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Foreword

Anyone familiar with the changes that digital media has brought about in our every-
day lives will want to learn more about what is driving the changes – the myriad of 
computer-based applications that are built on digital media technologies and are 
designed to meet a variety of social, cultural, economic, and artistic needs that are 
rapidly evolving. Rae Earnshaw’s newest book, State of the Art in Digital Media 
and Applications, is a good place to start for a comprehensive look at how emerging 
digital media technologies are being used in a variety of application domains that 
are transforming how we create, consume, exchange, and manipulate media 
content.

This is Rae’s fourth book in a series that focuses on digital media and creativity. 
The first book, Research and Development in Art, Design and Creativity, looked at 
the roles collaboration and communication play in research and development in 
creative fields such as art and design and especially the increasing importance of 
technological tools to support that activity. The second book, Research and 
Development in the Academy, Creative Industries and Applications, focused on 
university research and its relationship broadly with industry applications and 
specifically in the creative industries. The third book, Art, Design and Technology: 
Collaboration and Implementation, examined how art, design, and technology 
intertwine in the production of digital media applications. This fourth book steps 
back to look at the broader landscape of digital media applications by first 
summarizing the convergence of information technologies (computers and computer 
programming), telecommunications (including the Internet and the World Wide 
Web), and traditional media as it has evolved into new media or, as it is more often 
referred to, digital media.

Following the introductory Chap. 1, where the elements of digital media and 
related technology are summarized, Chap. 2 is a brief triptych of important visionary 
ideas that emerged from the early days of computing, electronic communication, 
and technological advances in media and provides insight into the possibilities that 
were imagined when digital media as we know it today was still many decades in 
the future.
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After looking in Chap. 3 at how digital media technology often arises as collabo-
rations across many fields, both technical and artistic, and how those partnerships, 
especially with small and medium enterprises (SMEs), are important for that pro-
cess, in Chap. 4, the evolution of digital imaging is detailed starting with traditional 
analog photography to today’s streaming media techniques that inherently rely on 
digital technology for their robustness and ubiquitous presence.

Digital libraries are discussed in Chap. 5 and used as a springboard to introduce 
important social issues such as the need for reliable archives, the effect on organiza-
tions and institutions (libraries, museums, exhibitions, and conferences) that 
traditionally were the repositories and gatekeepers for information, the evolving 
nature of copyright, and the blurring of traditional distinctions between content 
creators, publishers, broadcasters, and consumers.

With these preliminaries dealt with, Chap. 6 looks at the many applications of 
digital media that combine specific types of media content with innovative interac-
tion techniques and mechanisms for distributing and sharing digital media and a 
more in-depth discussion of the blurring of traditional roles within media. For many 
readers, this will be the main point of the book, but the earlier material provides the 
context within which to understand how these applications arose and why those that 
have been successful are a consequence of the historical processes that led us to 
where we are now.

Chapter 7 focuses on the phenomenon of social media, and enabling Web 2.0 /
Enterprise 2.0, that has driven the most pervasive and profound political, cultural, 
and artistic consequences of the global digital revolution. Chapter 8 explores future 
implications but with a cautionary warning that just as many of the visionary ideas 
discussed in Chap. 2 took decades to realize – and some of the visions turned out to 
be wrong – all that we can really predict is that the legal, economic, and social 
frameworks that have been stressed by the emergence of digital media will continue 
to need adjustment as even newer technologies and the applications they enable 
become commonplace.

Continuing the practice of “drill down” he adopted in his first three books in the 
series, for each chapter, Rae provides additional references to further reading that 
go beyond the discussions in the main text. There is also a bibliography at the end 
of the book that lists even more related literature. This allows an interested reader to 
look more deeply at topics of particular interest.

Vancouver, Canada� Kellogg S. Booth
April 2017

Foreword
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Preface

The first book1 in this subject area covered the key aspects of collaboration and 
communication in research and development (R & D) and how technology may 
be used to support creativity in the R & D process. The second book2 covered the 
collaboration between the academy and industry to support developments in the 
creative industries and more general industrial applications. The third book3 covered 
collaboration and implementation between art and design and technology.

This book examines the more general area of digital media as a whole and the 
application areas in which digital media is currently involved. Thus it is more of an 
overview and state-of-the-art survey of the field and examines the history of com-
puting and the historical key visions in computing that have led to this current point 
in time and the current technologies being utilized in digital media. Current research 
issues in digital media are not presented or discussed in any detail in this book. A 
further volume is currently proposed to address the research and development 
agenda within the field of digital media.

There is insufficient space in a brief book of this nature to provide full detail of 
any particular area, and, where relevant, the more detailed material in the further 
reading and references at the end of each chapter is for readers to gain more detail 
where they feel they need it. There is also a bibliography at the end of the book with 
further reading grouped into sections to enable readers to easily find the further 
material which would be useful to them. This bibliography does not duplicate the 
further reading sections at the end of each chapter, so readers are advised to look at 
these first for further reading in the topic areas of the chapters and to use the bibli-
ography for more general, and also more detailed, reading across the field of digital 
media.

1 Earnshaw, R.A.: Research and Development in Art, Design and Creativity. Springer (2016) http://
dx.doi.org/10.1007/978-3-319-33005-1
2 Earnshaw, R.A.: Research and Development in the Academy: Creative Industries and Applications. 
Springer (2017) DOI 10.1007/978-3-319-54081-8
3 Earnshaw, R.A.: Art, Design and Technology: Collaboration and Implementation. Springer 
(2017)

http://dx.doi.org/10.1007/978-3-319-33005-1
http://dx.doi.org/10.1007/978-3-319-33005-1
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In this state-of-the-art review, the theoretical, practical, and technical aspects of 
digital media are examined. The increasing power of hardware and software tech-
nologies enables multiple data types to be processed with increasing ease and facility. 
From the web and computer games to mobile technologies and social media, digital 
media continues to develop and advance.

The convergence of IT, telecommunications, and media is bringing about a revo-
lution in the way information is collected, stored, and accessed. There are three 
principal reasons why this is happening  – reducing cost, increasing quality, and 
increasing bandwidth.

A wide range of applications such as computer games, multimedia production, 
animation, graphics and video editing, and digital video film making are examined 
in general terms only. These topics fall more within the generally accepted defini-
tion of creative industries, and these are covered in more detail in the second book 
which examines this area.

Media content is now created in digital form and can be repurposed across dif-
ferent media types such as DVD, Internet, or traditional print. This offers scope for 
different forms of advertising and providing added value to consumers by providing 
dynamic links to other relevant information. This provides new value chains and 
ecosystems. This in turn affects social and cultural contexts and interacts with them. 
The user such as content creator, publisher, and broadcaster is challenging and 
changing the traditional roles of news media, publishers, and entertainment corpo-
rations. This in turn changes social and governmental structures and affects their 
power, influence, and cultural impact.

This revolution is having effects on the development, organization, and distribu-
tion of information and artifact repositories such as libraries, museums, exhibitions, 
and conferences and the way in which physical and digital aspects are mediated to 
users. There are also current issues in ensuring that digital archives remain acces-
sible to users into the long-term future and are not rendered obsolete by future shifts 
in technology. The changes that digital media and digital convergence are bringing 
about are substantial and are also likely to be long-lasting.

The University of Bradford, UK, pioneered the area of digital media in the mid-
1990s by tripartite collaborations between technology, art and design, and media 
and broadcasting. It was done by setting up a new academic department because it 
did not sit easily within existing academic disciplines and structures. It was very 
successful in attracting students and also meeting the needs and requirements of the 
industry. It also highlighted the benefits and advantages of interdisciplinary 
collaborations. Involvement in a number of large interdisciplinary European projects 
over the years at the Universities of Leeds and Bradford required research and 
development in a number of application areas, such as multimedia assets for design, 
collaborative visualization over networks, and virtual entertainment, and led to a 
number of important results. These are detailed in the first book referred to above.

Involvement as a professor in the School of Creative Arts at Wrexham Glyndwr 
University, Wales, over recent years has provided opportunity to think about these 
aspects and publish a number of papers in collaboration with the faculty.

Preface
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The book is being published in the SpringerBriefs series which are summaries of 
the state of the art in a particular area. It is being published as a print book, a Kindle 
book, and an e-book. In the latter, each chapter will be downloadable separately. 
This is why the further reading and references appear at the end of each chapter. 
Thus a chapter contains the main points in the area and the reasons for their  
significance. It is not intended to examine each of these points in detail – there is 
insufficient space to do this. However, the interested reader can follow up in the 
further reading or references for further detail and information.

It is hoped that this book makes a useful contribution to an important area of 
discussion and debate.
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Chapter 1
Introduction and Background

Abstract  The development of digital media is reviewed and definitions are pro-
vided. The advantages of digital media over traditional media are set out, and the 
current challenges are summarized.

The convergence of IT, telecommunications, and media is bringing about a revo-
lution in the way information is collected, stored and accessed. There are three 
principal reasons why this is happening  – reducing cost, increasing quality, and 
increasing bandwidth. Digital media preserves content accuracy (e.g. digital televi-
sion) in a way other systems do not. High bandwidth transmission from one place 
to another on the planet is now possible. Information is ubiquitous and globally 
accessible, and can be held and accessed just as easily on a global network as on a 
local personal computer or in a local library. Thus anyone generating state of the art 
content can produce an impact on the global network. Devices are increasingly 
intelligent and are network-ready. User interfaces are becoming more adaptable and 
flexible, and can be tailored to particular application domains. Digital intelligence is 
becoming seamless and invisible, enabling more attention to be paid to the content 
and the user’s interaction with it.

Digital media includes a wide range of applications such as computer games, 
multimedia production, animation, graphics and video editing, and digital video 
film making. Media content is now created in digital form and can be repurposed 
across different media types such as DVD, Internet, or traditional print. This offers 
scope for different forms of advertising, and providing added value to consumers by 
providing dynamic links to other relevant information. This provides new value 
chains and ecosystems. This is turn affects social and cultural contexts, and interacts 
with them. The user as content creator, publisher, and broadcaster is changing the 
traditional roles of news media, publishers, and entertainment corporations. This in 
turn changes social and governmental structures and affects their power, influence, 
and cultural impact.

Keywords  Digital convergence • Digital content creation • User as content creator 
• Value chains • Social and cultural impact • Hyperlinks • Digital integration
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1.1  �Introduction

When things are digital, they’re all 1’s and zero’s, and so they commingle in ways we didn’t 
anticipate and you could do things that were not like publishing or television, or computers, 
but were some intersection of those and that got known to be convergence, so between the 
switching, or trading of places and the convergence, you have today’s media.

When we ship our laptop, we ship 1.6 million books with it. You can access free, 1.6 
million books and embedded in the laptop are 100 books per laptop of the choosing of the 
country, but what’s important about that is, when you ship 100 laptops into a village, there 
are 100 different books on each of the laptops, so the village now has 10,000 books in the 
village and 1.6 million accessible. That’s—that is really, really different.

So, to compare books to computers, I mean, computers are the way to get books. That is 
the medium for distributing text because it doesn’t require paper, it doesn’t—you know, it’s 
editable. Nothing goes out of date, nothing goes out of print, it can be refreshed and 
updated. Negroponte [1].

Moore’s Law [2, 3] results in ever-decreasing costs of processing, storage, and 
transmission. Over a period of 1.5 years functionality doubles for the same cost. 
Thus means that processing power, storage and transmission speeds double. This 
also includes the power of sensors and the number of pixels in displays and digital 
cameras. This has enabled computers and networks to handle more complex data 
types such as audio, video and animation just as easily as numbers and text. Moore’s 
law brings about both technological and social change, as the technology results in 
impacts on society and produces shifts in the way consumers perceive and utilize 
the technology in an increasing variety of application domains (e.g. e-books, digital 
cameras, Facebook, Twitter).

1.2  �Definitions of Media and Digital Media

Traditional media in the pre-digital era included print (such as news, magazines, and 
books), recordings, advertising, photography, art and analogue broadcast. These 
include components such as text, images, video, animation, film, and audio tape.

Digital media includes all forms of media information and data which is created, 
distributed, and received in digital form, such as print (for example, news, maga-
zines, and books), recordings, advertising, photography, art and analogue broadcast. 
These include components such as text, images, video, and animation. It could also 
apply to digital content produced by any form of digital computer (such as PC, lap-
top, tablet, or mobile phone), and also more general digital devices for particular 
application domains such as digital cameras, simulators, virtual environments. It 
could also include more specialized forms of turnkey systems for medical applica-
tions such as MRI, CT, and PET scanners. Multimedia is where a particular set of 
data and communications may include multiple forms of information content (e.g. 
text, images, and video).

Digital media preserves content accuracy (e.g. digital television) in a way other 
systems do not. High bandwidth transmission from one place to another on the 
planet is now possible. Information is ubiquitous and globally accessible, and can 

1  Introduction and Background
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be held and accessed just as easily on a global network as on a local personal com-
puter or in a local library. Thus anyone generating state of the art content can pro-
duce an impact on the global network.

1.3  �Origins of Digital Media

Digital media can trace its conceptual origins to a publication by Vannevar Bush in 
1945 [4]. He envisioned a system of devices that would help professionals to store, 
analyze and communicate information. He termed it the “memex” a combination of 
“memory” and “index”, able to store and index all human records, books and com-
munications. The memex would give an “enlarged intimate supplement to one’s 
memory” –

The owner of the memex, let us say, is interested in the origin and properties of the bow and 
arrow. Specifically he is studying why the short Turkish bow was apparently superior to the 
English long bow in the skirmishes of the Crusades. He has dozens of possibly pertinent 
books and articles in his memex. First he runs through an encyclopedia, finds an interesting 
but sketchy article, leaves it projected. Next, in a history, he finds another pertinent item, 
and ties the two together. Thus he goes, building a trail of many items. Occasionally he 
inserts a comment of his own, either linking it into the main trail or joining it by a side trail 
to a particular item. When it becomes evident that the elastic properties of available materi-
als had a great deal to do with the bow, he branches off on a side trail which takes him 
through textbooks on elasticity and tables of physical constants. He inserts a page of long-
hand analysis of his own. Thus he builds a trail of his interest through the maze of materials 
available to him [4].

Although the memex was never created, it was nevertheless very far sighted. This 
conceptual system of devices contains early intimations of the links between rele-
vant items of information (such as was eventually realized as hyperlinks in the 
World Wide Web); digital repositories and encyclopedias (such as was eventually 
implemented by Wikipedia); and new ways of working together resulting in human 
insight, discovery, and scholarship (such as was eventually implemented in email 
and social media). It is clear that all these elements have had a significant transfor-
mative effect on the digital environment and how it is created, accessed, and used. 
Various papers and conferences have analyzed the extent to which these early ideas 
have facilitated development and progress [5–9].

1.4  �Implications of Digital Media

Digital media has the following advantages over traditional media [10] –

•	 Opportunity to repurpose content to suit different kinds of receiving devices (e.g. 
to optimize on screen size and aspect ratio, and other ergonomic factors of the 
devices)

•	 Opportunity to adapt content for different sets of readers and constituencies with 
different interests.

1.4  Implications of Digital Media
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•	 Such tailoring of the content can lead to greater personalization, impact and 
engagement with the reader and user – so it is of particular interest to all those 
companies engaged in the sales and marketing of products and services, as it can 
support relationship building between supplier and user.

•	 Opportunity to generate a real-time stream of content.
•	 Opportunity to directly interact with the content.
•	 Opportunity to provide a digital link within the content to other related content 

(the so-called hyperlink).
•	 Easier to integrate with other digital documents.

Digital media has the following disadvantages over traditional media –

•	 Long term preservation and archiving of content so that is still readable by a 
future generation, in thousands of years’ time (as has been the case with many 
early written manuscripts in history).

Consequently digital media has had a disruptive effect on traditional media and, 
more particularly, on the hierarchies in the industry that have been established over 
many years to support the creation and delivery of information. Such hierarchies 
may no longer be appropriate for optimum creation for content and delivering it in 
a more personal, targeted, and interactive way in the new information age. In addi-
tion, the user is no longer a passive recipient of passive and fixed information, but is 
able to contribute their own information. Traditional broadcasting supported an 
information distribution model of ‘from one to many’ and reflected the editor’s view 
of the information being transmitted. The Internet supports an information distribu-
tion of ‘many to one’ and ‘many to many’. Items of news can be released by users 
in near real-time on the Internet without any delay or pre-filtering by traditional 
news media. It is not surprising therefore that this caused an impact of seismic pro-
portions to traditional media industries. Some have sought to evaluate how best to 
move to digital media, or alternatively, to seek to combine traditional media with 
new media in order to get the benefits of both worlds.

Digital media faces the following challenges –

•	 Difficulties with traditional copyright and intellectual property laws which have 
been established in the context of traditional print media. This has partly resulted 
in the open content movement where authors and contributors to content are 
provided with opportunities to share their work with whoever wishes to utilize it, 
so foregoing their legal rights.

•	 The impact on social traditions and norms that have become well-established by 
traditional media.

•	 Addressing the issue of the digital divide – where there is an economic and social 
inequality between those who can easily access new media and those who cannot 
[11] – often the elderly who have had no training in the skills required to use 
digital devices, or those in the third world who cannot afford them. However, 
various initiatives are seeking to address these issues (e.g. town councils running 
evening classes for the elderly on computing – for the former; and the one laptop 
per child initiative for the latter [12]).

1  Introduction and Background
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1.5  �Creating and Using Digital Media

Constructing a digital media document offers the opportunity to create a linear story 
with associated digital hyperlinks to more detailed papers, articles and books which 
provide more detail on the history or on particular details of the story. It thus offers 
the opportunity for the reader to drill down into particular items of interest by using 
the links. It is therefore also a hierarchy of information as well as a linear one. This 
book is an example of such a digital media product. It offers a linear story in the 
printed book, but it also offered as an e-book with all the chapters unbundled. They 
can therefore be downloaded separately by the reader and read on their preferred 
digital device connected to the Internet. The hyperlinks can also be accessed directly 
on the device. Readers can therefore go more directly to the specialist information 
they need, without the overhead of having to read through information that they may 
not need.

Digital media may also be used as tools to analyze and deliver information or 
data in the context of today’s challenges which include areas such as cybersecurity, 
big data, computational analytics, visual analytics, and new interaction paradigms 
including mixed reality and adaptive learning.

Trump has used Twitter messages to circumvent political control of news infor-
mation disseminated by traditional media. Previous presidents have also sought to 
use the latest technological tools in their eras to communicate with the general prob-
lem as summarized by Sky News in January 2017 –

America is fundamentally a technological nation. Its leaders have always seized upon new 
tools to further political goals.

The printing press let Ben Franklin distribute pamphlets and kick off a revolution. 
Lincoln pioneered the telegraph.

In 1897, William McKinley made the first campaign film; he also filmed his 
inauguration.

Franklin D Roosevelt invited the nation into the White House for intimate, fireside chats 
delivered by radio.

And although previous presidents had experimented with television, it was JFK who 
became the first TV president.

Christian Fuchs, professor of social media at Westminster University, told Sky News: “If 
you look at the evolution of politics, then it stands in relationship to the evolution of tech-
nology. Even when politicians and presidents have a lot of attention in public, they try to use 
the newest technologies. What Trump is using is two media of his time. One is social media, 
where superficiality, speed and brevity fits his personality. The other one is reality TV”. [13]

1.6  �Conclusions

The origin and historical development of digital media have been reviewed. The 
visionary concepts and ideas of Vannevar Bush in 1945 have been shown to have 
been fulfilled at least in part by the developments in hyperlinks in the World Wide 
Web, digital repositories and encyclopedias, and new ways of working together. The 

1.6 � Conclusions
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power and capability of processing, storage and network connectivity has facilitated 
and enabled the development and operation of digital media. This in turn has trans-
formed a wide variety of traditional application areas with significant consequent 
social and cultural impacts. The advantages and challenges of digital media have 
been set out and reviewed.
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Chapter 2
Key Historical Visions for the Future 
of Computing and Digital Media

Abstract  From the earliest days of the development of computers there is clear 
evidence of visionary thinking that went far beyond the current capability. These 
developments and this visionary thinking are identified and summarized. In turn, 
hardware, software, interfaces, and applications have been revolutionized from the 
earliest days of computing to today. At the same time, a number of the transitions 
did not appear to develop seamlessly from one to the next but were constrained by 
a number of cultural or organizational factors. Developments in computing and 
digital media are not solely determined by the latest advances in technology.

Keywords  Hyperlinks • World wide web • Digital repositories • Transformative 
effects • Online collaboration • Higher level tools • Client-server computing • 
Personal computer • Networked computers • Interactive displays • Desktop comput-
ing • Information access • Information search

2.1  �Introduction

The following historical transitions in the development of computers may be identi-
fied. This also affected the way computers were accessed and used, and the range of 
applications that were considered appropriate to be addressed at the time.

•	 The switch from electromechanical to electronic devices – leading to the first 
fully electronic digital computer in the 1940s

•	 The development of programming languages (1950s)
•	 Time-sharing (1960s)
•	 Personal computing (1970s)
•	 Graphical user interfaces (1980s)
•	 World wide web (1990s)
•	 Diversification of access and use (e.g. Internet of Things) (2000s)

It has been argued that these developments were not just technical ones [1–3]. All 
technologies embody to some degree the physical, intellectual and symbolic 
resources of the societies that construct them. Thus there appear to have been both 
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enabling and constricting forces at work in the development pathways of comput-
ing. These also included organizational and societal factors such as –

•	 Support of current practices or traditions in computer designs
•	 Favoring particular kinds of interpersonal relationships
•	 Looking to particular visionaries and leaders
•	 Considering complex cultural aspects [1]

This may help to explain some of the enigmas that appear to characterize the 
development of computing and its uses such as –

•	 Relatively slow development of high-level languages
•	 Continuing with mainframe computing when client-server computing offered 

more flexibility
•	 Underestimating the significance of the development of the personal computer
•	 Insufficient attention being paid to graphical user interfaces

However, the development pathway was characterized by a number of key 
visions that have been both significant and lasting, and these are reviewed in this 
chapter. Some of them also have implications for the future of computing and digital 
media because they may not have been fully realized or achieved.

2.2  �What Could a Computer Do?

In 1945, Vannevar Bush stated –.

Consider a future device for individual use, which is a sort of mechanized private file and 
library. It needs a name, and, to coin one at random, ‘memex’ will do. A memex is a device 
in which an individual stores all his books, records, and communications, and which is 
mechanized so that it may be consulted with exceeding speed and flexibility. It is an enlarged 
intimate supplement to his memory [4].

As set out in Chap. 1, Sect. 1.4 Origins of Digital Media –

Although the memex was never created, it was nevertheless very far sighted. This concep-
tual system of devices contains early intimations of the links between relevant items of 
information (such as was eventually realized as hyperlinks in the World Wide Web); digital 
repositories and encyclopaedias (such as was eventually implemented by Wikipedia); and 
new ways of working together resulting in human insight, discovery, and scholarship (such 
as was eventually implemented in email and social media). It is clear that all these elements 
have had a significant transformative effect on the digital environment and how it is cre-
ated, accessed, and used. Various papers and conferences have analysed the extent to which 
these early ideas have facilitated development and progress [5–9].

Key Points of the Vision

•	 Hyperlinks in the World Wide Web enable hierarchical documents to be created 
with links to other documents containing more information

•	 Online books and digital repositories are directly accessible to users and readers 
over the Internet

2  Key Historical Visions for the Future of Computing and Digital Media
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•	 New ways of collaborating online using email, shared documents, and social 
media resulting in greater and quicker human insight, discovery, and scholarship 
than working with paper documents alone

2.3  �Higher Level Interfaces to Computers

In 1949 Grace Hopper believed a wider audience would be able to use the computer 
provided higher level tools were available that could be used by coders and pro-
grammers, and which were also closer to the functions and terms used in the appli-
cation (i.e. user and application-friendly) rather than being closer to the assembly 
language required by the machine. This required an appropriate system (called a 
compiler) to convert the higher level program into the equivalent low level assembly 
program which was then run on the computer. This concept led to the development 
of Cobol in 1959, the first business-oriented programming language [10].

Key Points of the Vision

•	 Computers need to be easy to program, i.e. sufficiently high level
•	 The programming interface needs to be suitable for the application area, i.e. 

application-friendly

2.4  �The Rate of Growth of Computer Power

Moore’s law states that overall processing power for computers doubles every 
1.5–2 years, or less [11]. This also applies to telecommunications. Although a gen-
eral guide rather than a fundamental law, it has proved remarkably consistent since 
the implementation of the first semiconductor integrated circuit in 1960.

Key Points of the Vision

•	 Computer power, memory, and telecommunications speeds are expected to do 
double every 1.5–2 years. Therefore over time, sufficient power would be avail-
able for more sophisticated and compute-intensive applications

•	 For more advanced applications and requirements, general users and home users 
can access supercomputer power in the cloud when they need it [12]

2.5  �The Networked Computer

Licklider, Vice President at Bolt Beranek and Newman, Inc., proposed a global 
network in his January 1960 paper Man-Computer Symbiosis [13].

2.5  The Networked Computer
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A network of such [computers], connected to one another by wide-band communication 
lines [which provided] the functions of present-day libraries together with anticipated 
advances in information storage and retrieval and [other] symbiotic functions.

Key Points of the Vision

•	 Network of digital functions to implement a digital library

2.6  �The Interactive Computer

More general forms of interaction were accomplished by interactive displays from 
1963 (e.g. Sketchpad [14]). However, varying the shape and size of letters on the 
screen was limited with vector displays.

The screen is a window through which one sees a virtual world. The challenge is to make 
that world look real, act real, sound real, feel real [15].

It was not until the first bit-mapped screen in the Xerox Alto (in 1981), followed 
by others, and the Apple Macintosh in 1984 (72 pixels per inch) that desktop pub-
lishing became possible.

Key Points of the Vision

•	 The screen is key – whether for viewing or interaction
•	 The window of the screen gives the viewer direct access to the model displayed 

in the virtual world in the computer
•	 The bit-mapped screen (at 72 pixels per inch) initiated desktop publishing 

because it provided higher quality typography and character generation for docu-
ments than was possible on the typical alphanumeric display

2.7  �The Personal Computer

Bill Gates’s dream in 1980 was “a computer on every desk and in every home” [16]. 
Microsoft grew to 80,000 employees in over 100 countries. It developed the operat-
ing system MS-DOS and the programming language Basic. Microsoft dominated 
the desktop computing space, and its Windows operating system, which first 
launched in 1985, is still used on 90 per cent of the world’s computers. In 1989, 
Microsoft consolidated its position with the release of Office, a suite of word pro-
cessing and database tools that blurred the line between work and play, and turned 
the home computer into a powerful creative tool.

In 1992 Bill Gates received the National Medal of Technology and Innovation Award 
for his early vision of universal computing at home and in the office; for his technical 
and business management skills in creating a worldwide technology company; and for 
his contribution to the development of the personal computer industry [17].

2  Key Historical Visions for the Future of Computing and Digital Media
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Historically, graphics designers favored the Macintosh because of its more pow-
erful processors and its graphics community [18]. However, the internal compo-
nents are now very similar for both Mac and PC.  In addition, the application 
interface to the user for most programs is now the same, so in theory it makes little 
difference whether the underlying platform is Windows PC or Mac [19, 20]. The 
latter is normally more expensive than the PC. If more general computing facilities 
are required (e.g. for business computing) in addition to those for art and design, it 
may be an advantage to use a Windows PC because of the wider variety of more 
general software that is available.

Key Points of the Vision

•	 The personal computer and the Mac brought desktop computing to every desk 
and every home and offered the potential for many forms of computing and 
applications

2.8  �The World Wide Web

NSFNET was established in 1986 with 56  kbit/s links and was followed by the 
World Wide Web in 1991 [21]. The World Wide Web has transformed computing 
and the connectivity of computers and information, initiated by Sir Tim 
Berners-Lee.

Key Points of the Vision

•	 The World Wide Web brought connectivity and information to all computers on 
the Internet

In 2009, Vincent Cerf, Vice-President of Google, said –.

We never, ever in the history of mankind have had access to so much information so quickly 
and so easily [22].

Key Points of the Vision

•	 Fast and easy access to information

2.9  �Digital Content

In 2014, Negroponte stated –.

When we ship our laptop, we ship 1.6 million books with it. You can access free, 1.6 million 
books and embedded in the laptop are 100 books per laptop of the choosing of the country, 
but what’s important about that is, when you ship 100 laptops into a village, there are 100 
different books on each of the laptops, so the village now has 10,000 books in the village 
and 1.6 million accessible. That’s—that is really, really different.

2.9  Digital Content
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So, to compare books to computers, I mean, computers are the way to get books. That is the 
medium for distributing text because it doesn’t require paper, it doesn’t—you know, it’s 
editable. Nothing goes out of date, nothing goes out of print, it can be refreshed and 
updated [23].

Key Points of the Vision

•	 Digital content gives unparalleled flexibility in the creation, distribution, storage, 
and updating of content

•	 Digital content can provided opportunities for interaction by the user, including 
searching for particular sections or words

2.10  �Summary of the Key Historical Visions

Table 2.1 provides a timeline of the Key Visions.

2.11  �Key Visions Historical and Current Which Are Relevant 
to Digital Media

A number of the companies in Table 2.1 have products and services relevant to the 
development of digital media and its applications. Their missions are summarized 
in Table 2.2.

A number of further current visionaries, organizations, and companies are build-
ing on the foundations summarized in this chapter. These are relevant to the ongoing 
development of digital media and its applications and are included in Table 2.3.

In addition, there is a wide variety of small companies that are engaged in digital 
media. In particular, creative industries are often driven by Small and Media 
Enterprises (SMEs). It is possible that small companies and organizations such as 
these could have a more significant effect on the field and its developments than the 
larger companies because they can be more agile and seize niche opportunities in 
real time before they become mainstream. When they develop key technology and/
or attract a large number of users to their services, they can become candidates for 
acquisition by larger companies – as has happened with a number of the companies 
in Table 2.3 (this is noted in the left hand column).

There are at least 22 virtual communities each with over 100 million active users 
[24].

2  Key Historical Visions for the Future of Computing and Digital Media
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Table 2.1  Timeline of the key visions

Date Person Key  vision Area

Degree of 
impact 
and 
success

1945 Vannevar Bush 
(US OSRD)

Personalized 
memex computer 
with accessible 
information

Books, records, and 
communications

High

1949 Grace Hopper 
(Eckert-Mauchly 
Computer Corp.)

Envisaged wider 
use of computers

Applications High

1959 Grace Hopper 
(US Navy)

Cobol Business applications High

1960 Gordon Moore 
(Intel Corp.)

Integrated circuit Computer power, memory, and 
telecommunications speeds are 
expected to do double every 
1.5–2 years.

High

1960 Joseph Licklider 
(MIT)

Global network Network of digital functions to 
implement a digital library

High

1968 Ivan Sutherland 
(E & S Computer 
Corp.)

Interaction Computer screen and interaction 
device

High

1980 Bill Gates 
(Microsoft)

Personal computer Computer on every desk and in 
every home

High

1984 Steve Jobs 
(Apple)

Apple Macintosh Bit-mapped screen High

1991 Sir Time 
Berners-Lee 
(MIT)

World Wide Web Connectivity and access to 
information

High

1994 David Filo, Jerry 
Yang (Yahoo)

Information access To connect people to their 
passions, communities, and the 
world’s knowledge

High

1997 Reed Hastings, 
Marc Randolph 
(Netflix)

Video via Internet Streaming media and 
video-on-demand

High

2009 Vincent Cerf 
(Google)

Information access Fast and easy access to 
information

High

2010 Nicholas 
Negroponte 
(MIT)

Digital content Creation, distribution, storage, 
searching, and updating of 
content

High

2.11  Key Visions Historical and Current Which Are Relevant to Digital Media
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2.12  �Conclusions

The key developments in computing of most relevance to digital media have been 
reviewed and summarized. The key visions associated with these developments 
have been identified. The inspiration and innovation associated with these develop-
ments is immense and has driven the development of technology and its uses to the 
advanced level everywhere in evidence in society today.

The convergence of IT, telecommunications, and media is currently bringing 
about a revolution in the way information is collected, stored and accessed. There 
are three principal reasons why this is happening – reducing cost, increasing quality, 
and increasing bandwidth.

Table 2.2  Current visionaries, organizations, and companies

Company Founder(s) Date Mission

No of 
employees 
(approx)

Microsoft Bill Gates, 
Paul Allen

1975 To enable people and businesses 
throughout the world to realize their full 
potential

120,000

https://www.microsoft.com/
Apple Steve Jobs, 

Steve 
Wozniak, 
Ronald 
Wayne

1976 Apple designs Macs, the best personal 
computers in the world, along with OS X, 
iLife, iWork and professional software. 
Apple leads the digital music revolution 
with its iPods and iTunes online store. 
Apple has reinvented the mobile phone 
with its revolutionary iPhone and App 
store, and is defining the future of mobile 
media and computing devices with iPad.

222,000

http://www.apple.com/
Yahoo David Filo, 

Jerry Yang
1995 To connect people to their passions, 

communities, and the world’s knowledge.
8500

https://www.yahoo.com/
Netflix Reed 

Hastings, 
Marc 
Randolph

1997 Streaming media and video-on-demand 
online and DVD by mail.

3700

https://www.netflix.com/

Google Larry Page, 
Sergey Brin

1998 To organize the world’s information and 
make it universally accessible and useful

72,000

https://www.google.com/
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Chapter 3
Collaboration on Digital Media

Abstract  The development of products and services in the area of digital media 
aims to meet current and future user needs and requirements. Such products and 
services are often dependent on the results of new research and development within 
the academy and other research and development organizations. Partnership 
arrangements between these organizations, industry, and appropriate Small and 
Medium Enterprises (SMEs) can assist in the development of such products and 
services, and the migration of such developments into wider society. An additional 
factor in the area of digital media is that there may often be interdisciplinary com-
ponents to the research and development, and also the product or service that is 
developed. This is because of the nature of digital media, and the diversity of its 
constituent parts, and potential uses, such as electronic devices, sensors, software, 
firmware, digital images, digital audio, digital video, computer games, web pages, 
data, databases, social media, e-books, and Internet of Things. Digital media has a 
wide range of application areas and potential uses. Such users can come from a 
variety of backgrounds and cultures and therefore the products and services need to 
meet this diversity of requirements and ways of working. This in turn requires effec-
tive collaboration across traditional boundaries between disciplines.

Keywords  Interdisciplinary research • Small and medium enterprises • 
Collaborative research and development • Team working • Small and medium 
enterprises

3.1  �Introduction

Where do new ideas come from? The answer is simple: differences. While there are many 
theories of creativity, the only tenet they all share is that creativity comes from unlikely 
juxtapositions. The best way to maximize differences is to mix ages, cultures, and disci-
plines. Nicholas Negroponte [1]

Collaboration in the field of the academy and industry collaboration, and in cre-
ative industries, is discussed in Chap. 4 in [2] Collaboration in the field of art and 
design is discussed in Chap. 3 in [3]. The benefits and challenges are summarized.
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Digital media has a wide range of possible components and potential uses. This 
in turn requires effective collaboration across traditional boundaries between disci-
plines. An initial discussion of this point is contained in Chap. 3 in [4]. This present 
chapter discusses the interdisciplinary challenges in more detail. In addition, the 
ready availability of tools and facilities for digital media provides exciting opportu-
nities for the user as a creator and distributor of digital content.

3.2  �Creative Collaboration

As noted in [3] a creative collaboration has the goal of generating a product or ser-
vice. A team may be needed rather than a single individual because of the volume 
of work, the input required from different disciplines, or because the multifaceted 
nature of the task requires multiple skills.

According to Cox [5], it is necessary to consider some codes of behavior for suc-
cessful teams to be able to work successfully –

	 1.	 There must be a common, passionate goal for the team members
	 2.	 Members must have mutual respect for each other member and his/her 

discipline
	 3.	 Each member must be willing to learn from other members of the team
	 4.	 Each member must recognize other’s intellectual territory
	 5.	 The team should not have too many members
	 6.	 The team must continually check to make sure that the research is making 

progress
	 7.	 Members must not become over-committed to other projects
	 8.	 One person must carry the flag for project as a champion and coordinate efforts
	 9.	 Each member must be credited and given his/her recognition when the project 

is presented or publicized
	10.	 Each member must get something out of the project which is personally reward-

ing and tangible [5]

3.3  �Antidisciplinary Research

The MIT Media Laboratory is an antidisciplinary research laboratory working to 
invent the future [6]. Antidisciplinary implies beyond existing disciplines and a field 
of study with its own vocabulary, methods and strategies [7].

3  Collaboration on Digital Media
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3.4  �Advantages and Difficulties of Interdisciplinary 
Research and Development

Partnership and collaboration between researchers and industry can often facilitate 
the development of new products and services in the area of digital media. Such 
collaborations often cut across traditional disciplines, or require expertise from 
more than one discipline.

The advantages and difficulties of interdisciplinary research and development 
are now summarized.

3.4.1  �Advantages

	(i)	 Growth at the Boundaries of Existing Disciplines

New disciplines often grow at the boundaries of existing ones, e.g. genetic engi-
neering (genetics/biotechnology), tribology (mechanical engineering/materials sci-
ence), digital media (computer science/media/application domains), to name but a 
few. Such new areas offer researchers tremendous opportunities to advance the fron-
tiers of knowledge for the benefit of society, industry, and the academy [8, 9, 10].

	(ii)	 Potential for Knowledge Transfer to Industry and Society

New disciplines can present exciting opportunities for those involved at the 
ground level. There can also be significant potential in some areas for the generation 
of intellectual property that industry can translate into new and novel products and 
services that can be utilized by society. To continue the examples in the previous 
section, this could be illustrated by genetic engineering – with genetically modified 
crops – with greater resistance to disease; in tribology – with artificial joints; and in 
digital media – with social media. All these areas have made a significant impact on 
society with their products and services.

	(iii)	 Freedom and Opportunity

New discipline areas appear to be flatter in their structures and organization and 
less subject to domination by hierarchies of senior faculty with strong views about 
what research should be done. Thus there can be more freedom, flexibility, and 
opportunity in new and emerging discipline areas. It provides time for the new dis-
cipline area to define a structure and organization most appropriate for moving it 
forward.

	(iv)	 Publication

Generally there are more opportunities for publication of interdisciplinary 
research in conferences and journals because the work will done will often be both 
new and novel. The downside to this is that it will probably be difficult to get 

3.4  Advantages and Difficulties of Interdisciplinary Research and Development
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acceptance in a world-leading journal (e.g. IEEE or ACM Transactions) as these 
cater for traditional discipline areas that have been well-established over a period of 
many years They are also very discipline specific, and with many paper submis-
sions. This emphasizes the strategic importance of having a leading author of the 
paper who is highly regarded and working in a well-regarded center of excellence. 
Whether or not this is possible, it may still be necessary to begin publication in a 
journal of lower standing and work up to the higher levels if possible. The problem 
in this area is compounded in the UK because the periodic research audit exercise 
(REF) now only leads to funding for research (the QR component[Ref to book 1]) 
that is classed as world-leading (4*) and internationally excellent (3*). As 60% of 
this grading is determined by the quality of the published work submitted to the 
audit, there is clearly a significant drive to ensure that the publications of all faculty 
in the UK appear in the highest quality vehicles with clear international standing 
and reputation (and therefore known to be the most rigorous and selective in their 
international refereeing processes) in order to increase the possibility of a high 
grading in the REF review process. Thus there is now increased competition for 
publication in the highest quality international journals and conferences [11], even 
though the review process in the REF concentrates solely on the content within the 
paper and not its publication vehicle, nor its impact factor. However, the citation 
data for papers was made available to the REF reviewers. Clearly papers published 
in world-leading journals tend on average to be the most important papers in the 
field and therefore stand a greater chance of more citations, because more research-
ers will be looking at them [12].

	(v)	 Lines of Reporting

Some new areas have been able to move their initiative out of the initial academic 
department or faculty (with its associated department head or chair to which report-
ing was made) into a university research center where the head of the new area 
reported directly to the provost or vice-president of the university. This resolves the 
potential issue of tensions within the department about the new area but brings sub-
stantial responsibilities for the new center to bring in substantial grant or sponsor-
ship funding to support all its staff, researchers, equipment, and overheads. The new 
area is no longer able to rely on the overarching department to defray some of the 
infrastructure costs in its general budget. Generally such initiatives will not be 
approved unless the provost or vice-president is convinced by the business plan of 
the head of the new area that they will be able to generate revenue to fully support 
the work of the new center to enable it to operate independently. It will then be able 
to make its own collaborations with other academic areas or other institutions (and 
possible have funding to also support them) to further develop its work. An example 
of this is the Scientific Computing and Imaging Institute at the University of Utah 
[13, pp. 74–76]

3  Collaboration on Digital Media



25

3.4.2  �Disadvantages

	(i)	 Interdisciplinary Journals and Conferences

Interdisciplinary journals and conferences are relatively new, are not yet well-
established, and therefore tend to have a relatively low impact factor, H-index, and 
citation levels of papers. These may become a significant aspect for the reputational 
value of the research reported and could affect promotion prospects, tenure pros-
pects, and the general perception of the standing of the particular research area and 
its potential to attract future grant funding, and also good researchers to work in it. 
It can be difficult therefore to get published and establish a peer reviewed track 
record in a multidisciplinary area [14].

	(ii)	 Applications to Grant Awarding Bodies and Agencies

Grant proposals are often reviewed by subject experts in the different disciplines 
contained in the proposal (often described as cross-referral), rather than interdisci-
plinary experts in the particular disciplines. This is because the procedures for selec-
tion and appointment of reviewers within grant awarding bodies is normally based 
upon performance and achievement within the existing disciplines – often to world 
or international standards, so the disciplines need to be well-established. This can 
lead to rejection if the subject expert ranks the subject component in the proposal as 
of less merit than that expected in a grant proposal that is solely within the subject 
area of the expert. In other words, the added value from one discipline to another 
may not be fully recognized or evaluated. In many interdisciplinary research pro-
posals, the whole can be significantly greater than the sum of the parts. This may be 
very difficult to evaluate in an emerging area. In addition, evaluators may be unsure 
whether the proposers are leaders in their fields or not, and also whether the work is 
innovative or not.

	(iii)	 Culture and Working Practices in Different Disciplines

Culture, vocabulary, and working practice differences in different disciplines 
may be initially difficult for junior researchers to accommodate in team working 
(and older researchers too!).

	(iv)	 Relationship to Senior Faculty and the University

High achieving faculty in well-established disciplines can be overly dismissive 
of new emerging disciplines and may regard them as ‘applications’, ‘not academic’, 
and ‘lightweight’. It is recognized that such terms were sometimes used of comput-
ing when it emerged as a new discipline in the 1950s.

Chapter 2 has demonstrated that when computing technology was first developed 
it was not clear to many of those involved how far-reaching these developments 
would become, nor precisely what form these would take. This has also been 
repeated at key points during the subsequent development of computing technology. 
It has been hard to predict, but easy to be wise with the benefit of hindsight.

3.4  Advantages and Difficulties of Interdisciplinary Research and Development
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Similarly, it can take a significant amount of time to establish a new discipline in 
a university as it is in competition for resources with well-established disciplines 
and most of these tend to be very reluctant to see part of their own budget, or their 
space allocation, go to a new area. Indeed, there are still some areas within com-
puter science that are still regarded in the same way that computer science was 
regarded as a whole. It can also generate tensions and misunderstandings between 
senior and junior faculty and their researchers. Senior faculty have generally pro-
gressed up the hierarchy in academia when the demarcation lines between different 
disciplines were very clearly defined. However, computing was fortunate. When the 
first computers were operational they rapidly became important national initiatives 
in many countries, and the universities received major grants from their national 
governments to establish their computing facilities, relatively primitive though they 
were at the time. These were immediately utilized by faculty and research students 
who could see the significant potential for their work (this latter point could also be 
regarded as a ‘Pro’ because such facilities opened up new avenues and new results 
that would otherwise not have been possible using the existing approaches in the 
traditional disciplines). Access to computing power constituted a major step change 
in the management, operation, and delivery of research results in many, if not all, 
disciplines. However, this did not stop some academic critics still referring to com-
puter science as “merely applications of computing” with insufficient academic 
merit to be considered an academic discipline in its own right. Although this argu-
ment has essentially been won for computer science as a whole, the same argument 
is still being used within computer science by those that consider that their area is 
more meritorious than others. External observers of this have expressed the view 
that computer science has generally failed to learn the lesson that that the physical 
sciences have learned, viz, to present a united front to the outside world and not let 
vocal internal disagreements about priorities within the area devalue grant bids and 
requests to governments for budgets.

	(v)	 Tenure Committee Considerations

New discipline areas can cause difficulties with tenure awarding committees in 
the academy because the application of traditional criteria may not be fully appro-
priate. There may also be additional concerns (whether real or not) about the long 
term viability of the new area, and therefore its ability to earn sufficient revenue to 
support a tenured faculty member. Such considerations rarely arise in the context of 
well-established disciplines because the amount they have earned over the years is 
fully documented and clear extrapolations can be made about the future. Thus 
involvement in interdisciplinary areas can affect the career advancement and tenure 
decisions for faculty who research in these particular areas [15].

	(vi)	 Employment of Faculty on Part-Time or Zero-Hours Contracts

Many universities are limiting their financial commitments by employing faculty 
on part-time or zero hours contracts. In the UK, when the use of typical academic 
staff is factored in, 54% of all academic staff and 49% of all academic teaching staff 
are on insecure contracts [UCU data]. This means that these faculty are in working 

3  Collaboration on Digital Media



27

conditions that leave them poorly paid, vulnerable, and constantly facing the pros-
pect of unemployment [16].

In the USA, 76% of academics are in casual nonpermanent posts (with 70% of 
these being part-time), according to the American Federation of Teachers (AFT), 
the largest Higher Education union. Many teach at a number of institutions to gener-
ate income – and have to travel between these institutions at their own expense. The 
AFT calculates that the median pay per course per semester for such staff is around 
$2700, meaning that an experienced professional teaching three courses a semester 
might earn only $24,300 a year [17].

The implications of this trend is that the number of advertised tenure track posi-
tions is relatively low, so the chances of a tenured career in academia are slim, and 
are likely to be available to only the very highest performers in traditional disci-
plines. New disciplines are likely to be an even lower priority for tenured posts. The 
key primary driver is now economic, not developing new disciplines.

3.5  �Conclusions

Effective collaboration has the power to add significant value to digital media 
research and development and the products and services that are the outcomes. Such 
collaboration is not without its challenges and difficulties, particularly in the area of 
enabling collaboration across the boundaries and ways of working associated with 
traditional disciplines. However, a changing world requires changing ways of work-
ing in order to be effective.

Further Reading

Catmull, E.: Creativity, Inc.: Overcoming the Unseen Forces That Stand in the Way of True 
Inspiration. pp. 368, Bantam Press, London (2014).

Lowgren, J., Reimer, B.: Collaborative Media: Production, Consumption, and Design Interventions. 
pp. 208, MIT Press, Cambridge (2013)

Thomas K., Chan J.  (Eds): Handbook of Research on Creativity. pp.  584. Edward Elgar 
Publications, Cheltenham (2015)

References

	 1.	http://www.azquotes.com/author/10712-Nicholas_Negroponte
	 2.	Earnshaw, R.A.: Research and Development in the Academy, Creative Industries and 

Applications. Springer, Cham (2017a)
	 3.	Earnshaw, R.A.: Art, Design and Technology: Collaboration and Implementation. Springer, 

Cham (2017b)

References

http://www.azquotes.com/author/10712-Nicholas_Negroponte


28

	 4.	Earnshaw, R.A.: Research and Development in Art, Design and Creativity. Springer, Cham 
(2017c)

	 5.	http://swiki.cs.colorado.edu/CreativeIT/248.print
	 6.	https://www.media.mit.edu/research/?filter=groups
	 7.	https://joi.ito.com/weblog/2014/10/02/antidisciplinar.html http://opentranscripts.org/transcript/ 

challenging-audience-antidisciplinary-spaces/
	 8.	Blackwell, A.F., Wilson, L., Street, A., Boulton, C., Knell, J.: Radical innovation: crossing 

knowledge boundaries with interdisciplinary teams, University of Cambridge Computer 
Laboratory, Cambridge, UK, Technical Report 760, pp. 124. https://www.cl.cam.ac.uk/techre-
ports/UCAM-CL-TR-760.pdf (2009)

	 9.	Krishnan A.: What are Academic Disciplines? Some observations of the Disciplinarity vs 
Interdisciplinarity Debate, ESRC National Centre for Research Methods, NCRM Working 
Paper Series, pp.  59. http://www.forschungsnetzwerk.at/downloadpub/what_are_academic_
disciplines2009.pdf (2009)

	10.	Blackwell, A.F., Wilson, L., Boulton, C., Knell, J.: Creating Value across Boundaries: 
Maximizing the return from Interdisciplinary Innovation, NESTA Research Report, pp. 31. 
https://www.nesta.org.uk/sites/default/files/creating_value_across_boundaries.pdf (May 
2010)

	11.	Earnshaw, R.A.: Research and Development in Art, Design and Creativity, Springer, 
pp. 87, Sections 3.1 (pp. 32–33), 5.2.5 (pp. 74–75). ISBN 978-3-319-33005-1 http://dx.doi.
org/10.1007/978-3-319-33005-1, http://www.springer.com/gb/book/9783319330044 (2016)

	12.	http://www.ref.ac.uk/about/guidance/citationdata/; http://www.ref.ac.uk/about/guidance/cita-
tiondata/googlescholar/; http://www.ref.ac.uk/pubs/2012-01/#d.en.69569

	13.	Shneiderman, B.: The New ABCs of Research: Achieving Breakthrough Collaborations, 
pp. 336. Oxford University Press, Oxford (2016). ISBN 9780198758839

	14.	Goldin, I., Kutarna, C.: Age of Discovery: Navigating the Risks and Rewards of the New 
Renaissance, pp. 272. Bloomsbury Information Ltd, London (2016). ISBN-13: 978-1472936370

	15.	https://www.timeshighereducation.com/news/multidisciplinary-research-career-suicide-
junior-academics; https://www.timeshighereducation.com/news/multidisciplinary-study-gets-
lip-service-not-cash/420266.article

	16.	https://www.ucu.org.uk/media/7995/Precarious-work-in-higher-education-a-snapshot- 
of-insecure-contracts-and-institutional-attitudes-Apr-16/pdf/ucu_precariouscontract_ 
hereport_apr16.pdf; https://www.timeshighereducation.com/news/universities-most-reliant- 
on-teaching-only-staff-named https://www.timeshighereducation.com/content/few-crumbs- 
of-comfort-in-a-temporary-lecturers-day; https://www.theguardian.com/commentisfree/2016/ 
nov/17/universities-casual-contracts-casualised-work-profit-academia-staff-students; https: 
//www.theguardian.com/uk-news/2016/nov/16/universities-accused-of-importing- 
sports-direct-model-for-lecturers-pay; https://www.pressreader.com/uk/the-guardian/20161117/ 
281492160902486; https://www.pressreader.com/uk/the-guardian/20161117/281681139463510

	17.	http://www.academica.ca/blog/part-time-faculty-what-we-know-and-what-we-dont; http://
www.chronicle.com/blogs/conversation/2015/05/12/an-adjuncts-farewell/; https://www.aaup.
org/issues/contingency/background-facts; https://www.theguardian.com/education/2015/
nov/17/university-lecturers-uk-us-casual-posts-food-stamps https://www.theguardian.com/
higher-education-network/2016/feb/12/casual-contracts-are-ruining-universities-for-staff-
and-students; http://education.stateuniversity.com/pages/1969/Faculty-Members-Part-Time.
html

3  Collaboration on Digital Media

http://swiki.cs.colorado.edu/CreativeIT/248.print
https://www.media.mit.edu/research/?filter=groups
https://joi.ito.com/weblog/2014/10/02/antidisciplinar.html
http://opentranscripts.org/transcript/challenging-audience-antidisciplinary-spaces/
http://opentranscripts.org/transcript/challenging-audience-antidisciplinary-spaces/
https://www.cl.cam.ac.uk/techreports/UCAM-CL-TR-760.pdf
https://www.cl.cam.ac.uk/techreports/UCAM-CL-TR-760.pdf
http://www.forschungsnetzwerk.at/downloadpub/what_are_academic_disciplines2009.pdf
http://www.forschungsnetzwerk.at/downloadpub/what_are_academic_disciplines2009.pdf
https://www.nesta.org.uk/sites/default/files/creating_value_across_boundaries.pdf
http://dx.doi.org/10.1007/978-3-319-33005-1
http://dx.doi.org/10.1007/978-3-319-33005-1
http://www.springer.com/gb/book/9783319330044
http://www.ref.ac.uk/about/guidance/citationdata/
http://www.ref.ac.uk/about/guidance/citationdata/googlescholar/
http://www.ref.ac.uk/about/guidance/citationdata/googlescholar/
http://www.ref.ac.uk/pubs/2012-01/#d.en.69569
https://www.timeshighereducation.com/news/multidisciplinary-research-career-suicide-junior-academics
https://www.timeshighereducation.com/news/multidisciplinary-research-career-suicide-junior-academics
https://www.timeshighereducation.com/news/multidisciplinary-study-gets-lip-service-not-cash/420266.article
https://www.timeshighereducation.com/news/multidisciplinary-study-gets-lip-service-not-cash/420266.article
https://www.ucu.org.uk/media/7995/Precarious-work-in-higher-education-a-snapshot-of-insecure-contracts-and-institutional-attitudes-Apr-16/pdf/ucu_precariouscontract_hereport_apr16.pdf
https://www.ucu.org.uk/media/7995/Precarious-work-in-higher-education-a-snapshot-of-insecure-contracts-and-institutional-attitudes-Apr-16/pdf/ucu_precariouscontract_hereport_apr16.pdf
https://www.ucu.org.uk/media/7995/Precarious-work-in-higher-education-a-snapshot-of-insecure-contracts-and-institutional-attitudes-Apr-16/pdf/ucu_precariouscontract_hereport_apr16.pdf
https://www.timeshighereducation.com/news/universities-most-reliant-on-teaching-only-staff-named
https://www.timeshighereducation.com/news/universities-most-reliant-on-teaching-only-staff-named
https://www.timeshighereducation.com/content/few-crumbs-of-comfort-in-a-temporary-lecturers-day
https://www.timeshighereducation.com/content/few-crumbs-of-comfort-in-a-temporary-lecturers-day
https://www.theguardian.com/commentisfree/2016/nov/17/universities-casual-contracts-casualised-work-profit-academia-staff-students
https://www.theguardian.com/commentisfree/2016/nov/17/universities-casual-contracts-casualised-work-profit-academia-staff-students
https://www.theguardian.com/uk-news/2016/nov/16/universities-accused-of-importing-sports-direct-model-for-lecturers-pay
https://www.theguardian.com/uk-news/2016/nov/16/universities-accused-of-importing-sports-direct-model-for-lecturers-pay
https://www.theguardian.com/uk-news/2016/nov/16/universities-accused-of-importing-sports-direct-model-for-lecturers-pay
https://www.pressreader.com/uk/the-guardian/20161117/281492160902486
https://www.pressreader.com/uk/the-guardian/20161117/281492160902486
https://www.pressreader.com/uk/the-guardian/20161117/281681139463510
http://www.academica.ca/blog/part-time-faculty-what-we-know-and-what-we-dont
http://www.chronicle.com/blogs/conversation/2015/05/12/an-adjuncts-farewell/
http://www.chronicle.com/blogs/conversation/2015/05/12/an-adjuncts-farewell/
https://www.aaup.org/issues/contingency/background-facts
https://www.aaup.org/issues/contingency/background-facts
https://www.theguardian.com/education/2015/nov/17/university-lecturers-uk-us-casual-posts-food-stamps
https://www.theguardian.com/education/2015/nov/17/university-lecturers-uk-us-casual-posts-food-stamps
https://www.theguardian.com/higher-education-network/2016/feb/12/casual-contracts-are-ruining-universities-for-staff-and-students
https://www.theguardian.com/higher-education-network/2016/feb/12/casual-contracts-are-ruining-universities-for-staff-and-students
https://www.theguardian.com/higher-education-network/2016/feb/12/casual-contracts-are-ruining-universities-for-staff-and-students
http://education.stateuniversity.com/pages/1969/Faculty-Members-Part-Time.html
http://education.stateuniversity.com/pages/1969/Faculty-Members-Part-Time.html


29© The Author(s) 2017 
R. Earnshaw, State of the Art in Digital Media and Applications, SpringerBriefs 
in Computer Science, DOI 10.1007/978-3-319-61409-0_4

Chapter 4
Digital Imaging

Abstract  From the earliest days of photography in the 1820s, the still image has 
been used to record and preserve scenes and events for posterity. The use of photo-
graphic film involved elements of photochemical processing to develop and stabi-
lize images. The development of digital cameras in the late 1990s was one of the 
most significant transitions from traditional processes to ones which were often 
entirely digital. This was faster, cheaper, and more accurate than chemical process-
ing, and also allowed significant opportunities for subsequent image editing, manip-
ulation, or other forms of processing. This gave the photographer much greater 
flexibility in the production of final images. It changed the traditional photographic 
industry completely. It also raised the interesting and relevant question of the mean-
ing of the final image, if it represented some form of advancement from the initial 
image of the person or scene that was initially photographed. The subsequent devel-
opment of relatively low-cost mobile phones with integrated cameras and increas-
ing capability in terms of function and resolution provided a further platform for the 
expansion of low-cost digital imaging. They enabled the recording and storage of 
both still and video images. Smart phones enable such images to be immediately 
shared across the Internet using photo-sharing and social web sites. The motion pic-
ture industry has also been transformed by the utilization of digital technology. It 
has enabled more efficient and cheaper copying, distribution, and projection pro-
cesses for main stream movies, as well as allowing the direct addition of digital 
special effects during movie post-production. At the same time, digital technology 
has continued its onward march. Streaming media allows digital content to be 
downloaded via the Internet, giving more flexibility for the viewer, and challenging 
traditional distribution mechanisms. Variants on the traditional digital camera have 
been developed, such as the light-field camera, which captures the intensity of light 
in a scene and the direction of the light rays. It has the capability to change the focal 
distance and depth of field after a photograph is taken. Although photography 
remains a significant art form, and there are many exhibitions which display the 
work of famous photographers (including those who use modern digital technology 
as part of their work), todays smart phones have also made photographs more ubiq-
uitous and transitory and many have become an integral part of the social media 
landscape. Photography and imaging has to a significant extent been redefined from 
its origins. However, digital media has raised ongoing issues such as copyright, dig-
ital media rights, and fair use which are proving difficult to resolve.
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Keywords  Analog to digital • Imaging spectrum • Digital processing • sVideo • 
HDMI • Image manipulation • Light-field • Plenoptic camera • Panoramic photo-
graphs • 3D models • Archival images • Photo-sharing • Motion pictures • Special 
effects • Visual effects • Streaming media • Digital photography

4.1  �History and Introduction

The rise of 2D digital imaging marked one of the biggest transitions from conven-
tional analog to digital information. The analog process involved elements of chemi-
cal and mechanical processing that had become well-established following the 
earliest photographs in the 1820s. In the 1990s, affordable computer-based digital 
cameras gave an instantaneous image, and essentially eliminated both delay and 
cost in the production of images. The knock on effect on traditional film companies 
such as Kodak, Agfa, and Fuji was dramatic and resulted in their withdrawal from 
the manufacture and sale of cameras and film. In 2012, Kodak filed for bankruptcy 
[1]. The reducing cost of mobile phones and the incorporation of digital cameras 
within the phone has resulted in digital imaging becoming ubiquitous. Smart phones 
enable such images to be immediately shared across the Internet using photo-sharing 
sites and social web sites. If a photograph was originally a framing exercise (in the 
sense of what to include in the picture and what to exclude) it could be argued that 
it is now more of a social phenomenon. When a camera took time to set up and 
record an image, more consideration was paid to composition and what the photo-
graph was intended to preserve and communicate [2]. Today’s digital cameras and 
phones are essentially “point and shoot” and are often advertised as such. The word 
“selfie” has also entered the vocabulary, latterly becoming popular in describing a 
self-photograph normally taken with a smart digital camera on a stick to give the 
camera a wider field of view [3]. Selfies are frequently shared on social media sites 
such as Facebook, Instagram and Twitter, as it is normally easy to do this from a 
digital camera with an Internet connection. Technology for digital cameras has con-
tinued to advance in terms of increasing capability in terms of function and resolu-
tion, such as dealing with motion blur, red-eye effects, anti-aliaising, better color, 
better low-light (or even no light) performance, better facial recognition, etc. [4].

3D models can be created from a collection of 2D images using a variety of soft-
ware [5]. The resulting scene can be viewed from a number of viewpoints. This is 
particularly useful for archaeological sites where it is important to keep a record of 
a site before further excavation is done [6].

Some 3D stereo digital cameras can take 3D panoramic photographs with two 
lenses, or even a single lens. A digital camera normally has an output port which is 
normally sVideo, which can be displayed on a television. In addition, HDMI is used 
on many high end digital cameras for high resolution display on HDTV.

A light-field camera (or plenoptic camera) captures the intensity of light in a 
scene and their direction. A normal camera only records light intensity [7]. It has the 
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capability of changing the focal distance and depth of field after a photo is taken. 
Lytro is one company with a light-field camera and was founded by Stanford 
University Computer Graphics Laboratory alumnus Ren Ng [8].

4.2  �The Imaging Spectrum

Digital imaging can be conveniently summarized by noting the wavelength of the 
radiation involved in generating the image.

The electromagnetic spectrum may be divided by wavelength into radio wave, 
microwave, terahertz radiation, infrared, the visible region (i.e. light), ultraviolet, 
X-rays and gamma rays as shown in Fig. 4.1. The physical properties of a particular 
section of electromagnetic radiation depends on the wavelength.

A timeline of imaging technology may be found in [9].
Types of digital imaging used in medical imaging include –

•	 Digital X-ray imaging
•	 Digital gamma ray imaging
•	 Ultrasonography

Medical ultrasound (or ultrasonography) can be used to view sonic images of 
internal body structures. Gamma cameras detect the radiation from a radioactive 
source inserted into the patient. Magnetic resonance imaging (MRI) uses magnetic 
fields, radio waves, and field gradients to generate a picture of the inside of the body 
using nuclear magnetic resonance [10]. MRI with STIR sequences can be used to 
produce more information by suppressing the signal from fat. A CAT scan is defined 
as Computerized Axial Tomography and the associated calculation converts multi-
ple 2D projections (similar to standard X-rays) into 3D images.

4.3  �Digital Imaging

Digital photography uses visible light to produce images. The advantages of a digi-
tal image is that it can be subsequently edited, modified, transformed, or processed 
with a variety of algorithms (e.g. to modify the lighting, as in Fig. 4.2, or provide 
special effects in the image).

JPEG is a common method of lossy compression for digital images, particularly 
for those images produced by digital photography. The degree of compression can 
be varied, allowing a trade-off between storage size and image quality (Fig. 4.3). 
JPEG can achieve 10:1 compression with little perceptible loss in image quality.

4.3  Digital Imaging
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Fig. 4.1  A diagram of the electromagnetic spectrum, showing various properties across the range 
of frequencies and wavelengths
(Fig. 4.1 is courtesy of By Inductiveload, NASA – self-made, information by NASABased off of 
File:EM_Spectrum3-new.jpg by NASA. The butterfly icon is from the P icon set, P biology.svg 
The humans are from the Pioneer plaque, Human.svg The buildings are the Petronas towers and 
the Empire State Buildings, both from Skyscrapercompare.svg, CC BY-SA 3.0, https://commons.
wikimedia.org/w/index.php?curid=2974242)

Fig. 4.2  Digital image of the Golden Gate Bridge, San Francisco, modified by light effects
Courtesy of ‘By David Ball  – Original work’, CC BY 2.5, https://commons.wikimedia.org/w/
index.php?curid=1536881
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4.4  �The Motion Picture Industry

The issue of “Film versus Digital” has preoccupied the movie industry in recent 
years [11]. In 2014, Paramount Pictures stated that it would no longer issue 35 mm 
prints of its movies in the USA. Digital projectors are widely available in larger 
movie theaters, though the initial investment required ($60K-$150K) may be more 
difficult to afford for smaller art cinemas. There is little, or no, perceived difference 
in the movie-viewing experience between film and digital. The cost of shooting a 
movie in digital format is generally much less than the equivalent recording on film, 
as is the subsequent post-production and distribution. In addition, a film can be 
subject to wear and tear over time, whereas the digital version does not degrade. A 
further aspect to consider is the subsequent distribution of movies after initial 
release. The sector currently supports distribution of television-based entertainment 
via companies such as HBO and the streaming of digital video by means of compa-
nies such as Netflix and Amazon Prime. It is likely that digital video will gain 
increasing market share, given the current cost advantages in the use of digital. The 
precision and reproducibility of the content is also preserved in digital media. 
Copies can be made that are identical to the original.

Streaming media allows digital content to be downloaded via the Internet, giving 
more flexibility for the viewer, and challenging more traditional distribution mecha-
nisms. With streaming content, the user does not have to download all the content 
(whether video, or audio, or both) before viewing it. The service presupposes that 
the viewer has sufficient bandwidth on their local Internet connection, otherwise 
they may experience stops and starts in the display of content [12]. Two well-known 
streaming services are Netflix and YouTube.

The democratization brought about by digital video production, and the ready 
availability of digital equipment at increasingly low cost, have the potential to 
decrease the power and influence of large studios and encourage small and inde-
pendent producers. However, the public still require good quality productions in 
terms of their content, irrespective of their source and the mechanisms of produc-
tion. Producing a movie using cheaper and faster methods does not of itself produce 
a better movie, although it can allow new ideas to enter into the arena and gain vis-
ibility and traction. Formerly such new ideas would rarely be considered unless they 
were backed and financed by a large studio. The key aspect as far as the viewer is 
concerned is the quality of the content. Of course, new ideas and new videos con-
taining them can be posted in YouTube, and some go viral. This diversity has the 
potential to allow greater scope for new, creative productions to enter the sector, 
which is in the overall interests of the consumer.

Therefore the effect of digital media on the move industry has been substantial. 
It is also an example of how digital media has had a disruptive effect on an area of 
traditional business and forced it to consider how best to adjust to the new environ-
ment, and be able to exist alongside new and exciting developments (Table 4.1).

4.4  The Motion Picture Industry
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4.5  �Archival and Preservation

With regard to archives and preservation, it has been suggested that polyester and 
chemical film will last for 400–500 years minimum [11]. With regard to digital con-
tent, it is not clear how the succession of file formats which characterize the field 
will affect whether a particular digital format will be readable in a subsequent 

Fig. 4.3  Compression rate decreasing, and hence quality increasing, from left to right
Courtesy – By Felis_silvestris_silvestris.jpg: Michael Gäblerderivative work: AzaToth – Felis_sil-
vestris_silvestris.jpg, CC BY 3.0, https://commons.wikimedia.org/w/index.php?curid=16857750
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generation, given that often they are not backwards-compatible. This is an issue 
which affects the archiving and retrieval of digital information as a whole.

4.6  �Special Effects

Creating artificial dinosaurs for the movie Jurassic Park and making them move 
realistically and believably is one of the challenges of special effects. Before the 
widespread use of computer methods, the movie industry relied on physical models 
which were animated mechanically and with animatronics techniques. It is believed 
that although Jurassic Park used only 14 min of dinosaur special effects in the final 
film, of which 4 min were made by computer, it has had a substantial effect on the 
movie and visual effects industry [13–15]. Such computer sequences can be gener-
ated more quickly and cheaply than by conventional means using physical models. 
They can also be easily modified if the director of the film requires a different effect 
from that initially planned, in order to fit the story line more effectively.

One example of the functionality and power of visual effects is the movie Toy 
Story, which was produced 2 years later in 1995 by Pixar, where the entire film 
consisted of computer-generated animation. Such visual effects are now widespread 
in the movie industry [16] and they can be so well integrated into the production that 
it is difficult, if not impossible, to discern where traditional techniques end and the 
computer-generated sequences begin. In addition, there are now many visual effects 
companies who use the latest state of the art techniques and are available for hire by 
production companies.

Table 4.1  A comparison of film and digital methods of movie production

Point of comparison Film Digital

Start date 1890s – Lumiere brothers – 
cinematographe

1990s – affordable digital cameras

1927 – audio track added
Precision and 
reproducibility

Variable Good

Audience viewing Primarily cinema, though 
movies available via HBO

Cinemas and home

Cost Typically $1.8 million $16,000 for 220 h
Production and 
shipping

$1500 to produce and ship a 
35 mm film to a cinema.

90% less than film

$7.5 million for 5000 prints
Launch of movie Normally phased across 

countries
Simultaneously in theaters 
worldwide and also on digital 
platforms

Wear and tear Degrades with use Quality unchanged over time

Source: https://newrepublic.com/article/119431/how-digital-cinema-took-over-35mm-film
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4.7  �Special Effects Companies

4.7.1  �Visual Effects Techniques and Companies

Many special effects companies now use state of the art special effects and anima-
tion techniques [17, 18]. A selection is included in Table 4.2.

Data in Table 4.2 is courtesy of [18].
Over 40 Special Effects Companies [18] are listed in Table 4.3 –
The information in Table 4.3 is courtesy of [18].
The next sections summarize how two special effects companies developed, and 

how they contribute their expertise to visual effects in movies. They are Industrial 
Light and Magic and Dreamworks. Further information on other companies can 
easily be found from their company web sites and by reviews of these companies on 
the Internet.

4.7.2  �Industrial Light and Magic (ILM)

Forget the Industrial and Light – this is going to have to be Magic [19]

ILM can claim to have played a pioneering role in making visual effects for 317 
movies [19]. It was founded in 1975 by George Lucas, and was a division of 
Lucasfilm. In the 1980s and 1990s it developed a reputation for using the latest 
computer graphics and animation techniques developed for film. It was also the 
founder company of the animation studio Pixar [20]. In 2012 the Walt Disney 
Company acquired ILM as part of its purchase of Lucasfilm. ILM has won a number 
of Oscars for Best Visual Effects, and a number of additional nominations. It has 
also received a number of Scientific and Technical Awards from the Academy of 
Motion Picture Arts and Sciences. ILM is one of the largest visual effects compa-
nies in the sector with access to one of the largest render farms in the industry [19].

Table 4.2  A selection of visual special effects techniques

Bullet time Miniature effects Rotoscoping
Computer-generated imagery (often 
using Shaders)

Morphing Stop motion
Motion control 
photography

Go motion

Digital compositing Optical effects Schüfftan process
Dolly zoom Optical printing Traveling matte
In-camera effects Practical effects Virtual cinematography
Match moving Prosthetic makeup effects Wire removal
Matte (filmmaking) and Matte 
painting
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4.7.3  �Dreamworks

DreamWorks was founded in 1994 by Steven Spielberg, Jeffrey Katzenberg and 
David Geffen. Its objective was to create a new Hollywood studio of which they 
owned the majority share. DreamWorks used offices at Universal Studios. In 

Table 4.3  A selection of special effects companies

Adobe Systems Incorporated 
(San Jose, CA)

Industrial Light & 
Magic, founded by 
George Lucas

Pixomondo (Frankfurt, DE; Munich, 
DE; Stuttgart, DE; Los Angeles, CA, 
USA; Beijing, CH; Toronto, ON, 
CA; Baton Rouge, LA, USA)Animal Logic (Sydney, AU 

and Venice, CA)
Intelligent Creatures 
(Toronto, ON, CA)

Bird Studios (London UK)
BUF Compagnie (Paris, FR) Intrigue FX (Canada) Rhythm and Hues Studios (LA, CA, 

US)
CA Scanline (München, DE) Legacy Effects, (Los 

Angeles, CA)
Rising Sun Pictures (Adelaide, AU)

Cinesite (London/
Hollywood)

Look Effects, (Culver 
City, CA, USA)

Snowmasters (Lexington, AL, USA)

Creature Effects, Inc. (LA, 
CA, US)

M5 Industries (San 
Francisco i.e. 
Mythbusters)

Sony Pictures Imageworks (Culver 
City, CA, USA)

Digital Domain (Venice, LA, 
CA, US)

Mac Guff (LA, CA, US; 
Paris, FR)

Strictly FX, live special effects 
company

Double Negative (VFX) 
(London, UK)

Machine Shop (London, 
UK)

Surreal World (Melbourne, AU)

DreamWorks (LA, CA, US) Makuta VFX (Universal 
City, CA) (Hyderabad, 
India)

Super FX, Special Effects Company, 
ITALY

Flash Film Works (LA, CA, 
US)

Matte World Digital 
(Novato, CA)

Tippett Studio (Berkeley, CA, US)

Framestore (London, UK) Method Studios (Los 
Angeles, CA, USA; 
New York, NY, USA; 
Vancouver, BC, CA)

Tsuburaya Productions 
(Hachimanyama, Setagaya, Tokyo, 
Jap)

Giantsteps (Venice, CA) Vision Crew Unlimited
Hydraulx (Santa Monica, LA, 
US)
Image Engine (Vancouver, 
BC, CA

The Mill (London, UK; 
NY and LA, US)

Weta Digital
Zoic Studios (Culver City, CA, 
USA)

Modus FX (Montreal, 
QC, CA)

ZFX Inc a flying effects company

Moving Picture 
Company (Soho, 
London, UK)
Orlando SPFX 
(Orlando, Fl, US)
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December 2005, the founders agreed to sell the studio to Viacom, parent of 
Paramount Pictures. The sale was completed in February 2006. In 2008, Dreamworks 
terminated its partnership with Paramount and signed a $1.5 billion deal to produce 
films with India’s Reliance ADA Group. The following year, DreamWorks entered 
into an agreement with Walt Disney Studios, with distribution of DreamWorks films 
through Touchstone Pictures. This continued until 2016. Following the formation of 
Amblin Partners in 2015, the studio entered into a distribution agreement with 
Universal Pictures. It has released a number of animated feature films, which include 
Shrek the Third, Shrek 2 and Madagascar [21].

4.8  �Image Manipulation Software

4.8.1  �Commercial Versus Public Domain

An earlier book [22] in Chap. 5 provided a survey of software and applications for 
the areas of art and design. This section provides a similar analysis for image manip-
ulation software and its application areas.

Commercial software has vendor support and an upgrade path to new versions. 
However, it has a cost. This may depend upon the version selected – lowest cost 
versions may contain the smallest number of functions, while the highest cost ver-
sion contain the most advanced functions.

Public domain software is free and comes without support (though there may be 
an online community of users who can answer questions by email).

Software is normally available on both Mac and PC. Table 4.4 summarizes a 
number of commercial applications programs for image manipulation. Table  4.5 
summarizes a number of public domain applications programs. Some vendors of 
commercial software may make earlier versions of their software available as a free 
download.

Table 4.4  Commercial image manipulation software

Software Functions
Application 
areas

Adobe Photoshop Enhance photographs, web and mobile app designs, 
3D artwork, videos, etc

General

ACDSee Photo editing, photo management General
Sumo Paint Online image editor General
Aurora HDR HDR photography software for Mac Mac
ImageMagick Compose, edit, convert Bitmap images General
Autodesk 3ds Max 3D modeling and rendering General

4  Digital Imaging
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4.8.2  �Commercial Image Manipulation Software

Table 4.4 provides a selection of commercial image manipulation software, their 
functions, and application areas.

4.8.3  �Public Domain Image Manipulation Software

GNU Image Manipulation Program (GIMP) is a cross-platform image editor avail-
able for a variety of platforms including GNU/Linux, OS X, and Windows and more 
operating systems. It is available free of charge and the source code can be edited. 

Table 4.5  Free image manipulation software

Software Functions Application areas

Photobie Image editing General
Photo!Editor Image editing Correct or enhance digital 

photos
Phantasmagoria Image editing Enhance digital photos
Image Analyzer Image editing, enhancement and 

analysis
General

Artweaver Simulates natural brush tools Brushes
Active Pixels Images Variety of applications
Photoscape Fix and enhance photos Photo editing – resize, 

brightness, color 
adjustment, etc.

VCW VicMan’s Photo 
Editor

Photo editor General

PaintStar Retouching of photos General
Helicon Filter Image editing General
Evan’s Image Editor Editing of still or animated images General
Free Image Editor Bitmap image editor Digital Photography, print 

and web
Photo Pos Lite Edit, enhance and manipulate pictures, 

plus drawing and painting tools
General

MAGIX Xtreme Photo 
Designer

Photo editor General

digiKam KDE application which acts as a front 
end to gphoto2 for photo downloads 
from a digital camera

General

Polarr In-browser photo editor serving pro 
photographers. It is one of the first photo 
editors supporting RAW photo editing in 
web browsers

General

Blender 3D graphics and animation software General

Courtesy of  – http://www.hongkiat.com/blog/photoshop-alternatives-another-14-free-image-
manipulation-tools/; http://www.imaging-resource.com/news/2016/06/18/who-needs-photoshop-
the-five-best-free-photo-editing-apps
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It is suitable for graphic designers, photographers, illustrators, or scientists. There 
are also customization options and 3rd party plugins [23].

A variety of public domain image manipulation software is available and some 
examples are summarized in Table 4.5.

4.9  �Video Logs

A web log (or blog) is a communication or discussion website [24] normally con-
sisting of short entries of information, or updates to existing information. Such 
information is normally text and may also contain pictures if they are relevant to the 
posting. Posts by the author are normally in reverse chronological order so that the 
most recent information appears first at the top of the page and is therefore easy for 
users to see when they activate the link to the web site. There are numerous guides 
on the Internet to starting a blog [25].

A video log (vlog) is a blog where the medium used is video [26] with any asso-
ciated explanatory text. Vlogs are popular in YouTube [27, 28]. There are numerous 
guides on the Internet on how to start a vlog [29].

4.10  �Digital Photography

A digital camera may be freestanding or integrated into a mobile phone. In both 
cases technology has continued to advance in terms of increasing capability of func-
tion and resolution, such as dealing with motion blur, red-eye effects, anti-aliaising, 
better color, better low-light (or even no light) performance, better facial recogni-
tion, etc. [4].

Opinions will vary on the best freestanding digital cameras. This may depend to 
some degree on the application area in which it is to be used and the preferences of 
the user with regard to particular functions that are important for their work. One 
evaluation gave the following 10 best cameras for 2017 [30]. They would all claim 
to be at the standard required for a professional photographer. Prices shown are in 
UK pounds sterling (approx.).

	 1.	 Fuji X-T2 (£1377)
	 2.	 Canon EOS 5D Mark IV (£3499)
	 3.	 Nikon D500 (£1729)
	 4.	 Sony Alpha A7R II (£999)
	 5.	 Nikon D3300 (£319)
	 6.	 Panasonic Lumix LX100 (£499)
	 7.	 Olympus OM-D E-M10 II (£389)
	 8.	 Panasonic Lumix ZS100/TZ100 (£541)
	 9.	 Canon EOS Rebel T6i/750D (£488)
	10.	 Panasonic Lumix FZ1000 (£579)
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Further information on the specifications of each of the above cameras may be 
found at [30].

A similar evaluation has been done for the 10 best compact digital cameras for 
2017 [31]. Many include Wi-Fi connectivity so photographs can easily be trans-
ferred to other people or destinations. Although compact digital cameras tend to be 
dismissed by professional photographers, there are now many products which offer 
a competitive alternative to a digital SLR or a mirrorless system camera. In addition, 
they can also provide an excellent step-up in capability from a smartphone camera 
where this is required.

Prof Marc Levoy (Google Inc. and Stanford University, USA) gave a series of 
lectures in 2016 on “Digital Photography: How cameras work and how to take 
good pictures using them” and the lectures were recorded for free public distribu-
tion. They are available at a Google URL [32] and also in YouTube [33]. The Course 
Schedule also contains links to PDFs of the slides used in each lecture [34].

The principal sections of the Lecture Course are as follows –

•	 Introduction (2 lectures)
•	 How digital cameras work (4 lectures)
•	 Photons, pixels, and bits (4 lectures)
•	 Interregnum (1 lecture)
•	 Color and Lighting (5 lectures)
•	 Image processing (2 lectures)

A set of references are also given as part of the lecture course [34]. These  
are included below and full acknowledgment is given to Prof Marc Levoy and 
Google Inc.

1.	 London, B., Stone, J., Upton, J.: Photography, 11th edn. Pearson/Prentice Hall, 
New York (2011). 10th edition is better

2.	 Peterson, B.: Learning to See Creatively. Watson-Guptill, New York (1988) (or any 
later edition)

3.	 Hecht, E.: Optics, pp. 149–171, 4th edn. Pearson/Addison-Wesley, New York (2002). 
Chapter 5.1–5.2 – geometrical optics

4.	 Moller, T et al.: Real-Time Rendering, pp. 117–124, 3rd edn. AK Peters, Natick (2008). 
Chapter 5.6.1 – sampling and filtering theory

5.	 Goldberg, N.: The Dark Side of the Lens, pp.  35–50. Academic, Cambridge, MA 
(1992). Sections 1.11–1.20 – autofocus, etc

6.	 Adams, A.: Examples: The Making of 40 Photographs. Little Brown, New York (1983). 
Especially, pp. 40–43, 102–106, 107–111, 162–165

7.	 Stone, M.: A Field Guide to Digital Color, pp. 1–19. AK Peters, Natick (2003). Chapter 
1, Color vision

8.	 Minneart, M.G.J.: Light and Color in the Outdoors, pp.  259–298. Springer, Berlin 
(1993). Chapter 11 (partial) – light and color of the sky

9.	 Reinhard, E., Ward, G., Pattanaik, S., Debevec, P.: High Dynamic Range Imaging; 
Acquisition, Display, and Image-Based Lighting, pp.  19–28. Elsevier, Amsterdam 
(2006). Chapter 2.1–2.2 – radiometry & photometry

10.	 Dorsey, J., Rushmeier, H., Sillion F.: Digital Modeling of Material Appearance, 
pp. 27–46. Elsevier, Amsterdam (2008). Chapter 3 – observation and classification

11.	 Hunter, F., Biver, S., Fuqua, P.: Light Science and Magic: An Introduction to 
Photographic Lighting, pp. 142–162, 4th edn. Focal Press, Waltham (1997). Chapter 7 
(partial) – case study of glass [34]
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4.11  �Ongoing Considerations with Regard to Digital 
Imaging

Photography remains a significant art form, and there are many exhibitions which 
display the work of famous photographers, including those who use modern digital 
technology as part of their work (e.g. David Hockney’s use of the iPad).

However, today’s smart phones have also made photographs more ubiquitous 
and transitory, and many have become an integral part of social media. Concerns 
have been expressed about the transitory nature of “point and shoot” images as they 
appear to be more to do with social communication and influence than the traditional 
values of photographic imaging, one of which has been to preserve significant 
images for posterity. However, some “point and shoot” images have become very 
important and influential because they were taken at the time of a significant national 
or international event that happened very quickly and no-one else was able to take 
any photographs. This is an example of how social media can determine the future 
in ways that may exceed the traditional methods of press reporting. It can preserve 
significant images for posterity.

It is clear that photography and imaging has to a certain extent been redefined 
from its origins – particularly in terms of its current contexts and social uses. The 
power and capability of modern digital cameras has also revealed detailed informa-
tion in an image that the photographer was not aware of when the picture was taken.

Digital imaging has raised ongoing issues such as copyright, digital media rights, 
and fair use which are proving difficult to resolve. These are examined further in 
Chap. 8 on The Future.

A short list of books is included in Further Reading at the end of this chapter. The 
Bibliography at the end of this book includes a much longer list of Further Reading 
in the areas of –

•	 Image Manipulation
•	 Image Processing
•	 Image Compression
•	 Image Standards
•	 Special Effects
•	 Modeling
•	 Medical Imaging
•	 Robotics

Further Reading

Ang, T.: Digital Photography Masterclass: Advanced Techniques for Creating Perfect Pictures 
360, Dorling Kindersley, London (2017)

Bull, D.R.: Communicating Pictures: A Course in Image and Video Coding. 560, Academic, 
Oxford (2014)
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DK: Digital Photography Complete Course. 360, Dorling Kindersley, Penguin Random House 
London (2015)

Harman, D.: The Digital Photography Handbook: An Illustrated Step by Step Guide, 224, Quercus, 
London. (2016)

Raskar, R., Tumblin, J.: Computational Photography: Mastering New Techniques for Lenses, 
Lighting, and Sensors. A.K. Peters, Natick (2010). https://en.wikipedia.org/wiki/History_of_
photography; https://en.wikipedia.org/wiki/Digital_camera

References

	 1.	Gavetti, G.M., Henderson, R., Giorgi, S.: Kodak and the Digital Revolution (A). Harvard 
Business School Case 705–448. (November 2004). (Revised November 2005). http://www.
hbs.edu/faculty/Pages/item.aspx?num=31757

	 2.	http://erickimphotography.com/blog/2013/10/29/street-photography-composition-lesson-6-
framing/

	 3.	https://en.wikipedia.org/wiki/Selfie
	 4.	http://www.makeuseof.com/tag/5-camera-technologies-will-change-way-take-pictures/; 

http://www.techradar.com/news/photography-video-capture/cameras/best-camera-1271079; 
https://www.lifewire.com/cameras-of-the-future-493442

	 5.	https://www.selva3d.com/; https://www.sculpteo.com/blog/2016/01/20/turning-a-picture-
into-a-3d-model/; http://www.instructables.com/id/3D-Print-Your-Drawings/; https://www.
shapeways.com/tutorials/how-to-use-2d-3d-app-convert-images-3d-models; http://make3d.
cs.cornell.edu/; https://en.wikipedia.org/wiki/3D_reconstruction_from_multiple_images

	 6.	Allen, P., Feiner, S., Troccoli, A., Benko, H., Ishak, E. Smith, B.: Seeing into the past: cre-
ating a 3D modeling pipeline for archaeological visualization. In: Proceedings of the 2nd 
International Symposium on 3D Data Processing, Visualization, and Transmission. IEEE 
Computer Society, New  York (2004). http://ieeexplore.ieee.org/abstract/document/1335391/
?reload=true; http://www.cs.columbia.edu/~allen/PAPERS/3dpvt04.1.pdf

	 7.	https://en.wikipedia.org/wiki/Light-field_camera
	 8.	https://illum.lytro.com/illum; http://graphics.stanford.edu/papers/lfcamera/; http://stanford.

edu/class/ee367/reading/Ren%20Ng-thesis%20Lytro.pdf
	 9.	http://videopreservation.conservation-us.org/BHoIT.pdf
	10.	https://en.wikipedia.org/wiki/Magnetic_resonance_imaging
	11.	https://newrepublic.com/article/119431/how-digital-cinema-took-over-35mm-film; https://

en.wikipedia.org/wiki/History_of_film
	12.	https://en.wikipedia.org/wiki/Streaming_media
	13.	http://mentalfloss.com/article/49904/20-things-you-might-not-have-known-about-jurassic-

park
	14.	http://www.hollywoodreporter.com/behind-screen/how-jurassic-park-revolutionized- 

visual-802332
	15.	http://www.businessinsider.com/how-cgi-works-in-jurassic-park-2014-7?IR=T
	16.	https://en.wikipedia.org/wiki/Special_effect
	17.	https://en.wikipedia.org/wiki/Computer_animation
	18.	https://en.wikipedia.org/wiki/Special_effect
	19.	https://www.wired.com/2015/05/inside-ilm/; http://www.ilm.com/; https://en.wikipedia.org/

wiki/Industrial_Light_%26_Magic
	20.	http://www.pixar.com/; https://en.wikipedia.org/wiki/Pixar; https://en.wikipedia.org/wiki/

List_of_Pixar_films
	21.	https://en.wikipedia.org/wiki/DreamWorks; http://dreamworkspictures.com/; https://www.

forbes.com/companies/dreamworks-animation/

References

http://erickimphotography.com/blog/2013/10/29/street-photography-composition-lesson-6-framing/
http://erickimphotography.com/blog/2013/10/29/street-photography-composition-lesson-6-framing/
https://www.selva3d.com/
https://www.sculpteo.com/blog/2016/01/20/turning-a-picture-into-a-3d-model/
https://www.sculpteo.com/blog/2016/01/20/turning-a-picture-into-a-3d-model/
http://www.instructables.com/id/3D-Print-Your-Drawings/
https://www.shapeways.com/tutorials/how-to-use-2d-3d-app-convert-images-3d-models
https://www.shapeways.com/tutorials/how-to-use-2d-3d-app-convert-images-3d-models
http://make3d.cs.cornell.edu/
http://make3d.cs.cornell.edu/
https://en.wikipedia.org/wiki/3D_reconstruction_from_multiple_images
http://ieeexplore.ieee.org/abstract/document/1335391/?reload=true
http://ieeexplore.ieee.org/abstract/document/1335391/?reload=true
http://www.cs.columbia.edu/~allen/PAPERS/3dpvt04.1.pdf
https://en.wikipedia.org/wiki/Light-field_camera
https://illum.lytro.com/illum
http://graphics.stanford.edu/papers/lfcamera/
http://stanford.edu/class/ee367/reading/Ren Ng-thesis Lytro.pdf
http://stanford.edu/class/ee367/reading/Ren Ng-thesis Lytro.pdf
http://videopreservation.conservation-us.org/BHoIT.pdf
https://en.wikipedia.org/wiki/Magnetic_resonance_imaging
https://newrepublic.com/article/119431/how-digital-cinema-took-over-35mm-film
https://en.wikipedia.org/wiki/History_of_film
https://en.wikipedia.org/wiki/History_of_film
https://en.wikipedia.org/wiki/Streaming_media
http://mentalfloss.com/article/49904/20-things-you-might-not-have-known-about-jurassic-park
http://mentalfloss.com/article/49904/20-things-you-might-not-have-known-about-jurassic-park
http://www.hollywoodreporter.com/behind-screen/how-jurassic-park-revolutionized-visual-802332
http://www.hollywoodreporter.com/behind-screen/how-jurassic-park-revolutionized-visual-802332
http://www.businessinsider.com/how-cgi-works-in-jurassic-park-2014-7?IR=T
https://en.wikipedia.org/wiki/Special_effect
https://en.wikipedia.org/wiki/Computer_animation
https://en.wikipedia.org/wiki/Special_effect
https://www.wired.com/2015/05/inside-ilm/
http://www.ilm.com/
https://en.wikipedia.org/wiki/Industrial_Light_&_Magic
https://en.wikipedia.org/wiki/Industrial_Light_&_Magic
http://www.pixar.com/
https://en.wikipedia.org/wiki/Pixar
https://en.wikipedia.org/wiki/List_of_Pixar_films
https://en.wikipedia.org/wiki/List_of_Pixar_films
https://en.wikipedia.org/wiki/DreamWorks
http://dreamworkspictures.com/
https://www.forbes.com/companies/dreamworks-animation/
https://www.forbes.com/companies/dreamworks-animation/


44

	22.	Earnshaw, R.A.: Art, Design and Technology: Collaboration and Implementation. Springer 
(2017)

	23.	https://www.gimp.org/
	24.	https://en.wikipedia.org/wiki/Blog
	25.	https://blogging.org/; https://www.blogger.com/about/?r=1-null_user
	26.	https://en.wikipedia.org/wiki/Video_blog; http://whatis.techtarget.com/definition/vlog-video- 

blog
	27.	http://www.huffingtonpost.co.uk/2014/12/17/25-vloggers-under-25-who-are-owning-the-

world-of-youtube_n_6340280.html
	28.	Casey Neistat https://www.youtube.com/playlist?list=PLTHOlLMWEwVy52FUngq91krMk

QDQBagYw
	29.	http://www.vlognation.com/how-to-start-a-vlog/; http://www.wikihow.com/Be-a-Vlogger
	30.	http://www.techradar.com/news/photography-video-capture/cameras/best-camera-1271079; 

www.techradar€.com/news/photography-video-capture/cameras/what-camera-should-i- 
buy-our-step-by-step-guide-helps-you-choose-1300667

	31.	http://www.techradar.com/news/photography-video-capture/cameras/best-compact-camera- 
2013-34-reviewed-963985

	32.	https://sites.google.com/site/marclevoylectures/home
	33.	https://www.youtube.com/user/marclevoy/videos; https://www.youtube.com/playlist?list=PL7 

ddpXYvFXspUN0N-gObF1GXoCA-DA-7i
	34.	https://sites.google.com/site/marclevoylectures/schedule

4  Digital Imaging

https://www.gimp.org/
https://en.wikipedia.org/wiki/Blog
https://blogging.org/
https://www.blogger.com/about/?r=1-null_user
https://en.wikipedia.org/wiki/Video_blog
http://whatis.techtarget.com/definition/vlog-video-blog
http://whatis.techtarget.com/definition/vlog-video-blog
http://www.huffingtonpost.co.uk/2014/12/17/25-vloggers-under-25-who-are-owning-the-world-of-youtube_n_6340280.html
http://www.huffingtonpost.co.uk/2014/12/17/25-vloggers-under-25-who-are-owning-the-world-of-youtube_n_6340280.html
https://www.youtube.com/playlist?list=PLTHOlLMWEwVy52FUngq91krMkQDQBagYw
https://www.youtube.com/playlist?list=PLTHOlLMWEwVy52FUngq91krMkQDQBagYw
http://www.vlognation.com/how-to-start-a-vlog/
http://www.wikihow.com/Be-a-Vlogger
http://www.techradar.com/news/photography-video-capture/cameras/best-compact-camera-2013-34-reviewed-963985
http://www.techradar.com/news/photography-video-capture/cameras/best-compact-camera-2013-34-reviewed-963985
https://sites.google.com/site/marclevoylectures/home
https://www.youtube.com/user/marclevoy/videos
https://www.youtube.com/playlist?list=PL7ddpXYvFXspUN0N-gObF1GXoCA-DA-7i
https://www.youtube.com/playlist?list=PL7ddpXYvFXspUN0N-gObF1GXoCA-DA-7i
https://sites.google.com/site/marclevoylectures/schedule


45© The Author(s) 2017 
R. Earnshaw, State of the Art in Digital Media and Applications, SpringerBriefs 
in Computer Science, DOI 10.1007/978-3-319-61409-0_5

Chapter 5
Digital Libraries

Abstract  The digital revolution is having effects on the development, organization, 
and distribution of information and artefact repositories such as libraries, and the 
way in which physical and digital aspects are mediated to users. It was clear from 
the early involvement of the National Science Foundation (NSF), Defense Advanced 
Research projects Agency (DARPA) and National Aeronautics and Space 
Administration (NASA) in the USA that any developments in this area were going 
to be potentially significant for the future of large scale information retrieval of digi-
tal objects such as text, images, audio, and video. A review of library and related 
provision in higher education in the UK was commissioned in 1992 and reported on 
at the end of 1993. Many academic institutions and organizations have developed 
their own Institutional Repositories in order to store their own content. The advan-
tages of digital libraries are summarized. The Google Digitization Project to digitize 
the world’s information is reviewed and evaluated. Recent significant difficulties 
with the Project are summarized. There also current issues in ensuring digital 
archives remain accessible to users into the long term future and are not rendered 
obsolete by future shifts in technology. The changes that digital media and digital 
convergence are bringing about are substantial and are also likely to be 
long-lasting.

Keywords  Digital computing • Large scale information retrieval • Digital objects • 
Institutional repositories • Google digitization project • Digital archives • Quality 
control • Copyright infringement • Bibliographic databases • Collective licensing • 
Long term digital preservation

5.1  �Introduction

The digital revolution is far more significant than the invention of writing or even of 
printing.

Douglas Engelbart, 1997 [1]
In 20 or 30 years, you’ll be able to hold in your hand as much computing knowledge as 

exists now in the whole city, or even the whole world. Douglas Engelbart [2]
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Various forms of calculating device were in operation at least from the time of 
Babbage in 1833, but it was not until the first stored program computers (ENIAC, 
1946, and EDSAC, 1949, and the Manchester Mk1, 1949) that a more generalized 
form of operation was possible. The output of alphanumeric results of calculations 
on to printers was followed by output on to storage tubes and plotters in the 1960s. 
The use of computers was primarily for numerical calculations. However, there 
were early visions of a wider use of computers, though many of these visions were 
not universally shared until they had been successfully implemented. Thus there 
was widespread uncertainty in the early days about how computer technology and 
applications would develop and what forms these would take.

5.2  �Digital Media Considerations

The Digital Media Alliance, Florida, defined digital media as “the creative conver-
gence of digital arts, science, technology and business for human expression, com-
munication, social interaction and education”.[3] Many traditional media 
companies now generate their content in digital form for distribution via CD, DVD, 
or the Internet, as well as print. Marketing strategies for content increasingly utilize 
multiple media channels to hit different markets simultaneously. New media forms 
such as wikis, blogs, podcasts, and the distribution of user-generated content (e.g. 
YouTube) are all changing the nature of information and how it is stored, updated, 
distributed, and accessed. Filtering, accreditation, and synthesis of content can be 
created through new hierarchies of peers and information affinity groups on the 
Internet.

5.3  �Initial Developments in Digital Libraries

The term digital libraries first came to prominence by the Digital Libraries Initiative 
of NSF/DARPA/NASA in the USA 1994 [4]. It was clear from the early involve-
ment of NSF, DARPA and NASA that any developments in this area were going to 
be potentially significant for the future of large scale information retrieval of digital 
objects (e.g. such as text, images, audio, and video).

In the UK, a review took place in 1992–93 by Sir Brian Follett [5]. It was the first 
general review of library provision in the UK since a report in 1967 by the Committee 
on Libraries established by the UK University Grants Committee in 1963.

A review of library and related provision in higher education in the UK was com-
missioned in 1992 and reported on at the end of 1993. It was chaired by Sir Brian 
Follett and the primary aim of the group that was set up was to review:

•	 the implications of the growth in undergraduate student numbers for library 
services

5  Digital Libraries



47

•	 the role of libraries in support of research, given the increasing number of peri-
odicals and specialist books, and their increase in price

•	 the developments in information technology and the implications for libraries.

It was the first general review of library provision since a report in 1967 by the Committee 
on Libraries established by the University Grants Committee in 1963 [5].

The Follett Report [6] noted the shift that was starting from libraries as containers of 
information to information access. It was recognised that it was no longer possible for any 
single library to contain all the resources required. Shortfalls in space for libraries and 
materials were noted and urgent action was recommended, given the importance of librar-
ies to the delivery of teaching and research. The Funding Councils accepted the Follett 
Report's findings and a sum of £10 million was made available in 1995 for building work in 
libraries related directly to student numbers. It was also recommended that the Funding 
Councils should jointly invest £20 million over three years in support of a series of develop-
ment projects designed to further the use of IT in a number of areas. These included access 
and interfaces to national networks (e.g. the Joint Academic Network – JANET), naviga-
tional tools, electronic document storage and delivery, electronic journals, databases and 
datasets, library management systems, library automation, institutional information strate-
gies, and training. The exploitation of IT was regarded as essential in creating the effective 
library of the future [5]

A digital library is a repository where a significant proportion of the contents are 
in digital form. They are normally indexed and searchable via electronic means, 
which is an advantage over paper-based information. When the library is connected 
to the Internet, it can provide local and remote access with equal facility.

Many academic institutions and organizations have developed their own 
Institutional Repositories in order to store their own content that they have gener-
ated, such as PhD theses, academic research papers, and other works. These were 
generally open access (i.e. made freely available to the public via the Internet) in 
order to make the knowledge and information within the repository generally acces-
sible and also to make as many people as possible aware of the value and quality of 
work being done in the institution. These may be viewed as digital libraries and are 
accessed in similar ways. Items can often be located by using a Google search on 
the Internet [7].

The advantages of the digital library include the following [7] –

•	 No physical boundary. The user of a digital library need not to go to the library 
physically; people from all over the world can gain access to the same informa-
tion, as long as an Internet connection is available.

•	 Round the clock availability A major advantage of digital libraries is that peo-
ple can gain access 24/7 to the information.

•	 Multiple access. The same resources can be used simultaneously by a number of 
institutions and patrons. This may not be the case for copyrighted material: a 
library may have a license for “lending out” only one copy at a time; this is 
achieved with a system of digital rights management where a resource can 
become inaccessible after expiration of the lending period or after the lender 
chooses to make it inaccessible (equivalent to returning the resource).

5.3  Initial Developments in Digital Libraries
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•	 Information retrieval. The user is able to use any search term (word, phrase, 
title, name, subject) to search the entire collection. Digital libraries can provide 
very user-friendly interfaces, giving click able access to its resources.

•	 Preservation and conservation. Digitization is not a long-term preservation 
solution for physical collections, but does succeed in providing access copies for 
materials that would otherwise fall to degradation from repeated use. Digitized 
collections and born-digital objects pose many preservation and conservation 
concerns that analog materials do not. Please see the following “Problems” sec-
tion of this page for examples.

•	 Space. Whereas traditional libraries are limited by storage space, digital librar-
ies have the potential to store much more information, simply because digital 
information requires very little physical space to contain them and media stor-
age technologies are more affordable than ever before.

•	 Added value. Certain characteristics of objects, primarily the quality of images, 
may be improved. Digitization can enhance legibility and remove visible flaws 
such as stains and discoloration.

•	 Easily accessible. [7]

5.4  �Large Scale Digital Libraries – The Google Digitization 
Project

Google's mission is “to organize the world's information and make it universally 
accessible and useful” [8]. It was therefore a logical development for Google to 
seek to digitize as much archive information as possible currently held in paper or 
book form in major world-leading universities and other leading organizations, and 
make it freely available globally over the Internet from its databases. The initial 
consortium in 2005 included Harvard, Stanford, University of Michigan, Oxford, 
New York Public Library, and Google. Google funded the work to be done, and at 
$10 per volume, the cost of digitization of 15 million books (the approximate size 
of the Harvard Library alone) was estimated at $150 million [9].

Although approximately 30 million books have been scanned by 2015 [10], there 
have been delays in the implementation of the project due to a number of factors 
including the following –

•	 Problems of quality control of the scanned text which has introduced many errors 
which have not been corrected.

•	 Legal challenges by authors and publishers on the grounds of alleged copyright 
infringements by Google.

•	 Fears that Google could create a monopoly in online, out-of-print books.
•	 Issue of trust with regard to Google’s ultimate intentions for the project – was it 

to be non-profit and a service to the public, or did Google intend to utilize it in 
some way to generate revenue?

5  Digital Libraries
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•	 Privacy issues to do with users accessing books anonymously, as they would do 
in a public library. This would not be possible to do if Google were intending to 
keep a record of books accessed in order to accrue data to feed into a business 
model of future plans.

•	 Google announced the intention in 2008 of including magazines and periodicals 
in its database and make them available to its book search. However, many tradi-
tional bibliographic databases make a clear distinction between books and 
periodicals.

One possible way forward was that proposed by the Authors Guild and involved 
extended collective licensing. It permitted the owners of scanned, out of print con-
tents from libraries such as Google to make some of them available with payments 
to the authors [mm]. In November 2013, the presiding U.S. Circuit Judge dismissed 
Authors Guild et al. v. Google. On April 18, 2016, the Supreme Court turned down 
an appeal. “It appears therefore that this decision was currently favoring Google, 
granting them the right to expand their digital library without violating the law” 
[11].

5.5  �Long Term Preservation of Digital Information

Digital information needs to remain readable and accessible into the long term 
future [12]. The Information Governance Initiative (IGI) produced a survey report 
in 2016, “The Governance of Long-Term Digital Information: An IGI 2016 
Benchmark” [13]. The survey found that –

while 98% of respondents had records that required long-term retention, only 11% of 
respondents were actually storing their records in a purpose-built long-term digital preser-
vation system [13].

In 1998 it was stated that digital preservation was essential for the future acces-
sibility of information [14] –

The critical role of digital … archives in ensuring the future accessibility of information 
with enduring value has taken a back seat to enhancing access to current and actively used 
materials. As a consequence, digital preservation remains largely experimental and replete 
with the risks … representing a time bomb that threatens the long-term viability of [digital 
archives] [14].

In addition, around the same time the report of a task force on the archiving of 
digital information made a similar point [15]. The report called for a global effort to 
design and develop “national information infrastructure to ensure that longevity of 
information is an explicit goal” [15].

Little progress has been made in terms of a global infrastructure to provide a 
sustainable archive. In the meantime, there is increased national and international 
dependence on digital information, so the risk in this area has also increased as 
stated by the Information Governance Initiative [13] –

5.5  Long Term Preservation of Digital Information
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Today, no such global infrastructure exists. And, although significant progress has been 
made to address the challenge by industry bodies, individual institutions, and providers of 
digital preservation technology, the existential and commercial threat represented by our 
accelerating and deepening reliance on digital information has only grown exponentially in 
the intervening 20 years [13].

This is also reflected by statements in the press in 2015 [16] -

We are nonchalantly throwing all of our data into what could become an information black 
hole without realizing it . . . documents or presentations that we’ve created may not be read-
able by the latest version of the software. So even if we accumulate vast archives of digital 
content, we may not actually know what it is [16].

A report on the future of libraries has been produced by a task force at MIT in 
2016 [17].

5.6  �Conclusions

The development of digital libraries has been reviewed. Developments in the area in 
the area by NSF, DARPA and NASA in the USA in 1994 on the future of large scale 
information retrieval of digital objects (e.g. such as text, images, audio, and video) 
have been summarized. Similarly, the output of a review of library and related pro-
vision in higher education in the UK in 1993 by a committee chaired by Sir Brian 
Follett is summarized. It was the first general review of library provision in the UK 
since a report in 1967 by the Committee on Libraries established by the UK 
University Grants Committee in 1963. Many academic institutions and organiza-
tions have developed their own Institutional Repositories in order to store their own 
content. The advantages of digital libraries are summarized. The Google Digitization 
Project to digitize the world’s information is reviewed and evaluated. Recent signifi-
cant difficulties with the Project are summarized. There also current issues in ensur-
ing digital archives remain accessible to users into the long term future and are not 
rendered obsolete by future changes in technology.
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Chapter 6
Applications of Digital Media

Abstract  There are a wide range of digital media applications such as digital 
images, digital photography, digital video, digital audio, computer games, multime-
dia production, animation, digital video film making, e-books, web pages, data, and 
databases. Media content is now created in digital form and can be repurposed 
across different media types such as DVD, Internet, or traditional print. This offers 
scope for different forms of interactive media, and advertising, and providing added 
value to consumers by providing dynamic links to other relevant information. This 
provides new value chains and ecosystems. This is turn affects social and cultural 
contexts, and interacts with them. The user as content creator, publisher, and broad-
caster is challenging and changing the traditional roles of news media, publishers, 
and entertainment corporations. This in turn changes social and governmental struc-
tures and affects their power, influence, and cultural impact. A number of Case 
Studies illustrate how the applications are developed and implemented in practice.

Keywords  User as creator • Value chains • Repurposing media content • Digital 
heritage • Online book publishing • Interactive broadcasting • Vlogs • Disruptive 
technologies

6.1  �Introduction

There is a wide range of application areas for digital media. This chapter can only 
give a snapshot and refer readers to the Further Reading and the References sections 
at the end of the chapter for more information.

Digital media applications areas include digital media applications such as digi-
tal images, digital photography, digital video, digital audio, digital libraries, com-
puter games, multimedia production, animation, digital video film making, e-books, 
web pages, data, and databases. It could also include a range of applications where 
computing or multimedia is a component of an application such as embedded com-
puting, the Internet of Things, smart clothing, 3D capture, motion capture, and digi-
tal heritage. Digital libraries are examined separately in Chap. 5 and social media in 
Chap. 7.
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6.2  �Digital Media Application Areas

Applications include the following domains –

•	 Creative industries
•	 Computational journalism
•	 Digital arts and culture
•	 Digital art
•	 Digital photography
•	 Media culture and digital content
•	 Film and video
•	 Video processing
•	 Virtual humans
•	 Digital storytelling
•	 Media and entertainment
•	 Virtual and augmented realities
•	 Interactions between media culture and digital content (e.g. [1])

Digital tools include –

•	 Sentiment analysis
•	 Social media analytics – to provide quantitative data on how viewers are respond-

ing to media
(e.g. the acquisition of Bluefin by Twitter for $90 million [2]

6.3  �Applications Areas at MIT Media Laboratory

Initial research groups at the MIT Media Laboratory in 1987 included the following 
[3]–

•	 Electronic publishing
•	 Speech
•	 Advanced television research
•	 Moves of the future
•	 Visual languages
•	 Spatial imaging
•	 Computers and entertainment
•	 Animation and computer graphics
•	 Computer music
•	 School of the future
•	 Human-machine interface

6  Applications of Digital Media
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Current research groups at the MIT Media Lab (2017) include the following [4] –

•	 Affective computing  – advanced wellbeing using new ways to communicate, 
understand, and respond to emotion

•	 Biomechatronics – enhancing human physical capability
•	 Camera culture – making the invisible visible – inside our bodies, around us, and 

beyond – for health, work, and connection
•	 Changing places – enabling dynamic, evolving places that respond to the com-

plexities of life
•	 Civic media – creating technology for social change
•	 Conformable decoders – converting the patterns of nature and the human body 

into beneficial signals and energy
•	 Design fiction – sparking discussion about the social, cultural and ethical impli-

cations of emerging technologies through design and storytelling
•	 Fluid interfaces – integrating digital interfaces more naturally into our physical 

lives enabling insight, inspiration, and interpersonal connections
•	 Human dynamics  – exploring how social networks can influence our lives in 

business, health, governance, and technology adoption and diffusion
•	 Lifelong kindergarten – engaging people in creative learning experiences
•	 Living mobile – enhancing mobile life through improved user interactions
•	 Macro connections – transforming data into knowledge
•	 Mediated matter – designing for, with, and by nature
•	 Molecular machines – engineering at the limits of complexity with molecular-

scale parts
•	 Object-based media – changing storytelling, communication and everyday life 

through sensing, understanding, and new interface technologies
•	 Opera of the future – extending expression, learning and health through innova-

tions in musical composition, performance, and participation
•	 Personal robots – building socially engaging robots and interactive technologies 

to help people live healthier lives, connect with others and learn better
•	 Playful systems – designing systems that become experiences to transcend utility 

and usability
•	 Responsive environments – augmenting and mediating human experience, inter-

action, and perception with sensor networks
•	 Scalable cooperation – reimagining the way society organizes, cooperates, and 

governs itself
•	 Sculpting evolution – exploring evolutionary and ecological engineering
•	 Signal kinetics – extending human and computer abilities in sensing, communi-

cation, and actuation through signals and networks
•	 Social computing  – creating sociotechnical systems that shape our urban 

environments
•	 Social machines – understanding and empowering human networks
•	 Synthetic neurobiology – revealing insights into the human condition and repair-

ing brain disorders via novel tools for mapping and fixing brain computations

6.3  Applications Areas at MIT Media Laboratory
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•	 Tangible media – seamlessly coupling the worlds of bits and atoms by giving 
dynamic physical form to digital information and computation

•	 Viral communications  – creating scalable technologies that evolve with user 
inventiveness [4]

6.4  �Case Studies

The following four Case Studies illustrate the diversity of applications that are pos-
sible with digital media. The first is a digital heritage project where historical sculp-
tures were scanned to provide an archive that is available over the Internet. The 
second is an example of an independent online book publishing project where 
750,000 copies of the novel were sold. The third is an interactive broadcasting pilot, 
where the viewers can provide feedback on the broadcast via computer. The final 
Case Study is in the area of videologs and short films. This company was acquired 
by CNN in November 2016.

6.4.1  �Digital Michelangelo Project

The Digital Michelangelo Project [5] by Stanford University performed a detailed 
high resolution scanning and analysis of statues and mosaics, and compiled an 
archive of 3D models which is made freely available over the Internet [6]. This 
project illustrated how technology could be utilized in an artistic application.

Laser scanning involves the control of a laser beam to measure distance, and 
capture the shape of a 3D object, such as a statue, building, or landscape. This pro-
cess is controlled by software running on a computer and the scanned object is 
stored in digital form. This may then be analyzed or modified using CAD software, 
or more specialized applications. The project focused on producing a scan of David 
by Michelangelo (Fig. 6.1) using laser scanning.

A further scanning project was the digitization of the fragments of the Forma 
Urbis Romae [7]. This was a giant map of Rome that was carved on to marble slabs 
around 200 A.D. This map has been broken into 1163 pieces that have proved very 
difficult to piece together because of the large number of possible combinations. 
However, as the pieces are several inches thick, each surface on a fragment provides 
3D information for optimally fitting the pieces together by appropriate computer 
algorithms.

It is also possible to generate a 3D model from photographs and images using 
specialized software [8].

6  Applications of Digital Media
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Fig. 6.1  David by Michelangelo Courtesy of Jörg Bittner Unna, David by Michelangelo (Detail), 
Florence, Galleria dell’Accademia, 1501–1504 https://en.wikipedia.org/wiki/David_
(Michelangelo)#/media/File:%27David%27_by_Michelangelo_Fir_JBU013.jpg By Jörg Bittner 
Unna (Own work) [CC BY 3.0 (http://creativecommons.org/licenses/by/3.0)], via Wikimedia 
Commons

6.4  Case Studies

https://en.wikipedia.org/wiki/David_(Michelangelo)#/media/File:'David'_by_Michelangelo_Fir_JBU013.jpg
https://en.wikipedia.org/wiki/David_(Michelangelo)#/media/File:'David'_by_Michelangelo_Fir_JBU013.jpg
http://creativecommons.org/licenses/by/3.0
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6.4.2  �Making a £Million from an Independently Published 
Digital Novel

Former barrister L. J. Ross rejected traditional offers and published independently 
online through Amazon [9]. On January 1, 2015, the novel “Holy Island” was pub-
lished. By May 2015 it was in the No 1 position in Amazon’s Kindle bestsellers list. 
750,000 copies were sold at approx. £3–4. E-books have launched the careers of a 
number of authors including E.L. James, L. Genova, and A. Weir, whose novel “The 
Martian” was also made into a film. Of course, this is only one side of the story. We 
do not know what the sales and income would have been for publication using tra-
ditional publishers. Thus there is nothing to compare the above figures with, and 
whether they are significant by comparison or not. However, the current higher roy-
alties available via Amazon Kindle (stated to be up to 70%) does offer a signifi-
cantly higher return to the author than that from traditional publishers.

6.4.3  �Virtual Interactive Studio Television Application Using 
Networked Graphical Supercomputers

Allowing users to interact with broadcast television programs offers an additional 
level of engagement and entertainment. The main objective of the VISTA project 
[10] was the integration and demonstration of a system to support the generation of 
scenarios for real-time interactive television. This realization of a virtual interactive 
studio offered facilities for mixing real and synthetic objects and characters in any 
combination, to be controlled remotely by end users such as home television view-
ers. The system enabled the realization of innovative interactive domestic tele-
services. The image content of the programs was generated via Asynchronous 
Transfer Mode (ATM) in real-time by high-end graphical computers. To reduce 
costs, telephone networks were used for viewer feedback. The number of simultane-
ous interactive viewers varied from a few to several hundred. Three concrete and 
specific applications were tested using the system:

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

•	 Creation of a virtual presenter who can be controlled remotely in real-time.
•	 Creation of an interactive virtual driving environment to teach traffic rules.

Broadcasting companies were able to transmit interactive programs in which 
viewers could actively direct and participate. The project built on the expertise and 
technology of the HUMANOID, HUMANOID-2, CHARM, VISINET and VLNet 
projects. Further information is provided in [11].

Project Partners included – European Design Centre, BRTN, EPFL, Limburgs 
Universitair Centrum, NOB Interactive, University of Bradford, University of 
Geneva, VPRO Televisie, and Androme.

6  Applications of Digital Media
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6.4.4  �Video Logs and Short Films – Casey Neistat

Case Neistat [12] was a daily video logger, short film maker, and co-founder of the 
social media company Berne, reported as being bought by CNN for $25 million in 
November 2016. Around the same time it was reported that the daily vlog was being 
replaced by short films to be published in his YouTube channel [13]. A number of 
the vlogs have become famous for the influence they have had on the behavior of 
companies with defective products (e.g. Apple and its batteries for the iPod) with 
the video “iPod’s Dirty Secret”, the difficulties with the New  York Police 
Department’s ticketing of cyclists in New York City for not using bike lanes (in the 
video “Bike Lanes”), or to advertise a particular company in a new way (e.g. Nike) 
with the video “Make it Count”. The effect that short videos such as these have had 
on millions of viewers has been substantial and demonstrates the power of video 
with effective story boarding and production techniques. Neistat has participated in 
a number of detailed interviews where he sets out his personal approach to his work. 
These are included in Table 6.1.

6.5  �Disruptive Effect of Digital Technology on Traditional 
Businesses

Digital technology has had a disruptive effect on traditional business from the very 
first computer. Those companies and organizations that could adapt quickly were 
able to achieve the greatest benefits.

A number of factors can affect businesses in this situation. If there is a low bar-
rier to entry into the sector of a particular business, then this could allow a more 
agile competitor who is able to take advantage of the new technology to quickly 
move in and develop market share at the expense of more traditional companies. 
The second factor is the legacy business models of the more traditional companies 
which have been developed since the company was first formed. These could con-
tain embedded organizational and cultural challenges which may be very difficult to 
change at the speed that is required to exploit the new technology [14, 15].

An example in the area of digital media is how streaming media suddenly pro-
vided services to the customer that enabled them to access digital content directly 
over the Internet rather than have to go through a cable company. The rapid growth 
of streaming video (e.g. Netflix) has demonstrated how effective an attractive new 
service can be. It inevitably places existing providers under pressure.

A variety of sources provide a number of principles of best practice to enable 
companies to address the challenges caused by rapid developments in the field of 
digital technology. These include the following considerations –

•	 Consider bringing in a Chief Technology Officer at board level to catalyze the 
changes needed

6.5  Disruptive Effect of Digital Technology on Traditional Businesses



60

Table 6.1  A Selection of videos created by Casey Neistat

Video Title Duration
Objective and 
content No of viewers Recognition

iPod’s Dirty Secret – 
Casey Neistat – 
ORIGINAL VIDEO 
(2003) – YouTube

2 min 
57 s

Apple’s lack of 
battery replacement 
for the iPod

1.2 million The publicity 
generated by the 
video caused 
Apple to change 
its policy

Bike Lanes by Casey 
Neistat – YouTube

3 min 3 s Exposed the 
problems with bike 
lanes in New York 
city and associated 
fines by the police

18 million Substantial 
publicity for 
blocked bike 
lanes and the 
problems they 
cause

Make 
It Count – YouTube

4 min 
37 s

Unusual approach 
to a publicity video 
for Nike

25 million Generated a lot of 
interest in the 
Nike brand

Casey Neistat on 
Writing Your Own 
Rules – with Lewis 
Howes

1 h 
9 min 
49 s

Explains his work 
strategy

259,000

THE BEST CAMERA 
MONEY CAN BUY

7 min 2 s Casey Neistat 
explains his 
requirements for a 
good camera for his 
work

2.3 million Publicity for his 
chosen camera 
and how it is used 
in practice

Casey Neistat – VidCon 
talk 2016

24 min 
45 s

Update 420,000

THE $21,000 FIRST 
CLASS AIRPLANE 
SEAT – YouTube

9 min 5 s Publicity video 32 million

Casey Neistat’s Top 10 
Rules For Success (@
CaseyNeistat)

6 min 1 s Top 10 rules to 
follow

89,000

Casey Neistat Interview 
(Full Episode) | The Tim 
Ferriss Show (Podcast) 
Tim Ferriss

1 h 
39 min 
51 s

Interview 33,000

Casey Neistat’s Wildly 
Functional Studio

16 min 
37 s

Casey Neistat’s 
office/work space

2.6 million Modern studio 
for the production 
process

Sundance – How & 
Why to Use YouTube 
Casey Neistat

57 min 
51 s

How and Why to 
use YouTube

32,000

Total 490 videos Total 170 
million

URLs for the above videos in the table are as follows –
iPod’s Dirty Secret https://www.youtube.com/watch?v=RKT7RzYBN5I
Bike Lanes https://www.youtube.com/watch?v=bzE-IMaegzQ

(continued)
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https://www.google.co.uk/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&sqi=2&ved=0ahUKEwiB0sSGz9DSAhVLCsAKHT_FBMYQtwIIIjAB&url=https://www.youtube.com/watch?v=RKT7RzYBN5I&usg=AFQjCNGn0daj7-kgS27hTdwA4DtDmDw68A
https://www.google.co.uk/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&sqi=2&ved=0ahUKEwiB0sSGz9DSAhVLCsAKHT_FBMYQtwIIIjAB&url=https://www.youtube.com/watch?v=RKT7RzYBN5I&usg=AFQjCNGn0daj7-kgS27hTdwA4DtDmDw68A
https://www.google.co.uk/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&sqi=2&ved=0ahUKEwiB0sSGz9DSAhVLCsAKHT_FBMYQtwIIIjAB&url=https://www.youtube.com/watch?v=RKT7RzYBN5I&usg=AFQjCNGn0daj7-kgS27hTdwA4DtDmDw68A
https://www.google.co.uk/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&sqi=2&ved=0ahUKEwiB0sSGz9DSAhVLCsAKHT_FBMYQtwIIIjAB&url=https://www.youtube.com/watch?v=RKT7RzYBN5I&usg=AFQjCNGn0daj7-kgS27hTdwA4DtDmDw68A
https://www.google.co.uk/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwjV3M6rz9DSAhWBJ8AKHVBJADQQyCkIHDAA&url=https://www.youtube.com/watch?v=bzE-IMaegzQ&usg=AFQjCNGSr1pe0K63nyJ4sQmgGvcQolLvZQ
https://www.google.co.uk/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwjV3M6rz9DSAhWBJ8AKHVBJADQQyCkIHDAA&url=https://www.youtube.com/watch?v=bzE-IMaegzQ&usg=AFQjCNGSr1pe0K63nyJ4sQmgGvcQolLvZQ
https://www.google.co.uk/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&sqi=2&ved=0ahUKEwihlOm9z9DSAhVJGsAKHS13D-kQtwIIGjAA&url=https://www.youtube.com/watch?v=WxfZkMm3wcg&usg=AFQjCNGbiYmbarwSpux0PRa3MD_VIN_MOA
https://www.google.co.uk/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&sqi=2&ved=0ahUKEwihlOm9z9DSAhVJGsAKHS13D-kQtwIIGjAA&url=https://www.youtube.com/watch?v=WxfZkMm3wcg&usg=AFQjCNGbiYmbarwSpux0PRa3MD_VIN_MOA
https://www.youtube.com/watch?v=NAp-BIXzpGA
https://www.youtube.com/watch?v=NAp-BIXzpGA
https://www.youtube.com/watch?v=NAp-BIXzpGA
https://www.youtube.com/watch?v=NAp-BIXzpGA
https://www.youtube.com/watch?v=FvhOwpip0K8
https://www.youtube.com/watch?v=FvhOwpip0K8
https://www.youtube.com/watch?v=KlJnsHpWamU
https://www.youtube.com/watch?v=KlJnsHpWamU
https://www.google.co.uk/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwj7rIHjztDSAhUqDMAKHZmTCPQQtwIIHTAA&url=https://www.youtube.com/watch?v=84WIaK3bl_s&usg=AFQjCNHm81K5SMHFmubO-YEo8x28kIP-OQ&bvm=bv.149397726,d.ZGg
https://www.google.co.uk/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwj7rIHjztDSAhUqDMAKHZmTCPQQtwIIHTAA&url=https://www.youtube.com/watch?v=84WIaK3bl_s&usg=AFQjCNHm81K5SMHFmubO-YEo8x28kIP-OQ&bvm=bv.149397726,d.ZGg
https://www.google.co.uk/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwj7rIHjztDSAhUqDMAKHZmTCPQQtwIIHTAA&url=https://www.youtube.com/watch?v=84WIaK3bl_s&usg=AFQjCNHm81K5SMHFmubO-YEo8x28kIP-OQ&bvm=bv.149397726,d.ZGg
https://www.youtube.com/watch?v=qnLMKxuBeCw
https://www.youtube.com/watch?v=qnLMKxuBeCw
https://www.youtube.com/watch?v=qnLMKxuBeCw
https://www.youtube.com/watch?v=RKT7RzYBN5I
https://www.youtube.com/watch?v=bzE-IMaegzQ
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•	 Consider carefully the portfolio of skills needed to accomplish change, in the 
areas of the company where this is required

•	 Ensure the company considers the data it needs to support and develop its 
business

•	 Ensure the company is focused on what its customers want, and what data is 
needed to ensure this happens

•	 If the traditional business loses market share to more agile competitors who are 
more successful in utilizing new technology, consider what alternative revenue 
streams might be generated [15]

6.6  �Conclusions

Digital media applications have been summarized. A number of Case Studies have 
been described which illustrate the diversity and wide range of application domains. 
Further information on these Case Studies and other application domains are pro-
vided in the References and Further Reading.
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Casey Neistat’s wildly Functional Studio https://www.youtube.com/watch?v=vb60rrtTddQ
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Chapter 7
Social Media and Cultural Implications

Abstract  The use of digital media systems followed by progressive reliance on 
social media, appears to follow the law of sharing, an equivalent of Moore’s law in 
the context of social media, where the average amount of information shared dou-
bles every year. This baseline helps businesses to develop, and accelerate, commer-
cial and social applications, and define business information handling requirements. 
Business use of Web 2.0 technologies, often referred to as Enterprise 2.0, may be 
defined as an organization’s use of emergent social software platforms to pursue its 
goals. Enterprise 2.0 technologies offer business and governmental organizations 
the opportunity to improve their communications, processes, and ultimately perfor-
mance. Creative industries are generally a collaborative activity involving many 
pathways and pipelines of delivery of their constituent parts. Therefore they depend 
on networking and connectivity between creators and distributors. The creative 
industries and digital media are also dominated by Small and Medium Enterprises 
(SMEs) and are heavily dependent on the networking of people and ideas. This 
combination also potentially provides additional value beyond traditional 
e-commerce activities due to the ability to form virtual customer environments. 
Other benefits include improved marketing and stronger customer relationships, 
and providing people and organizations with a platform to further pursue company 
objectives. However, the value in the use of social networking is not determined by 
the platforms themselves, but in how they are harnessed to create value for the orga-
nizations and participants. The risks and obstacles to organizational adoption and 
use of social networking and social media technologies need to be recognized. 
Principal concerns include sensitive or critical data appearing on a public-facing 
social network, data ownership, data protection, regulatory issues involving the 
cloud, and intellectual property. For Small and Medium Sized Enterprises (SMEs) 
the main challenges are in terms of the appropriate deployment of social media 
tools, and ensuring employees receive training in the responsible use of social 
media.

Keywords  Creative industries • Creative clusters • Creative citizens • Cultural 
industries • Information society • Collaborative working • Arts and media policy • 
Social network markets • Virtual communities
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7.1  �Introduction and Background

Increasingly, Web 2.0 social media tools in the form of consumer applications such 
as Facebook and Twitter are being used by billions of people for data sharing and 
free form crowd-driven patterns of activity. Social media enables users to create and 
share content or to participate in social networking by means of text, images, multi-
media, websites and applications. In particular, they utilize computer-mediated 
technologies that allow individuals, groups of individuals, companies, governments, 
and other organizations to view, create and share information and ideas, and other 
forms of content. They are a form of virtual community exchanging information in 
virtual space. There are a number of social media services currently available aimed 
at different constituencies of potential users. However, there are a number of com-
mon features to many of them, including the following [1] –

	1.	 interactive Web 2.0 Internet-based applications
	2.	 user-generated content such as text posts or comments, multimedia, and data 

generated through online interactions
	3.	 users create service-specific profiles for the website or app, which may be 

designed and maintained by the social media organization
	4.	 development of online social networks by connecting a user’s profile with those 

of other individuals and/or groups

7.2  �Social Media

Social media is generally regarded as constituting an advance on traditional media 
in the areas of reach, frequency, usability, immediacy, and permanence. Social 
media provides a focus for social and professional communities of interest to share 
ideas and exchange information. Knowledge and information are therefore key driv-
ers. However, there may be no editorial control over content or dissemination. 
Therefore the accuracy and provenance of the information is not guaranteed unless 
the recipient knows that the information is coming from a proven and reliable 
source.

Kaplan and Haenlein [2] defined social media as –

A group of Internet-based applications that build on the ideological and technological 
foundations of Web 2.0 and that allow the creation and exchange of user-generated con-
tent (p. 61) [2].

The degree of presence and user-experience afforded by the interaction and 
exchange of data is governed to a large extent by the type of information (e.g. text 
or multimedia) and the devices used (e.g. mobile phone or virtual reality headset). 
Text such as messages or blogs only allow for simple exchanges. Content communi-
ties may be regarded as being at a higher level (e.g. YouTube, Facebook) and share 
richer content such as images and videos. The current highest level is that provided 
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by online gaming and 3D worlds which seek to reproduce in a virtual environment 
the characteristics of real-world experiences such as person-to-person interactions.

Carr and Hayes [3] defined social media as follows –

Social media are Internet-based channels that allow users to opportunistically interact 
and selectively self-present, either in real-time or asynchronously, with both broad and 
narrow audiences who derive value from user-generated content and the perception of 
interaction with others (p. 50) [3].

Facebook was one of the first online social media and social networking services 
and was launched in 2004. It is one of the fastest growing companies and has 1.8 
billion monthly active users in 2016.

Social media sites that can be used to maximize online presence include the fol-
lowing –

•	 Facebook
•	 Twitter
•	 Instagram
•	 YouTube
•	 Flickr
•	 Tumblr
•	 500px
•	 DeviantArt
•	 WhatsApp
•	 Baidu Tieba
•	 Pinterest
•	 LinkedIn
•	 Google+
•	 Viber
•	 Snapchat
•	 Weibo
•	 WeChat
•	 Beme

The above websites have a total of more than eight billion registered users [4].
A 2007 research study conducted by researchers from Rice University, the 

University of Maryland, and Max Planck Institute for Software Systems analyzed 
the characteristics of very large online social networks in order to determine the 
origins and characteristics of their success. The research included Orkut, YouTube, 
MySpace, LinkedIn, and LiveJournal. The study observed that web pages are based 
on content whereas online social networks are based on users. A conclusion of the 
study was that the most trustworthy nodes, or members, of the network are those 
users who established the largest number of friends within the online network, 
establishing themselves as close to the core of that social network as possible. This 
implies that the degree of proximity to the core of a social network determines the 
speed of propagation of information to wider segments of the network. Clearly this 
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has marketing implications for companies wishing to utilize social networks to offer 
products or services.

The characteristics of social networks are outlined in [5].

7.3  �Creative Industries

Creative industries are generally a collaborative activity involving many pathways 
and pipelines of delivery of their constituent parts. Therefore they depends on net-
working and connectivity between creators and distributors. The creative industries 
and digital media are also dominated by Small and Medium Enterprises (SMEs) and 
are heavily dependent on the networking of people and ideas, as they may not have 
a particular expertise in house due to the limited size of the company.

Social media also provides a networked environment. It is also both local and 
global. It brings together people with common aims, objectives and interests – both 
social and commercial. Social media platforms can also provide the basis for the 
sharing and distribution of various types of digital media.

Creative industries and social media share the following characteristics –

•	 Interdependence
•	 Interactive
•	 Aggregation
•	 Publicity
•	 Communication
•	 Distribution
•	 Combining of assets
•	 User-centered
•	 Relationship-sustaining

The evolution of the creative industries has included creative clusters, creative 
citizens and social network markets.

Garnham [6] summarizes the creative industries as follows –

Creative industries have been understood in the context of information society … and draws 
its political and ideological power from the prestige and economic importance attached to 
concepts of innovation, information, information workers and the impact of information 
and communication technologies drawn from information society theory [6]

Hartley [7] identifies the significance and importance of the creative industries as 
follows –

So the creative industries are important because they are clustered at the point of attraction 
for a billion or more young people around the world. They’re among the drivers of demo-
graphic, economic and political change. They start from the individual talent of the creative 
artist and the individual desire and aspiration of the audience. These are the raw materials 
for innovation, change and emergent culture, scaled up to form new industries and coordi-
nated into global markets based on social networks [7].
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Potts et al. [8] have proposed a new market-based definition of creative industries 
in terms of the extent to which supply and demand operate in complex social net-
works. This differs from the traditional definition based on the creative nature of 
inputs and the intellectual property contained in the outputs. They also discuss the 
empirical, analytic and policy implications of this new definition.

Social media has become central to businesses and its marketing of products and 
services to meet customer needs, whether directly or indirectly. A study by Optimum 
Research [9] found that 57% of small businesses utilized social media to support 
marketing [10]. Nineteen percent of businesses used Facebook and 14% LinkedIn. 
The primary objectives were to increase brand awareness (27%) and to boost sales 
(15%).

The creative class has been identified by Richard Florida as a driving force in 
economic development [11]. In turn, this includes a highly creative core including 
media workers. Those who include technology to drive and implement this creativ-
ity in transformational ways may be regarded as the new creatives.

7.4  �Traditional Media and Social Media

Table 7.1 summarizes the differences between traditional media and digital/social 
media. Optimizing the balance between the two in terms of meeting the needs of 
readers and users is the challenge for current approaches. In addition, the advertisers 
and other generators of revenue examine the returns from their utilization of the two 
approaches, and make decisions about future allocations based on current trends. 
Further, social media allows the distribution of news without it being filtered by the 
traditional approaches that news media and editors may adopt [12].

Table 7.1  Traditional media versus digital/social media production

Process Traditional media Digital/social media

Production Official Channels only Read & Write web → DIY
Professional/specialized
Gatekeepers

Creation Standardized Creative/eclectic
Conservative Disruptive
Concentration of power Distribution of power

Distribution One way communication Multi-way communication
Impersonal Personalized

Networked
Community focused
Interactive

Courtesy of Christina Costa
http://www.slideshare.net/cristinacost/creative-industries-social-media
License: CC Attribution-NonCommercial-ShareAlike License
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http://creativecommons.org/licenses/by-nc-sa/4.0/
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7.5  �Utilization of Facebook, Twitter, YouTube, 
and Instagram

Tables 7.2 and 7.3 show the number of users of Facebook, YouTube, Twitter, and 
Instagram in 2015 and 2016. Thus use of the Internet and associated social media 
shows continued growth.

Data associated with the use of social media can be used to identify clients, users, 
market trends, and future market opportunities [15].

7.6  �Challenges of Social Media Environments

There are a number of potential risks and obstacles to organizational adoption and 
use of social networking and social media technologies. These include the possibil-
ity of company sensitive data appearing on a public-facing social network, data 
ownership, data protection, regulatory issues involving the cloud, and intellectual 
property rights.

Table 7.2  Facebook, YouTube, Twitter, and Instagram at 2015

Facebook YouTube Twitter Instagram

Users 1.44 billion monthly 
active users

1 billion 302 million monthly 
active users

400 million monthly 
active users

1.25 billion mobile 
active users

Statistics courtesy of [13]

Table 7.3  Facebook, YouTube, Twitter, and Instagram at 2016

Facebook YouTube Twitter Instagram

Users 1.79 billion 
monthly active 
users

1.3 billion 317 million 
monthly active 
users

500 million 
monthly active 
users

1.57 billion 
mobile active 
users

Activity 3.25 billion hours 
watched per month

500 million 
tweets per day

10,000 YouTube 
videos generated 
1 billion views

% Increase 
from 2015 to 
2016

24% 30% 5% 25%

Statistics courtesy of [14]
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For Small and Medium Sized Enterprises (SMEs) the main challenges are in 
terms of the appropriate deployment of social media tools, and ensuring employees 
receive training in the responsible use of social media.

7.7  �Lessons Learned

A report on the new creatives by Adobe Inc. in 2014 [16] identified a number of 
ways in which those involved in developing creative applications have responded to 
the challenges and opportunities of the rapidly changing and expanding digital envi-
ronment. This included the following [16] –

•	 80% believe they must learn new tools and techniques and three quarters say 
that creatives must now work across multiple mediums and disciplines

•	 An overwhelming majority (77%) of creatives believe change within the industry 
is happening rapidly, with two-thirds expecting their role to be significantly dif-
ferent within 3 years

•	 74% of creatives view mobile technology as transforming the face of creativity 
and design and 7 in 10 creatives are developing content for mobile apps

•	 87% believe creating mobile content has had a positive impact on them
•	 While creatives still rely on pen and paper for ideation (28%) and brainstorming 

(36%), nearly half (45%) use their mobile devices to capture inspiration 
on-the-go

•	 42% say they use mobile to create content anywhere
•	 30% of respondents would like to create more content on tablets, surpassing 

desktop computers
•	 App development (20%) and 3D modeling (18%) will be the most in-demand 

skills over the next 12 months
•	 Over twice as many creatives see digital sources, such as social media (36%), as 

the best sources of inspiration, compared to more traditional sources like fashion 
or architecture

•	 Creatives are also turning to professional online communities, noting inspiration 
(27%), collaboration and sharing (26%) as top reasons for participating

•	 While still mostly trusting their gut (79%) to make creative decisions, creatives 
view the impact of technology and digital analytics positively: 75% note that 
technology gives them more control over their professional destiny and 70% feel 
empowered by analytics [16]

7.7  Lessons Learned
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7.8  �Conclusions

Social media is having a significant and transformative effect on communications 
and there are substantial implications for businesses, economics, and politics. It 
demonstrates continued growth and expansion, and its long term impact is therefore 
likely to be substantial. Businesses such as creative industries rely heavily on net-
works and can benefit substantially from an optimum use of social media. Data 
associated with a network can assist in expanding business opportunities. In addi-
tion, new techniques in visual and semantic analytics are being developed in order 
to accomplish more detailed analyses. Key issues are scale, complexity, and speed, 
and the challenge of handling unstructured data.
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Chapter 8
The Future

Abstract  The domain of digital media and its applications is a complex mix of 
technical, social, cultural and legal aspects, so it is difficult to predict the future. 
However, looking at current trends in traditional businesses and the formation of 
new businesses that have a significant effect on the market place, can act as a guide 
on how digital media is likely to develop in the future. It is a given that in the fore-
seeable future technology is going get cheaper, smaller, and more powerful. 
However, the chip manufacturers are currently predicting that in 5–10 years’ time 
the limits to silicon technology may result in a switch to alternative technologies.

There are differences of view in the community and industry on aspects of digital 
media in a number of areas including copying, fair use, and digital rights manage-
ment. Some of these have become ongoing legal issues and associated court cases 
and have proved very difficult to resolve. This suggests that the statutory laws for 
traditional physically based media do not transition easily to digital-based media 
and may need to be revised and updated for the new digital environments.

There are current issues with the long-term preservation of digital archives and 
devising methods to ensure that future changes in technology do not result in cur-
rent technologies and their associated information and databases becoming 
obsolete.

Keywords  Copying and redistribution of digital media • Digital adverts • Push and 
pull content • Long-term preservation • Digital rights management

8.1  �Introduction

“The best way to predict the future is to invent it” Alan Kay [1]

Predicting the future is difficult if not impossible. In addition, the domain of digi-
tal media and its applications is a complex mix of technical, social, cultural and 
legal aspects.

The main problem with silicon circuity on the chip appears to be the physical 
limits to further shrinking and the heat generated by the circuitry which cannot eas-
ily be dispersed from such small spaces [2].
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8.2  �Trends in Digital Media

Consumption of content via traditional TV appears to be declining with time, par-
ticularly among younger viewers [3], which in turn has reduced the amount compa-
nies spend on advertising. Younger viewers watch content on smart phone, iPad, and 
laptop, i.e. mobile devices.

Consumers of TV content also seem to be moving away from traditional TV 
content to on-demand services such as Netflix, Hulu, Amazon Prime, and YouTube, 
resulting in the traditional content providers, such as Comcast, Dish, and Time 
Warner, losing customers [4].

It appears that consumers are moving in the direction of pull content rather than 
tuning into push content which is completely under the control of the broadcaster. 
Viewers now wish to be more in control of what they want to view, and when and 
how they wish to view it.

eMarketer, the leading research firm for marketing in a digital world, did an 
analysis of the current situation in its Global Media Intelligence Report 2016 (31 
Jan 2017) [5] –

For example, in the United States:

•	 Television is the most widespread content-based medium in the nation, as 89.1% 
of adults watched at least one half hour of free-to-air or cable television during 
a typical week in Spring 2016.

•	 Internet penetration reached 81.7% of the adult population in Spring 2016.
•	 Nearly 80% of adults had listened to radio, but just 18.1% had done so through 

the Internet or apps.
•	 72.4% of respondents had read a print magazine during an average month in 

Spring 2016.
•	 46.3% of adults had read a print newspaper in the last month, and 21.3% had 

read a daily newspaper.
•	 Social media usage was more common among females than males at 71.7% to 

60.2%.
•	 Nearly 56% of males had watched a YouTube video in the last 30 days, compared 

to 49.6% of females.
•	 More than 95% of adults had a mobile phone in Spring 2016, and 77.6% had a 

smartphone. And 45.1% had a tablet or e-reader.
•	 71.6% of adults had gone online with a mobile phone or smartphone in the last 

month, which surpassed the 69.8% who had done so with a laptop or desktop [5]

On 7 December 2016, the CEO of Business Insider summarized the future of 
digital media as follows [6] –

•	 Digital is taking over. Every other media is shrinking. Mobile is growing.
•	 Generational shift – younger (18–24 years) not watching linear TV – down 40% 

in last 5 years
•	 Digital adverts are growing.

8  The Future
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•	 Google, Facebook dominate the market place– followed everybody else. Need 
another big players

•	 20% growth in advertising revenues. Google revenues up 23%, Facebook up 
68%. Everybody else down 2%.

•	 Last 20 years has seen disruption to print; next 20 years will see disruption to TV
•	 Traditional TV viewing is declining (average 4 h per day). 86% to 82%
•	 OTT – Modern TV networks growing – Netflix, Amazon Prime, Apple TV, Hulu
•	 iTunes, Netflix dwarf cable networks like AMC
•	 YouTube bigger than CBS in advertising revenues – now into subscriptions plus 

mobile and social
•	 Netflix is watched more than any other – watch whenever and wherever, on any 

screen
•	 Old media find niches
•	 Three parts to TV – modern TV networks, access providers (we need more pipes), 

Traditional TV
•	 networks – pain
•	 Only watch 18 channels per month. Not enough great shows. More shows start, 

but more dropped in the following year.
•	 Sports starting to see decline
•	 Next Big Thing  – smart watches, glasses? Not media consumption devices. 

Watches mainly used for fitness. Glasses – Snapchat – media construction not 
consumption. VR and AR  – cool. Only 3D TV? But people don’t want 3D 
TV. Important thing is the story. Exception is gaming. VR for storytelling is not 
needed.

•	 Social video – next Big Thing. Facebook, Snapchat. New kind of story. Sound 
optional, intimate and conversational. Different to web video. Needs to be in 
1–30s. Massive opportunity. 2.5 billion views per month. Social videos can be 
evocative, entertaining and effective

•	 Social video – Can change behaviour and compel action [6]

A report by Adweek in 2016 identified that video was taking over digital media, 
and personalization could be contributing to the development of siloed audiences 
[7].

Traditional print media, including newspapers, is under challenge from those 
customers who prefer online content and e-books. Thus media companies are hav-
ing to adjust to this diversification of requirements [8, 9].

8.3  �Legal Issues

As noted in Chap. 5, Sect. 5.4, on Digital Libraries, there are ongoing legal issues 
with regard to Google’s copying of books for the Google Digitization Project.

8.3  Legal Issues
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In 1990, Samuelson [10] proposed that the currently established intellectual 
property law would be severely tested by developments in computing and software. 
Digital media was defined as –

intellectual products made available in digital electronic form, whether operational in com-
puters or other machines capable of ‘reading’ works in digital form [10]

The following aspects of digital media were identified which required steps to be 
taken so that intellectual property law could protect works in digital form [10] –

Six characteristics that will make it difficult for existing categories of intellectual 
property law to adjust to the protection of works in digital form:

	1.	 the ease with which works in digital form can be replicated,
	2.	 the ease with they can be transmitted,
	3.	 the ease with which they can be modified and manipulated,
	4.	 the equivalence of works in digital form,
	5.	 the compactness of works in digital form,
	6.	 the capacity they have for creating new methods of searching digital space and 

linking works together [10].

As noted in Chap. 5, Sect. 5.4 –
On April 18, 2016, the Supreme Court turned down an appeal. It appears there-

fore that this decision was currently favoring Google, granting them the right to 
expand their digital library without violating the law [11].

However, there may be further appeals, so it is not currently clear what the final 
outcome will be, given the current problems of seeking to apply laws for traditional 
physical media to online intangible media.

8.4  �Digital Rights Management

Digital Rights Management (DRM) prevents unauthorized copying and redistribu-
tion of digital media and can also restrict consumers’ copying of content which 
they’ve purchased [12]. It is implemented by appropriate systems within the digital 
media content.

Advocates of DRM Argue that –

•	 It provides protection for the user, modification, and distribution of copyrighted 
works and the intellectual property within it

•	 It assists the copyright owner in maintaining artistic control over their works
•	 It protects revenue streams from the works [14]

Opponents of DRM Argue that –

•	 No evidence DRM helps to prevent copyright infringement
•	 DRM stifles innovation and competition
•	 Content can become permanently inaccessible if the DRM scheme changes

8  The Future
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•	 DRM prevents users from backing up copies of CDs and DVDs
•	 DRM prevents libraries lending materials, accessing works in the public domain, 

or using copyrighted materials for research and education under the fair use 
doctrine [14]

In the USA, fair use allows limited use of copyright material without first seek-
ing permission from the copyright holder [15].

It is now illegal in many countries to seek to get round DRM, or distribute infor-
mation about such activity, and also the creation and distribution of tools to accom-
plish this. Such laws are part of the United States’ Digital Millennium Copyright 
Act, and the European Union's Copyright Directive [14].

8.5  �Preservation of Digital Archives

Currently there are long-term issues of digital preservation of information. These 
are summarized in Chap. 5, Sect. 5.5.

8.6  �Digital Media Ethics

A writer has raised the question of whether today’s ethics in traditional media are 
sufficient for new media [16], and how professional journalism should use this new 
media to research and publish stories. Also, are they able to use online text or images 
posted by citizens on their blogs or social media such as Twitter or Facebook?

Given that traditional media are being transformed by digital technology and its 
uses and applications, it is good time to visit yet again the ethics of journalism. 
Many readers have expressed concern about aspects of how traditional journalists 
have gone about their business, while still respecting the rights and freedoms of the 
press and the need to protect these in the overall interests of citizens and 
governments.

8.7  �Content Delivery Networks

Many users now integrate their user requirements with data and information storage 
on the Internet, so clearly need continuous access to their web sites and storage 
vehicles via their Internet Service Provider. Thus many companies are seeking to 
add value to their content services by offering cloud storage. Often it is free of 
charge to those with modest requirements and only increasing to a monthly rate for 
those with high requirements, typically corporate users. Some even offer super 
computing services via the cloud for compute-intensive requirements.

8.7  Content Delivery Networks
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Google has one of the fastest and most accurate search algorithms. By pre-storing 
its search results, it is able to deliver a result to a query almost instantaneously and 
within the 1–2 s response time identified many years ago as a requirement to main-
tain user interest [17].

Google’s fast response time also depends on its content delivery network and it 
is known to have one of the largest and complex networks which is still able to 
respond very quickly despite the high volumes of information it has to process gen-
erated by an estimated 40,000 global searches per sec (i.e. 3.5 billion per day). To 
this should be added its own searches for new information that is constantly being 
added to the Internet – to ensure its databases that are accessed by user-searches are 
kept fully up to date [18].

8.8  �Golden Rules of Interface Design

Shneiderman’s 8 Golden Rules of Interface Design [19] are widely accepted as 
good practice for software designers, applications developers, and users. A number 
of these place an onus on the system designer – such as to provide responses to 
errors that are simple and appropriate. Clearly these also depend on the system pro-
viding a timely response, which in turn requires timely responses from the content 
provider on the Internet for user applications accessing their content. Connections 
between these rules and earlier work by Foley and Wallace on natural graphic man-
machine communication [20] may be noted.
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