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(1) By “we,” I am referring to citizens of the planet Earth who use
information and communication technologies. This would include most
of the 90 percent of the world’s population that will have mobile phone
access (but not necessarily possess one) by 2020.

(2) L. Mumford, Technics and Civilization (New York: Harcourt, 1934).

(3) “Telematics” is another term used to describe information and
communication technologies.

(4) S. A. Selber, Multiliteracies for a Digital Age (Carbondale, IL: South-
ern Illinois University Press, 2004).

(5) N. Postman, Technopoly: The Surrender of Culture to Technology
(New York: Vintage, 1992). Neil Postman died in 2003 at the age of 72,
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a loss to his community at New York University and to all who value his
perceptive contributions to education, the study of semantics, and critical
views of technology.

(6) P. Otlet, International Organisation and Dissemination of
Knowledge: Selected Essays of Paul Otlet, ed. W. B. Rayward (London:
Elsevier, 1990).

(7) V. Bush, “As We May Think,” Atlantic Monthly (July 1945), 101-8.
“Memex” is a portmanteau of memory and index.

(8) Ibid. The article was republished with illustrations in the Septem-
ber 10, 1945 issue of Life magazine.

(9) T. H. Nelson, Literary Machines: The Report on, and of, Project
Xanadu Concerning Word Processing, Electronic Publishing, Hypertext,
Thinkertoys, Tomorrow'’s Intellectual Revolution, and Certain Other Topics
Including Knowledge, Education and Freedom (Sausalito, CA: Mindful
Press, 1981).

(10) Ibid.

(11) T. Berners-Lee, Weaving the Web: The Original Design and
Ultimate Destiny of the World Wide Web by its Inventor (New York: Harper-
One, 1999).

(12) The Greek word kybernan is also the source of the English word

“govern.”
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(1) Twitter™ is a registered trademark of Twitter, Inc. of San Fran-
cisco, California. Twitter technology is a social networking and micro-
blogging service where users can read and post text-based messages
(called “tweets”) of 140 characters or less. See Twitter.com.

(2) J. Hopkins, “How To Avoid Spam Avalanche,” USA Today (Febru-
ary 21, 2007), 3B.

(3) Ibid.

(4) An alternative e-mail option is to create and use one of Google’s
Gmail accounts with a 7.3 GigaByte storage capacity. With this account ca-
pacity, one would probably never need to delete or edit received e-mail.
The downside is that one’s e-mail is stored in a Google server in the In-
ternet “cloud” with attendant privacy and security issues. See Chapter 11,
on privacy and security, for further discussion of these topics.

(5) T. Friedman, “The Age of Interruption,” New York Times (July 5,
2006). Retrieved July 16, 2009, from http://query.nytimes.com/gst/
fullpage.html?res=9E03EFDA1230F936A35754C0A9609C8B63&sec=
&spon=_&pagewanted=print.
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(6) J. Erickson, “Programmer Productivity,” Dr. Dobb’s Journal (Sep-
tember 26, 2009). Retrieved October 5, 2009, from http://www.ddj.com/
developmenttools/220100341.

(7) Associated Press, “Step Away from the Facebook-Is It Clever
to Block Websites?” (July 14, 2009). Retrieved July 16, 2009, from
http:/ /www.independent.co.uk/life-style/gadgets-and-tech/features/
step-away-from-the-facebook-is-it-clever-to-block-websites-
1745334.html.

(8) R. K. Merton, “The Unanticipated Consequences of Purposive So-
cial Action,” American Sociological Review, 1/6 (December 1936), 894—
904.

(9) K. Hafner, and M. Lyon, Where Wizards Stay Up Late: The Origins
of the Internet (New York: Touchstone, 1996).

(10) J. Abbate, Inventing the Internet (Cambridge, MA: MIT Press,
1999), 106-7.

(11) Ibid.

(12) US users of e-mail are the only netizens in the world who do not
have a country code at the end of their e-mail addresses.

(13) J. Ellul, The Technological Society (New York: Alfred A. Knopf,
1964). First published in French in 1954 by Librairie Armand Colin in Paris.

(14) Ibid., p. xxv.

(15) D. J. Fasching, The Thought of Jacques Ellul: A Systematic Expo-
sition (New York: Edwin Mellen Press, 1981), 17.

(16) J.Ellul,“The Technological Order,” Technology and Culture 3/4
(Fall 1962),412.

(17) Ihid.

(18) Ellul, The Technological Society, 22.
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(19) Intergovernmental Panel on Climate Change, Climate Change
2007: The Physical Science Basis-Summary for Policymakers (2007). Re-
trieved on March 6, 2009, from http://www.ipcc.ch/#.

(20) FAME, Global Mobile Technology Users Overwhelmed by Device
Features; Under-whelmed by Buying and User Experience (February 12,
2007). Retrieved February 18, 2007, from: http://www.fameforusers.org/
news/pr.html#021207.

(21) L. Cauley, “Cellphone Users Complain About ‘Function Fa-
tigue’,” USA Today (February 14, 2007), 5B. Retrieved August 30, 2011,
from http://www.usatoday.com/tech/products/2007-02-13-function-
fatigue_x.htm.

(22) N. Postman, Technopoly: The Surrender of Culture to Technology
(New York: Vintage, 1992).

(23) Ibid., 71.

(24) Thid., 70.

(25) Postman lived in an age of computerization, but wrote 18 books
by hand in notebooks with a felt-tip pen, did not own a computer, and
never used e-mail-a remarkable achievement in this era of almost uni-
versal computer use in the academy. Source: J. Rosen, “Neil Postman
(1931-2003): Some Recollections,” Press Think (2003). Retrieved March 6,
2009, from http:// journalism.nyu.edu/pubzone/weblogs/pressthink/
2003/10/07 /postman_life. html.

(26) L. Thomas, The Medusa and the Snail: More Notes of a Biology
Watcher (New York: Viking Press, 1979), 110.

(27) B. Joy, “Why the Future Doesn’t Need Us,” Wired (April 2000).
Retrieved March 14, 2009, from http://www.wired.com/wired/archive/8
.04 /joy.html.

(28) K. Sale, Rebels Against the Future: The Luddites and Their War on
the Industrial Revolution (Reading, MA: Addison-Wesley, 1996).
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(29) If the canary keeled over in its cage due to exposure to poison
gasses in the mine shaft, the miners made a hasty retreat until the area
could be properly ventilated. The canaries weren’t harmed in the process.
Their cages contained small bottles of fresh air which were used to revive
the tiny birds. They were too valuable to the miners to let them suffer any
harm.

(30) See n. 27 above.
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(1) P. Harsha, “IT Research and Development Funding,” in W. Aspray
(ed.), Chasing Moore’s Law: Information Technology Policy in the United
States (Raleigh, NC: Scitech, 2004).

(2) Called the Advanced Research Projects Agency (ARPA) by the leg-
islation that created it, it was renamed the Defense Advanced Research
Projects Agency (DARPA) in 1972. It was renamed with the ARPA acronym
again in 1993 and then changed back to DARPA in 1996. Since this chap-
ter addresses the creation of the Advanced Research Projects Agency, the
ARPA acronym is used here.

(3) K. Hafner and M. Lyon, Where Wizards Stay Up Late: The Origins
of the Internet (New York: Touchstone, 1996).

(4) Eisenhower did not invent the term. It is first credited to the anti-
war platform of the Union of Democratic Control in the United Kingdom
at the beginning of World War I. See G. J. DeGroot, Blighty: British Society
in the Era of the Great War (London: Longman, 1996), 144.

(5) Hafner and Lyon, Where Wizards Stay Up Late, 24.

(6) S. McCartney, ENIAC: The Triumphs and Tragedies of the World’s
First Computer (New York: Walker & Co., 1999).

(7) Hafner and Lyon, Where Wizards Stay Up Late, 24.

(8) J. Abbate, Inventing the Internet (Cambridge, MA: MIT Press, 1999),
36. “The director of ARPA reports to the Director of Defense Research and
Engineering at the Office of the Secretary of Defense.”

(9) From the DARPA website at http://www.darpa.mil/body/mis
sion/.

(10) See DARPA’s Grand Challenge site at http://www.darpa.mil/
grandchallenge/index.asp. None of the driverless autonomous vehicles
finished the race in 2004, but five cars finished the 150-mile course in
2005.
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(11) P. Schwartz, C. Taylor, and R. Koselka, “Quantum Leap,” Fortune
(August 1, 2006). Retrieved July 17, 2009, from http://money.cnn.com/
magazines/fortune/fortune_archive/2006/08/07/8382582 /index.htm.
More detail on this technology is included in Chapter 14, on the future of
the digital universe.

(12) From the MITRE Corporation website at http://www.mitre.org/
about/sage/. The Whirlwind Il computers developed by MIT for SAGE (and
modified by IBM) were created at the cusp of the shift from vacuum tubes
to transistors in 1960. Each Whirlwind II computer weighed 250 tons and
contained 49,000 vacuum tubes and required a 3,000kW power supply.
The heat load generated by such vast power consumption necessitated
special cooling requirements for each site. As a point of reference related
to Moore’s law, its computing power was less than that of a netbook com-
puter today.

(13) Note that the control console contains a built-in cigarette
lighter and ashtray at the left of the officer’s left hand. Images of the
SAGE system are from a fascinating site that the MITRE Corporation
has created at http://www.mitre.org/about/photo_archives/sage_photo
.html. Pictures used with the permission of the MITRE Corporation. Copy-
right © the MITRE Corporation. All Rights Reserved.

(14) MITRE Corporation, op. cit.

(15) RAND is an acronym for Research ANd Development. It was
a very influential think tank for American strategy during and after the
Cold War. It was satirized as the “BLAND Corporation” in Stanley Kubrick’s
anti-war film Dr. Strangelove in 1964. The not-for-profit company is ac-
tive today doing consulting work on a wide variety of international issues.

(16) P. Baran, “On Distributed Communications Networks,” IEEE

Transactions on Communications 19 (March 1964), 1-9.
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(17) From the transcript of a speech Baran made in 1999 to a Cable-
Labs conference entitled Convergence: Past, Present and Future. Retrieved
January 21, 2008, from http://www.cablelabs.com/news/newsletter/
SPECS/JanFeb_SPECSTECH/tech.pgs/leadstory.html.

(18) See a very interesting interview with Baran conducted by Stewart
Brand in the March 2001 issue of Wired at http://www.wired.com/wired/
archive/9.03 /baran.html.

(19) Abbate, Inventing the Internet, 23—35.

(20) See Hafner and Lyon, Where Wizards Stay Up Late, and Abbate,
Inventing the Internet.

(21) Hafner and Lyon, Where Wizards Stay Up Late, 22.

(22) Tbid.

(23) Ibid., 35-7.

(24) Funding a Revolution: Government Support for Computing
Research (1999). Committee on Innovations in Computing and Commu-
nications: Lessons from History, Computer Science and Telecommunica-
tions Board, Commission on Physical Sciences, Mathematics, and Appli-
cations. Washington, DC: National Research Council.

(25) M. M. Waldrop, The Dream Machine: J. C. R. Licklider and the
Revolution that Made Computing Personal (New York: Penguin, 2001),
209-11.

(26) Memorandum for Members and Affiliates of the Intergalactic
Computer Network. (April 23, 1963). The memo can be accessed at: http://
www.kurzweilai.net/articles/art0366.html?printable=1.

(27) Tbid.

(28) Waldrop, The Dream Machine, 207.

(29) J. Markoff, “An Internet Pioneer Ponders the Next Revo-
lution,” New York Times (December 20, 1999). Retrieved May 28,
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2008, from http://query.nytimes.com/gst/fullpage.html?res=9903E0D
91539F933A15751C1A96F958260&scp=2&sq=An+Internet+pioneer+
ponders+the+next+revolution&st=nyt.

(30) Ihid.

(31) Hafner and Lyon, Where Wizards Stay Up Late, 12.

(32) Ibid., 42.

(33) Charles Herzfeld on ARPAnet and Computers. Retrieved
July 23, 2009, from http://inventors.about.com/library/inventors/
bl_Charles_Herzfeld.htm.

(34) Hafner and Lyon, Where Wizards Stay Up Late, 10, 42.

(35) From the DARPA website at http://www.darpa.mil/body/
mission/.

(36) NORAD was an acronym for the US Air Force’s North American
Air Defense command, headquartered inside a mountain near Colorado
Springs, Colorado. It is now known as the US Air Force Space Command.

(37) Hafner and Lyon, Where Wizards Stay Up Late, 45.

(38) Ibid., 45-7.

(39) Ibid., 32—4.

(40) Abbate, Inventing the Internet, 78.

(41) L. Kleinrock, Communication Nets: Stochastic Message Flow and
Delay (New York: McGraw-Hill, 1964). This is Kleinrock’s MIT doctoral
dissertation, published later as a book.

(42) Hafner and Lyon, Where Wizards Stay Up Late, 152—4. UCLA un-
dergraduate Charles Kline sent the letters “LO” of the command line LO-
GIN to SRI in Palo Alto before the connection crashed. It points out that
the network technology of the time was very fragile and buggy, but the
message was sent later that day without error.

(43) The “mother of all demos” was the one conducted by Douglas

Engelbart in San Francisco in 1968.
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(44) This is a worst-case scenario for computer-based demos. Bill
Gates was a participant at a Comdex demo of the plug and play capability
for Microsoft Windows 98 when the system crashed. See the YouTube
video: http://www.youtube.com/watch?v=RgriTO8UHvs&NR=1.

(45) L. G. Roberts and R. E. Kahn, “Special Project. Participating in
Demonstration of a Multi-Purpose Network Linking Dissimilar Comput-
ers and Terminals,” Proceedings of International Conference on Computer
Communications (1972), North Holland.

(46) Hafner and Lyon, Where Wizards Stay Up Late, 178.

(47) Roberts and Kahn, “Special Project.”

(48) There were some glitches during the ICCC demos. Graduate stu-
dent Robert Metcalfe (and later inventor of Ethernet networking) was con-
ducting a demo for ten visiting AT&T executives when the system he was
demonstrating crashed. They laughed at the failure of the packet-based
technology, but Metcalfe got the last laugh when telephone companies
such as AT&T subsequently embraced packet switching. See Hafner and
Lyon, Where Wizards Stay Up Late, 182.

(49) E. P. Schelonka, “Resource Sharing on the Arpanet,” in M. Abrams
et al. (eds.), Computer Networks (New York: IEEE, 1976), 5-21.

(50) The success of the ICCC demo had an effect on Larry Robert’s
career as well. He left ARPA to become president of Telenet Communica-
tions Corporation, a subsidiary created by Bolt, Berenek and Newman to

commercialize packet-switching technology.
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(1) P. Otlet, International Organisation and Dissemination of Knowl-
edge: Selected Essays of Paul Otlet, ed. W. B. Rayward (London: Elsevier,
1990). Otlet’s colleague Henri La Fontaine was a key partner in organizing
the Mundaneum.

(2) A. Wright, “The Web Time Forgot,” New York Times (June 17, 2008).
Retrieved September 3, 2009, from http://www.nytimes.com/2008/06/
17/science/17mund.html?_r=2.

(3) Ibid.
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(4) The name Mundaneum is derived from root word mondial for
world. Otlet’s original vision called for it to be part of a “world city” ded-
icated to global peace. The predecessor to the Mundaneum was the Palais
Mondial in Brussels, Belgium.

(5) Otlet, International Organisation and Dissemination of Knowledge.

(6) The museum is about one hour by train from Brussels. See Wright,
“The Web Time Forgot.”

(7) G. Wolf, “The Curse of Xanadu,” Wired (June 1995). Retrieved Sep-
tember 3, 2009, from http:/ /www.wired.com/wired/archive/3.06 /xanadu
html.

(8) Ibid.

(9) Ihid.

(10) T. H. Nelson, Literary Machines: The Report On, and Of, Project
Xanadu Concerning WordProcessing, Electronic Publishing, Hypertext,
Thinkertoys, Tomorrow’s Intellectual Revolution, and Certain Other Topics
Including Knowledge, Education and Freedom (Sausalito, CA: Mindful
Press, 1981).

(11) Wolf, “The Curse of Xanadu.”

(12) M. M. Waldrop, The Dream Machine: J. C. R. Licklider and the
Revolution That Made Computing Personal (New York: Viking Penguin,
2001), 210-11. Engelbart had previously applied for National Institute of
Mental Health funding in 1961, but they rejected the proposal saying that
“since your Palo Alto area is so far from the centers of computer exper-
tise,we don’t think that you could staff your project adequately” (ibid.,
216). This comment is amusing today, as SRI is located on the northern
end of Silicon Valley, but in 1961 it was far from the established computer
science centers in the eastern US.

(13) Ibid., 215.
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(14) D. Engelbart, “The Augmented Knowledge Workshop,” in
A. Goldberg (ed.), A History of Personal Workstations (New York: ACM
Press, 1988), 189.

(15) Ibid., 215.

(16) H. Rheingold, Tools for Thought (New York: Simon & Schuster,
1985), ch. 9. Retrieved August 6, 2009, from http://www.rheingold.com/
texts/tft/9.html.

(17) M. M. Waldrop, The Dream Machine: J. C. R. Licklider and the
Revolution that Made Computing Personal (New York: Penguin, 2001), 212.

(18) The widely used acronym HCI can mean either Human-Computer
Interaction or Human-Computer Interface. The latter term is more nar-
rowly defined as the tools that allow humans to input and receive analog
information from a digital computer-e.g., a display screen, speakers, key-
board, and a mouse.

(19) D. Engelbart, Augmenting Human Intellect: A Conceptual Frame-
work, Report to the Director of Information Sciences, Air Force Office of
Scientific Research (Menlo Park, CA: Stanford Research Institute, 1962).
Available online: http://dougengelbart.org. See section III, where Engel-
bart analyzes Vannevar Bush’s As We May Think ideas in detail.

(20) The term online is defined in Federal Standard 1037C, Glossary
of Telecommunication Terms (http://www.its.bldrdoc.gov/fs-1037/fs-
1037c.htm): 1. In computer technology, the state or condition of a de-
vice or equipment that is under the direct control of another device. 2. In
computer technology, the status of a device that is functional and ready
for service.

(21) A grainy, low-resolution film of the “mother of all demos”
is accessible online at YouTube: http://www.youtube.com/watch?v=
JfIgzSoTMOs. Recall that this presentation was made in 1968, in the early

days of computing history.
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(22) The term “mother of all demos” is from S. Levy, Insanely Great:
The Life and Times of Macintosh, the Computer that Changed Everything
(Harmondsworth: Penguin, 1994), 42.

(23) K. Hafner and M. Lyon, Where Wizards Stay Up Late: The Origins
of the Internet (New York: Touchstone, 1996), 78.

(24) V. Cerf, “Rants & Raves,” letter published in Wired 9/3 (Septem-
ber 1995). The letter is accessible online at http:/ /www.wired.com/wired/
archive/3.09/rants.html.

(25) J. Abbate, Inventing the Internet (Cambridge, MA: MIT Press,
1999), 94.

(26) T. Berners-Lee, Weaving the Web (New York: HarperCollins,
1999), 1. Enquire Within Upon Everything (1890) has been reprinted
and is available online: http://www.amazon.com/Enquire-Within-upon-
Everything-1890/dp/187359030X/ref=sr_1_1?ie=UTF8&s=books&qid=
1215026795&sr=8-1.

(27) Berners-Lee, Weaving the Web, 1.

(28) Ibid., 26. See also A Little History of the World Wide Web page at
the W3C site: http://www.w3.org/History.html.

(29) Berners-Lee, Weaving the Web, 30.

(30) See the Answers for Young People site at W3C: http://www.w3
.org/People/ Berners-Lee/Kids.

(31) It is also important to not confuse the Web with the Internet.
The Web is an application that is a subset of the Internet, and subsumes
many prior functions that had to be accomplished by writing instructions
in Unix code. As new and easy-to-use GUI browsers were developed such
as Mosaic in 1993 and Netscape Navigator in 1994, the Web became ac-
cessible to millions of computer users.

(32) Berners-Lee, Weaving the Web, 68.
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(33) Ibid., 69.

(34) The company is officially known as AOL LLC, a company formerly
operated by Time Warner. Dial-up meant that subscribers had to connect
via a special phone line at what is today a very slow access speed-56 kbps.

(35) S.Yin, “75% of AOL Subscribers Don’t Need to Pay, Says Report,”
PC Magazine (January 24, 2011). Retrieved January 30, 2011, from http://
www.pcmag.com/article2/0,2817,2376167,00.asp#.

(36) D. DiNucci, “Fragmented Future,” Print 53/4 (1999), 32. While
Darcy DiNucci is cited as the source for the term Web 2.0, many others
have contributed to its elaboration since 1999.

(37) T. OReilly, “The Architecture of Participation” (June 2004).
O’Reilly Media Inc. website. Retrieved July 10, 2009, from http://www
.oreillynet.com/pub/a/oreilly/tim/articles/architecture_of_participation
.html.

(38) C. Hoffman, “The Battle for Facebook,” Rolling Stone (June 26,
2008). Retrieved July 30, 2009, from http://www.rollingstone.com/news/
story/21129674/the_battle_for_facebook/. This article includes claims
from three other Harvard students who contributed to the Facebook con-
cept, but were shut out of the company.

(39) Zuckerberg attended Phillips Exeter Academy in New Hamp-
shire, which published a generically named “facebook” with each stu-
dent’s name and photograph.
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(1) C. Mabee, The American Leonardo: A Life of Samuel F. B. Morse
(New York: Knopf, 1943). This book won the Pulitzer Prize for biography
in 1944. The telegraph message is an exclamation from the Bible (Numbers
23:23) and was selected by Annie Ellsworth, the daughter of US Commis-
sioner of Patents Henry L. Ellsworth, a college classmate of Morse at Yale
University.

(2) A. C. Clarke, “Clarke’s Third Law,” Profiles of the Future (London:
Phoenix, 1961).

(3) B. Winston, Media Technology and Society (London: Routledge,
1998).

(4) Ibid. F. Braudel, Civilization and Capitalism: 15th to 18th Century
(New York: Harper & Row, 1981), 430.

(5) See also B. Winston, “How Are Media Born and Developed?”,
in J. Downing, A. Mohammadi, and A. Sreberny-Mohammadi (eds.),
Questioning the Media: A Critical Introduction (Thousand Oaks, CA: Sage
Publications, 1995), 54—74.
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(6) H. A. Innis, The Bias of Communication (Toronto: University of
Toronto Press, 1951), 167-8.

(7) Winston, Media Technology and Society.

(8) Ibid., 26.

(9) The SOS code in International Morse Code used by ships at sea
differs from that in American Morse Code, which would be converted as
three dots, a dotpause- dot for “O,” then three dots.

(10) Winston notes that government support was an accelerating fac-
tor in the adoption of telegraphy in the US. In fact, the $30,000 appropri-
ation from Congress for the 1844 Washington-Baltimore demonstration
line was made through the US Postal Service. However, Winston notes that
the Postal Service lost money operating the first US commercial telegraphy
lines. It was then privatized in what became known as the Western Union
Company. This set a precedent for the operation of telecommunication
services in the US as private enterprises. In Europe they were folded into
governmentoperated communication entities later known as the PTTs-
Postal Telegraph and Telephone services. Note that they are listed in the
order created.

(11) Winston, Media Technology and Society.

(12) R. L. Thompson, Wiring a Continent (Princeton, NJ: Princeton Uni-
versity Press, 1947), 317.

(13) Cited in B. Dibner, The Atlantic Cable (New York: Blaisdell, 1964).
An online version (1959) of this classic history is available from the Smith-
sonian Institution: http://www.sil.si.edu/digitalcollections/hst/atlantic-
cable/. It includes a number of excellent illustrations of the ships in-
volved and the cable-laying technology used. It would be of interest to
all students of telecommunication history.

(14) Morse wrote this in a letter circa 1843 (Dibner, The Atlantic
Cable, 7). What is remarkable is that this letter was written barely 30 years
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after the British had burned the White House to the ground in 1814 during
the war of 1812. Apparently commercial ties between the United States
and Great Britain overwhelmed any lingering hostility between the two
nations.

(15) Dibner. The Atlantic Cable, pp. 10-11.

(16) The first institution that Field created was the New York, New-
foundland, and London Telegraph Company. In 1856 the cable-laying or-
ganization was renamed the Atlantic Cable Company.

(17) The governmental support of the US and Britain was financial
and in-kind, enlisting the assistance of the navies of each nation. The
US Congress supported the Atlantic Cable effort in 1857 with a bill that
passed by just one vote. Secretary of State William Seward stated at the
bill’s passage, “My own hope is, that after the telegraphic wire is once laid,
there will be no more war between the United States and Great Britain.”
(Cited in Dibner, The Atlantic Cable, 27.)

(18) Dibner, The Atlantic Cable, 28—73.

(19) Ibid.

(20) Ibid., 77.

(21) The laying of a cable that spanned the vast Pacific Ocean did not
occur until 1902.

(22) IET.org. The Transatlantic Telegraph Cables 1865-1866. Re-
trieved August 11, 2009, from http://www.theiet.org/about/libarc/
archives/featured/transcable1865.cfm.

(23) C. G. Hearn, Circuits in the Sea (Westport, CT: Praeger, 2004),
37-41.

(24) Ibid., 48. An additional agenda for the British government was to
establish telegraphic communication with its rapidly growing dominion

in Canada. After the loss of the American colonies in the 18th century,
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Great Britain sought to strengthen its connections with Canada, and the
undersea cable from Ireland to Nova Scotia enhanced this.

(25) Ibid., 54.

(26) F. Cairncross, The Death of Distance (London: Orion, 1997).

(27) H. A. Innis, Empire and Communications (Oxford: Clarendon
Press, 1950); Innis, The Bias of Communication.

(28) H. A. Innis, A History of the Canadian Pacific Railway (Toronto:
University of Toronto Press, 1971).

(29) P. Heyer, Harold Innis (Lanham, MD: Rowman & Littlefield, 2003).

(30) Innis, The Bias of Communication.

(31) The 1799 discovery of the Rosetta Stone, an ancient Egyptian
artifact, was a key find in decoding text that was inscrutable to modern
eyes. Its inclusion of identical text in Greek and two Egyptian languages
(one hieroglyphic) meant that the latter two could finally be decoded. It
is on display in the British Museum in London.

(32) See Cairncross’s book, The Death of Distance.

(33) Innis, The Bias of Communication.

(34) One of the largest and most comprehensive sites is the Internet
Archive at http://www.archive.org/index.php. Their Way Back Machine
has archived over 150 billion Web pages since its inception. See early
site designs for Yahoo.com and Google.com (and note how little the latter
home page has changed since November 1998).

(35) H. Gavaghan, Something New Under the Sun: Satellites and the
Beginning of the Space Age (New York: Copernicus, 1998).

(36) The threat of a cascading series of collisions with debris in
space is known as the Kessler Syndrome, named for NASA scientist Don-
ald Kessler, who first described the potential catastrophic threat to all
spacecraft in Earth orbit. Such an exponentially expanding series of col-

lisions could destroy essential satellites that nations are dependent upon
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for telecommunication, navigation, and defense. See D. J. Kessler and
B. G. Cour-Palais, “Collision Frequency of Artificial Satellites: The Creation
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(1) J. Pavlik and S. McIntosh, “Convergence and its Consequences,”
in E. P. Bucy (ed.), Living in the Information Age: A New Media Reader
(Belmont, CA: Wadsworth, 2005), 68.

(2) In ice hockey a “hat trick” is three goals scored by a player in
a single game, but the term is used in other sports as well.

(3) D. McMillian, Life after Death by PowerPoint (2007). Retrieved Jan-
uary 11, 2010, from http://www.youtube.com/watch?v=0RxFwBR4smE.

(4) J. C. R. Licklider, “Man-Computer Symbiosis,” IRE Transactions
on Human Factors in Electronics (March 1960), 4—11. Retrieved Feb-
ruary 20, 2011, from http://groups.csail.mit.edu/medg/people/psz/
Licklider.html.

(5) M. Waldrop, The Dream Machine: J. C. R. Licklider and the Revo-
lution that Made Computing Personal (New York: Penguin, 2001), 333—410.

(6) Thid., 338.

(7) J. Abbate, Inventing the Internet (Cambridge, MA: MIT Press, 1999),
43-55.

(8) J. C. R. Licklider and R. W. Taylor, “The Computer as a Communi-
cation Device,” Science and Technology (April 1968). Retrieved January 7,
2010, from http://gatekeeper.dec.com/pub/DEC/SRC/publications/taylo
r/licklidertaylor.pdf.

(9) Waldrop, The Dream Machine, 346.

(10) WYSIWYG is an acronym for What You See Is What You Get in text-
editing and graphic design software, and was a revolutionary concept at

its inception.
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(11) wWaldrop, The Dream Machine, 383—6.

(12) Ibid., 380-2.

(13) D. K. Smith and R. C. Alexander, Fumbling the Future: HowXerox
Invented, then Ignored, the First Personal Computer (New York: William
Morrow, 1988).

(14) Waldrop, The Dream Machine, 387—410.

(15) M. Hiltzik, Dealers of Lightning: Xerox PARC and the Dawn of
the Computer Age (New York: HarperBusiness, 1999). Xerox invested $1
million in Apple in April of 1979, and this relationship (though soon sev-
ered) is what allowed Jobs and his design team to demand that they be
shown PARC’s proprietary technology. The Apple group was especially
interested in the demonstration of Smalltalk, and after seeing it Jobs ex-
claimed: “Why hasn’t this company brought this to market? What’s going
on here? I don’t get it!” Apple’s engineers later replicated the Smalltalk
features they had seen in the PARC demonstration and included them in
the Lisa and Macintosh computers in 1983 and 1984.

(16) N. Negroponte, Being Digital New York: Alfred A. Knopf, 1995),
11-20.

(17) Price data for the online and hard copy editions is from the
Encyclopaedia Britannica website: https://safe.britannica.com/regis
tration/freeTrial.do?partnerCode=EBO_DWHEADER.

(18) K. Allen, “Amazon E-Book Sales Overtake Print for First Time,”
Guardian (December 28, 2009). Retrieved January 15, 2010, from
http:/ /www.guardian.co.uk/business/2009/dec/28/amazon-ebook-
kindle-sales-surge.

(19) MP3 represents the MPEG-1 Audio Layer 3 compression scheme
for music file size reduction. Compression algorithms can be either “loss-

less” or “lossy.” The former preserves most of the data in the original file
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and the latter discards more of the data and typically results in a much
smaller file. High-quality TIFF files for images are typically lossless and
JPG files of the same image are lossy, and are typically smaller than their

TIFF versions.
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(1) S. Brand, The Media Lab: Inventing the Future at MIT (New York:
Viking Penguin, 1987), 202. Stewart Brand’s initial comment on this issue
was at the first Hackers Conference in 1984 and was printed in The Whole
Earth Review (May 1985, p. 49) as “On the one hand information wants to
be expensive, because it’s so valuable. The right information in the right
place just changes your life. On the other hand, information wants to be
free, because the cost of getting it out is getting lower and lower all the
time. So you have these two fighting against each other.”

(2) Consumer Electronics Association, U.S. Consumer Electronics Sales
and Forecasts (2010). Cost retrieved January 30, 2010, from http://mycea
.ce.org/Default.aspx?tabid=129.

(3) A. O. Sulzberger, “A Letter to Our Readers about Digital
Subscriptions,” New York Times March 17, 2011). Retrieved March 18,
2011, from http://www.nytimes.com/2011/03/18/opinion/118times
html?_r=1&scp=1&sq=A%20letter%20t0%200ur%20readers%20about%
20digital%20subscriptions&st=cse.

(4) J. Abbate, Inventing the Internet (Cambridge, MA: MIT Press, 1999),
191-3.

(5) Thid., 193.

(6) The government partners included Michigan State University, the
University of Michigan, and Wayne State University. The operations center
for the network is based at the University of Michigan.

(7) E. Krol, The Whole Internet User’s Guide & Catalog (Sebastopol,
CA: O'Reilly & Associates, 1992), 353-4. http://www.archive.org/details/
wholeinternetOOkrolmiss.

(8) Abbate, Inventing the Internet, 195.

(9) CBS News, “Pentagon Bill to Fix Cyber Attacks: $100M” (2009).
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(10) Until 1995, IP addresses developed under Internet Protocol Ver-
sion 4 (IPv4) were written as a 32-bit code typically expressed as a string
of 11 numbers (e.g., 205.78.526.815). Due to the rapid growth of the In-
ternet since 1995, IP addresses will be expressed as a 128-bit code under
Internet Protocol Version 6 (IPv6).

(11) A complete database of all generic (gTLD) and country code
(ccTLD) Top Level Domains can be viewed online at the IANA website:
http:/ /www.iana.org/domains/root/.

(12) K. Haftner, The WELL: A Story of Love-Death and Real Life in the
Seminal Online Community (New York: Carroll & Graf, 2001).

(13) Fidonet now links 10,000 smaller networks. See the global Fi-
donet website at http://www.fidonet.org.

(14) J. Goldsmith and T. Wu, Who Controls the Internet? Illusions of
a Borderless World (Oxford: Oxford University Press, 2006), 35.

(15) Ibid., 36.

(16) 4-D content involves the transmission of sensory information to
the viewer that goes beyond 3-D sight and surround-sound. Holographic
imagery would allow the viewer to move around a filmed object and see
all sides if it.

(17) Public Law No: 104-104: Telecommunications Act of 1996.
http://frwebgate.access.gpo.gov/cgi-bin/getdoc.cgi?dbname=104_cong
_public_laws&docid=f:publ104.104.

(18) Ibid. While Title V of the Act primarily banned the carriage of
obscene content on cable television, Section 507 made it a criminal of-
fense to transmit indecent or obscene content by anyone who “(A) Uses
an interactive computer service to send to a specific person or persons
under 18 years of age, or (B) Uses any interactive computer service to
display in a manner available to a person under 18 years of age, any com-

ment, request, suggestion, proposal, image, or other communication that,
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in context, depicts or describes, in terms patently offensive as measured
by contemporary community standards, sexual or excretory activities or
organs.”

(19) J. P. Barlow, Declaration of the Independence of Cyberspace
(1996). Retrieved November 20, 2010, from the EFF site at https://projects
.eff.org/~barlow/Declaration-Final.html. As a writer for Wired magazine
in the 1990s and as a co-founder of the EFF, John Perry Barlow played
a key role in promoting a “hands-off” philosophy toward Internet con-
trol by governments and corporations. He was born in Sublette County in
northwest Wyoming near the town of Pinedale, and maintained a ranch
there for many years. As a teenager he met future Grateful Dead mem-
ber Bob Weir while attending a private boarding school in Colorado, and
this later led to a productive collaboration writing songs for the band. He
joined the WELL online community in 1986 and later worked with John
Gilmore and Mitch Kapor to create the EFF in 1990.

(20) The Electronic Frontier Foundation has taken a lead role in de-
fending and litigating key issues related to free speech and privacy, among
others, related to regulation of the Internet and new media. The EFF web-
site (http://www.eff.org/) contains interesting information about their
history and current projects.

(21) Barlow, Declaration of the Independence of Cyberspace.

(22) J. P. Barlow, “Electronic Frontier: Coming into the Country,”
Communications of the ACM 34 /3 (March 1991).

(23) Federal district courts in Philadelphia and New York ruled,
respectively, that the CDA as drafted would unfairly restrict the First
Amendment free speech rights of adults, and in New York stated that as-
pects of the Act intended to protect children from “obscene or indecent”

content were too broadly drawn.
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(24) ACLU v. Reno (1997). 521 US 844, 851.

(25) Ibid., 853.

(26) ISOC has 28,000 members, who participate in 90 chapters around
the world, with offices in Reston, Virginia (Washington, DC area) and
Geneva, Switzerland. See the ISOC website: http:/ /www.isoc.org/.

(27) Goldsmith and Wu, Who Controls the Internet?, 37.

(28) M. L. Mueller, Ruling the Root (Cambridge, MA: MIT Press, 2002),
143.

(29) The term “Generic Top-Level Domain” referred to the most com-
monly used domain names such as .com and .org. The term “Memoran-
dum of Understanding,” or MoU, describes an agreement less formal than
a contract between organizations indicating a mutually agreed course of
action. The promoters of the transfer of power were known colloquially
as “the MoUvement.”

(30) The ITU is an agency of the United Nations, with 191 nations as
members. It also develops international communications standards and
assists less developed nations with telecommunication infrastructure de-
velopment. It has four primary divisions: the General Secretariat, Radio-
communication (ITU-R), Standardization ITU-T), and Development (ITU-
D). See the ITU website: http://www.itu.int/en/pages/default.aspx.

(31) “U.S. Rejects Net Name Plan,” CNet News (May 2, 1997). http://ne
ws.cnet.com/U.S.-rejects—-Net-name-plan/2100-1023_3-279468.html.

(32) Ibid.

(33) M. Waldrop, The Dream Machine: J. C. R. Licklider and the Rev-
olution That Made Computing Personal (New York: Penguin, 2001), 301.

(34) The background information about Jon Postel comes from Vin-
ton Cerf’s eulogy “I REMEMBER IANA” that was published as RFC 2468:
http://tools.ietf.org/html/rfc2468. Postel would have appreciated that
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this moving eulogy was distributed as an RFC to users of the Internet who
knew and worked with him. Postel died after heart surgery on October 16,
1998.

(35) In fact, in 1983 Postel requested that Paul Mockapetris create the
domain name system the Internet uses today.

(36) Mueller, Ruling the Root, 161.

(37) Ibid., 162.

(38) Goldsmith and Wu, Who Controls the Internet?, 45.

(39) Mueller, Ruling the Root, 162.

(40) Ibid.

(41) Goldsmith and Wu, Who Controls the Internet?, 46.

(42) Ibid., 41.

(43) Note that the headquarters of ICANN is located in the same Ma-
rina Del Rey building as USC’s Information Sciences Institute, where Jon
Pastel managed IANA in the years prior to ICANN’s creation.

(44) M. A. Baker, “Letter from Meredith A. Baker, Acting Assis-
tant Secretary for Communication and Information, National Telecom-
munications and Information Administration, to Peter Dengate-Thrush,
Chairman of the Board of Directors, ICANN” (2008). Retrieved De-
cember 3, 2010, from http://www.ntia.doc.gov/comments/2008 /ICANN_
080730.html#.

(45) M. Richel, “Egypt Cuts Off Most Internet and Cellphone
Service,” New York Times (January 28, 2011). Retrieved January 30,
2011, from http://www.nytimes.com/2011/01/29/technology/internet/
29cutoff.html?scp=1&sq=egypt%20and%20internet&st=cse#.

(46) M. Giglio, “The Facebook Freedom Fighter,” Newsweek (Feb-
ruary 13, 2011). Retrieved February 19, 2011, from: http://magazine-

directory.com/Newsweek.htm. Ghonim had given the username and
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password to the Facebook site to confederates prior to his arrest. Khaled
Said had been murdered by police in Alexandria because he had posted
online a video of local police helping themselves to drugs from a local
bust.

(47) Egyptians with satellite-provided Internet access did not have it
curtailed.

(48) Goldsmith and Wu, Who Controls the Internet?, pp. X—Xi.

(49) Ibid., p. xii.

(50) It should be noted that Beckstrom is also a successful software
entrepreneur, helped found an international peace-seeking organization,
and is a director of the Environmental Defense Fund. See his biography at
the ICANN website: http:/ /www.icann.org/en/biog/beckstrom.htm.

(51) I. De Sola Pool, Technologies of Freedom (Cambridge, MA: Belknap
Press, 1983).
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(1) L E. Sutherland, The Ultimate Display (Washington: Infor-
mation Processing Techniques Office, ARPA, US Department of De-
fense, 1965). As cited by B. Sterling in “Augmented Reality: ‘The
Ultimate Display’ by Ivan Sutherland,” Wired (September 2009). Em-
phasis added in the quote. Sterling has parenthetically inserted into
the essay the digital technologies in use at present that were pre-
dicted by Sutherland in his essay. Retrieved December 30, 2010,
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from http://www.wired.com/beyond_the_beyond/2009/09/augmented-
reality-the-ultimate-display-by-ivan-sutherland-1965/. Muchlike
Licklider’s “Man-Computer Symbiosis” essay, Sutherland’s then out-
landish predictions of now commonplace multimedia technologies are
fascinating to read.

(2) H. Rheingold, Virtual Reality (New York: Summit/Simon & Schus-
ter, 1991).

(3) Ibid. The diagrams for Heilig’s 1962 US patent No. 3,050,870
for the “Sensorama Simulator” are online at the Morton Heilig.com web-
site: http://www.mortonheilig.com/SensoramaPatent.pdf. The site also
includes the 1969 patent diagrams for an “Experience Theater” with an
IMAX-like spherical screen and steeply banked seats that are prescient
of Disney’s “Soarin’ Over California” VR attraction. Much like Paul Otlet
and the Mundaneum, Heilig was clearly ahead of his time with innovative
ideas that preceded the technical means of accomplishing them.

(4) Ibid., 53.

(5) Ibid. The aroma function was not working for Rheingold’s trial
ride in 1990.

(6) Ibid., 59.

(7) Ibid., 54-5.

(8) E. Castronova, Exodus to the Virtual World (New York: Palgrave
Macmillan, 2007).

(9) Ibid., p. xiv.

(10) M. R. Ogden and S. Jackson, “Telepresence,” in A. E. Grant
and J. H. Meadows (eds.), Communication Technology Update and
Fundamentals, 12th edn. (Boston: Focal Press, 2010), 322—41.

(11) Ibid., 323.

(12) This is likely why Cisco registered the name TelePresence® as

a trademark.
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(13) R. L. Daft, R. H. Lengel, and L. K. Trevino, “Message Equivocality,
Media Selection, andManager Performance: Implications for Information
Systems,” MIS Quarterly (1987), 355—66.

(14) K. C. Redmond and T. M. Smith, From Whirlwind to MITRE: The
R&D Story of the SAGE Air Defense System (Cambridge, MA: MIT Press,
2000), 81-2. Credit for the invention of the light gun is attributed to SAGE
engineer Bob Everitt. Later modified by Lincoln Lab engineers as a light
pen, it was a key design element in Ivan Sutherland’s Sketchpad project.

(15) Vector graphics differ from the raster graphics used for tele-
vision in that the electronic beam in the CRT display oscillates between
the indicated points of a line, rather than scanning from top to bottom in
raster mode.

(16) Redmond and Smith, From Whirlwind to MITRE.

(17) The Shannon-Weaver Communication Model formalized the
process as “information source (sender), message, transmitter, channel,
signal, noise, and receiver” with a feedback loop in the cybernetic circuit.
If messages were encoded using a binary system of zeroes and ones, any
message (be it coded text, images, or sound) could be transmitted as dig-
ital code. This was the source of Negroponte’s observation that content
in the digital universe exists as “bits are bits,” the Internet does not make
distinctions. Shannon coined the portmanteau “bit” from “binary digit” in
his original 1948 paper on this topic. See W. Weaver and C. E. Shannon,
The Mathematical Theory of Communication (Champaign, IL: University
of Illinois Press, 1963).

(18) Rheingold, Virtual Reality, 89.

(19) Sutherland and Licklider were colleagues at MIT, and in 1964
Sutherland became the director of ARPA’s Information Processing Tech-

nology Office (IPTO) when Licklider returned to MIT. As a key computer
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scientist at Utah, he was influential in securing ARPA grants, and the uni-
versity was one of the first four nodes on the ARPANET in 1969.

(20) This was the same TX-2 computer at Lincoln Lab that J. C. R.
Licklider had used to learn programming and that led to his “conversion
experience,” as Rheingold calls it.

(21) US Patent 4988981 was awarded to Thomas Zimmerman and
Jaron Lanier in 1989 for a “data glove” that could track hand movements.

(22) S. Brand, The Media Lab: Inventing the Future at MIT (New York:
Penguin Books, 1985), 141. ARPA funded the ArchLab Movie Map project
as a test of creating virtual environments that could be used to train spe-
cial forces conducting military operations in unfamiliar locations. Video
of the Aspen Movie Map is no longer available at the MIT Media Lab web-
site; however, project designer Michael Naimark has a brief clip on his
personal website at http://www.naimark.net/projects/aspen.html.

(23) S. E. Nielsen, J. H. Smith, and S. P. Tosca, Understanding Video
Games (New York: Routledge, 2008), 50-1.

(24) There is a remarkable video game history timeline produced
by Mauricio Giraldo Arteaga online: http://www.mauriciogiraldo.com/
vgline/beta/#/145.

(25) Neilsen et al., Understanding Video Games, 60.

(26) W. ]J. Au, The Making of Second Life (New York: HarperCollins,
2008).

(27) Ibid., 20.

(28) M. Wagner, “Second Life Seeks Mainstream Adoption,” Computer
World (February 23, 2010). Retrieved January 22, 2011, from http://blogs
.computerworld.com/15638/second_life. The estimate of 680,000 active
residents is from Linden Lab chief product officer Tom Hale.

(29) Au, The Making of Second Life, 33-4.
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(30) Blizzard Entertainment. ““World of Warcraft'® Subscriber Base
Reaches Over 12 Million Worldwide” (October 7, 2010). Retrieved Jan-
uary 22, 2011, from http://us.blizzard.com/en-us/company/press/
pressreleases.html?101007.

(31) T. Walker, “Welcome to FarmVille: Population 80 Million,” The
Independent (February 22, 2010). Retrieved January 22, 2011, from
http:/ /www.independent.co.uk/life-style/gadgets-and-tech/features/
welcome-to-farmville-population-80-million-1906260.html.

(32) Readers with an interest in electronic games should see the
feature-length documentary King of Kong: A Fistful of Quarters (2007)
about two men who compete to see who can get the highest possible score
in the arcade version of Donkey Kong.

(33) L. Tanner, “Is Video Game Addiction a Mental Disorder?”,
MSNBC.com (Associated Press report) (June 22, 2007). Retrieved Janu-
ary 23, 2011, from http://www.msnbc.msn.com/id/ 19354827 /#.

(34) J. Wortham, “With Kinect Controller, Hackers Take Liberties,”
New York Times (November 21, 2010). Retrieved January 23, 2011,
from http://www.nytimes.com/2010/11/22/technology/22hack.html?
_r=1#.TheYouTubevideo with two million views of Oliver Kreylos’ 3-D
Kinect experiments is at http://www.youtube.com/user/okreylos#p/u/
4/7QrnwoO1-8A.

(35) J. Newman, “2010 Game Sales: It’s Now Microsoft’s Game to
Lose,” Technologizer (January 14, 2011). Retrieved January 23, 2011, from
http://technologizer.com/2011/01/14/2010-game-sales-microsoft/.

(36) E. C. Bearss, Fields of Honor: Pivotal Battles of the Civil War (Wash-
ington, DC: National Geographic Society, 2006).

(37) See the BMW augmented-reality YouTube video at http://www
.youtube.com/watch?v=P9KPJIA5yds.
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(38) The Soarin’ Over California ride debuted with the 2001 opening
of Disney’s California Adventure park next to Disneyland in Anaheim,
California. There is an identical ride (Soarin’) at Disney’s Epcot Park in
Orlando, Florida that opened in 2005. To view a low-resolution 2D version
of the film (without the sense of 3D depth or added 4D sensory effects)
see http://www.youtube.com/watch?v=p6YISwoNrgE.

(39) Note that each of these services is now owned by Google Inc.
Panoramio was created in 2005 by two Spanish entrepreneurs, Joaquin
Cuenca Abela and Eduardo Mancho 'n Aguilar, as a means of insert-
ing photos in Google Earth placed where they were taken. There is also
a mechanism to correct the location of photos if the viewer thinks they
are misplaced. I added a photo in Panoramio of the palm tree on the island
of Mauritius that was actually a cell tower (see Figure 10-6). A year later I
received an e-mail from Panoramio that a viewer thought that the photo
was misplaced and suggested an alternative location. They were correct,
and I agreed to move its location, another example of the self-correcting
nature of crowdsourced online content. Google purchased YouTube in

November 2006 and Panoramio in July 2007.
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