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Groups can sometimes be surprisingly
accurate.



FRANCIS GALTON
| can personally attest to that...

| am talking, of course, about the ox.

17%¢ at Moyeni, Busutoland, on August 23. ‘The mean
yearly value of the absolute maxima was 86%9, and of the

450 NATURE

[Maren 7, 1907

corresponding minima 41°6, The mean per for
the year was o’ below the average. The stormiest month
was October, and the calmest was arril.
We have also received the official meteorological year-
books for South Australia (1904) and Mysore (1905). Both
of these works contain valuable means for previous years.
Forty Years of Southern New Mexico Climate.—Bulletin
No. 5o of the New Mexico College of Agriculture contains
the logical data ded at the experi 1 station
from 18g2 to 1905 inclusive, together with results of
temperature and rainfall tions at other srations in
the Mesilla Valiey for most of the years between 1851 and
15-;». published some years ago :{y General Greely in o
* Report on the Climate of New Mexico." ‘The station is
situared in lat. 32° 15’ N., long. 106° 45" W., and is
3868 feet above sea-level. The dats have u general appli-
cation to those portions of southern New Mexico with
an altitude less than qooo feel. The mean annual tempera-
ture for the whole iod was 61%6, mean maximum
(fourtecn years) 76°8, mean mini 41%4, absol
maximum 106® (which occurred several times), absolute
migimum 1° (December, 18g3). The mean annual rain-
fall was 88 inches; the smallest yearly amount was
35 inches, in 1873, the largest 171 inches, in 1905, Most
of the rain falls during July, August, and tember.
The relative humidity is low, the mean annual amount being

about 51 per cent. The bulletin was prepared by J. D, )

Tionley, vice-director of the station.

Meteorological Observali
of the observations made under the system of the Deutsche
Scewarte, Hamburg, for 1905, at ten stations of the second
order, and at fifty-six storm-warning stations, have been

in Germany.—The resulis |

recoived.  This is  the twenly-cighth yearly volume !

glbl{slm! by the Seewarte, and forms wrl of the series of
erman logica!l year-bool ‘e have frequeatly

relerred o this excellent serics, and the volume in ques. |

tion is similar in =20l respects to its predecessors; it con-
tains most valuable data relating to the North Sea and

Baltie coasts. We note that the sunshine wt Hamburg was |

only 29 per cent. of the possible annual amount, and that
there were 103 less davs; the rainfall was 250 inches,
the rainy days being 172 in number,

VOX roruviLl.
IS these democratic days, any investigation into the
trustworthiness and peculiarities of popular judgments
is of interest. The material about to be discussed refers
to a small matter, but is much to the point.

A weight-judging competition was carried on st the
annual show of the West of England Fat Siock and
Poultry Exhibition recently held at Plymouth. A fat ox
kaving been selected, competitors bought stamped and
numbered cards, for 6d. cach, on which to inscribe their
respeetive names, addresses, snd estimutes of what the
ox would weigh after it had been slaughtered and
" dressed.”  Those who guessed most successfully received
prizes. Abcut Boo tickets were issued, which were kindly
lent me for cxamination after t had fulfilled their
immediate purpose. These afiord excellent  material.
The judgments were unbiassed by possion and uninfluenced
by oratory and the like. The sixpenny fee deterred prac-
tical joking, and the hope of a prize and the jor of com-
petition prompted each peti to do his best. The
competitors included butchers and f some of whom
were highly expert in Judging the weight of cattle ; others
wern probably guided by such information as they might
pick up, an thelr own fancies. The average com-
petitor was Kem bly as well fitted for making a just
estimate of the dressed weight of the ox, as an average
voter is of judging the merits of most itical issues on
which he votes, and the variety among the voters o judge
jusily was probubly much the same in either case.

After weeding thirteen cards out of the collection, as
being defective or illegible, there remained 587 for dis-
cussion. | arrayed them in order of the magnitudes of
the estimates, and converied the cwi., quarters, and Ibs,
in which they were made, into Ibs., under which form they
will be treated.

¥0. 1949, VOL. 75]

}

Distribution of the ] of the d 1 weight of a

particular living ox, made by 38y differemt persons.
Centilen
Degreesof | goimatm — e of
the iength of i Observed over
Asray p wo": - e, d‘?,:‘:':& Normal Normal
1 1707 Ibe. pe =y

I =
o - -70 2
15 l 1120 - le’ ~57 +24
20 } o 1148 - 59 - 46 +13
iy 25 1162 -4 |, -3 + 8
3o ! 74 33 | - 20 1 + 4
3, nd - 26 2 N
40 | 1188 - 19 ! - 14 + 5
45 i 1197 - 10 | -7 + 3
mgo | 1307 ° o o
z‘_r; [EIT N T | o
1219, 412 | a4 -2
65 1228 4 18 | a -3
70 1230 + 23 -29 - 6
975 1230 +29 | +3% , -8
So 1243 + 36 +46 | -0
8 1254 + 47 +57 | =10
90 1267 + 3 1 +50 | -18
95 | 1293 +% | 0 | -4

¥ip @3 Abe first annd thivd qoartibes, stand ot 0y’ wad 357 resp scuively.

n, medinn or middlenost valee, stamds ai 3o’

1 by dressed weight proved to be sigh Ibs,

According to the democratic principle of ‘' one vote one
value,” the middlemost estimate expresses the wox fopuli,
every other estimate being condemned a5 too low or oo
high by a majority of the voters (for fuller explanation
see “One Vote, One Value," Natume, February 28,
P- 414} Now the middlemost estimate is 1207 Ib.,
and the weight of the dressed ox proved to be 1198 Ib.;
#0 the wex populi was in this case ¢ Ib., or o8 per
cent. of the whole weight too high. ‘The distribu-
tion of the estimates about their middlemost value
was of the wsual type, so far that they clustered
closely in  its  nel Ewrhmd and  became  rapidl
more  sparse as  the distance  from it increased.

- Diagram, from the tabular salucs. ~

-

O i 20— — 40 SO 507 10— BT = 90" 0

The continuouns line i- the normal curve with poesyy.

T b broken line is drawn lrom the observations.

1 be lises consectiag them show the differences betwesn the obanrved
and the normal.
Bul they weee not scattered symmetrically. One quarter
of them deviated more than 45 1b. above the middle-
most (37 per cent.), and another quarter deviated
more than 29 Ib. below it (2.4 per cent.), therefore the
range of the two middle quarters, that is, of the middle-
most half, lay within those limits. Tt would be an equal
chance that the estimate written on any card picked at
random out of the collection lay within or without those
limits. In other words, the ** probable error ™ of a single
observation may be reckoned as J(g45+20), or 37 Ib.
(3-1 per cent,). Taking this for the p.c. of the normal
curve that is best adapted for comparison with the observed
values, the results are obtained which appear in above
table, and graphically in the diagram.

Galton, F. (1907). Vox populi. Nature, 75(7), 450—451.
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Surowiecki, J. (2005). The Wisdom of Crowds. Anchor.



FRANCIS GALTON ’ f | ES.S‘ AI

| can personally attest to that... R e U
| | DE. T"ANAL Y’ S E"’“‘““\
. | &8 S s | LIBRARY:
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DES DECISIONS
| Rendues a Ia pluralité des voix.

: Par M. LE MARQUIS DE CONDORCET, Secrétaire perpétuel
| de I'Académie des Sciences, de I'Académie Frangoife, de

l ll Ulnftitur de Bologne, des Académies de Péterfbourg, de

! | ‘ Turin, de Philadelphie & de Padoue,

)

i

JAMES SUROWIECKI
Plus many other examples!

Quéd fi deficiant vires audacia certé
Laus erit, in magnis & voluifle fac eft. !

¢

;
CONDORCET \ DE L’IMP‘:li‘:?IIES;OYALE |
| think | can prove why... il  Soecexer

Marie Jean Antoine Nicolas de Caritat, Marquis of Condorcet (1785). Essai sur
'application de l'analyse a la probabilite des decisions rendues a la pluralite des voix.
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MODEL

CONDORCET JURY THEOREM

alternatives a, b
correct alternative a
voters N ={1,...,n}
voter i's vote v; € {a,b}
collective decision over n voters Vote(n) € {a, b}, the alternative with the most votes

voter i's accuracy p; = Pr|v; = q]



ASSUMPTIONS

CONDORCET JURY THEOREM

(Equal accuracies) p; =p; =p,foralli,j € N.



ASSUMPTIONS

CONDORCET JURY THEOREM

(Equal accuracies) p; =p; =p,foralli,j € N.

(Competence) p > 1/2,forallie N.



ASSUMPTIONS

CONDORCET JURY THEOREM

(Equal accuracies) p; =p; =p,foralli,j € N.

(Competence) p > 1/2,forallie N.

(Independence) Pr [vz- = X,V; = y} = Pr [v?; = .cc] -Pr[’uj = y},
for all distinct 7, j € V.



TODAY’S FIRST RESULT

THEOREM (THE CONDORCET JURY THEOREM, OR CJT)
For odd n voters, each with accuracy p > 1/2 and voting independently of each other,
It holds that:

(Monotonicity) Pr {Vote(n +2) = a} > Pr [Vote(n) = a]



TODAY’S FIRST RESULT

THEOREM (THE CONDORCET JURY THEOREM, OR CJT)
For odd n voters, each with accuracy p > 1/2 and voting independently of each other,
It holds that:

(Monotonicity) Pr {Vote(n +2) = a,] > Pr [Vote(n) = a], and

(Asymptotic behavior) lim,, .. Pr [Vote(n) — a} = 1.
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This also leads to a defense of democracy:
not just because it’s fair, but also because it
leads to better decisions.



4= )\ HELENE LANDEMORE
"4 We can get good decisions with large, inclusive
deliberating body of citizens.

Landemore, H. (2013). Democratic Reason: Politics, Collective Intelligence, and the Rule of the
Many. Princeton University Press.
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W But the Condorcet Jury Theorem doesn't really capture
this information sharing aspect of deliberation...

ADRIAN [
Well, let’'s model that! &
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In this example deliberation leads to the wrong
answer...



In this example deliberation leads to the wrong
answer... but how likely is that to happen?
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MODEL

DELIBERATION
alternatives

evidence for a
evidence for b

best alternative

voters

deliberation rounds

i's private evidence at ¢

voter ¢’'s vote at ¢

collective decision over n voters at ¢

N:{l, ,n}
te{0,1,...}
A!CA B CB
(o if|AY >
vi=<¢b if|AY <
D if AL =
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DELIBERATION
Fixake {1,...,m}.

Att = 0:

> each agent i independently samples k items from the pool of m items of
evidence, without replacement.

Att > 1:

> each agent i compares opinion at t—1 with collective decision at ¢t—1: if ;
disagrees with the group, they disclose all evidence for their preferred
alternative that hasn’t been already disclosed;

I . 1 . .
\ ~ ~ ) N o mnAatrhaner
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> each i updates private evidence to A!, B! with all newly disclosed evidence;

..:-,,l-..-._--_!_ c o LLULA LEC LU LLCT o LUl LallCcOUuUs LY - | ) | A CllUo

> each i updates vote to v! to reflect updated private evidence;
> collective decision is updated to Vote’(n).

Keep going until no new evidence is disclosed.

round ¢



Note that deliberation terminates at some point. Call the vote at
termination Vote™ (n).



Note that deliberation terminates at some point. Call the vote at
termination Vote™ (n).

What can we say about Vote™ (n)? Especially as compared to
Vote” (n).
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ROSA
The assumption here is that agents are

eager to correct a (perceived)

mistake... Is that realistic? R sl Pregros Disrbuions of S P o) and, o B8 (b o

of Information Over Three Group Members

Group member

ltem
position X Y Z

Case 1: All information shared

Pro-A ay, 8z, 8, &4, a5, 8¢, B ay, @y, @y, 44, ay, 3, @ a;, 8z, a3, a4, as, 8, 37
Pro-B by, by, by, b, by, by, by, by b, bz, by, by

Case 2: Unbiased distribution

GAROLD STASSER

In our experiments people tend to gf=
speak up in favor of the plurality &&=
option... T

Pro-A
Shared a, a ay
Unshared ay, 4y ay, 8s g, Ay

Pro-B

g

Pro-A
Shared a,, a, a3, 4, a;, a4, &, A a,, 8, a3, 44
Unshared as ag a,
Pro-B* bl| b?! h).b‘ b!t b!t b!! bl bln b" b!- b‘
Case 4: Severely biased distribution
Pro-A
Shared a
Unshared a;, ay Ay, B g, &
PfD-B' bli le b).b‘ bl! b}l b.h b-‘ bll tht b.'i' bl
* All shared.

Stasser, G., & Titus, W. (1985). Pooling of unshared
information in group decision making: Biased information
sampling during discussion. Journal of Personality and
Social Psychology, 48(6), 1467-1478.
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GAROLD STASSER

In our experiments people tend to gfa
speak up in favor of the plurality &=
option...

ADRIAN
\

.'.-f
>
fpl ___

So with our truth-seeking agents we
should the group pooling information
efficiently...

..right?

/ 5

Table 1
Some Possible Pregroup Distributions of Seven Pro-A (a;) and Four Pro-B (b;) ltems
of Information Over Three Group Members

Group member

position X Y Z
Case 1: All information shared
Pro-A ay, 8z, 8y, &y, ay, 8. & ay, 4y, 2y, a4, &y, &, @ a, az, 2y, 4y, as, &, a;
ﬁo'a bl| b?n bl- b‘ b[- Ibl, b!- bd bh b]- bll b4
Case 2: Unbiased distribution
Pro-A
Shared a, a, a;
Unshared ay, 4y ay, as ag, 4y
Pro-B
Shared b, b, b,
Unshared b;u b; b
Case 3; Mildly biased distribution
Pro-A
Shared a,, a, a3, 4, a;, a4, &, A a,, az, 8y, &
Unshared as ag a,
Pro-B* bh b?! h). b‘ b!v bZ- bl‘ bl bIl b" b!- b‘
Case 4: Severely biased distribution
Pro-A
Shared
Unshared a;, ay Ay, B g, &
PrD'B. b|, le bl- b‘ blv b}l b.h b4 bh b!l bJ' bl
* All shared.

Stasser, G., & Titus, W. (1985). Pooling of unshared
information in group decision making: Biased information
sampling during discussion. Journal of Personality and
Social Psychology, 48(6), 1467-1478.
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LET’S SIMULATE: ARE WE COOKED?

Correct collective decisions by round ({ =16, m=30, k=17)
1.0

A o—0—o—°
Generate 1000 deliberation instances, S ZZ
show statistics per round. S
Round 0 shows increasing group g 06 ==

U 0.5 - —
accuracy. g s
Round 1: the opposite! 5 027

O 0.2
Round 2: still bad. = 017 Sg—o—

0.0 -

1 3 5 7 9 11 13 15 17 19 21 235 25 27 29
n



[s deliberation doomed?



[s deliberation doomed? To see what’s going
on, let’s take snapshots of the deliberation
process at various rounds.
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For any agent i it holds that:

(i) if k> 2(m — ) then Pr [Ug - b] —0;
(i7) if kis odd and £ > 1 then Pr [v? = a] > 2

(iii) ifkiseven, > ™ +1and k> (L — 1)7", then Pr [fu? = a} > 1.

Why? If & > 2(m—/), no way to get more than /2 evidence items for b.

If £ 1s odd then:
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Round 1 starts with a majority for a...

...but not unanimity: t =1

p:= Pr —’UQ = a]
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b voters disclose private evidence for b



What happens with the collective decision at
round 1¢
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Take odd k£ and ¢/m > 1/2. As n — oo, It holds, for any agent 4, that:

(2) If k < m — ¢, then Pr[vil = a] = {J;

(23) Tm—l<k< m(mze_l),then Pr[vz-l = b] > % > Pr|v = a];

(iii) if 2D k< 9(m — 0), then Pr [vg _ a] > 1Py [vl - b].

Why? As n — oo it becomes very likely that the initial b minority
holds all evidence for b (!!!). So at ¢t = 1 everyone updates with B.

fk<m—/,no avoters left.

f k& > m — ¢, intuitively depends on:
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Correct collective decisions by round (£ =16, m=30, k=17)
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Take odd k and ¢/m > 1/2. As n — oo, It holds, for any agent i,
that:

Ifm — < k< m(m;ﬁ—l)' then Pr |:U’52 — a,] — ],

Why? As n — oo It becomes very likely that the a minority
holds all evidence for a. Once they disclose, everyone votes
for a.
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winner.



ROUND 2: OUTCOME

Correct collective decisions by round (£ =20, m =30, n= 30)

1.0 1 / e o -9 o —
g 09_
For odd k and ¢/m > 1/2: L2
S 0.8
vy 3 m(m—~£—1) . E 0.7 -
(i) ifm—0 <k < =1 then: 30
3 0.6 1
: 2 9 —— t=0
Iim Pr [Vote (n) = a,} =1, g 05- i
n— 00 2
S
and deliberation terminates with a as unanimous % 7]
: C ~
winner. g 02
// winner flips again £ 017 E;
0.0 - I.\?* ‘1_ T T T T | :; .

1 3 D 7 9 1 ] 13 15 17 19



ROUND 2: OUTCOME

Correct collective decisions by round (£ =20, m =30, n= 30)

10 o _——0 & —o e —o—0o—
g 09_
For odd k and ¢/m > 1/2: L2
S 0.8 -
vy m(m—~E—1) . © 0.7 -
(i3) ifm — 0 < k < ™22 then: 30
g 0.6° —e— t=0
e
lim Pr [VoteQ(n) = a,] = 1, S 05- —— t=1
n— 00 § s F
S
and deliberation terminates with a as unanimous % 7]
: C ~
winner. S 0.2 1
// winner flips again £ 0.11 :
0.0 - —




ROUND 2: OUTCOME

Correct collective decisions by round (£ =20, m =30, n = 30)

1.0 - —e—————— o ——o—
g 0.9_
For odd £ and ¢/m > 1/2: L
0 0.8 -
AN m(m—~£—1) o
(12) fm -0 <k < ; then: 20.7-
g B —— t=0
o
lim Pr [Votez(n) = a,] = 1, S 05- —— t=1
n— oo @ 0.4 - t=2
= 0.
and deliberation terminates with a as unanimous s °°
. 5 =
winner. % 0.2 - 7
// winner flips agai 2 0.1 %i
0.0 1__ i- . i : ; : : , :
1 3 5 7 9 11 13 15 17 19



ROUND 2: OUTCOME

too smalll

Correct collective decisions by round (£ =20, m= 30,@

1.0 A ———— e —o—o—F —_
g 0.9_
For odd £ and ¢/m > 1/2: L
0 0.8 -
AN m(m—~£—1) o
(12) fm -0 <k < ; then: 20.7-
g 06 —o— t=0
o
lim Pr [Votez(n) = a,] = 1, S 05- —— t=1
n—00 § - Fis
= 0.
and deliberation terminates with a as unanimous s °°
. S =
winner. % 0.2 - 7
// winner flips agai 2 0.1 %i
0.0 1__ i- . i : ; : : , :
1 3 5 7 9 11 13 15 17 19



ROUND 2: OUTCOME

For odd k£ and ¢/m > 1/2:
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Correct collective decisions by round ({ =16, m=30, k=17)
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TODAY’S SECOND RESULT

THEOREM
As n — oo, deliberation ends with high probability after at most two

rounds, with sometimes a as winner, sometimes b, as shown before.



All in all, not super encouraging...
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" <48 Well, for deliberation to work well we need a diverse
group.

Landemore, H. (2013). Democratic Reason: Politics, Collective Intelligence, and the Rule of the
Many. Princeton University Press.

SCOTT E. PAGE

Diverse problem-solvers outperform expert ones because
they explore more of the solution space

Hong, L., & Page, S. E. (2004). Groups of diverse problem solvers can outperform groups of
high-ability problem solvers. Proceedings of the National Academy of Sciences of the United
States of America, 101(46), 16385-16389.

A ROSA
) What kind of diversity measure do we need here?

ADRIAN
Something related to the distribution of evidence...
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Make some items of evidence more salient than others.

Salience determined by w: higher w means a-evidence
more salient.

When drawing evidence, evidence is sampled in
proportion to salience.

Simulation results show double hump.

In the first (0.3 < w < 0.5): b-evidence more salient, but
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HALF OF A RESULT

Make some items of evidence more salient than others.

Salience determined by w: higher w means a-evidence
more salient.

When drawing evidence, evidence is sampled in
proportion to salience.

Simulation results show double hump.

In the first (0.3 < w < 0.5): b-evidence more salient, but
a wins. Initial vote is for b, which makes a-voters
dissenters.

In the second (0.7 < w < 0.9): a-evidence more salient,
a wins easily.
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Deliberation Accuracy vs. Salience Bias
m=30, £=16, k=17, n=31
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