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BELOW: Go world champion Lee Sedol of South Korea seen ahead of the first game, the Google DeepMind 
Challenge Match, against Google's AlphaGo programme. Photo by @Stanislav Varivoda/TASS, Alamy

hen I saw its moves, I wondered whether any 
of the moves I have ever known were the right 
ones. These were the words of Lee Sedol a fter 
his defeat while playing Go with Google's 
DeepMind in 2016. Mr Sedol is an 18-time 
international Go champion. When it comes to 
the game of Go, he is as near to superhuman as 
it gets. To give you an idea of how difficult it is 
to be good at Go, it is estimated that there are 
about 1 million trillion trillion trillion trillion 
more possible configurations of a Go board 
than a chess one.1 But a computer programme 
made Mr Sedol question everything he knew 
about the game.

So, if you thought Artificial Intelligence 
(AI) was the stuff of science fiction, then it 
might be time to re-evaluate your point of 
view.2 Whether machines are really intelli-
gent like people is debatable, but they are now 
"smart", and in cases much more so than us. 
Personally, I think it is important to avoid 
defining things, for example, whether or not 
computer programmes are sentient and what 
AI really is or is not; our inability to agree on 
such terms did not prevent these technologies 
from coming into existence and it is not going to 
prevent them from developing.3 Bear in mind 
that Dr Raymond Kurzweil, a noted futurist 
and leading thinker in the area of AI, believes 
that the first fully sentient AI will exist by the 
year 2023, and that your desktop computer will 
be fully sentient by the end of the 2020s.4 

Advances mean that learning computers 
are able to provide timely, accurate, data-based 
judgments that rival or exceed a human's abil-
ity. To make sense of what it is to be artificially 
"smart", I am splitting this article into three 
parts. Part I is about how people make deci-
sions; because comparing how humans actually 
make decisions with how we could make deci-
sions, helps define the space where computers 
are "smarter" than us. Part II covers why learn-
ing in machines is such a significant leap. And, 
Part III will wrap things up.

PART I: 
Human decision-making

Current scientific theory proposes that people 
make decisions rationally. This idea has 
its roots in behavioural economic theory.5 
However, "rational" here is different from 
its more common usage in English; where it 
would mean "sane" as opposed to "insane". 
A rational decision-maker (also known as a 
rational actor) is assumed to rank possible 
choices by likely benefit and associated cost. 
They always choose the one that delivers the 
highest benefit for a cost. Within theory, it is 
accepted that decision-makers might not have 
all the information they need, or that all choices 
may not not have been considered. This could 
result in bad decisions. But, a decision-maker 
is said to be "rational" in their approach if they 
always choose the most desirable option from 
their perspective.6

But, to be honest, you would not recog-
nize many rational decision-makers in the real-
world. Individuals rarely act in such a man-
ner. We are often faced with time constraints, 
limited information, "cognitive limitations" 
(scientist code for our stupidity) and emotions, 
which means that frequently we do not solve 
problems optimally. We often rely on "rules 

of thumb" to help out when confronted with 
complex decisions and such short-cuts enable 
us to make decisions efficiently and quickly. 
That we routinely take such short-cuts is really 
where machines can gain the advantage.7, 8 

As an Englishman it gives me no little 
pleasure to use an example of non-rational 
decision-making that illustrates the point and 
shows the frailty of American Football coaches. 

In a 16-game regular season, the average NFL9 
coach throws away 1.4 wins. Just think about 
that: there are 16 games, on average season a 
team only wins eight times. If the right deci-
sions were taken the team would realise 1.4 
more victories. So why doesn't this happen?   

After spending 15 years in the Navy, 
Brian Burke founded Advanced Football 
Analytics as an outlet for his innovative ideas 
about analysis for the NFL. By 2009, Burke's 
analysis became a regular feature in the New 
York Times, particularly the "New York Times, 
4th Down Bot".10 This tool analyses what to do 
when a team reaches fourth down and faces a 
decision as to whether to punt, attempt a field 
goal, or "go for it" (for a touchdown or first 
down).11 Analysis shows that a coach who fol-
lowed the "4th Down Bot" would have on aver-
age won 1.4 more games a season than one that 
does not.12 So the question is really, why do 
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“If you thought Artificial Intelligence was the stuff of science fiction 
then it might be time to re-evaluate your point of view.”

ABOVE: Captain Chesley "Sully" Sullenberger, best known for the U.S. Airways Flight 1549 emergency water 
landing on the Hudson River. Photo by @Stanislav Varivoda/TASS, Alamy

IDEA IN BRIEF 

When making a decision you act on your 
preferences and try to make decisions that 
maximize benefits for you; however there 
are a number of identified biases that not 

only undermine your ability to make a good 
decision, they often end up encouraging 

you to make bad ones.

coaches ignore such advice? And the answer is 
pretty simple: because they are human.

IF WE UNPACK what is happening, there are 
really several factors weighing on the coach's 
mind. What a coach does on 4th down reflects 
received wisdom and identified best practice-
you might refer to this as "doctrine".13 

In some respects, it is a hold-over from 
early days of the game, when scoring was less 
frequent, and punting was a way of ensuring 
that an opponent would struggle to score on 
their possession.14, 15 Coaches also know that 
if they follow convention and punt on fourth, 
then any blame falls on the team and not them. 

Even if it was a good decision, we live in 
a world where people who defy convention and 
fail take all the criticism. The idea about how 
risks have an impact on decision-making was 
neatly summarised by Daniel Kahneman when 
he stated that people generally consider multi-
ple decisions in isolation, instead of aggregating 
them and looking at the collective outcome.16, 

17 So the coach rejects the 4th down gamble as 
risky, because people do not consider the col-
lective benefit of a repeated gamble over time.

There is also the relative natural conserva-
tism in people, which is explained by something 
called "Prospect Theory". Kahneman and Amos 
Tversky established that people fear a loss much 
more than they value an equivalent gain.18, 19 
This human built-in tendency toward risk aver-
sion means that coaches are biased toward risk 
avoiding activities (kicking), rather than risk 
seeking activities (conversion attempts).

PART II: 
Machines that learn

"So we hit harder than we would have had 
we been able to keep the nose up. That was a 
little-known part of the software that no air-
line operators or pilots knew about."20 So said 
Captain Chesley "Sully" Sullenberger, referring 
to the software that prevented him from keep-
ing the plane's nose higher during the last four 
seconds of Flight 1549 as he ditched into the 
Hudson River.

If you want to get a computer to do 
something, you have to programme it. Pro-
gramming usually requires laying out in detail 
each single step you want the computer to do 
to achieve the goal, effectively encoding sub-
ject matter expertise into a format and lan-
guage a computer understands.

If you want to programme a computer 
to fly an airplane you would have to develop 
a programme in which each relevant item 

needs to be accounted for: gear, fuel pumps, 
fuel quantity, hydraulic pressure, intercoolers, 
brakes, flaps, throttle, propellers (say), gen-
erators, passengers, radio, flight controls. And 
now you are nearly ready to switch the aircraft 
on. Then you have to consider all of the pos-
sible configurations of the aircraft taking off, 
in-flight, landing. In different weather. For 
different terrain. Everything needs to be ac-
counted for, and that covers all the situations 
or contingencies that may occur, with every 
combination of activity and environment. This 
is because you might be three minutes into a 
flight with 155 passengers on board when your 
aircraft ingests a flock of geese leaving you at 
3,000 feet with no engines!

So, if programming a computer requires 
access to a great deal of subject matter exper-
tise, what do you do if you want a computer 
to do something that you hadn't anticipated 
(such as landing an airliner in a river), or that 
you didn't know how to do yourself?
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Most computers "learn" by being 
programmed in minute detail. Any failure 
to "encode" an instruction means that 
the computer either doesn't know what 
to do, or it does something really dumb.

AI REVOLUTION

“Kasparov was able to balance tactical gains and losses against 
strategic gains; Deep Blue was not.”

This was the challenge faced by a man called 
Arthur Samuel. In the 1950s, he wanted to 
get a computer to beat him at the board game 
checkers. But how do you write a programme 
to be better than yourself at a game? Samuel 
came up with an idea: he knew that there were 
many volumes of annotated checkers games 
with good moves distinguished from bad ones 
and so he was able to programme a computer to 
adjust its criteria for choosing moves so that it 
would choose better moves as often as possible. 
He allowed the programme to re-write itself so 
that it could learn from each game it played. 
And then, he let it play itself thousands and 
thousands of times. After a few years, this 
computer programme was able to beat the 
Number 4 ranked player in the United States.

This basic idea-using feedback to re-
write oneself-underpins the concept of an 
intelligent learning entity.21 Ray Kurzweil be-
lieves that pattern recognition is not just for 
sensing the world, but for nearly all aspects of 
intelligent thought. He concludes that pattern 
recognition-based learning is critical to the 
idea of intelligence, and that an AI would only 
become so through repeated exposure to pat-
terns that encourage it to self-organize, much 
like a child does.22

BY 1950s, COMPUTERS WERE beating us at 
Checkers. By the 1990s, computers were win-
ning at Othello, and then Chess, when Kasp-
arov lost to IBM's Deep Blue.23 Earlier, I wrote 
about Lee Sedol's fate with DeepMind and Go 
in 2016. So there's an established track record 
that computers were getting better at playing 
more complicated games. And while predic-

tions as to when computers would beat hu-
mans at these games have not been very accu-
rate, these games, even if they differ in orders 
of magnitude with respect to their complexity, 
are similar in type.24 And they highlight one 
more human limitation-allow me to explain.

During the 2016 Chess World Champi-
onship, the finalists sat down to begin the third 
game. The game began innocuously enough. 
But things went weird on move 10. Instead of 
following a standard approach, World ranked 
Number 1 Magnus Carlsen made an unusual 
play leading to a board configuration seen only 
three times before in recorded history.25 The 
game came to a grinding halt with the chal-
lenger, Sergey Karjakin, taking over 25 min-
utes to make his next move. And so the two 
found themselves playing a sequence of chess 
moves that no one had ever played before.

It seems strange to me that there are se-
quences in Chess that people have never played 
before.26 Expertise in something comes partly 
from what is learned and partly from what is 
experienced. And what we learn is distilled 
best practice, which is basically other people's 
good and bad experiences. So it seems inter-
esting that in something as well understood as 
Chess, there are things that are still new. 

What anyone can experience is limited by 
how much time they have available to practice. 
Malcolm Gladwell believes that 10,000 hours of 
deliberate practice is sufficient to be considered 
to become world-class in any field.27, 28 Finding 
the time to spend 10,000 hours on a single ac-
tivity is likely to take a human many years but 
isn't nearly as difficult for a computer.

Yet, fundamentally, when DeepMind 
plays Go, it makes moves that no one under-
stands, including the team who made it.9 It 
plays Go very differently than people. Which 
all begs the question: maybe we were actually 
not very good at playing Checkers, Chess, and 
Go; perhaps they were only good at playing 
other people? If that is the case, then that po-
tentially has quite profound implications for 
us. What was hoped is that there were other 
types of game where humans might prevail. 

I suspect you already know what I am 
going to tell you about that.

Poker is a dynamic card game in which 
players are locked in a complicated sequence 
of acting and reacting to escalating bets. Poker 
is about as complex as Go, but there is a funda-
mental difference about the information avail-
able to the players. Checkers, Chess and Go are 
known as "perfect information" games, which 
means that you get to see everything you need 
right in front of you when you make your de-
cision. In poker there is hidden information 
only one player knows.30, 31     

In 2017, a programme called DeepStack 
defeated a group of professional human poker 
players in heads-up, no-limit Texas hold'em 
poker.32 Before ever playing a real game of 
poker, DeepStack went through an intensive 
training period in which it played millions of 
randomly generated poker scenarios against 
itself and calculated how beneficial each play 
was. This reduced the problem space down to 
1014 abstract situations that DeepStack learnt 
during the period of playing against itself.33 

DeepStack then picks the best move from the 
reduced problem set, using what researchers 
compared to human intuition: "a gut feeling of 
the value of holding any possible private cards 
in any possible poker situation."34 It solves all 
this in under five seconds. Gulp.

PART III: 
The rise of the centaurs

Claude Shannon, described as the founder of 
information theory, did not believe that com-
puters would play games in the same way that 
humans do. And he did not see computer vic-
tories over humans inevitable. He saw relative 
advantages and disadvantages for both. He con-
trasted the fact that machines were not emo-
tional or lazy and always analyzed any position, 
against the fact that they do not have a capacity 
for imagination or an ability to learn.35

The famous Chess grandmaster, Gary 
Kasparov claimed to have visualized winning 
positions as far as fifteen moves in advance.36  



ABOVE: Arthur Samuel's Checkers programme, which was developed for play on the "IBM 701". It was demonstrated to the public on television on 24 February 1956. 
Photo Courtesy of International Business Machines Corporation (IBM), © International Business Machines Corporation.  
BELOW: Magnus Carlsen competes against Fabiano Caruana in the World Chess Championship, 28 November 2018. Photo by Bart Lenoir, Shutterstock
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ABOVE: World Champion Garry Kasparov during the third match with Deep Blue, the Chess computer programme, 
1997. Photo by ITAR-TASS News Agency, Alamy.

BELOW: Pavilion on Gamescom. Gamescom is a trade 
fair for video games held annually at the Koelnmesse 
in Cologne, Germany. Photo by Pe3k, Shutterstock

When he played IBM's Deep Blue, he was able 
to contrive trades which although they seemed 
beneficial for Deep Blue, such as sacrificing a 
rook for a bishop, it actually demonstrated the 
limits of the computer's thinking. Kasparov 
was able to balance tactical gains and losses 
against strategic gains; Deep Blue was not. 

Despite this advantage, he seemed to 
have been unsettled in the first game (which 
he won) by Deep Blue's penultimate move. 
Kasparov had determined that he would win 
the game, but Deep Blue's response was un-
usual. In trying to figure out the move, which 
the Deep Blue programmers later attributed 
to a glitch, Kasparov concluded that the com-
puter must have been looking at least twenty 
moves out. Kasparov was not exactly sure what 
was going on, but he became convinced that 
Deep Blue was much more sophisticated and 
smar ter than it was. He could not see that the 
computer had its own limitations and ulti-
mately it affected how he approached playing.37

Some of you may have heard of the com-
puter game World of Warcraft. It is a real-time 
strategy game that puts players in control of 
a group of units to achieve a variety of goals. 
Units have different capabilities and costs and 
are more or less effective against different ad-
versary units. Essentially, it is a fantasy-based 
version of a strategic wargame. A free-to-play 

version of this game is known as Defence of 
the Ancients (Dota).38 On average half-a-mil-
lion people are playing Dota 2 at any time, and 
it peaks over one million. If you were to guess 
what the prize was for the first placed team at 
the Dota 2 International Championship, would 
you have thought it was higher than $1 million? 
Last year, "Team Liquid" took home the first 
prize of $10.8 million.39 

Danil "Dendi" Ishutin is a professional 
Dota 2 player, winning the team event in 2011, 
and a runner-up in 2012, and 2013. Dendi was 
considered one of the world's best Dota 2 play-
ers. As part of an exhibition at the 2017 finals, 
Dendi played OpenAI's Dota 2 bot. The match 
occurred in front of a live audience and after a 
bit of back and forth between Dendi and the 
bot, Dendi went for the kill and lost. 

The second game was worse.40 Dendi 
described playing against it as "a little bit like 
a human, but at the same time, like something 
else." The OpenAI's Dota 2 bot only took two 
weeks to learn how to beat Dendi.41 OpenAI's 
co-founder Greg Brockman said that, "Ope-
nAI's bots play 100 human lifetimes of experi-
ence every single day."42

By now I understand that you may be a 
little tired of reading about humans losing to 
computers. Just bear with me a little longer. 
Immediately after Dendi's defeat, OpenAI of-
fered a prize for the first 50 players to beat the 
bot.43 All of the prizes were collected within 24 
hours. Fifty people beat the unbeatable com-
puter programme!44 When beating OpenAI, 
players observed, experimented, collaborated, 
and then adapted.45  

Obviously, the ability of machines to 
learn and process enormous amounts of data 
is incredibly impressive, we are still the apex 
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predator in the intellectual jungle. It was put 
recently, "if humans took thousands of years 
to learn how to play a single video game, we 
wouldn't be very far as a species."46 

OpenAI has been testing its Dota 2 bot 
in team games. And what they have learned is, 
while the race between humans and machines 
ebbs and flows, once a human team gains an 
advantage the machines find it hard to re-
cover. These machines have learned to grind 
out steady but predictable victories. Once a 
machine team has lost a lead, they are unable to 
identify more adventurous or creative ways to 
regain it. They learn very quickly but struggle to 
adapt. For humans, it is our creativity and confi-
dence that allows us to see beyond conventional 
thinking. Yes, we have blind spots in thinking 
(as discussed in Part I). But compu ters have 
limitations as well, they can avoid only some of 
these failures by grinding through a larger num-
ber of possible moves.

SIMILARLY, THE UNITED STATES' concept 
of the "Third-Offset Strategy" postulated that 
alone machines would always be better than 
people, but that machines collaborating with 
people would always beat machines.47 In his 
book "Smarter Than You Think", Clive Thomp-
son explores the history of human-machines in 
Chess.48 In 2005, there was a Chess tournament 
in which a team could consist of any number 
of humans or computers, in any combination. 
While there were teams consisting of only 
grand masters and only supercomputers, the 
winning team comprised of relative amateurs 
with their computers. He attributes to Kasparov 
the idea that a new form of Chess intelligence 
was emerging: a Chess grand master was good; 
a Chess grand master playing with a laptop was 
better; but they could all be bested if you could 
integrate the human with the machine. Kasp-
arov concluded that "human strategic guidance 
combined with the tactical acuity of a com-
puter was overwhelming." This type of player 
would later be called a centaur-a hybrid beast 
endowed with the strengths of each.

Paul Scharre, Senior Fellow and Direc-
tor of the Technology and National Security 
Program at the Center for a New American 
Security, makes the point that the debate in the 
military tends to presume a choice between 
human or machines.49 Whereas in reality in 
most situations, human-machine teaming in 
decisions will not only be possible but prefer-

►►►
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“We need to defend ourselves in the digital 
age, and in the age of Artificial Intelligence.”

An extract from the speech by NATO Deputy Secretary General Rose Gottemoeller 
at the 8th Xiangshan Forum in Beijing on 25 October 2018

"Today, machines or algorithms can far out-
perform humans in certain respects-this has 
become a 'new normal' (...) but while we mar-
vel, we must also learn-we must adapt our 
thinking and our planning to the realities we 
face; augmented or otherwise. 

"NATO's Strategic Command located in Nor-
folk Virginia, Allied Command Transformation, 
is leading NATO's work on innovation and 
disruptive technologies-big data, Artificial In-
telligence, and robotics. This work is key to 
ensuring that we are ready for the future. 

"NATO's member countries are also leading 
innovation in Artificial Intelligence research and 

development. The United States is charting 
the course-the Defence Advanced Research 
Projects Agency has pioneered ground-break-
ing research and development in Artificial In-
telligence for more than five decades. France 
and the United Kingdom allocate significant 
resources to develop Artificial Intelligence in 
the defence sector. And a number of other Al-
lies are making advances in this field. 

"We know that we cannot fight tomorrow's 
threats with today's tools. Defending our-
selves is no longer about just looking at a map 
and deciding where to position troops. We 
need to defend ourselves in the digital age, 
and in the age of Artificial Intelligence." 

ABOVE: The full transcript of the speech given by 
Rose Gottemoeller can be found at https://www.nato.
int/cps/en/natohq/opinions_160121.htm

able. He says, "hybrid human-machine cogni-
tive architectures will be able to leverage the 
precision and reliability of autonomy without 
sacrificing the robustness and flexibility of hu-
man intelligence."50

Human-machine teaming and in par-
ticular creating human-machine trust is going 
to be key to marrying the tactical superiority 
of a computer with the strategic innovation of 
humans to make the best decisions. To para-
phrase Clive Thompson: "Which is better: 
humans or computers? The answer is neither. 
Instead in the future it will be the two, fused 
together, like the mythological Centaur."51

So, what is being done about all this? 
Well, finally, NATO is beginning to consider 

seriously how to integrate these types of tech-
nologies into the enterprise. NATO Deputy 
Secretary General Rose Gottemoeller noted 
that, "we need to defend ourselves in the digital 
age, and in the age of Artificial Intelligence (...) 
we are thinking about it in terms of both policy 
and practice."52 

In NATO, however, we have to overcome 
many obstacles on the way to developing tech-
nologies enabled by AI and machine learn-
ing. Some foundational activities are currently 
underway with efforts coordinated by Allied 
Command Transformation together with the 
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NATO Industry Advisory Group (NIAG) and 
the Science and Technology Organization, 
as well as through activities, including TIDE 
Sprint and Coalition Warrior Interoperabil-
ity eXercise (CWIX), and Exercise TRIDENT 
JUNCTURE 2018.53 There are also more the-
matic projects based on problems that are ben-
efiting from the use of learning machines.54

Conclusion

I hope this article has given you an insight 
into what AI might be and why these things 
are often, but not always, smarter than we are. 
I wrote about why people sometimes don't 
make the best decisions, and I have previously 
written on the ACT blog on military decision-
making and problem-solving, and what the 
implications are for NATO Transformation.55 

I have also written about how learning ma-
chines differ from conventional computer pro-
gramming and how this is being used. 

But I left out a lot too, such as details 
on how the mathematics of AI works, because 
there are better people to tell you about this. 
If you are interested, I would encourage you 
to read Ray Kurzweil's book, a copy is on my 
office book shelf, but then again so is Kahn-
eman's and Klein's, and since these will help 
you to understand how you make decisions, 
they may be a better place to start. But over-
all, it was never my intention to cover every-
thing, that would have taken a few decently 
sized books. For example, I intentionally left 
out ethical, legal, and moral issues. Although 
these are important, I think that they tap into 
more personal perspectives, where you would 
end up reading about what I think instead. 

SIMON PURTON is no expert in AI or learning 
machines, although he is an enthusiastic amateur. 
By day, he is an operational analyst working in HQ 
SACT. He has a Bachelor's degree in Mathematics, is 
a Fellow of the Institute of Mathematics, a chartered 
Mathematician, and an Associate Fellow of the 
Operations Research Society, all of which may account 
for his poor communication skills. He complied this 
article by plagiarism, "re-search" (the process of 
"Googling stuff"), and by standing on the shoulders of 
his brighter colleagues. He also read a few books and 
spoke to some people.
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AI REVOLUTION

“Machines learn very quickly, but struggle to adapt. 
For humans, it is our creativity and confidence that allows                     

us to see beyond conventional thinking.”

TRIDENT JUNCTURE 2018 LIVEX.             
A Danish tactical air picture operator  

during the "War At Sea" Exercise. 
Photo by Fran C. Valverde, NATO
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1    In Go, there are over 32,000 possible first moves, 
around 1,000 of these are considered to be good 
first moves compared with Chess, which has 400 
possible of which around 60 are identified good 
first moves, around 98% of Chess games start 
with one of four moves.

2 Intelligence is the ability to acquire and apply 
knowledge and skills.

3 From Wikipedia: "Sentience is the capacity to 
feel, perceive or experience subjectively... [it] is 
necessary for the ability to suffer, and thus is held 
to confer certain rights."

4 "The Singularity Is Near: When Humans 
Transcend Biology", 2005, Ray Kurzweil.

5 "Rationality", 2007, Blume and Easley.
6 Proponents of "rational actor" theory argue that 

it does not always predict the way individuals 
make decisions, but it does predict the collective 
outcome of human decision-making, and so it is 
"as if" individuals were making decisions in 

 this manner.
7  If you want to read more about the way that 

people make decisions, I would recommend to 
you Daniel Kahneman's book "Thinking, Fast and 
Slow". Kahneman differentiates between two 
types of thinking: fast, which he called System 
1 and deliberate, slow thinking, which he called 
System 2. For more on fast thinking, typified by 
people who have to make split-second decisions 
(fire fighters, medics, military, etc.), then I should 
recommend Gary Klein's book "Sources of Power", 
in which Klein describes in detail "Recognition 
Primed Decision-Making". 

8 Simon note: in fairness, how people make 
decisions is based on some fairly sound 
evolutionary reasons. Making decisions quickly, 
often when things were far from certain was 
probably a massive survival advantage for our 
ancestors. Knowing what to eat or what might 
want to eat us was pretty important and waiting 
was impossible, dangerous, or not good for our 
long-term health, either because the "food" would 
run away or we might become the "food". 

9 The National Football League (NFL) is the 
professional American football league and consists 
of 32 teams. The style of the game, with many 
breaks and planned plays, has allowed a large 
body of statistical studies to be developed. 

10 https://www.nytimes.com/2014/09/05/
upshot/4th-down-when-to-go-for-it-and-why.html

11 In American football, a team has four attempts 

(known as downs) to move the ball at least ten 
yards down the pitch. If successful, the team is 
allowed four more attempts until they score or fail 
to move the ball ten yards, in either case they give 
the ball to the other team. What a team should 
do when it has used three downs and is on its last 
attempt is the subject of the 4th Down Bot. The 
options are punting the ball (kicking it a long way 
into the opponent’s territory, usually the safest 
option), attempting a field goal (if you are within 
range), or "go for it" (either going for first down 
or a touchdown). If you fail to convert a field goal 
or a first down, then the opponent gets the ball at 
the position of play.

12 http://archive.advancedfootballanalytics.
com/2009/08/decision-theory-in-football.html

13 Simon note: I have mixed feelings about the 
compatibility of doctrinal and innovative thinking. 
Famously Max Planck said that science advances 
one funeral at a time: "A new scientific truth does 
not triumph by convincing its opponents and 
making them see the light, but rather because its 
opponents die." Working within NATO it seems 
that we innovative at the rate that proponents of 
old thinking rotate.

14 "The Hidden Game of Football", 1988, Carroll, 
Palmer, and Thorn.
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