created ones, or the
objects of the predefined virtual environment.

In order to have visual feedback on possible operations in the environment, a
wireframe box representation of a potentially created object is shown constantly in
the viewport, following the view-center of the user. Thereby the user can estimate
where an object can be created before taking action, with respect to orientation
and scale.

The other mode of interaction with the environment is deleting objects. By
pressing ‘X’ the mode switches from ‘creation’ to ‘delete’, indicated in a text overlay,
whereby pressing the left mouse button removes the object at the center of the view
from the environment. Here also, an overlayed wireframe box, encompassing the
potentially deleted object, helps to guide the user.

Asset Creation

The term ‘asset’ and ‘object’ both describe a 3-dimensional digital object, with the
difference that once it is used in the context of the real-time virtual environment it
becomes an ‘asset’ in the engine.

In order to generate a diverse set of objects to be used in the Cyber Sandbox,
the participating students were asked to prepare 3D models in advance. To give an
overarching theme, they were asked to create 3D models of three distinct parts of
an animal that each student could choose freely beforehand. The idea was to create
a diverse set of objects, both in topology and shape. Students created their objects
in blender® and Rhinoceros 3D, and assigned colors and textures to add detail to
their appearance.

To allow these objects to be used as assets several preparation steps were neces-
sary. Current software and hardware technology allows the creation of very detailed
3D models, but the requirements on a real-time application where dozens of users
can potentially place hundreds of objects in minutes, pose a hard limit on the level
of detail possible for each asset. It was decided to limit each asset to ten thousand
triangles and one medium sized texture. After an average 10 minute session this still
added up to more than 30 million triangles, which introduced noticeable slowdowns
for most participants.

Multiplayer and Network

To facilitate the required network functionality an external library named ‘Photon
PUN'® was used. It integrates directly into unity and removes the need to program
low-level network protocols. Further, the service hosts its own servers in the cloud,
removing the requirement to have a dedicated server on site. This theoretically al-
lows anyone located in Europe to join the sessions, given that they have the proper
authentication. The students identify themselves by writing their student-ID number
in a configuration file of their local copy of the software. Through this ID it was pos-
sible to create a relatable server-side recording of all actions taken during a session.

9 blender https://www.blender.org/ online source, retrieved 2021-05-18, 12:00

10 photon https://www.photonengine.com/en-US/PUN online source, retrieved 2021-
05-18,12:00
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Rules and Level Design
The concept was to have as few rules as possible, but just enough to direct and or-
chestrate the collaboration insofar as to allow for comparable and analyzable results.

The basic rule, so to say the first commandment, was that everybody is allowed
to delete everything, while each player can only place and scale assets that are
originating from their own prepared animal model (section 3.3).

This rule was never changed throughout all sessions and games.

Variables were introduced by the given targets, as well as by the scope of economy,
a kind of currency allowing the ‘richer’ to build more.

The different targets are described in detail in the session report (section 4).

The world/level design started by just being a huge plane. Then the infinite feeling
plane shrunk to a tiny square 100m? platform, making it easy to fall off and requiring
more skillful navigation and the building of walkable extensions.

Furthermore, the world consisted of multiple small platforms scattered in all three
dimensions.

Eventually, the world was composed of an oblique, slippery plane, several flying
platforms on top of a virtual ditch. On the other side of the ditch, there was a vertical
plane, offering no possibility of holding, intersecting with the horizontal plane, the
target to reach, by building a bridge in mid-air.

LIVE SESSIONS

There were three live sessions throughout a time period of one and a half months
with an interval of two weeks: 29th of November, 13th of December 2019 and 11th
January 2020. Each session had a duration between three and four hours and in-
cluded eight to nine games. A total of 25 games were performed by 54 different
players altogether.

Not all 25 games were successful, some even had to be aborted (those are not
documented in this paper because of lack of significance). The games were varying
in players, but also in applied rules and environment as described below:

Session | - 29th of November: game 01-08
For the first sessions, simple assignments were chosen: an elephant and an airplane.
To allow a learning process, each assignment was repeated multiple times.

Elephant (Figure 1)
The players were given 15 minutes of time to build an elephant. They had to nego-
tiate the position of the four legs in space as well as to agree on the direction (head
versus tail) and handle the proportions. This first set of three games clearly showed
a surprisingly steep learning curve: developing from a creature looking more like a
badger to a proportionally accurate elephant with a distinguishable trunk, ears and
other characteristic body parts, all matching in scale and place.

This exercise was repeated twice with a runtime of 10 minutes and a third and final
time with an extended runtime of 15 minutes.

The assets built (measured at the last frame) increased starting from 1813, reach-
ing 2346 in the second run and finally to 3866 in the third session.

Airplane (Figure 2)
The task, to build an airplane was similar to the first exercise as the players had to
manage symmetry and directionality but increased in complexity by also asking for
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Fig.1

Fig. 2
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Fig.3

an interior design. In the first iteration, symmetry was not fully achieved. Already
in the second iteration (game 07) symmetry as well as some interiorities were
achieved whereas by game 08 even a cockpit and seating could be differentiated.

In the second session, the assigned goals were not any more object-like, semiotically
clear and describable in one word, as in the first session. Instead, they were more
descriptive and spatial in order to approach architectural properties.

Also it seemed interesting to test how well a non-verbal common understand-
ing of a spatial structure without predefined or commonly agreed typology can
emerge.

The task was to build an enclosed space adjacent to at least one other enclosed
space and sharing an open space with possibly four other enclosed spaces.

Still based on a simple plane, the players were asked to explore building part typol-
ogies such as floor, wall or roof in order to create enclosure as well as openings and
connections to handle circulation. The aim was to create structured density, such
as of settlements, evolving into multiple storeys. This exercise was repeated in the
third session, starting with a different level design enforcing vertical densification
(see Platforms).

Additionally, economy was introduced: they had to handle a given number of
credits by deciding on the number and size of the placed objects, as the subtracted
credits did correlate to the placed objects scale. If players ran out of credits, they
were allowed to reimburse their placed objects by deleting them. If deleted by any
other player, the respective credit got lost. (Easter Egg: respawn to recharge your
credits)



Castle in the Sky™ (Figure 4)
Inspired by Miyazaki, the target was to build a castle in the sky. As per definition, the
construction had to fly so all the pillars and ramps previously constructed to build
the castle had to be consequently deleted.

Analog to the previous experiment, this one also was to be repeated in the up-
coming session in order to enhance the layering in the Z-Axis.

Carceri (Figure 5)
The etching Carceri d’ Invenzione, Plate VII, Untitled (The Drawbridge)'® was shown
to the players for five minutes.

Then they were given twenty minutes in order to reconstruct what they could
communively memorize of Piransis’ impossible geometries.

Certain elements became recognizable, but in general the exercise appeared to be
too complex, as the output is not fully convincing probably also due to the difficulty
in memorizing the mesmerizing spatial configurations which appear to have been
edited by Piranesi for the second publishing to contain (likely deliberate) impossible
geometries.

Session Il - 11th January 2020: game 18-25
During the third and last session the tasks were similar to the second session. But
the world design changed: according to the task the infinite plane was substituted

11 Laputa - Castle in the Sky, British Film Institute. Retrieved January 5, 2019.

12 Giovanni Battista Piranesi, Carceri d’ Invenzione, Plate VIl Untitled (The Drawbridge),
etching, ca. 1780 (Third Edition) Courtesy of the Arthur Ross Foundation

13 Piranesi’s Carceri as Inconsistent, The University of Adelaide - Inconsistent Images.
November 2007. Retrieved 6 September 2017.
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Fig.5

by smaller platforms not continuously connected. This was introduced to promote
a multidirectional population of space not constrained by one ground level.

Bridge

Players spawned at the edge of the abyss on an oblique platform. The players had
to build a walkable bridge to the other side. The flying platforms across the abyss
should be fully incorporated into the bridging construction. There were no eco-
nomical constraints, if the player fell into the abyss while building the bridge, they
would respawn at the start on the oblique platform. The experiment was repeated
three times and should develop to provide a roofed walkway and viewing platforms.

Platforms (Figure 6)

Here players spawned from top into an environment consisting of several platforms.
Players should team up with at least 3 others and build a house around a platform
of their choice.The house has to be connected to at least two other houses and
therefore it needs to have an entrance. Outdoor, landscape areas should connect
the single houses in order to form a giant castle in the sky.

Tiny world (Figure 7)
The world consists of a tiny plane. The task was to construct a walkable landscape
and expand as much as possible having no economical or any other constraints.
For the very last game, no kind of restriction was retained, to analyze the expertise
collected throughout the preceding experiments in terms of Object/Figure/Void.
They were free to build what, how and where they want but still trying to react to
the others and use emerging synergies to reach individually formulated goals. No
time limit was defined. An interesting formation emerged, a mutant of one of its
predecessors, articulated, walkable and disconnected from the ground, as illustrated
in the lowest image of Figure 5.
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Each vertical bar represents the amount of objects a player has placed, summed across all experiments
51 players in total, of which 9 placed the same amount of assets as the other 42

Fig. 8

Recorded Data (Player Activity)

During all sessions and experiments, information about the creation and destruc-
tion of assets was recorded. While the destruction of assets is anonymous, the cre-
ation is linked to the person performing the task.

Every 0.5 seconds a full description of the active environment is saved in text form,
including the ID of the student, the ID of the asset created as well as its position,
rotation and scale in the virtual environment.

Using this information, we created animated re-enactments of the different ses-
sions, as well as extracted 3D models of the final state of each session.

Those were rendered and are shown in Figures 1-7.

Further, we created videos showing the building and re-building process from
different angles to examine the quality of the object and spaces created.

During the sessions, students created screen recordings of their screens to doc-
ument their view of the session. Additionally,the session itself — the 50 students
sitting in one space — was filmed.To disseminate the experiment, an exhibition was
installed. The exhibition showed the animated videos as a large scale projection
surrounded by multiple small screens showing the individual players’ experience.
A selection of these videos was published on instagram.

CONCLUSION

The experiment clearly showed that collective problem solving gives results, which
are visually novel and unfamiliar. They were achieved incomparably faster, and the
results showed to be of higher geometrical and formal complexity than one single
person could achieve by conventional 3D modeling.
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The results also led to the conclusion that there seems to be a relation between
the complexity of the task and the ruleset needed to allow for a good result.

The clearer the task, the fewer rules were needed, or were even counterproduc-
tive. In contrast, a fuzzier assignment task needed a good rule set. As this was the
first experiment, the rule sets for complex tasks demand further investigation and
expertise to clearly determine what a good rule set looks like.

Also this experimentation made it clear that a virtual object is easier to handle
than a virtual space. This does not seem to be a surprise since functioning virtual
spaces are still rare, whereas virtual objects are already well established, even in
the art market.

The real-time interface created a high level of immediacy throughout the design
process. This was even enhanced by the immersion created through the first person
view, which was the only available navigation mode while designing.

Surprisingly, a high level of identification was observed between the students and
the created objects. This is explained by two circumstances:

1. The immediacy and immersion created an event, limited in time and unre-

peatable. Being part of it created a feeling of community and through that
- identification.

2. As the design process was something constantly evolving, becoming and devel-

oping, this liveliness created sympathy and through that again - identification.

One interesting finding is represented in Figure 8: collecting the data across all
sessions - 9 students were responsible for 50% of the created environments, while
the remaining 42 students accounted for the other 50%.

This experiment gave an insight into the visual but also ontological potential of
such unconstrained, immersive and real-time design processes,defined by the fluc-
tuation and interrelations of the players.

Building relations with one another is the core concept of feminist theorist Karen
Barad’s theory of agential realism. According to Barad, the universe encompass-
es phenomena that are ‘the ontological inseparability of intra-acting agencies’**
Barad states that phenomena or objects do not exist, as such; they do not antecede
their interaction; instead, they come into existence via so-called ‘intra-actions’. As
follows, an apparatus™ which brings forward a phenomenon is not an assembly of
a human and a non-human (as actor-network theory states'™); rather, humans and
non-humans produce dispersed meanings. The scientist (or in this case the artist)
is always part of the apparatus, their participation is needed to make scientific work
(or art) more accurate and more rigorous. Following Barad, Safari pursues an on-
to-ethico-epistemological approach in the field of collaborative technology-based
spaces of artistic intra-action.

The following questions arose:

* How can collaborative environments be designed in order to guide the players

towards a non-hierarchical cooperative artistic production, in which a task is not
given beforehand but emerges from the collaborative process?

14 Karen Barad, “Getting Real: Technoscientific Practices and the Materialization of
Reality”. In: Differences: A Journal of Feminist Cultural Studies, 1998, 10 (2): 87-128.
p.99; See also Gregory Hollin, Isla Forsyth, Eva Giraud, Tracey Potts, (Dis)entangling
Barad: Materialisms and ethics, Social Studies of Science, 47 (6) 2017, 918-941

15 Giorgio Agamben, What is an Apparatus? and other Essays, Meridan: Crossing Aesthet-
ics, 2009

16 Bruno Latour, Reassembling the Social: An Introduction to Actor-Network Theory,
Oxford University Press 2005
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 Which concepts from video game design can be adapted to serve as an inspira-
tion for the research?

 How can fabrication-constrained collaboration in a virtual environment foster
the unfolding of new creative synergies?

* How can the human body be integrated into the virtual realm as a tool to nav-
igate space?”

» Which new forms of collaboration can emerge from being together virtually,
performing a digital real-time identity that is post-gender and post-ethnicity?

* How can in-situ working in a collaborative virtual environment empower the
critical inception in Karen Barad’s sense of ‘agential realism’, where the intra-ac-
tion itself constitutes meaning and knowledge?

» How can - with the help of collaborative virtual spaces - distances be overcome
and lively and imaginative places of artistic and architectural intra-actions be
allowed?

* To which extent can automated fabrication processes be synchronous to the
unfolding of an artistic collaborative process?

* Are there more open and inclusive alternatives to the linear and product-ori-
ented ‘master-slave’ model which defines current automated fabrication
processes?'®

FUTURE WORK

The advantages of a multiplayer environment in terms of boosting creativity and
decisiveness should also be made available in an environment populated not exclu-
sively by humans. This will offer the multiplayer advantages also when accessing
the environment as a single human player. It seems to be the logical next step to
use the generated data to train a machine-learning model. Through this model,
collaborative bots will be created and made accessible online. It is of major interest
to study emergent collaborative strategies: we might observe agents discovering
progressively more complex tool use than foreseen by the project team or docu-
mented throughout the human experimentation session. A reference for such an
emergent tool use from multi-agent interaction was shown by the research com-
pany OpenAl’s hide-and-seek study. Through training, agents came up with a series
of distinct strategies and counterstrategies, some of which the project team did not
know their environment supported. That is why they concluded that ‘self-supervised
emergent complexity in this simple environment further suggests that multi-agent
co-adaptation may one day produce extremely complex and intelligent behavior’"®

17 Jonathan Frazer, “The Architectural Relevance of Cyberspace” (1995), in Mario Carpo,
The Digital Turn in Architecture 1992-2012, John Wiley & Sons 2013, 48-56.

18 Peter Testa, Robot House: Instrumentation, Representation, Fabrication, Thames &
Hudson 2017

19 https://openai.com/blog/emergent-tool-use online source, retrieved 2021
05-19,16:00
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ILLUSTRATIONS

1: Elephant, copyright Valerie Messini and Damjan Minovski 2021

CnoH, aytopu Banepu Mecunu v lamjan MuHoBCKH, 2021.

2: Airplane, copyright Valerie Messini and Damjan Minovski 2021

AswoH, ayTopur Banepn Mecunu 1 [lamjaH MrHoBCKkH, 2021.

3: Courtyard houses, copyright Valerie Messini and Damjan Minovski 2021
[popuiuHe kyhe, aytopr Baneprn Mecunu v [lamjaH MrUHOBCKH, 2021.

4: Castle in the Sky, copyright Valerie Messini and Damjan Minovski 2021
3amak Ha Hedy, ayTopu Banepu Mecunu v [lamjan MuHoBcKH, 2021.

5: Carceri, copyright Valerie Messini and Damjan Minovski 2021
KKapuepw, aytopu Banepu Mecunmn v [lamjaH MrHoBCKkH, 2021.

6: Bridge, copyright Valerie Messini and Damjan Minovski 2021

Mocrt, aytopu Banepn Mecuum 1 [lamjaH MurHoBckH, 2021.

7: Tiny world, copyright Valerie Messini and Damjan Minovski 2021
MunmnjaTypHu cser, aytopu Banepn Mecnnn u JamjaH MruHOBCKH, 2021.

8: Collecting the data across all sessions, copyright Valerie Messini and Damjan Minovski 2021
MNopauu NpUKyMbeHW TOKOM CBHX cecHja, ayTopu Baneprn MecrHu v lamjaH MHHOBCKH, 2021.
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Banepn J1. M. MECHHH, Oamjanr MUHOBCKH
BHUPTYEJTHH BA3EH CA NMECKOM - EKCMEPHMEHT KOJIABOPATHBHOTI
CKHUUHPAKAY 3AJEAHHYKOM BHPTYE/THOM MPOCTOPY

Pesume: KonadopaTHBHH YMETHHUUKH paf, UCTPaXyjeMo Kpo3 OuruTasHe meduje nomohy codprteep-
ckor uHTepdejca koju omoryhaBa [ia ce BHLLIE Urpada UcToBpeMeHo daBH 3[] MofenoBatbeM y 3ajen-
HUUKOM BHpPTYelHOM oKpyxehy. [pu pany y okpyxeny ,Cyber sandbox“ akueHat je Ha odnururma
konabopaTHBHe, MpexHe WHTepakuuje Behe rpyne yyecHHKa W HUXOBOM 3ajeAHHYKOM YTHLAjy Ha
HOeHTHTET, cnodoy u3dbopa M MaHHWMynauujy y npouecy f13ajHupara. [pojeKat ce oABHjao y OKBHpY
MacTep kypca EkcneprmenTanHa apxutektypa 1— Cadapu — UctpaxwBsatbe rpyne mrpada y Cryaujy 3
HMHcTHTyTa 3a ekcrieprMeHTanHy apxuTekTypy, nog Bohcrsom npod. Ap KatpuH Acte Ha YHHBep3HTETY
y Uucbpyky, Ayctpuija, y3 npenasave Banepn Mecunu, JamjaHa Munosckor, JomuHuka LLiBada w
Homunnka Crpenelia, TOKOM 3UMCKOT cemecTpa LKoncke 2019-2020. OapxaHe Cy TpH cecHje Y)KHBO
TOKOM MNepHofa of, Mecel, U Mo AaHa ca pasmakom of ape Hepeme. CBaka cecwja je Tpajana Usame-
By TpH W veTHpH caTa, yKbydyjyhr ocam [0 AeBeT vrapa. YKynHO 54 pasfiv4UTHX Urpada OfMrpano
je yKynHo 25 urapa. Nogpyyje aenosatba O10 je BUPTYENHO MHTEPAKTHBHO OKpYetbe M3rpafheHo
y noroHy urpe Jynutu (Unity). Mrpaun cy mehycodHo koMyHHLIMpanu noctasbabeM MK dpHcatbem
yHanpep, AebHrHucaHux 3[1-reomeTpHjcknx odn1ka (MoCTaBKK) Y OBOM BUPTYeNTHOM OKpYysKehy. CBH
WTpayM YKbyuyjy Ce HCTOBPEMEHO Y jefHY LaTOTeKy Yy KOjoj MOry, y CTBapHOM BpemeHy, Aa ypehyjy,
nocmatpajy, Konupajy, NOHHLLTaBajy MM MOHaBIbajy MOCTYMKe ApYruX Urpaya, CIM4HO felu y baseHy
Ca MecKOM Koja 3aje[HHUYKH NpaBe ABOPLIE, KOjHU Cy YECTO MHOTO HHBEHTHBHH]H M CJTOXXEHHjH HEro LLUTO
Oy ra nojegrHauHHW yM Morao npor3sBecTH. EkcnepuMeHT cyrepuLue fa KONEKTUBHO peLlaBae npo-
dnema paje pesynTtate Koju ce MOCTHXY dpxke 1 Mokasyjy Behy reoMeTpHjcKy U popmMasHy ClIoXeHOCT
Hero LuTo OM jeAHa ocoda Morna fa NOCTUrHe KOHBEHLMOHaNHKM 3/ MofenoBateMm.

KrbyuHe peun: apxuteKTypa, AMrHTanH1 Au3ajH, BUPTYeHW NpocTop, capairba
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