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INFO ABSTRACT

Discover DaVinci is a novel augmented reality system that incorporates blockchain
technology with experiential learning to engage participants in an interactive discovery of
Leonardo da Vinci’s oeuvre. The software was created by Marko Suvajdzic, first author of
this paper, and it was produced at the University of Florida Digital Worlds Institute. In the
true spirit of this “Renaissance man”, Discover DaVinci explores new ideas and
Keywords: technologies ““ahead of their time™, opening up questions about usage of blockchain system
Blockchain in the domain of art and technology. This paper discusses some of these questions, such as
Art relation of art and technology, usefulness of blockchain system for digital art, and new
Gamification materiality of art in digital and informational age. Proposed work of this manuscript is to
present the field of digital learning through a general review and more specifically through
a prism of Discover DaVinci project created by Digital worlds Insititute at the University of

Florida.

1. Introduction: Art and Technology, the Unseparable Pair

Speaking about art in contemporary times, together with a still
present idea about its alleged autonomy [1], we may tend to
understand it as framed within a particular institutional, academic
or actual scene [2]. If we concentrate on its manifestations on the
stage, in galleries or museums, where we experience it as a certain
kind of a screen given to the audience, it is easy to completely miss
its deep, continual and historical relation to technology and
experimentation. In the other words, as traditional art audience, we
often regard art as an object to be watched, listened to, assessed,
valued or sold/bought. In such a constellation, the art audience is
left in a quite passive state, although art, as a communicational
model of encoding and decoding (note the obvious relation to
technology and programming techniques!), offers its audience
much more [3].

One of the dimensions of art production and placement that is
explored in the beginning of 21st century is certainly connected to
contemporary communicational, digital and web technologies. It
may seem as a new field to be questioned and explored, but the
relation of art and technology goes a lot more back into history. It
is enough to recall a philosophical term techng, which was used to
refer to a making or a doing, but it was also used to designate a
kind of an episteme, and it was a name for knowledge in the widest
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sense [4], [5]. What is more important here is that it was used for
any kind of artistic practice that involved making-doing, as well as
gaining knowledge through technological experimentation. It was
particularly used for crafts and mechanical art, but Larry Shiner
argues that it might not have been strictly about art as such, but
much more about human ability to make and perform, or, more
directly, to use technology to improve the possibilities of making-
doing, of understanding art, and of presenting it to others in a
concrete historical context [6].

It seems that the current context in which matters of art and art
production are just being developed and innovated belongs to
digital reality, or, even more forward, to a technological and
artificial intelligence (Al) environment. In these digital
circumstances, the focus is transferred from an art-object to an art-
information, and from human to machine agency, but it does not
mean excluding human factor from the art worlds, institutions and
economies — on the contrary. We may say that by introducing
machine intelligence and transactional systems, their human users
are getting chance to consider these changes as motivational and
developmental factor not only in the field of technology, but also
in the fields of social sciences and art.

One of the technological platforms, or, better to say, a
technological system that is found right at the crosspoint of
mathematics, sociology, economy, law and politics is blockchain
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system. As this paper will propose and as we will show in further
discussion using Discover DaVinci project as an example, the
usefulness of blockchain system for the world of art is, although
contested, quite prominent and more and more explored — not only
within new forms of art production, presentation, protection,
marketing and trading, but also within new forms of learning about
art in contemporary times. Researches in this field might prove
important not only for technology-oriented studies, but also for the
education and learning studies.

2. Blockchain and Art: Is It All About the Money?

Looking back to beginnings of blockchain system application,
it is obvious that it was created as an “electronic payment system
based on cryptographic proof instead of trust...” [7]. This means
that blockchain was first and foremost meant to be a more secured
and complex system for monetary transactions. This system is
based on cryptographically carved currencies of which the first one
was Bitcoin, after which it was followed by many more.
Blockchain system is thus a distributed database whose security,
paradoxically enough, lies in an increase of parties included. So,
instead of a trust in one mediator as a representative of a desired
transaction, there are hundreds and thousands of nodes, mutually
connected, that carry the information about the transaction. The
security factor is ensured by peer-to-peer system (P2P), where the
server is shared between all the computers and included parties —
not only the parties involved directly in transaction, but also all the
parties that embody this complex system of humans, codes and
computational nodes. What is interesting here is that by increasing
the number of involved participants we decrease the risk of a
problematic transaction. This is a very specific cooperation of
machines and humans, working together on the task of transferring
information and ensuring that it is not copied or doubled illegally.
The information is condensed into a block, and blocks are packed
into chains (thus the name blockchain). This is done through a hash
function, which is a form of cryptography that functions as a suture
between blocks, and it is placed in such a way that it guarantees
that the information within a block cannot be changed internally or
externally without the complete change being detectable in all the
chain nodes. The only, though theoretical way of manipulating
blockchain system lies in an option that at least 51% of elements
in the chain decide to manipulate the chain in the same way, and
in an exact same time. From here we conclude that the more peers
in the blockchain network, the less possibility of manipulating it in
any kind of way. On the other side, some downsides of blockchain
system include work efficiency problems and high resource
consumption due to the process of mining, and that is currently in
the focus of research of all those who work on blockchain system
inclusion in any of the fields it may find its usage [8].

But is the blockchain system really all about money, and why
is its decentralized mechanics so important for the world of art,
and, more so, for the process of learning about art? First of all,
blockchain system is a system — which means, a specifically
operating platform of communication. In this way, any value we
put in it, money, art or otherwise, gets included into a specific,
mechanical, human-machine built world, a network-like system in
itself. Although some can argue that blockchain system is well
outside of traditional institutions, and those arguments are given in
a very strong way [9], it seems that blockchain system in itself
forms a specific set of communicational and transactional rules
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that inscribes itself in the digital entities it works with. In the sense
of previous understanding of art institutions and art worlds [10], it
definitely skips the logic of material art exhibition and valuation,
but it creates a new world for art existence and presentation, or,
more precisely, it adds a new, digital, immaterial layer to
previously known logics of art creation, trading and consumption.
Thus we cannot really speak about the new, potentially foreign
system to the world of art, but of a new technological option for art
development and market.

Speaking of that, blockchain system is not only about the art
market, although it is a big part of innovation it brings. Of all the
other benefits it may bring, besides better possibilities to protect
digital artworks and authors’ rights, blockchain system offers
many options for solving the issues of copying digital works [11].
It also helps promoting yet unestablished authors, and it can
resolve the issues of returning material artworks to the countries
where they originated from, or to the individuals that have rights
to its ownership — in the same time not disturbing work of
museums and galleries that currently exhibit these works. Of
course, and on the top of it all, blockchain system offers new
possibilities of learning about art, especially through gamification
strategies. But, before we delve deeper into a concrete example of
this possibility that will be described through the analysis of
Discover DaVinci project of the University of Florida Digital
Worlds Institute, there is still enough space to think through
another perspective that the blockchain system brings to the world
of art, and that is the issue of (a new) materiality of art in the
domain of digital art.

3. Digital Age and New Materiality of Art

In her text “Collections Management on the Blockchain: A
return to the Principles of the Museum” Helen Kaplinsky
mentions posthuman museums in the context of human-machine,
or human-algorithm dialogical or network interaction [12].
Mentioning posthuman museums (and maybe we can extend this
into proposing a thought of posthuman classrooms?), she poses
the question which can be condensed into the following: do we
still need bodies in the age of digital and blockchain platforms
prevalence? And, how it will influence the world of art? Or, more
broadly said, do we still need materiality of the artworld? As
Martin Zeilinger says, “Digital art can thus help us rethink
questions related both to the materiality of the digital and to the
immateriality of the art object as an abstract container of value”
[13]. But how is digital art linked to a material, and an art object
to immaterial in this quotation? It seems that a digital
contemporaneity, and, especially blockchain technology is
contributing further to the complexity of this issue, becoming a
relevant and interesting topic not only for art itself, but also for
the theoretical discourses around art.

Looking briefly into the nature of digital art, we may easily
conclude that digital art is a perfect example of an ephemeral,
immaterial art practice — so much that it is actually hard to
pinpoint the storing “place”, or even a “source” of a digital
artwork — be it because of its many copies and shares, or due to
its (non)physical, digital qualities. It is important to note that
digital art is not the first attempt to immaterialize the artwork and
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art practices itself — that attempt can be traced back to conceptual
art, as an institutional critique towards capitalist ideologies, as a
way of disintegration of traditional art norms, and also as an
experimentational practice and exploration of art in a
dematerialized, “post-aesthetic” condition [14]. It was in 1973
when Lucy Lippard hoped that “’conceptual art’ would be able to
avoid the general commercialization... of modernism” [15]. Since
then, it seems, we can trace a specific hope in the act of
dematerializing art, in the means that in that way it is thought to
be able to escape commodification logic of the market, and avoid
becoming a high-efficiency container for commercial value”. In
the age of digital art, the first example of this sort is certainly net
art, and for a couple of decades digital art, as a continual line
drawn from net art subverting practices, was regarded as an art
that is able to contradict the logic of institutionalized and
monetized art world. Furthermore, it was regarded as “temporary
autonomous zone with no tolerance for institutional dogma and
the ideologically suspect economic value systems propagated by
institutional bureaucracies of the art world”. Perhaps that is why
there is still so much resistance towards blockchain technology
within the scope of digital art practices, as well as among digital
artists and digital art theoreticians. These resistance voices usually
point to the dangers of hypercommodification of art; also, they are
worried about the possibility of creating a technologically
dependent society, or of strengthening the capitalist logic in the
domain of art [16]-[20].

To be able to understand relations between digital art and
blockchain technology, we have to go back to possible definitions
of digital art. According to Christiane Paul, digital art is “art that
is digital-born, computable art that is created, stored and
distributed via digital technologies and uses the features of these
technologies as a medium” [21]. Similarly enough, Hui defines
digital objects as appearing to human users “as colourful and
visible beings. At the level of programming they are text files;
further down the operating system they are binary codes; finally,
at the level of circuit boards they are nothing but signals generated
by the values of voltage and the operation of logic gates” [22].
Both the authors stress the informational element of the digital
object, or digital art object that needs digital technology to be able
to exist, or to present itself to the audience. This certainly opens
up the path for thinking about contemporary digital technologies,
together with blockchain technologies, as relevant factors of
enhancing the digital media. In the end, in order to serve and
inspire digital art and artists, blockchain system should be both
medium and subject of artistic practices, both conventional and
critical/subversive. In order for this to happen, artists should have
a voice in how this technology might be applied to the field they
act in, but to be able to gain this voice, they would have to say yes
to technology, and to research the ways it could work for their
ideas, and not against them. All the different artworks of emerging
blockchain artists already show this, and they successfully
overcome duality between human and machine factor, as well as
between materiality and immateriality of the artwork (see Figure
1 as an example, also [23]).
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Figure 1: Primavera De Filippi, Plantoid

As innovations in art are always linked to innovations in
technology and vice versa, and as making of art, in its quality of
techné is always in the same time a knowledge creation, the
authors of this text will propose a model of technology research
in art, or, differently said, of art research in technology. One of
the ways to do it is to work on the intersections of technology, art
and learning, and to create gamification strategies of learning
about art through blockchain system. One of such examples is
Discover DaVinci project, an interactive system produced at the
University of Florida Digital Worlds Institute.

4. Introduction to “Discover DaVinci” Project

In order to illustrate the emerging potential at the intersection
of art and blockchain, we present a case study of a new interactive
system produced at the University of Florida Digital Worlds
Institute. This software was created by Marko Suvajdzi¢, associate
professor and associate director of Digital Worlds Institute.
Suvajdzi¢’s experience includes various digital startups and
educational projects involving artificial Intelligence-intensive
video game titles for major corporate clients. Suvajdzi¢ also co-
founded 5 of his own startups.

The technologies of mobile computing, augmented reality
(AR), and blockchain are starting to merge, creating new
opportunities and scenarios to interact with our environment. In
AR we can look at virtual objects superimposed within a real
environment and resize them, rotate them, explore and interact
with them on multiple levels. With the combination of AR and
blockchain, we can create a system capable of keeping track of
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digital assets located virtually in 3D space (i.e., spatial computing).
The global scale of blockchain and related technologies heightens
the potential for trade and digital distribution with a fully
automated and trusted way to keep track of their creations without
a “middle-man”.

Discover DaVinci is a novel educational tool that teaches
concepts of blockchain technology through an augmented reality
experiential learning game.

5. Discover DaVinci Project Partnerships

This project was developed in collaboration with several units
from the University of Florida and industry partners:

e Digital Arts & Sciences Faculty (Computer Science and
Digital Worlds Institute)

o Digital Worlds Studios’ Artists and Programmers

e  Gator Blockchain Club (gatorblockchainclub.com) — Student-
run blockchain club at the University of Florida

e Center for Innovation and Entrepreneurship (College of
Business)

e Creative Campus Committee at the University of Florida

Industry Partners:

o DLUX, decentralized content network (dlux.io)
e  Steem (steem.com), and Steemit (steemit.com)
e A-Frame, web VR platform (aframe.io).

6. Research Study: “Discover DaVinci”

Discover DaVinci (Fig.2) utilizes the format of a digital,
collectible trading & drafting card game with AR elements on the
STEEM blockchain. Although each player “owns” their cards, all
transactions are public. This is enabled by the blockchain system
itself, that defines private and public key for every user. The
private key always stays private and cannot be recovered, and the
public key is visible to the others. In this way blockchain system
guarantees all the participants both their privacy, and in the same
time public visibility of every change in the chain, being enacted
by purchases and transfers in ownership.

......
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CARD COLLECTION

ﬂl:::lm MIIIL SEIII‘
T -
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! 123
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-

Figure 2: Discover DaVinci game interface, University of Florida (2019)
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Discover DaVinci collectible cards are all unique tokens,
owned by the player - a digital asset registered to the player’s
account. The aim is to draw new question cards daily, answer the
questions about Leonardo DaVinci, collect the special AR
invention cards, and ultimately submit the accumulated card
collection into a drawing for prizes. The app was developed to
honor the 500th anniversary of Leonardo DaVinci by promoting
new and innovative technologies. In the same time, this project is
an homage to Leonardo DaVinci’s fascination with art and
technology, which is an oeuvre of the artist of the Renaissance
period, but it may also be a quality of artists maneuvering their
own artwork pathways in the age of blockchain technology
development.

By using a novel combination blockchain, and spatial
computing/AR technologies, the Discover DaVinci mobile app
allows users to explore holographic images of DaVinci’s devices.
By combining AR with blockchain technology, we have created a
system capable of assigning unique values and user comments to
these digital assets, thus providing a personal sense of ownership,
the potential for trade, and a fully automated and trusted way to
keep track of these digital artifacts (e.g. collected 3D objects in
AR space). Finding the artifacts themselves is an act of discovery,
further enhanced by subsequent investigation, collection, and
sharing of the artifacts across a diverse social media ecosystem.

The sense of ownership, and not only accumulating of goods
is provided by the technology of non-fungible tokens (NFTS),
which is especially valuable in the field of art. In the same time,
using NFT in tokenization of an artwork or a collectible makes it
possible to distinguish the art token from any other cryptovalue,
or a cryptocurrency, which are defined as fungible tokens. In a
way, this gives us an answer to a previously posed question — is
blockchain based art only about the money? Following the logic
of non-fungible tokens, it is not. NFTs are not interchangeable,
nor convertible in any other value. They possess their own unique
value — just as it is the case with material, traditional art. In this
way we can see that blockchain system can be regarded as the next
step of efficiency and inspiration material within the already
existing art forms, art market and art institutions. Of course, as
there is always a room for critique and resistance in traditional art
world, it is the same in technological world. That is why it is
important for the artists and art/art theory teachers to delve deeper
into blockchain technology research, and to tailor new media to
their own expressions and needs — just as it has always been, as it
is shown in the case of Leonardo DaVinci.

Back to Discover DaVinci project, the blockchain system was
implemented using the STEEM API, which handled the writing
of new user accounts and the reward transactions to the
Blockchain (Fig. 3 bottom). The front end was developed as a web
app that rendered the various 2D and 3D/AR components of the
game (Fig. 3 top right). Finally, the authentication and account
creation was handled using a third-party service, called STEEM
Ninja (Fig. 3 top left).
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Figure 3: Discover DaVinci-System Architecture illustration, University of Florida (2019)

7. Discussion

We launched Discover DaVinci app to the initial audience of
University of Florida students and faculty in November of 2019.
Over the period of 60 days, we engaged ~150 participants who
played the game, and left their feedback on the project’s
discussion board.

The player feedback has been analyzed, and the subsequent
versions in the “Discover” series are currently being evaluated.
The project is intended to continue as a platform for gamified
education that promotes participant interaction, and supports
focused learning on a topic of choice.

In this review paper with the main example of Discover
DaVinci App, the project conducted by the team at the University
of Florida, Digital Worlds Institute, the authors wanted to refer to
Discover DaVinci application and its potential within the fields of
gamification and learning concepts. Certainly, there is still a space
for further tests to be done in the future, so we could effectively
reveal the impact of such an application on learning methods and
contemporary educational approaches involving blockchain
technology. However, at this point, the authors would like to
propose a formal conclusion, stating that these kinds of
applications offer effective possibilities for understanding
teaching and learning processes within generation that adopt
knowledge at the present moment. What has been noticed is
certainly an ease of a new technology adoption in the entertaining
educational setting, and that is the point from which we can
continue to think about the intersection of technology and
education.
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Discover DaVinci is an innovative app that uses blockchain
technology as a tool that utilizes gamification of education,
specifically focused on presenting life and works of Leonardo
DaVinci. The app has been custom created for this purpose by the
team at the Digital Worlds Institute at the University of Florida,
and as such is not directly comparable with general educational
tools on the market. However, it is used to illustrate how
blockchain technology can be introduced to new users through
gamified content.

We believe that this novel confluence of art, technology, and
digital communications represents a tangible example of how
artists and cultural researchers can leverage the potential of
diverse digital resources to support both creative development and
cultural inquiry. The Discover DaVinci app allows a diverse
player community to utilize their existing mobile devices and
participate in acknowledging DaVinci’s life work while exploring
a new paradigm of digital convergence. The outcomes included
an enhanced cross-campus appreciation of personal creativity,
social and cultural engagement, and a working framework that
exemplifies how emerging technologies can serve esthetic ends
while also ensuring fair use and exchange of intellectual property
in the digital age.
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