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Abstract

Where do new ideas come from and how are they generated? Which of these ideas will be potentially useful immediately,
and which will be more ‘blue sky’? For the latter, their significance may not be known for a number of years, perhaps even
generations. The progress of computing and digital media is a relevant and useful case study in this respect. Which visions
of the future in the early days of computing have stood the test of time, and which have vanished without trace? Can this be
used as guide for current and future areas of research and development? If one Internet year is equivalent to seven calendar
years, are virtual worlds being utilized as an effective accelerator for these new ideas and their implementation and evalu-
ation? The nature of digital media and its constituent parts such as electronic devices, sensors, images, audio, games, web
pages, social media, e-books, and Internet of Things, provides a diverse environment which can be viewed as a testbed for
current and future ideas. Individual disciplines utilise virtual worlds in different ways. As collaboration is often involved
in such research environments, does the technology make these collaborations effective? Have the limits of disciplinary
approaches been reached? The importance of interdisciplinary collaborations for the future is proposed and evaluated. The
current enablers for progressing interdisciplinary collaborations are presented. The possibility for a new Renaissance between
technology and the arts is discussed.

Keywords Creative processes - Virtual design - Virtual exhibition - Cyberworlds - Social media interactions - Paradigm
shift

1 Communication

Creation and communication have been two fundamental
activities of humans from the beginning of civilisation. Cave
paintings are artefacts which include both of these aspects.
They also reflect the context and culture of civilisations
at the time to some degree, as well as the availability of
appropriate raw materials with which to create. Creation and
communication have therefore two-way aspects, in express-
ing ideas in the minds of the creators to others, and also
reflecting back to the creators an image of what has been
created. In addition, a created work also communicates to
future observers who were not part of the original context.
It tells a story today about what happened in the past. This
story may be subject to a variety of interpretations, but it is
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still a story. It is a communication associated with the cre-
ated work.

As raw materials and culture change over time, so do the
artefacts and images which are produced. The ideas of the
creators—the humans involved—also develop and change.
This synchronicity and interrelationship tells a continuing
story about the artworks and also about their creators. This
story may change the initial context and culture into some-
thing completely new. The continuing story may also change
the culture of subsequent generations over time as they
reflect upon what was initially created. Like a stone thrown
into a pond, the resulting ripples can spread far and wide.

2 Changes produced by tools
and interaction

A further aspect is the ways in which the created works

which are produced may produce a change in the attitude
and outlook of the observer or the creator. Nations may go to
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war against each other because of an image that is regarded
as offensive to a particular point of view, or they may sign a
peace treaty because they have been motivated to do so by a
piece of text or an image.

The impact of created works can therefore be substan-
tial. Newton’s third law of motion expressed the principle
that for every action there is an equal and opposite reac-
tion. Although this was initially framed in the context of the
physical world, it is equally applicable to the creative and
cultural worlds.

The expression of human creativity has depended to a
large extent on the availability of appropriate tools. Over
time these tools have developed from producing images into
text, writing, and reading. And also producing 3D images
and objects such as sculptures. For example, Michelangelo
created drawings, paintings, and sculptures which commu-
nicated his interpretations of various ideas and scenes. The
tool that is available at the time may affect the created work
that is produced to some degree. If it was to be repeated
today with a different tool, it may produce a completely dif-
ferent result. But today is also a different era and the cultural
context could affect the way the tool is used. Thus, a tool
is not just an object in the hand of the creator, it is also an
integral part of the environment in which the created work
is produced.

Can an observer of a created work interact with it and
change it? Traditionally, the static works of artists and sculp-
tors have been regarded as sacrosanct—they are their works
and should not be changed by others. This has been carried
on as a tradition to text, books, and drawings. An inherent
copyright on the original work has been regarded as belong-
ing to its creator.

However, an artist today may create a physical artwork
or exhibition where the interactions and interventions by
the public are invited. These can change the original work
into something new. It therefore becomes a dynamic created
work which reflects not just the creativity of the artist but
of all those who subsequently interact with it. Over time it
becomes a different artwork to the one the artist originally
produced.

3 The origin of new ideas

But where does a new idea for a created work come from?
Does it come from the mind of creator? Does it come from
an observation of something in the natural world? (as
appears to be the case with cave paintings). Is it stimulated
by the availability of a new tool? Is it an expression of some
social or cultural aspect of the environment of the creator?
It could be a complex blend of some, or all, of these fac-
tors. Figure 1 shows a lightbulb as a representation of a
new idea moment. A key idea here is illumination, that is to
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Fig.1 A picture of a lightbulb is associated with someone having
an idea, a sign of creativity. This file is licenced under the Creative
Commons Attribution-Share Alike 3.0 Unported licence. https://en.
wikipedia.org/wiki/Creativity

say, something is now visible and clear that was previously
obscure or hidden.

4 Does technology produce a paradigm
shift?

Figure 1 has used technology to produce this image. Thus,
in today’s world, we must add technology to the array of
possible tools which may be used to produce created works.
In particular, digital tools and environments are being used
in various ways in the creative process. The artist David
Hockney used an iPad to create a series of images of land-
scapes which have been displayed in various national and
international exhibitions. Technology can therefore be an
artistic tool, but is it a tool which enhances the human crea-
tive process, or is it shaping and constraining them in ways
that we are not aware of? Can technology be limiting our
ability to be fully creative?

In order to answer this question, we need to consider the
ways in which digital technology may be utilised in the crea-
tive process.

4.1 Technology as computation

The power of the digital computer can be used to process
algorithms to produce a variety of lines, colours, and shapes
which then be combined into pictures, and output to a print-
ing device. Such digital art has been displayed in exhibitions
either alongside traditional art, or in a section on its own.
In terms of traditional exhibitions devoted to the works of
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the humans who created them, it is not fully clear who is
the creator of a digital work. However, although the com-
puter processed the data and generated the digital art, it was
a human who designed the original algorithm on which
the computation is based. Therefore, the computer can be
regarded as a tool in the hands of a human creator, just as the
iPad was a tool in the hands of David Hockney. His works
were exhibited in traditional art exhibitions. It may be the
case that the more famous the artist is, the more acceptable
are the tools that they choose to use. All new tools need
pioneers to show how they may be used, before they can
become fully normalised and accepted.

4.2 Technology as synthesiser

Digital computers can combine many different streams
of information into one—whether from an external input
device, or generated internally by a computer programme.
They can therefore generate new artificial artworks and
worlds. The human controller of this process may utilise
a set of parameters to vary the output produced by this
process, thus giving different artworks or different virtual
worlds. The latter are new kinds of worlds which may reflect
the characteristics of the natural, real world, or they may be
entirely new. They express the imagination of the human
creator.

4.3 Technology as interactor

Such synthetic worlds are artificial to a large degree, but
they can be utilised by artists and designers, and also allow
humans to interact with them. If the virtual world repre-
sents an architect’s drawing of a building, a designer may
wish to change portions of the drawing in order to enhance
the external appearance of the building, or to increase the
usability of the space within the building. In this case, the
user is controlling the interaction and the effect that it has
on the overall design process.

4.4 Technology as integrator

Multiple forms of input and also technology can be brought
together on digital platforms to integrate text, speech, image,
and video.

4.5 Technology as automaton

A set of coded instructions may be supplied to a computer
which then follows them. An example of this is a robot. An
automated car manufacturing plant may use many robots to
implement the predetermined processes required to produce
a car. Such processes are fixed but they may be optimised
by the human who designed the original instructions, if the

factory wishes to see if it can produce more cars in a certain
time, or more cars of a particular type.

Therefore, technology may not be limiting the human’s
creative processes, provided it is used in ways which dem-
onstrate an understanding of its advantages and limitations.
Misuse of any tool can hamper the creative process, and
produce outputs which are of little or no value.

4.6 A paradigm shift?

Does the use of new technology constitute a paradigm shift
for creativity in the context of these digital environments?

A synthetic world, which is a digital world and therefore
artificial, may represent an opportunity to explore something
new for those who interact with it. It could stimulate new
ideas and new creative processes which would not have been
possible in the real world. Therefore, the digital environment
can generate something that is new. Its potential appears to
be only limited by the imagination of the person generating
it, or interacting with it.

A new approach which utilises new tools may gain a new
set of people who are devoted to its development and exploi-
tation. This is therefore something that would not have hap-
pened without the new approach.

In addition, the volume of information which such a digi-
tal environment requires is immense, and many orders of
magnitude greater than that of the natural world. The inven-
tion of the printing press in the fifteenth century demon-
strated a similar capacity to communicate large amounts of
information to a large number of people in ways that were
not possible using the traditional methods. Digital environ-
ments can have a similar transformative effect in today’s
world. It may therefore be regarded as a new technological
paradigm.

Kuhn’s concept paradigm shift [1] was largely proposed
by observing the effects caused by the Scientific and Indus-
trial Revolutions in the sixteenth and seventeenth centu-
ries. In this period, which was often denoted as the Age
of Enlightenment, developments in mathematics, physics,
astronomy, biology, chemistry, and engineering enabled new
products and services to be supplied to human populations
which saved unnecessary labour and produced greater effi-
ciencies in manufacturing, communication, and transport
processes. It also fundamentally changed the understanding
of society about nature, and about how it was composed, and
how it could be utilised.

Computers provide the basic computation to generate
virtual worlds, and the Internet provides the connectiv-
ity to bring people and digital worlds together. Comput-
ers have produced greater efficiencies in manufacturing,
communication, and transport processes. They may not
have fundamentally changed our understanding of the nat-
ural world at the macro level (as the Scientific Revolution
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did), but they are providing a finer and more detailed
level of information and understanding in areas such as
DNA, genetic engineering, quantum theory, the structure
of matter, the origin of the universe. This has been made
possible by the real-time processing and visualisation
of large amounts of data (the so-called Big Data chal-
lenges) and the involvement of interdisciplinary teams
of researchers in national and international Data Centres.

Thus, although there are clear differences in the transi-
tion from the medieval era to the scientific era, the extent
of today’s changes may well constitute a new Renaissance
when viewed with hindsight. This may become more
apparent over time as the extent of the current transfor-
mations is more fully understood.

What are the key aspects of the digital revolution that
most affect creative processes in particular, and society in
general? It is proposed that connectivity and communica-
tion are key aspects to be explored further.

5 Exploring creativity

Creativity may be defined as the use of imagination to
innovate and produce something new, or the generation
of some original ideas which result in a new approach,
or new inventions. It may depend upon expertise if the
domain being considered is one where some form of tech-
nical skill is required (e.g. digital environments). It may
also depend on motivation and opportunity. For example,
an artwork may require many months of dedication and
iteration on the part of the artist in order to produce the
final work. In a new area, such as virtual worlds, it may
depend on the opportunity to work in the new area and
the availability of appropriate facilities.

The value of creativity can depend on a number of
factors and the particular application area. Artworks and
sculptures can depend upon their aesthetic value. A book
may depend upon the genre to which its content belongs.
Producing new forms of virtual worlds may depend upon
their form and function, and also their ease of use.

How may the processes of creativity be communi-
cated? It could be directly—by the created work itself.
A painting or sculpture is usually intended to be a free-
standing and unique expression of the artist’s concept. It
may be subject to a variety of interpretations both at the
time of its creation, and also subsequently. In addition,
the creator may describe in words or a sequence of images
what they are seeking to do as their artwork is being cre-
ated. Also, the final work may have an aesthetic value
which goes beyond the initial ideas and circumstances
which created it.
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6 Virtual worlds and creativity

Virtual worlds can bring creators and collaborators together
into one environment when they are working in partner-
ship on a particular task or object. The public may also be
included as viewers or interactors. The creators may wish
to include modifications on the created work which are sup-
plied by the public.

A virtual world can be a walk-in environment as shown in
Fig. 2, where sensors which are built into the physical world
of the Cave provide real-time information to the computer(s)
which are generating the content of the virtual world as
experienced by the user. For example, as the user moves in
the virtual world, the visual world changes accordingly. The
user can also have a hand-held device (linked to the com-
puter) which they are able to use to provide different kinds of
direct interaction to steer, or edit, aspects of the world they
can see. If this virtual world contains an artwork, then the
user-as-artist can modify the artwork in shape or colour with
immediate effect. However, it is clearly important for the
interactive device to be tuned to the artist’s particular way
of working. That is, it should facilitate the artist’s creative
processes and not inhibit them.

It is possible that the name of this virtual world (Cave)
is an allusion or reference to the Cave in Plato’s Repub-
lic. This is an artificial world in which a philosopher is
invited to use their imagination to distinguish between
perception, reality, and illusion. For example, people who
are chained to face a blank wall of the Cave can see the

Fig.2 A cave digital world. "CAVE Crayoland" by User:Davepape—
own work (self-photograph using timer). Licenced under public
domain via commons. https://commons.wikimedia.org/wiki/File:
CAVE_Crayoland.jpg#/media/File:CAVE_Crayoland.jpg
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shadows projected on to the wall from objects passing in
front of a fire behind them. If the prisoners know of no
other world than the Cave, these shadows become to them
the reality of the world behind them and external to the
Cave. However, they are not accurate representations of
the real world. Therefore, a philosopher should seek to
perceive and understand higher levels of reality, otherwise
they will continue to see the real world only in the terms
of those who are prisoners within it, and by doing this they
become prisoners themselves.

Although this is a virtual world of human imagination,
it is not an allegory or representation of a digital virtual
world. Although this digital world is also artificial, it is,
nevertheless, a real construct within which a model of the
real world is able to be built and within which the user can
move and interact in an analogous way to the real world.
Therefore, it is not a philosophical construct as in Plato’s
Cave.

In addition, research in architectural design in immersive
virtual environments has shown that designers perceive and
understand volumes, spaces, and spatial relationships better
than in 2D environments such as those expressed in archi-
tectural drawings [2]. This is because users in virtual worlds
are in what is perceived as a 3D world even though it is
composed of 2D images with added depth cues—to simulate
the three dimensions as they are seen in the real world. This
can also assist designers and users to explore this 3D world,
or to gain an understanding of which parts of the 3D world
are likely to be more useful to examine in more detail than
others. This can make the design process more efficient and
effective overall, thus saving time and money.

A virtual world also enables simulations to be done. A
flight simulator is an example of a virtual world dedicated
to one application domain, which is the training of aircraft
pilots. The virtual world replicates the images and forces of
the real world to a high degree of accuracy in order to act as
an equivalent to the flying of the aircraft in the real world.
This equivalence is subject to a certification process.

The training of the pilot in the simulator can check that
they are able to perform all the normal manoeuvers expected
in the flying of the aircraft. It can also subject pilots to react
with extraordinary manoeuvers, of the kind required in an
emergency situation. These would be more difficult to do, or
perform safely, with a real aircraft. The simulated world is
therefore able to do more than would be practically possible
in the real world.

Similarly, the utilising of virtual worlds for creative pro-
cesses is able to generate new kinds of content which are
not possible in the real world. In this sense, they are more
like the virtual Cave envisaged by Plato. Such worlds can
be generated by computer programmes using artificial intel-
ligence techniques and enable creative works to be edited at
a much faster pace than would be possible in the real world.

Two case studies are now described which show how col-
laborative virtual worlds can be used to achieve particular
objectives.

A Virtual Entertainment Park (VPARK) [3, 4] was a
European R&D project which used virtual humans in a col-
laborative virtual world to represent real-world actors in a
number of application scenarios. This enabled the actors
who were separated geographically to come together in the
virtual world in real-time. Two application scenarios were
investigated: theatre rehearsal and orchestra rehearsal. Vir-
tual theatre rehearsal was found to be particularly useful
for those aspects of the rehearsal processes which had to be
planned in advance, such as the positions of the actors on
the stage, and their movements relative to each other as a
particular scene was being played out. It also gave the actors
additional opportunities to memorise the script and to see it
enacted in the context of the virtual stage. Savings in travel
time and costs were achieved compared to the traditional
rehearsal processes.

A further project VISTA (Virtual Interactive Studio Tel-
evision Applications using Networked Graphical Super-
computers) was designed to create interactive broadcast
drama by bringing together content creators and consumers
together [5, 6]. This project offered the capabilities of mix-
ing real and synthetic objects and characters in any com-
bination, depending on the circumstances, and controlled
remotely by TV viewers. Broadcasting companies could
develop and execute interactive TV programmes where the
images are constituted in virtual environments and in which
the viewers could actively participate and direct the pro-
gramme being transmitted.

Three application scenarios were tested using the system:

e An interactive television drama (simultaneously on three
channels) with viewer participation

e Creation of a virtual presenter who could be controlled
remotely in real-time.

e Creation of an interactive virtual driving environment to
teach traffic rules.

This environment could be considered as analogous to a
physical studio where the inputs and outputs are controlled
by content creators and the viewers.

7 Human creativity

Using digital technology to reframe the creation and access
of artistic works has resulted in the consideration of the
human processes involved in creativity. This is analogous
to the ways in which virtual learning environments have
resulted in more detailed considerations of how humans
learn in real-world environments. It may also be compared
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with the use of artificial intelligence techniques and whether
they mirror those of human intelligence. Are they the same
as the normal human processes (but perhaps at increased
speed and with more facility for interaction) or are they
qualitatively and quantitatively different? That is, do they
replicate the normal human processes, or are they capable
of offering something new? This is still under discussion
[7-10].

The digital environment has enabled content creators and
users to see a greater variety of options before homing in
on their preferred content. This could stimulate creativity
for some, but it may not be true for all. It could depend on
the circumstances and the types of content being created.
However, they do provide the artist with a greater variety of
tools and facilities than are normally available with manual
methods.

In addition, more power and capability may be available
in the future. It is difficult to predict how virtual worlds will
develop, but it is common in new fields to underestimate
their potential [11].

8 Enhancing creativity

Projects which bring together artists, social media and sci-
entists are summarised by Liggett et al. [12] and Earnshaw
et al. [13]. They all involve collaboration to some degree,
and they all have delivered added value to the projects. Thus
collaboration, particularly interdisciplinary collaboration,
does appear to deliver significant benefits.

Design rationale and creativity can be mutually support-
ive [14]. New designs often open up new opportunities and
new ways of thinking.

It is also possible that digital environments will enable
new types of content to be produced that are not currently
envisaged, and therefore surpass the current capabilities of
humans [15, 16].

9 Interaction with audiences

An online art exhibition (Fig. 3) may be designed with the
intention of interacting with its audiences, and in turn may
incorporate these interactions into its future content. This
produces an exhibition which is dynamic and transcends the
initial content and space. Because it is online, it is available
globally and crosses national and cultural boundaries [17,
18]. An Art Expo at Wrexham Glyndwr University is an
example of both a physical and virtual exhibition [19, 20].
Online resources will serve the interests of many users
[21]. This massification of online exhibition spaces and
users can result in interactions which accelerate innovation,
just as crowd-funding facilitates the collection of funds for a
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Fig.3 Virtual exhibition produced by V21 Artspace, The house
of fame, convened by linder at nottingham contemporary. This file
is licenced under the creative commons attribution-share alike 3.0
unported licence. https://en.wikipedia.org/wiki/Online_exhibition

particular objective in which people have a common interest.
In addition, the Internet is an integral part of daily existence.
Clark [22] proposed that one Internet year was equivalent to
seven calendar years, so a connection to the Internet and the
use of its content could substantially advance the processes
of development [23]. Social media can also assist in this
process [24, 25]. Such a potentially large volume of people
can accomplish substantial change over a relatively short
period of time [26-30].

10 Intrinsic and extrinsic creativity

Everyone has some form of innate creativity which is capa-
ble of development via learning and exploration. However,
it does need the opportunity to be able to engage in these
activities, and it may not be possible for everyone. When
presented with new information we have the opportunity to
react to it and develop it further [31].

11 Can creativity be quantitatively
assessed?

Various parameters can be considered for measuring the
results of creativity. These include aesthetics, value, origi-
nality, and receptivity by public audiences. In addition, its
commercial value over time may be relevant. Guildford [32]
used psychometrics. Researchers in this field have produced
numerous criteria to seek to measure creativity [33, 34].
These include uniqueness, complexity, risk taking, and the
multiplicity of creative outputs.
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12 Organisational aspects of creativity

Some organisations are known to be more open to change
than others. Some organisations operate in teams rather
than in fixed hierarchies. When a new problem needs to
be solved, an appropriate interdisciplinary team is brought
together to address it and find ways to reach a solution.
When the objective is reached the team is disbanded and
the members may re-form into other teams to address dif-
ferent problems. In this way, a reservoir of multi-disci-
plinary expertise is being built up which is dynamic and
adaptable to new situations. It can be argued that this is a
more creative approach than an inflexible structure based
on history and traditions. New kinds of problem require
new kinds of environments and expertise to address them.
Organisations which wish to benefit from creativity and
new ideas will seek to implement structures which facili-
tate this, of the kind previously described. However, this
may not produce creative solutions in all cases. It is dif-
ficult to predict the outcomes with certainty [35].
Amabile [36] summarised six organisational practices
that could effect creativity. These are: support, encourage-
ment, challenge, freedom, resources, and group-working.
The organisational environment may be a combination
of physical and digital aspects, and is therefore a hybrid
environment to some degree. This makes the situation
more complicated [37]. There may also be cultural and
ethical issues which increase the complexity [38, 39].

13 Conclusions

The interrelatedness of creation and communication has
been established by observing how artworks have been
produced since the dawn of civilisation. Not only do they
tell a story by, and through, their content, but they also
reflect the culture and context of the environment in which
the artist or creator was working. The context can shape
the content produced and this content can reflect back a
message to the culture in which it was created.

The use of tools has varied over time, culminating in
the use of sophisticated interactive facilities in the con-
text of today’s digital cyberworlds. Technology has been
considered as computation, synthesiser, interactor, inte-
grator, and automaton. The case has been presented for
considering the aggregation of these factors as not just
content enablers, but more fundamentally as a paradigm
shift compared to what was possible in the pre-digital era.

The expression of creativity in cyberworlds has been
considered. It has been observed that cyberworlds can
bring together content creators and the general public into

one entity capable of modifying and reframing the content
that is created. Cyberworlds have the potential to enable
content creators to interact with global audiences in terms
of display, as well as direct interaction, and modification,
of the content.

The degree to which creativity may be assessed and meas-
ured has been reviewed. In the context of global audiences
in cyberworlds, the range of interactors that is possible may
be considered as a crowd generating its own distinctive con-
tribution to the ongoing task of content creation.

Future work can include the use of artificial intelligence
techniques to handle the more routine aspects of informa-
tion requests, and also to generate new forms of content not
initially envisaged by the creator. In addition, augmented
reality can bring new dimensions of experience to users in
cyberworlds.
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