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Endnotes

1.

Watson's triumph on feopardy! was reported by
John Markoff, "Computer wins on ‘Jeopardy!”: Trivial,
it's not,” New York Times, February 11, 2011. The
algorithmically generated Rembrandt was reported
by Chris Baraniuk, "Computer paints ‘new Rem-
brandt’ after old works analysis,” BBC News, April 6,
2016. For robot chefs, see Matt Burgess, “Robot chef
that can cook any of 2000 meals at tap of button

to go on sale in 2017, Factor Tech, April 14, 2015.
Regarding self-driving cars, see Cecilia Kang, “No
driver? Bring it on. How Pittsburgh became Uber's

testing ground,” New York Times, September 10, 2016.

Regarding technological unemployment, a recent
World Economic Forum report predicted that the
next four years will see more than 5 million jobs lost
to Al-fueled automation and robotics. See World
Economic Forum, The future of jobs: Employment,
skills and workforce strategy for the fourth industrial
revolution, January 2016, http://www3.weforum.
org/docs/WEF_Future_of_Jobs.pdf. Regarding

Musk and Hawking on Al as an existential threat,
see “Elon Musk: Artificial intelligence is our biggest
existential threat,” The Guardian, October 27, 2014,
and “Stephen Hawking warns artificial intelligence
could end mankind,” BBC News, December 2, 2014,
In his book Superintelligence (Oxford University
Press, 2014), Nick Bostrom entertains a variety

of speculative scenarios about the emergence of
“superintelligence,” which he defines as any intellect
that greatly exceeds the cognitive performance

of humans in virtually all domains of interest.

The Arthur C. Clarke Foundation, “Sir
Arthur's quotations,” http://www.clarke-
foundation.org/about-sir-arthur/sir-arthurs-
quotations/, accessed October 24, 2016.

In more detail: McCarthy defined artificial intel-
ligence as “the science and engineering of making
intelligent machines, especially intelligent computer
programs” and defined intelligence as “the compu-
tational part of the ability to achieve goals in the
world.” He noted that “Varying kinds and degrees of
intelligence occur in people, many animals and some
machines."” See John McCarthy, “What is artificial
intelligence?,” http://www-formal.stanford.edu/jmc/
whatisai/whatisai.html, accessed October 24, 2016.

The original proposal can be found in John Mc-
Carthy, Marvin L. Minsky, Nathaniel Rochester, and
Claude E. Shannon, “A proposal for the Dartmouth
Summer Research Project on Artificial Intelligence,”
Al Magazine 27, no. 4 (2006), http://www.aaai.org/
ojs/index.php/aimagazine/article/view/1904/1802.
Regarding the time frame, the proposal went on

to state, “We think that a significant advance can
be made in one or more of these problems if a

Deloitte Review | www.deloittereview.com

carefully selected group of scientists work on it for a
summer.” (1) In hindsight, this optimism might seem
surprising, but it is worth remembering that the
authors were writing in the heyday of both behavior-
ist psychology, led by B. F. Skinner, and the logical
positivist school of philosophy. Our understanding
of both human psychology and the challenges of
encoding knowledge in logically perfect languages
has evolved considerably since the 1950s.

“Demis Hassabis, master of the new machine

age," Financial Times, March 11, 2016, https://
www.ft.com/content/630bcb34-e6b9-11e5-a09b-
1f8b0d268c39#axzz42jQkBo00. This is not an
isolated statement. Two days earlier, the New York
Times carried an opinion piece by an academic who
stated that “Google’s AlphaGo is demonstrating for
the first time that machines can truly learn and think
in a human way." Howard Yu, "AlphaGo's success
shows the human advantage is eroding fast,” New
York Times, March 9, 2016, http://www.nytimes.com/
roomfordebate/2016/03/09/does-alphago-mean-
artificial-intelligence-is-the-real-deal/alphagos-suc-
cess-shows-the-human-advantage-is-eroding-fast.

Kaiming He, Xiangyu Zhang, Shaoging

Ren, and Jian Sun, "Delving deep into recti-
fiers: Surpassing human-level performance
on ImageNet classification,” February 6, 2015,
https://arxiv.org/pdf/1502.01852v1.pdf.

It is common for such algorithms to fail in certain
ambiguous cases that can be correctly labeled by
human experts. These new data points can then be
used to retrain the models, resulting in improved
accuracy. This virtuous cycle of human labeling

and machine learning is called “human-in-the-loop
computing.” See, for example, Lukas Biewald,

“Why human-in-the-loop computing is the future
of machine learning,” Computerworld, November
13, 2015, http://www.computerworld.com/
article/3004013/robotics/why-human-in-the-loop-
computing-is-the-future-of-machine-learning.html.

In a recent IEEE interview, the Berkeley statistician
and machine learning authority Michael Jordan com-
ments that “Each neuron [in a deep learning neural
net model] is really a cartoon. It's a linear-weighted
sum that’s passed through a nonlinearity. Anyone in
electrical engineering would recognize those kinds
of nonlinear systems. Calling that a neuron is clearly,
at best, a shorthand. It's really a cartoon. There is a
procedure called logistic regression in statistics that
dates from the 1950s, which had nothing to do with
neurons but which is exactly the same little piece

of architecture.” Lee Gomes, "Machine-learning
maestro Michael Jordan on the delusions of big data
and other huge engineering efforts,” IEEE Spectrum,
October 20, 2014, http://spectrum.ieee.org/robotics/



10.

1.

12.

13.

14.

15.

artificial-intelligence/machinelearning-maestro-
michael-jordan-on-the-delusions-of-big-data-
and-other-huge-engineering-efforts, For technical
details of how deep learning models are founded

on generalized linear models (a core statistical
technique that generalizes both classical and logistic
regression), see Shakir Mohamed, “A statistical

view of deep learning (I): Recursive GLMs," January
19, 2015, http://blog.shakirm.com/2015/01/a-
statistical-view-of-deep-learning-i-recursive-glms/.

Computer Age Statistical Inference is the title of a new
monograph by the eminent Stanford statisticians
Brad Efron and Trevor Hastie. This book presents a
unified survey of classical (e.g., maximum likeli-
hood, Bayes theorem), “mid-century modern” (e.g.,
empirical Bayes, shrinkage, ridge regression), and
modern (e.g., lasso regression, tree-based modeling,
deep learning neural networks) statistical methods.
See Bradley Efron and Trevor Hastie, Computer

Age Statistical Inference: Algorithms, Evidence, and
Data Science (Cambridge University Press, 2016).

While not a household name, Licklider occupies an
important place in the history of computing, and
has been called “computing’s Johnny Appleseed.”
During his tenure as research director at the US
Department of Defense’s Advanced Research
Projects Agency (ARPA), Licklider wrote a memo,
fancifully entitled “Memorandum for members and
affiliates of the intergalactic computer network,"”
outlining a vision that led to the creation of
ARPANet, the forerunner of the Internet. See the
Wikipedia page on Licklider, https://en.wikipedia.
org/wiki/)._C._R._Licklider, for references.

J. C. R. Licklider, "Man-computer symbiosis," IRE
Transactions on Human Factors in Electronics, March
1960, http://worrydream.com/refs/Licklider%20
-%20Man-Computer%20Symbiosis.pdf. In this essay,
Licklider analogized the relationship of humans and
computers with that of the fig wasp and the fig tree.

Kahneman outlines the so-called dual process
theory of psychology (System 1 versus System
2 mental operations) in his book Thinking, Fast
and Slow (Farrar, Straus, and Giroux, 2013). This
book contains an account of the “Linda” experi-
ment discussed in the following paragraph.

It is helpful to keep this point, known as

the "availability heuristic,” in mind when
considering the likelihood of apocalyptic
scenarios of Al technologies run amok.

Michelle Castillo, "Why did Watson think Toronto
is a US city on ‘Jeopardy!'?,” TIME, February 16,
2011, http://techland.time.com/2011/02/16/
why-did-watson-think-toronto-is-a-u-s-city-on-
jeopardy/. The correct answer is Chicago.

16.

18.

20.

21,

22,

23.

The news story was from March 16, 2016. Repeating
the experiment on October 2, 2016 yielded the
same result. Note that "Barney” approximates

a Bengali pronunciation of the name Bernie.

Ahn Nguyen, Jason Yosinski, and Jeff Clune, “Deep
neural networks are easily fooled: High confidence
predictions for unrecognizable images” in 2075
IEEE Conference on Computer Vision and Pattern
Recognition, https:/farxiv.org/pdf/1412.1897.pdf.

Bill Vlasic and Neal E. Boudette, "As US investigates
fatal Tesla crash, company defends autopilot
system,” New York Times, July 12, 2016, http://
www.nytimes.com/2016/07/13/business/tesla-
autopilot-fatal-crash-investigation.html?_r=0.

The Obama administration recently released

a set of autonomous vehicle guidelines and
articulated the expectation that autonomous
vehicles will “save time, money, and lives.” See
Cecilia Kang, “Self-driving cars gain powerful ally:
The government,” New York Times, September

16, 2016, http://www.nytimes.com/2016/09/20/
technology/self-driving-cars-guidelines.html.

Canadians could be forgiven for thinking thisis a
mistake many US citizens might also make. The
Open Mind Common Sense Project, initiated by
Marvin Minsky, Robert Speer, and Catherine Havasi,
attempts to “crowdsource” common sense by using
Internet data to build network graphs that represent
relationships between concepts. See Catherine
Havasi, "Who's doing common-sense reasoning and
why it matters,” TechCrunch, August 9, 2014, https://
techcrunch.com/2014/08/09/guide-to-common-
sense-reasoning-whos-doing-it-and-why-it-matters/,

Chomsky introduced the “poverty of the
stimulus argument” for why the ability to
acquire language must be an innate capabil-
ity “hard-wired" into the human brain.

Alison Gopnik, “Can machines ever be as smart
as three-year-olds?” edge.org, https://www.edge.
org/response-detail/26084, accessed October 24,
2016. This point is sometimes called Moravec's
Paradox after Hans Moravec, who wrote in his
book Mind Children (Harvard University Press,
1990): "It is comparatively easy to make computers
exhibit adult-level performance on intelligence
tests or playing checkers, and difficult or impos-
sible to give them the skills of a one-year-old
when it comes to perception and mobility.”

Adrian Crockett, “What investment bankers can
learn from chess,"” Fix the Pitch, http://fixthepitch.
pellucid.com/what-investment-bankers-can-
learn-from-chess/, accessed October 24, 2016.
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26.

27.
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Garry Kasparov, “The chess master and the
computer,” New York Review of Books, February 11,
2010, http://www.nybooks.com/articles/2010/02/11/
the-chess-master-and-the-computer/.

Regarding truck drivers, see “Self-driving trucks:
What's the future for America’s 3.5 million
truckers?,” Guardian, june 17, 2016, https://www.
theguardian.com/technology/2016/jun/17/self-driv-
ing-trucks-impact-on-drivers-jobs-us. Regarding ra-
diologists, see Ziad Obermeyer and Ezekiel Emanuel,
“Predicting the future—big data, machine learning,
and clinical medicine,” New England Journal of Medi-
cine 375 (September 29, 2016): pp. 1,216-1,219. The
authors of the latter piece comment that, because
their work largely involves interpreting digitized
images, “machine learning will displace much of the
work of radiologists and anatomical pathologists.”

See Gill Pratt's comments in the Aspen Ideas Festival
discussion, "On the road to artificial intelligence,”
http://www.aspenideas.org/session/road-artificial-
intelligence. For a primer on the National Highway
Traffic Safety Administration’s levels for self-driving
cars, see Hope Reese, "Autonomous driving levels 0
to 5: Understanding the differences,” Tech Republic,
January 20, 2016, http://www.techrepublic.com/
article/autonomous-driving-levels-0-to-5-under-
standing-the-differences/. Briefly, level 0 means tra-
ditional cars with no driver assistance; today’s cars
with “autopilot” mode are considered level 2; level

4 means “fully autonomous”; and level 5 means no
steering wheel—in other words, full automation with
no possibility of human-computer collaboration.

See Thinking, Fast and Slow by Daniel Kahneman.
Interestingly, Kahneman comments here that Meehl
was a hero of his. Michael Lewis's celebrated book
Moneyball (W. W. Norton & Company, 2004) can

be viewed as an illustration of the phenomenon
Meehl discovered in the 1950s, and that Kahneman
and Tversky's work helped explain. In a profile of
Daniel Kahneman, Lewis commented that he was
unaware of the behavioral economics implications
of his story until he read a review of his book by

the behavioral economics pioneers Richard Thaler
and Cass Sunstein. See Richard Thaler and Cass
Sunstein, “Who's on first,” New Republic, August
2003, https://newrepublic.com/article/61123/
whos-first; and Michael Lewis, “The king of human
error,” Vanity Fair, December 2011, http://www.,
vanityfair.com/news/2011/12/michael-lewis-201112.
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28.

29.

30.

31,

32.

For more information on Affectiva, see Raffi
Khatchadourian, “We know how you feel,” New
Yorker, January 19, 2015, http://www.newyorker.
com/magazine/2015/01/19/know-feel. For more
information on measuring group intelligence and
the relationship between social perception and
group intelligence, see James Guszcza, “From
groupthink to collective intelligence: A conversa-
tion with Cass Sunstein,” Deloitte Review 17, July
2015, http://dupress.deloitte.com/dup-us-en/
deloitte-review/issue-17/groupthink-collective-
intelligence-cass-sunstein-interview.html.

For a description of Kreatsoulis's work, see Abhinav
Sharma, “Can artificial intelligence identify your
next heart attack?,” Huffington Post, April 29, 2016,
http://www.huffingtonpost.com/abhinav-sharma/
can-artificial-intelligen_2_b_9798328.html.

For information on sociometric badges, see

Alex "Sandy" Pentland's book Social Physics
(Penguin Books, 2015) and his April 2012 Harvard
Business Review article “The new science of
building great teams,” https://hbr.org/2012/04/
the-new-science-of-building-great-teams. For a
discussion of research linking physicians’ com-
munication styles with the likelihood of being sued
for malpractice, see Aaron Carroll, “To be sued
less, doctors should consider talking to patients
more,” New York Times, June 1, 2015, http://www.
nytimes.com/2015/06/02/upshot/to-be-sued-
less-doctors-should-talk-to-patients-more.html.

For a brief introduction to the legal doctrine

of disparate impact, see lan Ayres, “Statistical
methods can demonstrate racial disparity,” New
York Times, April 27, 2015, http://www.nytimes.com/
roomfordebate/2015/04/27/can-discrimination-
exist-without-clear-intent/statistical-methods-can-
demonstrate-racial-disparity. Ayres, a Yale Law
School professor, has authored and co-authored
several law review articles exploring the concept.

Amit Datta, Michael Carl Tschantz, and Anupam
Datta, "Automated experiments on ad privacy
settings,” Proceedings on Privacy Enhancing Tech-
nologies 2015, no. 1: pp. 92-112, https://www.
degruyter.com/view/j/popets.2015.1.issue-1/
popets-2015-0007/popets-2015-0007.xml;
Latanya Sweeney, “Discrimination in online ad
delivery,” January 28, 2013, http://papers.ssrn.
com/sol3/papers.cfm?abstract_id=2208240.



33.

34,

35.

“| think it's time we broke for lunch . .. ,” Economist, 36.

April 14, 2011, http://www.economist.com/
node/18557594, In the October 2016 Harvard
Business Review article “Noise: How to overcome
the high, hidden cost of inconsistent decision
making” (https://hbr.org/2016/10/noise), Daniel
Kahneman and several co-authors discuss the
ubiquity of random “noise” resulting in inconsistent
decisions in both business and public policy. The
authors discuss the benefits of using algorithms as
an intermediate source of information in a variety
of contexts, including jurisprudence. They com-
ment, "It's obvious in [the case of making parole
decisions] that human judges must retain the final
authority for the decisions: The public would be
shocked to see justice meted out by a formula.”

Julia Angwin, Jeff Larson, Surya Mattu, and Lauren
Kirchner, "Machine bias: There's software used

across the country to predict future criminals. And 37.

it's biased against blacks,” ProPublica, May 23, 2016,
https://www.propublica.org/article/machine-bias-
risk-assessments-in-criminal-sentencing. Angwin

discusses the Wisconsin Supreme Court decision in 38.

“"Make algorithms accountable,” New York Times, Au-
gust 1, 2016, http://www.nytimes.com/2016/08/01/
opinion/make-algorithms-accountable.html.

An academic paper that appeared after both the
Angwin article and the Wisconsin Supreme Court de-
cision proves that no realistic scoring model can si-
multaneously satisfy two highly intuitive concepts of
“fairness.” Continuing with the recidivism example:
A predictive model is said to be “well-calibrated"” if a

particular model score implies the same probability 39.

of re-arrest regardless of race. The recidivism model
studied by the Angwin team did (by design) satisfy
this concept of fairness. On the other hand, the Ang-
win team pointed out that the false-positive rate for
blacks is higher than that of whites. In other words,
the model judges blacks who are not re-arrested

to be riskier than whites who are not re-arrested.
Given that the fact that the overall recidivism rate
for blacks is higher than that of whites, it follows

by mathematical necessity that a well-calibrated
recidivism model will fail the Angwin team'’s criterion
of fairness. See Jon Kleinberg, Sendhil Mullainathan,
and Manish Raghavan, “Inherent trade-offs in

the fair determination of risk scores,” September

19, 2016, https:/farxiv.org/abs/1609.05807.

27

For a complementary perspective, see Kate
Crawford and Ryan Calo, “There is a blind spot

in Al research,” Nature, October 13, 2016, http://
www.nature.com/news/there-is-a-blind-spot-in-
ai-research-1.20805. The authors comment that
“Artificial intelligence presents a cultural shift as
much as a technical one . .. We need to ensure that
[societal] changes are beneficial, before they are
built further into the infrastructure of everyday
life.” In a Wired magazine interview with Barack
Obama, MIT Media Lab director Joi Ito expresses
the view that artificial intelligence is “not just a
computer science problem,” but requires input from
a broader cross-section of disciplines and perspec-
tives. Scott Dadich, “Barack Obama, neural nets,
self-driving cars, and the future of the world,"” Wired,
November 2016, https://www.wired.com/2016/10/
president-obama-mit-joi-ito-interview/.

Douglas C. Engelbart, Augmenting human intellect: A
conceptual framework, October 1962, http://www.
dougengelbart.org/pubs/augment-3906.html.

Nicely dating the story is the fact that Stuart Brand,
the editor of the Whole Earth Catalog, was the event's
cameraman. See Dylan Tweney, "Dec. 9, 1968: The
mother of all demos,” Wired, December 9, 2010,
https://www.wired.com/2010/12/1209computer-
mouse-mother-of-all-demos/. This demo “also pre-
miered ‘what you see is what you get’ editing, text
and graphics displayed on a single screen, shared-
screen videoconferencing, outlining, windows, ver-
sion control, context-sensitive help and hyperlinks.”

Jobs made this comment in the 1990 documentary
film Memory & Imagination: New Pathways to the
Library of Congress. Clip available at “Steve Jobs,
‘Computers are like a bicycle for our minds.’ -
Michael Lawrence Films,"” YouTube video, 1:39,
posted by Michael Lawrence, June 1, 2006, https:/
www.youtube.com/watch?v=ob_GX50Zabc.
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