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I. Introduction 

Technological innovations are affecting our daily lives on a massive scale. 
Internet globalization has transformed this planet into a global village outfitted 
with a mesh of interwoven computer systems defining the nodes of this virtual 
community. As the information age continues to unfold, new technological 
innovations become more and more transparent. Within the next 7 to 15 years, 
emerging technologies will foster the ideas of ubiquitous computing allowing 
information to be collected, processed and dispersed in ways that do not require 
traditional means of computing. What has made this all possible is the 
transformation from atoms to bits. The transformation from atoms to bits can be 
as simple as writing this paper; the writer looks at notes on a paper, formulates 
ideas, and types them into a word processing application. On a deeper level, the 
process of digitizing these thoughts not only allows it to withstand the test of time, 
but also allows us to study the human mind.  

In Nicholas Negroponte’s book Being Digital, he discusses ideas that have 
already made an impact on today’s society. Negroponte looks at the physical 
world of computing not only realizing that there is a necessary and inevitable 
transformation from atoms to bits, but also a transformation from an unnatural to 
a natural interaction with technology. "Like a force of nature, the digital age 
cannot be denied or stopped." 1 Although Negroponte discusses technology 
throughout his book, the reader realizes that Negroponte is really discussing the 
evolution of human existence. In an e-mail interview conducted by Jeffrey Seglin, 
Negroponte was asked how he thought people would spend their free time in the 
next five years. Negroponte responded by saying, "the divide between work and 
play will shrink. More people are likely to find their work and their passion to be 
the same or, at least, closer. In that sense, people will spend more time on Greek 
islands and more hours per week doing what they love, called work." 2 This 
metamorphosis, according to Negroponte, will come in the form of "technologies 
that free one of space and time." 3  

Negroponte’s "big ideas," which will inevitably "free one of space and time," are 
transformed into enabling technologies and applied to human life. To effectively 
apply these enabling technologies to human life, there must be an understanding 
of the human psyche. The "big ideas" in Being Digital are: 1) the transformation 
from atoms to bits, 2) the Negroponte Switch or "trading places," 3) the idea of 
open systems, 4) the social and political impact and consequence of a digital era, 
5) the idea of value added information, 6) interconnected ubiquitous computing 
systems, 7) the transformation to human-like computing, 8) decentralized 
computing, and 9) the problems with a digital environment. Within the next 7 to 
15 years, these big ideas will collectively alter the way humans function.  



II. The Big Ideas  

Atoms to Bits 

"Digital books never go out of print. They are always there." 4 The advantages of 
being digital allows information to exist on any medium. Negroponte takes his 
book, Being Digital, and proves that his book not only can remain in a state that 
outlasts the original printed copy, but also illustrates that the book can always be 
updated as technology changes. Negroponte’s digital version or cyberdock 
version of Being Digital allows his readers to engage in adding their comments to 
the book. It also allows companies to advertise on the cyberdock version 
providing profits to the author/publisher if a reader follows a link to that 
company’s homepage from the digital cyberdock. Being Digital Cyberdock 
"guarantees that the contents of the book can be updated--after the book is 
printed. The cyberdock can form a ‘last and living chapter’ of any book, offering 
not only links to external resources but to updated information for the book or 
disk. With a Cyberdock, your printed book transcends the limits of print 
publishing while maintaining the security of that medium." 5 It allows the 
information to be transferred, manipulated, and edited with minimal restrictions.  

The future realization of this emerging technology may hamper the accurate 
recording of historical events because these events can always be manipulated 
while in a digital format. Technologies in digital watermarking will be enhanced in 
order to copyright, or authenticate documents that should not be altered. Due to 
the frequency of change in technology, the ability to update information quickly 
and accurately is important to recording these changes on a flexible medium.  

Negroponte Switch 

Technological innovations have afforded the ability for data to be transferred on 
various mediums. As bandwidth issues are overcome, media issues become less 
and less important. The "Negroponte Switch, " a term coined by George Gilder, 
states that "what is in the air will go into the ground, and what is in the ground will 
go into the air." 6 The television and telecommunications industries best illustrate 
this idea of "trading places." Television programs that once came entirely through 
the airwaves are now coming into the home via cable. With the advent of cellular 
and cordless telephones, ether has become the most effective media for the 
transfer of this type of data.  

As technological innovations continue to unfold, more and more technologies will 
start experiencing the "Negroponte Switch." Internet service providers (ISP) will 
start offering their services through wireless transmissions. "Winstar 
Communications and Teligent are two companies now hoping to convince 
customers that the easiest – and cheapest -- path to more bandwidth is using 
radio and wireless transmissions."7 This technology differs from point-to-point 
transitions in that this system can send out a single transmission which can be 



received by multiple receivers. This point-to-multipoint system will also be 
designed for cost effectiveness because it will not require a physically connected 
media except for a receiving antenna.  

Open Systems 

Negroponte discusses the ideas of an open system as a means to competition 
using ones mind in opposed to locking out the competition through proprietary 
means. Negroponte believes that once technological standards are agreed upon, 
the means to gaining competitive advantage will be based solely on the desire to 
deliver innovative services and products. Vinton Cerf, the founder of the 
underlying network protocol for the Internet, believes that interoperability is the 
key to application possibilities. The way to achieve interoperability is to establish 
open standards. When Cerf developed the protocol known as TCP/IP 
(Transmission Control Protocol/Internet Protocol), he had in mind a system 
whereby data of any sort could travel over a standard or common protocol. His 
motto: "IP on Everything" 8 reflected the notion of an open standard that would 
facilitate the transfer of any sort of information.  

Cerf discusses telephony, video, and radio services traveling over the Internet. 
He also discusses Internet technology traveling over the television, radio and 
satellite. Cerf believes that as Internet technology continues to develop, paper 
may become a specialty item. Open standards will pave the way to allowing more 
appliances and applications to take advantage of the Internet. The future will 
allow devices to interact with each other because they will all be based on a 
common underlying protocol.  

                Social and Political Impact 

Negroponte points out that in an analog society, the federal government was able 
to allocate certain specific areas of the spectrum for telephony, radio, and 
television transmissions. The federal government had more control over the 
medium in which information traveled. These aspects were well defined. "But in a 
digital world, these differences blur, or in some case, vanish…" 9 How will the 
Federal Communications Commission regulate bits if they are just ones and 
zeros? How will the Federal Trade Commission regulate commerce that is based 
on bits and not atoms? There is no doubt that the Internet has had an impact on 
global commerce. The Global Information Infrastructure (GII), the group tasked 
with developing the framework for global electronic commerce, has realized 
parameters must be in place to stimulate and protect the users of this new 
technology.  

"Commerce on the Internet could total tens of billions of dollars by 
the turn of the century. For this potential to be realized fully, 
governments must adopt a non-regulatory, market-oriented approach 
to electronic commerce, one that facilitates the emergence of a 



transparent and predictable legal environment to support global 
business and commerce. Official decision makers must respect the 
unique nature of the medium and recognize that widespread 
competition and increased consumer choice should be the defining 
features of the new digital marketplace." 10 

There is a realization that the transformation from atoms to bits will stimulate 
global commerce making it easier for consumers to tap into a market that once 
was inaccessible due to geographic constraints.  

On the dark side, these developments in technology may have an adverse effect 
within the next 7 to 15 years. Author and critic, Bruce Sterling, discussed how 
information technology might have a negative effect on society. In his lecture 
entitled "The Dark Side Impacts of IT on Society," he discusses how the radio 
revolution was viewed as a means to bring the world closer, but on the other 
hand, was also used to promote Hitler’s ideas. He also discusses how the 
invention of the airplane was seen as a way to promote world travel yet 
instrumental in bombing countries. The computer revolution has now arrived. Will 
this new technology promote information warfare?11 Based on historical events, 
society must be aware of the "dark side" of technological innovation.  

   

Value Added Information 

A luxury of being digital is that information becomes easier to transmit over 
various mediums. Companies are able to add additional value to the bits they 
transmit by offering addition services. Not only are cable companies offering 
television programming, they are also bundling digital television guides 
eliminating the need to send paper copies through the mail. Customers are able 
to order specialty programming at their discretion. Although customers are limited 
by what the cable companies are showing at a particular time, there will be a time 
when the customer will be able to order any movie over the cable line by 
downloading. "Being digital will change the nature of mass media from a process 
of pushing bits at people to one of allowing people…to pull at them." 12 This will 
impact the video houses such as Blockbuster Video whose primary business is 
focused on video rental. In addition to programming signals, many cable 
companies are also offering high speed Internet access through their cable lines 
along with CD quality commercial free music channels.  

In the future, adding value to bits will force companies such as Blockbuster Video 
to get into the bit business. No longer will there be a need to rent videos from a 
video store especially when a specific video can be ordered on-line at any time. 
Pull technology may also spawn direct marketing campaigns. The movie and 
music industries may be able to bypass the distribution chain by selling directly to 
the consumer.  



                Interconnected Ubiquitous Computing Systems 

The age of "calm technology" is considered the third wave in computing 
according to Mark Weiser, who is considered the father of ubiquitous computing. 
The first wave was characterized by the mainframe era, the second wave was 
the personal computer, and now the third wave: ubiquitous computing "when 
technology recedes into the background of our lives." 13 Negroponte believes that 
the interface to the computer must be "interface-less." He points out that "there is 
no best in interface design" because to have an interface is an admission that 
current computing technology is not at its pinnacle. Computing must be invisible 
to the user. The computer must be out of sight yet at the same time omnipresent. 
Mark Weiser points out that " the most profound technologies are those that 
disappear. They weave themselves into the fabric of everyday life until they are 
indistinguishable from it."14 Household appliances contain computer processors 
that not only contain proprietary operating systems but also do not interact with 
each other. Ubiquitous computing will break down the barriers between these 
disparate systems forming a network of intelligent interconnected systems. 

In order to achieve an interconnected ubiquitous computing system, open 
standards must be embraced by manufacturers to ensure that their systems can 
communicate with other systems. Companies that choose not to adhere to open 
standards to promote ubiquitous interconnected systems will cause their own 
demise. According to Weiser, unlike computers today, computers of the future 
will have an idea of location. They will be able to adapt to the environment that 
they are in which will allow them to be more effective and human-like.  

                Human-like Computing 

Intelligent interfaces, as described by Negroponte, will be the stage of computing 
where the interaction with the computer interface will be more like an interaction 
with another human being. "The interface will need size, shape, color, tone of 
voice, and all the other sensory paraphernalia."15 At the Microsoft Perceptual 
User Interface Workshop, it was noted that the basis for human-computer 
interaction has been stagnant for the past 20 years. The next step to humanizing 
the computer will be taking human perception and merging it with technology. 
The Perceptual User Interface Workshop’s mission is to "bring together 
researchers from academia and industry working in vision, speech, user 
interfaces, machine learning, and user modeling, with common interests in 
making human-computer interaction more natural and compelling by integrating 
perceptual input into the user interface."16 Negroponte believes that combining all 
human senses will unfold the ultimate interface. Weiser points out that by 
building computers that fit the human environment, humans will be able to 
interact naturally. 

Speech recognition is the starting phase towards human-like computing. The 
future of speech recognition will also encompass acoustic studies. Humans are 



capable of ignoring background noises, which cause problems in present-day 
speech recognition systems. Computer lip-reading will be used to supplement 
speech recognition technology as a means of overcoming acoustic imbalances. 
The National Science Foundation’s Interactive Systems Program Grantees 
Workshop is a research group tasked with developing systems to enhance 
human interactions with computers. Their four main goals of the speech 
recognition project are: "to advance the art of automatic lip-reading, to investigate 
methods of integrating audio and visual information, to develop a natural-speech 
database for lip-reading research, and to demonstrate that audiovisual ASR is 
more robust than audio ASR over a wide range of conditions."17 This technology 
is a step towards natural computing interactions.  

Decentralized Computing 

The future of digital life will regard a person’s location as irrelevant to computer 
interaction. Computers will transcend the limitations of centralized computing 
architectures and foster omnipresent interaction. Negroponte points out that "a 
highly intercommunicating decentralized structure shows far more resilience and 
likelihood of survival. It is certainly more sustainable and likely to evolve over 
time."18. Should any part of the Internet fail, the remaining network will still be 
functional.  

In order to achieve a decentralized computing architecture, there must be 
standards that allow for devices to communicate between each other. As 
wireless technology develops, decentralized computing will take on a very 
personal or perhaps wearable nature. The Internet itself reflects a truly 
decentralized network. The Internet is a web of computers with no one computer 
being the main computer. The more computers attached to the Internet, the 
greater the resources. The driving force behind the Internet is not in the hands of 
any one government or people but a collaboration of efforts from all aspects of 
life. This collaborative effort is what makes the Internet unique. Being that 
humans by nature are nomadic, it only makes sense to design computing to take 
into account these naturalistic tendencies.  

The futuristic tendencies towards a decentralized computing environment are 
evident in the desire to miniaturize everything from cellular telephones to 
personal computers. Commerce no longer has to be conducted in an office. As 
long as mediums for communications are open, business can be conducted from 
any place on or above the earth.  

Problems with a Digital Environment 

With the introduction of new technology, there is always a dark side that affects 
those that are either less welcoming of the technology, those that may be limited 
physically, such as the elderly, and those that may see illegal or deceptive 
opportunities. Negroponte states that "the next decade will see cases of 



intellectual-property abuse, and invasion of privacy. We will experience digital 
vandalism, software piracy, and data thievery." 19 Congress has amended and 
enforced laws that encompass crimes across the internet. The Federal Bureau of 
Investigation’s National Computer Crime Squad "investigates violations of the 
Federal Computer Fraud and Abuse Act of 1986. These crimes cross multiple 
state or international boundaries. Violations of the Computer Fraud and Abuse 
Act include intrusions into government, financial, most medical, and Federal 
interest computers." 20 The Federal Trade Commission utilizes Section 5 of the 
Federal Trade Commission Act which "gives the Commission broad authority to 
prohibit ‘unfair or deceptive acts or practices’ in or affecting commerce. There are 
also FTC policy statements on deception, unfairness, and advertising 
substantiation that we cite to in bringing our cases."21 Although the internet 
affords equal opportunity to transact business on a global scale, there is always 
an uneasiness associated with electronic funds transfer.  

Enabling technologies in cryptograph, which is the study of encryption and 
decryption algorithms, will support and promote digital commerce. More 
government policies will be enacted in order to support the ever-changing world 
of information technology. On the technological forefront, the next 7 to 15 years 
will yield highly sophisticated cryptographic algorithms. The Data Encryption 
Standard (DES), which was thought of as being very secure, is no longer a viable 
tool in protecting Internet transactions. As technological innovations increase 
exponentially, so will the need to protect data.  

III. Conclusion  

The big ideas behind Being Digital will transform the world into a new era of 
human-like computing where the computer is nowhere but everywhere. The 
ideas of ubiquitous, interconnected, human-like systems will allow for intelligent 
systems to interact with the human species in such mannerisms that are as 
natural as interacting with another human-being. Negroponte’s Being Digital is 
the beginning stages to the realization that the computer revolution is here and 
now. "Like a force of nature, the digital age cannot be denied or stopped. It has 
four very powerful qualities that will result in its ultimate triumph: decentralizing, 
globalizing, harmonizing, and empowering."22 Information will transcend the 
boundaries of time. As technology develops, humans increase their 
understanding of human nature. Designing systems that are human-like will 
require in-depth studies into the human mind. Never before has human nature 
played such an integral part to the digital age. 

Negroponte’s big ideas are the realization that the transformation from atoms to 
bits extends beyond technology and delves into sociology, psychology, and 
anthropology. This shift is evident in our need to understand ourselves.  
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