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Let's warm up with a little pop quiz.



This bridge connects Manhattan to what
other New York borough?

Brooklyn
Queens



Before we find out the answer, let's get comfortable with the idea behind the wisdom of
crowds.



The Wisdom of the Crowds in the Wild



P A R T Y - B O Y  A R I S T O T L E

The many, who are not as individuals excellent
men, nevertheless can, when they have come

together, be better than the few best people, not
individually but collectively...

 ...just as feasts to which many contribute are better
than feasts provided at one person’s expense.

Ar i s to t l e  ( 1 984 ) .  The  Po l i t i cs .  T rans la ted  and  w i th  an  in t roduct ion  by  Carnes  Lord .  Ch icago :  Un ive rs i t y  o f  Ch icago  Press ,
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The many, who are not as individuals excellent
men, nevertheless can, when they have come

together, be better than the few best people, not
individually but collectively...

 ...just as feasts to which many contribute are better
than feasts provided at one person’s expense.

In plain words: two (or more) heads are better than
one.

No they're not.
C H A R L E S  M A C K A Y

So many examples of collective folly: economic
bubbles, crusades, witch manias.

Brexit...
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No they're not.
C H A R L E S  M A C K A Y

So many examples of collective folly: economic
bubbles, crusades, witch manias.

Brexit...

MacKay ,  C .  ( 1 84 1 ) .  Memoi rs  o f  Ex t rao rd ina ry  Popu la r  De lus ions  and  the  Madness  o f  C rowds  ( Vo lumes  I - I I I ) .  London :  R ichard  Bent ley .

The success of Marvel movies...
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If I may be allowed!

I can personally attest to the accuracy of groups.

I am talking, of course, about

the ox!



Ga l ton ,  F .  ( 1 907 ) .  Vox  popu l i .  Nature ,  75 ( 7 ) ,  450—451 .

F R A N C I S  G A L T O N

A weight-judging competition was carried on at the
annual show of the West of England Fat Stock and

Poultry Exhibition recently held at Plymouth.

A fat ox having been selected, competitors bought
stamped and numbered cards, for 6d. each, on which

to inscribe their respective names, addresses, and
estimates of what the ox would weigh after it had been

slaughtered and “dressed”.

Those who guessed most successfully received prizes.

About 800 tickets were issued, which were kindly lent
me for examination after they had fulfilled their

immediate purpose. .. [of which] there remained 787
for discussion.
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me for examination after they had fulfilled their

immediate purpose. .. [of which] there remained 787
for discussion.

Now the middlemost estimate is 1207 lb., and the
weight of the dressed ox proved to be 1198 lb.

...so the vox populi was in this case 9 lb., or 0.8 per cent.
of the whole weight too high.
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F R A N C I S  G A L T O N

A weight-judging competition was carried on at the
annual show of the West of England Fat Stock and

Poultry Exhibition recently held at Plymouth.

A fat ox having been selected, competitors bought
stamped and numbered cards, for 6d. each, on which

to inscribe their respective names, addresses, and
estimates of what the ox would weigh after it had been

slaughtered and “dressed”.

Those who guessed most successfully received prizes.

About 800 tickets were issued, which were kindly lent
me for examination after they had fulfilled their

immediate purpose. .. [of which] there remained 787
for discussion.

Now the middlemost estimate is 1207 lb., and the
weight of the dressed ox proved to be 1198 lb.

...so the vox populi was in this case 9 lb., or 0.8 per cent.
of the whole weight too high.

!



F R A N C I S  G A L T O N

By middlemost I mean what you might call today the
median.

People have since pointed out that the mean was even
more accurate: 1197 lbs.
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By middlemost I mean what you might call today the
median.

People have since pointed out that the mean was even
more accurate: 1197 lbs.

The crowd was, on average, within 1 lb of the
true weight!

T H E  O X
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F R A N C I S  G A L T O N

By middlemost I mean what you might call today the
median.

People have since pointed out that the mean was even
more accurate: 1197 lbs.

The crowd was, on average, within 1 lb of the
true weight!

T H E  O X

This result is, I think, more creditable to the trust-
worthiness of a democratic judgment than might have

been expected.

F R A N C I S  G A L T O N

Ga l ton ,  F .  ( 1 907 ) .  Vox  popu l i .  Nature ,  75 ( 7 ) ,  450—451 .



So groups can be used to estimate the weights of oxen...

What's the big deal?



Surowieck i ,  J .  ( 2005 ) .  The  W isdom o f  C rowds .  Anchor

J A M E S  S U R O W I E C K I

There are many more examples of the wisdom of
crowds at work.

Like the market response to the Challenger disaster.

Or the finding of the Scorpion submarine.



Surowieck i ,  J .  ( 2005 ) .  The  W isdom o f  C rowds .  Anchor

J A M E S  S U R O W I E C K I

There are many more examples of the wisdom of
crowds at work.

Like the market response to the Challenger disaster.

Or the finding of the Scorpion submarine.

Or golden shiners, as a group, finding patches
of shade.

I A I N  C O U Z I N

Even though individuals are bad at it.

Berdah l ,  A . ,  To rney ,  C .  J . ,  I oannou ,  C .  C . ,  Fa r ia ,  J .  J . ,  &  Couz in ,  I .  D .  ( 20 13 ) .  Emergent  sens ing  o f  comp lex  env i ronments  by  mob i l e  an ima l  g roups .  Sc ience ,  339 (6 1 19 ) ,  574-576 .
Yong ,  E .  ( 20 13 ) .  The  Rea l  W isdom of  C rowds .  Nat iona l  Geograph ic .

https://www.nationalgeographic.com/science/article/the-real-wisdom-of-the-crowds


Wise crowds also give us a way of looking at democratic institutions: not just fair, but
also good at finding solutions.



P la to .  Repub l i c .  T rans la ted  by  Pau l  Shorey ,  2  vo lumes .  Loeb .
Hutch ins ,  E .  ( 1 995 ) .  Cogn i t i on  i n  the  W i l d .  M IT  P ress

 Landemore ,  H .  ( 20 12 ) .  Democra t i c  Reason .  P r ince ton  Un ive rs i t y  P ress

P A R T Y - P O O P E R  P L A T O

When you give people democratic choice they end
up doing something stupid.

Good statecraft is like flying a plane.

And you need a good pilot for that.

Actually... flying a plane (or running a ship)
requires a lot of coordination and teamwork.

E D W I N  H U T C H I N S

H É L È N E  L A N D E M O R E

Similarly, modern societies need the input of as
many and as diverse parties as possible to work

well.



Applications?



Wol fe rs ,  J . ,  &  Z i t zewi tz ,  E .  ( 2004 ) .  P red ic t ion  Marke ts .  The  Journa l  o f  Economic  Pe rspec t i ves :  A  Journa l  o f  the  Amer ican  Economic  Assoc ia t i on ,  1 8 ( 2 ) ,  107– 126 .

PREDICTIT

J U S T I N  W O L F E R S

Prediction markets!

Simple markets can be used to aggregate disparate
information into efficient forecasts of uncertain

future events. 

People buy and sell shares in future events (by a
double auction). 

E R I C  Z I T Z E W I T Z

The price indicates the collective estimate of the
probability of the event.

J U S T I N  W O L F E R S

 And other prediction platforms, like Metaculus or
Good Judgment Open.

See PredictIt.

https://www.metaculus.com/
https://www.gjopen.com/
https://www.predictit.org/


Where did it all start?



C O N D O R C E T

The role of the government is to implement
measures that are in the best interest of society.

But how to decide on what outcomes are good?

Democratic procedures can work well.

Mar ie  Jean  An to ine  N ico las  de  Car i ta t ,  Marqu is  o f  Condorce t  ( 1 785 ) .  Essa i  su r  l ’ app l i ca t i on  de  l ’ ana l yse  à  l a  p robab i l i t é  des  dec i s ions  rendues  à  l a  p lu ra l i t é  des  vo i x .



CONDORCET

The role of the government is to implement
measures that are in the best interest of society.

But how to decide on what outcomes are good?

Democratic procedures can work well.

And I can show it using this newfangled theory of
probabilities.

Mar ie  Jean  An to ine  N ico las  de  Car i ta t ,  Marqu is  o f  Condorce t  ( 1 785 ) .  Essa i  su r  l ’ app l i ca t i on  de  l ’ ana l yse  à  l a  p robab i l i t é  des  dec i s ions  rendues  à  l a  p lu ra l i t é  des  vo i x .



The Condorcet Jury Theorem



We work in a setting where an odd number of agents vote on two issues, one of which is
correct.

Each agent has a specific competence, which is the probability of voting for the correct
alternative.



assumed odd

i's guess of the
right answer

agents
alternatives

correct alternative
voter   's votei

profile of votes
voter   's competencei

majority opinion

a

v  i

, such that             for a strict majority of votersv =x i

we write profiles as words:
(a, a, b, a, ...)  ⇾ aaba...

probability that i gets theright answer



I want to make some assumptions.
CONDORCET



ASSUMPTIONS

, for every agent          . 

Competence
Agents are competent, i.e., better than random at being correct:
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ASSUMPTIONS

, for every agent          . 

, for any two agents             . 

Competence
Agents are competent, i.e., better than random at being correct:

Equal Competence
All agents have the same competence:

, for any two agents             . 

Independence
Agents vote independently of each other:



I claim that under these conditions, the majority tends to get it right!
CONDORCET



We want to understand the probability that the majority opinion is correct, that is:



Computing the probability of a correct majority becomes more and more involved as the
number of agents grows.

But let's start simple.



ONE VOTER



by the Equal Competence

assumption

by the Competence

assumption

ONE VOTER



by the Equal Competence

assumption

by the Competence

assumption

ONE VOTER

As p grows, so does group accuracy.
Note

in this case, trivially



TWO VOTERS



TWO VOTERS Oh yeah, we're not looking at this case.
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THREE
VOTERS

As p grows, so does group accuracy.
Note

A group of size 3 is more likely to be
correct than a group of size 1.
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FIVE
VOTERS

Again: as p grows, so does group accuracy.
Note



FIVE
VOTERS

Again: as p grows, so does group accuracy.
Note

A group of size 5 is more likely to be
correct than a group of size 3.



ANY ODD
NUMBER
OF
VOTERS



CONDORCET

By the croissants of my ancestors: I claim that the larger the group, the more accurate it is!

And that in the limit, groups are infallible.

Provided there are no dumdums and people make their minds up independently.



If all agents have the same, larger than ½, competence and vote independently of each
other, then, for odd n, it holds that:

the accuracy of the group improves as its size grows:

the accuracy of the group is better than that of any of its members:

the accuracy of the group approaches 1 asymptotically:

THEOREM (THE CONDORCET JURY THEOREM, OR CJT)

, for
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CONDORCET

Groups are better than their members.

The larger the group, the better.

In the limit, performance is perfect.

And performance grows fast with the size of the
group.

Provided p > 0.5.



Relaxing the Assumptions of the
Condorcet Jury Theorem



Relaxing independence.



C O N D O R C E T

No point in denying it: the CJT has a major
blindspot.

Independent voter beliefs.

Out there people interact and are exposed to
common information sources, e.g., mass media. 

Introducing correlation between voters can
make the optimistic results go away.

K R I S H N A  K .  L A D H A

H É L È N E  L A N D E M O R E

At the same time, there is more and more evidence
that certain forms of communication, e.g.,
deliberation, are good for decision making.

Ladha ,  K .  K .  ( 1 992 ) .  The  Condorce t  Jury  Theorem,  F ree  Speech ,  and  Cor re la ted  Vo tes .  Amer ican  Journa l  o f  Po l i t i ca l  Sc ience ,  36 (3 ) ,  6 1 7–634
Landemore ,  H .  ( 20 13 ) .  Democra t i c  Reason :  Po l i t i cs ,  Co l l ec t i ve  I n te l l i gence ,  and  the  Ru le  o f  the  Many .  P r ince ton  Un ive rs i t y  P ress .

Landemore ,  H .  ( 2020 ) .  Open  Democracy :  Re inven t ing  Popu la r  Ru le  fo r  the  Twenty -F i r s t  Cen tu ry .  P r ince ton  Un ive rs i t y  P ress .



Relaxing the competence assumption.
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What would be a reason for p to be below 0.5?

Biases!
D A N I E L  K A H N E M A N

This bridge connects Manhattan to what
other New York borough?

Brooklyn
Queens

You thought it was Brooklyn, didn't you?

Kahneman ,  D .  ( 20 13 ) .  Th ink ing ,  Fas t  and  S low .  Fa r ra r ,  S t raus  and  G i roux .



C O N D O R C E T

What would be a reason for p to be below 0.5?

Biases!
D A N I E L  K A H N E M A N

This bridge connects Manhattan to what
other New York borough?

Brooklyn
Queens

You thought it was Brooklyn, didn't you?

B R Y A N  C A P L A N

Most people can't be relied on take good decisions.

Especially when it comes to political issues.
J A S O N  B R E N N A N

H É L È N E  L A N D E M O R E

Let's not exaggerate.

Kahneman ,  D .  ( 20 13 ) .  Th ink ing ,  Fas t  and  S low .  Fa r ra r ,  S t raus  and  G i roux .
Cap lan ,  B .  ( 20 1 1 ) .  The  My th  o f  the  Ra t iona l  Vo te r :  Why  Democrac ies  Choose  Bad  Po l i c i es .  P r ince ton  Un ive rs i t y  P ress .
B rennan ,  J .  ( 20 17 ) .  Aga ins t  Democracy .  P r ince ton  Un ive rs i t y  P ress .
Landemore ,  H .  ( 20 13 ) .  Democra t i c  Reason :  Po l i t i cs ,  Co l l ec t i ve  I n te l l i gence ,  and  the  Ru le  o f  the  Many .  P r ince ton  Un ive rs i t y  P ress .



And what does this p even mean, anyway?



C O N D O R C E T

Can we rate people's accuracies, especially if
predicting rare, or unique, events?

Sure!
G L E N N  B R I E N

Check out the Brier score.

C O N D O R C E T

Even so: is it realistic to assume that p > 0.5?

Some people seem to manage it:
superforecasters.

P H I L I P  E .  T E T L O C K

Tet lock ,  P .  E . ,  &  Gardner ,  D .  ( 20 16 ) .  Super fo recas t ing :  The  A r t  and  Sc ience  o f  P red ic t i on .  Random House .

https://en.wikipedia.org/wiki/Brier_score#:~:text=The%20Brier%20Score%20is%20a,as%20applied%20to%20predicted%20probabilities.


And what if agents don't all have the same competence p?



B E R N A R D  G R O F M A N

It's not so clear if the conclusions of the CJT still
hold.

It gets kind of complicated...

Grofman ,  B . ,  Owen ,  G . ,  &  Fe ld ,  S .  L .  ( 1 983 ) .  Th i r teen  theorems  in  search  o f  the  t ru th .  Theory  and  Dec i s ion ,  1 5 ( 3 ) ,  26 1–278 .
Owen ,  G . ,  G ro fman ,  B . ,  &  Fe ld ,  S .  L .  ( 1 989 ) .  P rov ing  a  d i s t r ibu t ion- f ree  genera l i za t ion  o f  the  Condorce t  Jury  Theorem.  Mathemat ica l  Soc ia l  Sc iences ,  1 7 ( 1 ) ,  1 – 16 .
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Wrapping up...



CONDORCET

The Condorcet Jury Theorem is a cornerstone of the idea that
groups can be wise.

But it also feels like a fragile result, based on unrealistic
assumptions.

Can we find better results, for modern-day challenges?


