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Let's warm up with a little pop quiz.



This bridge connects Manhattan to what
other New York borough?

Brooklyn (P e 3G | A
Queens IR Al lladlialemi 8| K oS e




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



PARTY-BOY ARISTOTLE
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.

Aristotle (1984). The Politics. Translated and with an introduction by Carnes Lord. Chicago: University of Chicago Press,



PARTY-BOY ARISTOTLE
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.

) CHARLES MACKAY
.\ No they're not.

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

Brexit...

Aristotle (1984). The Politics. Translated and with an introduction by Carnes Lord. Chicago: University of Chicago Press,
MacKay, C. (1841). Memaoirs of Extraordinary Popular Delusions and the Madness of Crowds (Volumes I-I11). London: Richard Bentley.



PARTY-BOY ARISTOTLE

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.

) CHARLES MACKAY
.\ No they're not.

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

Brexit...

The success of Marvel movies...

Aristotle (1984). The Politics. Translated and with an introduction by Carnes Lord. Chicago: University of Chicago Press,
MacKay, C. (1841). Memaoirs of Extraordinary Popular Delusions and the Madness of Crowds (Volumes I-I11). London: Richard Bentley.



FRANCIS GALTON
If I may be allowed!

I can personally attest to the accuracy of groups.

I am talking, of course, about
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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!



FRANCIS GALTON

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 successtully 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.

4350 NATURE [Maren 5, 1907
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17%0 at Moyeni, Basutoland, on August 33 The rmean
yearly value of the sbsclute maxima was 36%g, and of ihe
corresponding minimn 41°6. The mean temperature for
the year was o®q below the average, The stormiest midnth
was Chetaber, amil the calmest was April.

We have also received the olficlal meteorological yeir-
books for South Australia (sgog) and .‘-11;::ur= {1go5). DBaoth
of these works contain enlunble means for previous yoars.

Forty YVears of Southera New Mexico Climrate —Bulletin
. 5 of the Xew Mexico College of .‘hgrim‘IEUTt cOfLalns
the metegrclogical datn recorded at the experimental siatien
from 1892z fo 1go5 inclusive, tegethor wih mesulis of
temnpegature and ranfall observations at other stations in
the Mesilla Valley for most of the yenrs between 1851 and
tige, published somo yenrs oge by General Greely in a
* Report on the Climate of New Mexico.™ The statien is
situnted in lat. 32° 13" N., long. 106" 457 W., amd iz
3508 feet above sea-level. The data have o general appli-
cation o those portiens of southern Mew Mexico with
an altitnde less thar geoo feel. The mean anneal fempera-
wre for the whaele ?-ri-:-l was  Gi6, mein moasimom
(lourtecn  vears) T6%5, mean minimum 41%.q, nbsalute

wmaimum  1ob® (which ocourred severnl times), absolute
minimum 1% (December, 1895}, The mean annual rain-

fall wag BE& inches; the smallest yearly amount was |
35 inches, in 1853, the largest 90 inches, W 1gog.  Most .
of the rain falle dering Jule, August, and September. |

The relative hamidity is low, the meon anmes]l amount belng
abuait g1 per cent, The bull-.-ll
Timdey, vice<lirectior of the stafion.

Metearolegival (Mzervalions in Germany.—The resulis
af ithe observations mude under the system of the Deutsele :
Seewarte, Hamburg, for 1905, at ten stations of the second |
order, aml at fifty-six storm-warning stations, have been |

rn'-iu;\c|. Th;l, :'5 ||:|_' l“‘l_‘l']l_\'-l_‘;lﬂl:l'.!l Eflﬂ!.' 'ru||.||1:1r

published by the Seswarie, amd fnrms part of the series af |

German metesrclogical yeardbooks.  We have frequently
relerred 1o this excellent serics, and the valume in quess
tien iz similar in 2l respects to iy predeccssors; i ocon-
tains most valuable data relating to the North Sen and
Baltic coasts. We nole that the sunshine st Hamburg was

anly zg per cent. of the possible annpal amoqnt, and that |
there were 10y Sunless doys : the rainfall was 250 inches, |

the rainy days being 172 in numhber.

FOX rOPULL

IN these democeratic days, nany ievestigation inte the
trustwarthiness and peculinrities of popular judgments
is of interest. The maaierial about o be discussed relers
te a smeall matter, but is much o the point.

A weight-judging competition  was  carried om ot the
annual show of the Woest of Eagland Fat Siock and
Pouleey Exbhibition recently hell a1 Plymoath, A far ox
having been selected, competitors bought stamped  and
numbered cards, for 6d. ench, on which to Inscribo their
respeciive nanwes, ndiresses, wnd estimates of what the
ox  would weigh after it had  been  shoghtercd  and
" dreesed, " These who guessed most suocesfully received

fres,  Abcut Boo tickeds were izsued, which were kindly
cat ma for examination after they had fulfilled their
immedinte purposs.  Theae  sfoed, axecllent  material,
The judgnents were unbinssed by passion and whinfuenoed

o oqatory and the like, The sixpenny [ee detereed prac-
tical jaking, and the hope of a prize and the joy of com-

petition prompted each competitor to do his best. The |
campetitors inchaled butchers and farmers, some of whem |

were highly expert In jodping the weight of catle ; others
were probubly guided by such Infosemation as they mighe
pick wup, and by thelr own fancles, The average com-
petitor was probably ns well ftted for making & just
citlimate of the dressed weight of the ox, as an average
voder is of judging the meriis of most political ismees on
which he wotes, and the variety ameng the volers to judge
justly wos probably much the same in either case,

Alter weeding thirteen cards out of the collection, as
being defective or Bllegible, there remained 787 for dis-
cussion, 1 arrayed them in order of the magnlivdes of
the estimates, and converted the ewl,, queeters, apd 1B,
in which they were made, into Ths., under which form they
will be reeated,

©0, 1040, VOL. 75]

IR ||E\|,'r1.'ll'l'|.'] h}: J .

Drigtrabistion p,l' the estimates of the dressed svedgibt u-lf a
pardicular Leing ox, made by 587 differemt persons,
| Comtiies
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o0 @t Ul diret amd chivd qoartibes, seand of 53" and 55" rep sciivaly.

v, the median or middiomost valug, stamds ag 52",

U b decased webfhE proved 18 Be sag® b,

Aceomding te the demoeratic principle af *° ane vote oae
value, " the middlemost estimate expresses the wox populi,
every other estimate being condemned ng o0 low or oo
high by a majority of the voters (fer {eller cxplanation
e Y Ope Vese, One Value,' Narovee, February =8,
P- 414).  Now the middlemost estimate is zoy b,
and the weight of the dressed ox proved to be 1rgd Th.
so the wox populi wag In this case ¢ Ib, of o8 per
cent. of the whole welght oo high, The dlstribue-
tion  of the estimates about their  middlemost  value
wig of the wsuwal type, so for thet they clastercd
closely  In iz peighbourhosd apd  becnms  rapidly
MGEd  SPEFEE 49 i distance e 1t incredbed.

Diagran:, frem the labular salues.

F

Eine b= e norme] corve winh poes .
wh (193 (e cbnrrvakioai.
; theem show the diffcrences betwrcs the olwerved

The a0 6oL

1 ha lorafeen line

| B lifcd Cohinedl
e the mormal.
Bui they were nat geatteend symmetrically. One quarter
of them devisted more than 45 16 above the middle
most (37 per cent.), and another quarter deviated
mage than 39 lb. below it (2.4 per cent), therefore the
range of the two middle quartess, thae Is, of the middle-
most half, lay within those Hmits. Tt would be an equal
chance that the estimate wreitten on any card picked at
random out of the collection lay within or without those
fimits.  1n other words, the * probable error ™ of a !infﬁe
abservatlon may be reckoned as  d(45-+zah, o 37 b
{31 per cent). Taking this for the pe of the pormal
curve that is best adapted for comparison with the observed
viilues, the results are obtained which appear in above
table, and graphically in the disgran:.

Galton, F. (1907)

. Vox populi. Nature, 75(7), 450—451.



FRANCIS GALTON

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 successtully 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 1b., and the
weight of the dressed ox proved to be 1198 Ib.

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

450 NATURE
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17%0 at Moyeni, Basutoland, on August 33 The rmean
yearly value of the absclute maxima was 86%9, and of the
corresponding minimn 41°6. The mean temperature for

year was oo below the average, The stormiest midnth
was Chetaber, amil the calmest was April.

We have also received the olficlal meteorological yeir-
books for South Australia (sg9o4) snd Mysare [1905). Doth
of these works contain enlumble means for previous years

Forty Years of Southern Xew Mexico Clinate.—Bulletin
. 5 of the Xew Mexico College of .‘hgritu'l'EUTt cOfLalns

the metegrclogical datn recorded at the experimental staben !

fram 1892 f0 1gos inclusive, together with resulis of
tenpezature and rainfall observations at other stations in
the Mesilla Valley for most of the years between 1851 and
15ge, published somo years ogo by General Greely in a
" Report on the Climnte of New Mexico.”™ The station is
situnted in lat. 32° 13" N., long. 106" 457 W., amd iz
3868 feet above sea-level. The datas have o general appli-
cation o those portiens of southern Mew Mexico with
an altitnde less thar geoo feel. The mean anneal fempera-
wre for the whale ép,-”'n:ul wns G176, mesn  mosimom
(lourtecn  vears) T6%5, mean minimum 41%.q, nbsalute
maximum 1o6® (which occursed severnl times), absclute
minimum 1% (December, 1895}, The mean annual rain-

fall wag BE& inches; the smallest yearly amount was |
35 inches, in 1853, the largest 90 inches, W 1gog.  Most .
of the rain falle dering Tuly, August, and September. |

The relative i‘nnh!l]i:;.' is low, the mean anmesl amount 'hr'mr.

aboatt 51 per cent. The bullelin was prepared by ] T

1.:.I:'\!F!I_ \-i1_1_--¢J-ir¢_-rU_u |_;.r 1_1N_: a'|.'|||i|_1|l.

Metearolegival (Mzervalions in Germany.—The resulis
af ithe observations mude under the system of the Deutsele :
Seewarte, Hamburg, for 1905, at ten stations of the second |
order, aml at fifty-six storm-warning stations, have been |

rn'-iu;\c|. Th;l, :'5 ||:||_' l1.l.'|_'l'|l_!|'-|_'.:|4|:|.h Eflflli' 'ru||.||l:1r

published by the Seswarie, amd fnrms part of the series af |

German metesrclogical yeardbooks.  We have frequently
relerred 1o this excellent serics, and the valume in quess
tien iz similar in 2l respects to iy predeccssors; i ocon-
tains most valuable data relating to the North Sen and
Baltic coasts. We nole that the sunshine st Hamburg was

anly zqg per cent. of the possible annpal amoynt, and that |

there were 10y Sunless doyvs : the rainfall was 259 inches,
the rainy days being 172 in numhber.

FirX IroPULIL
IN these democeratic days, nany ievestigation inte the
trustwarthiness and peculinrities of popular judgments
is of interest. The maaierial about o be discussed relers
te a smeall matter, but is much o the point.

A weight-judging competition  was  carried om ot the
annual show of the Woest of Eagland Fat Siock and
Pouleey Exbhibition recently hell a1 Plymoath, A far ox
having been selected, competitors bought stamped  and
numbered cards, for 6d. ench, on which to Inscribo their
respeciive nanwes, ndiresses, wnd estimates of what the
ox  would weigh after it had  been  shoghtercd  and
" dreesed, " These who guessed most suocesfully received

fres,  Abcut Boo tickeds were izsued, which were kindly
cat me for cxamination after they had fulfilled their
immedinte purposs.  Theae  sfoed, axecllent  material,
The judgnents were unbinssed by passion and whinfuenoed
by oratory amd the like. The sixpenny fee deterred proc-
tical jaking, and the hope of a prize and the joy of com-

[Maren 5, 1907

Ds'd‘l'ul'll_&rl'-ﬁn ol the estimales of the dressed svedghbt u-lf a
pardicular Leing ox, made by 587 differemt persons,
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v, the median or middlemest valug, stamls ag se',

U b decased webfhE proved 18 Be sag® b,

Aceomding te the demoeratic principle af *° ane vote oae
value, " the middlemost estimate expresses the wox populi,
every other sstimate being condemned 58 100 low or 1o
high by a majority of the voters (fer {eller cxplanation
e Y Ope Vese, One Value,' Narovee, February =8,
P- 414).  Now the middlemost estimate is zoy b,
and the weight of the dressed ox proved to be 1rgd Th.
so the wox populi wag In this case ¢ Ib, of o8 per
cent. of the whole welght oo high, The dlstribue-
tion  of the estimates about their  middlemost  value
wig of the wsuwal type, so for thet they clastercd
closely  In iz peighbourhosd apd  becnms  rapidly

mard  spErEd Gy  distance  frdm 1t increased.
1]

petition prompred each competitor to do his best The |
campetitors inchaled butchers and farmers, some of whem |

were highly expert In jodping the weight of catle ; others
were probubly guided by such Infosemation as they mighe
pick wup, and by thelr own fancles, The average com-
petitor was probably ns well ftted for making & just
citlimate of the dressed weight of the ox, as an average
voder is of judging the meriis of most political ismees on
which he wotes, and the variety ameng the volers to judge
justly wos probably much the same in either case,

Alter weelding thirteen cards out of the collection, as
being defective or Bllegible, there remained 787 for dis-
cussion, 1 arrayed them in order of the magnlivdes of
the estimates, and converted the ewl,, queeters, apd 1B,
in which they were made, into Ths., under which form they
will be reeated,

©0, 1040, VOL. 75]

Diagran:, frem the labular salues.

The eantinuous b e mormel corve with porsgg.
1 ba broeen line rawn f1ea (e cberrvationd.
1% liges connecting them slow the difficrences betarcn the olarrved

anad i mormal

Bui they were nat geatteend symmetrically. One quarter
of them devisted more than 45 16 above the middle
most (37 per cent.), and another quarter deviated
mage than 39 lb. below it (2.4 per cent), therefore the
range of the two middle quartess, thae Is, of the middle-
most half, lay within those Hmits. Tt would be an equal
chance that the estimate wreitten on any card picked at
random out of the collection lay within or without those
fimits. 1n other words, the * probable error ™ of a single
abservatlon may be reckoned as  d(45-+zah, o 37 b
{31 per cent). Taking this for the pe of the pormal
curve that is best adapted for comparison with the observed
viilues, the results are obtained which appear in above
table, and peaphically in the diagram.

Galton, F. (1907)

. Vox populi. Nature, 75(7), 450—451.



FRANCIS GALTON

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 successtully 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 1b., and the

weight of the dressed ox proved to be 1198 Ib.

...s0 the vox populi was in this case 9 Ib., or 0.8 per ce?lt
of the whole weight too high. ~
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17%0e at Moyeni, Bosutoland, on August 230 The rmenn
yearly value of the .nl,lq'.nlulg maxima was 86 <, and of the
corresponding minimn 41°6. The mean temperature for

year was oo below the average, The stormiest midnth
was Chetaber, amil the calmest was April.

We have also received the olficlal meteorological yeir-
books for South Australia (sooy) and Mysore (1gog). Daoth
of these wﬁ-rks .ruu;'.::. n enlumble means for previous years

Forty YVears of Southera New Mexico Climrate, —-Bulllel
Ke. go of the New Mexico College of .‘hgrltu'l"UTt cofitains

the metegrclogical datn recorded at the experimental staben !

fram 18g2 fo 1goy inclusive, logether with results of
tenpezature and rainfall observations at other stations in
the Mesilla Valley for most of the years between 1851 and
15ge, published somo years ogo by General Greely in a
" Report on the Climnte of New Mexico.”™ The station is
situnted in lat. 32° 13" N., long. 106" 457 W., amd iz
3868 feet above sea-level. The datas have o general appli-
cation o those portiens of southern Mew Mexico with
an altitnde less thar geoo feel. The mean anneal fempera-
wre for the whale ép,-”'n:ul wns Gy, I'IIIFJII'L LTESE T
(fourtecn  wears] 7675, mean  minimum 41%.q, nbsalute
maximem  ob” ['r|.|'|-|"'|" occurred  severnl times), absolute
minimum 1% (December, 1895}, The mean annual rain-

fall wag BE& inches; the smallest yearly amount was |
35 inches, in 1853, the largest 90 inches, W 1gog.  Most .
of the rain falle dering Tuly, August, and September. |

The relative i‘nnh!l]i:;.' is low, the mean anmesl amount 'hr'mr.

aboatt 51 per cent. The bullelin was prepared by ] T

Timsd BV, \'|1'l:-¢J1rd_gE|_al |_,.|' 1_1N_. a'|'|||||_1|l
L.rl:h’-dl"l‘]ﬁ-guflf Crhzervations dn Germary.~The resuliz

af the observations mide umler the systen af the Deutsche :
Seewarte, Hamburg, for 1905, at ten stations of the second |
order, aml at fifty-six storm-warning stations, have been |

rn'-iu;\c|. Th;l, :'5 ||:||_' l1.l.'|_'l'|l_!|'-|_'.:|4|:|.h Eflflli' 'ru||.||l:1r

published by the Seswarie, amd fnrms part of the series af |

German metesrclogical yeardbooks.  We have frequently
relerred 1o this excellent serics, and the valume in quess
tien iz similar in 2l respects to iy predeccssors; i ocon-
tains most valuable data relating to the North Sen and
Baltic coasts. We nole that the sunshine st Hamburg was

anly zqg per cent. of the possible annpal amoynt, and that |

there were 10y Sunless doyvs : the rainfall was 259 inches,
the rainy days being 172 in numhber.

FirX IroPULIL
IN these democeratic days, nany ievestigation inte the
trustwarthiness and peculinrities of popular judgments
is of interest. The maaierial about o be discussed relers
te a smeall matter, but is much o the point.

A weight-judging competition  was  carried om ot the
annual show of the Woest of Eagland Fat Siock and
Pouleey Exbhibition recently hell a1 Plymoath, A far ox
having been selected, competitors bought stamped  and
numbered cards, for 6d. ench, on which to Inscribo their
respeciive nanwes, ndiresses, wnd estimates of what the
ox  would weigh after it had  been  shoghtercd  and
" dreesed, " These who guessed most suocesfully received

fres,  Abcut Boo tickeds were izsued, which were kindly
cat me for cxamination after they had fulfilled their
immedinte purposs.  Theae  sfoed, axecllent  material,
The judgnents were unbinssed by passion and whinfuenoed
by oratory amd the like. The sixpenny fee deterred proc-
tical jaking, and the hope of a prize and the joy of com-

[Maren 5, 1907

Ds'd‘l'ul'll_&rl'-ﬁn ol the estimales of the dressed svedghbt u-lf a
pardicular Leing ox, made by 587 differemt persons,

[ Comtiles
e ogah of| Bafimaies T T T et avee
Astay o — o0 LRl 4 H"r_ o] Bduamal
i evaakew [fom e =z
e b

5 1a74 =133 - ol +43
1 ] = 0N = 7o 28

[ 11 | 1120 = 81 =57 4 24
o | 148 - 29 = 4 13
7 35 | pibz - 45 =317 + B
e | e -3 | B t o4
a5 y o nade - 36 11 + §
40 | 11BB - 19 - 14 + 5
45 | 197 - ; =73 k3
mEs | 1mey | o o o
55 | "4 0 4+ 7 + T o
(5] [ il . % 12 4 -2
G o= ¢ 4 18 21 - 3
g0 | 1230 + 23 v 24 4
g275 | 1236 + 29 +37 - 8
Bo Po124) + 36 + 413 -0
B 1284 + 47 +5 | an
G| 1367 + 32 | +3@ =18
G5 1293 + 86 | 400 | = 4

¥, @ thiw firsk 2md chisd qoariiles, sand ot &5 and 73" resp oively.

v, the median or middlemest valug, stamls ag se',

U b decased webfhE proved 18 Be sag® b,

Aceomding te the demoeratic principle af *° ane vote oae
value, " the middlemost estimate expresses the wox populi,
every other sstimate being condemned 58 100 low or 1o
high by a majority of the voters (fer {eller cxplanation
e Y Ope Vese, One Value,' Narovee, February =8,
P- 414).  Now the middlemost estimate is zoy b,
and the weight of the dressed ox proved to be 1rgd Th.
so the wox populi wag In this case ¢ Ib, of o8 per
cent. of the whole welght oo high, The dlstribue-
tion  of the estimates about their  middlemost  value
wig of the wsuwal type, so for thet they clastercd
closely  In iz peighbourhosd apd  becnms  rapidly

mard  spErEd Gy  distance  frdm 1t increased.
1]

petition prompred each competitor to do his best The |
campetitors inchaled butchers and farmers, some of whem |

were highly expert In jodping the weight of catle ; others
were probubly guided by such Infosemation as they mighe
pick wup, and by thelr own fancles, The average com-
petitor was probably ns well ftted for making & just
citlimate of the dressed weight of the ox, as an average
voder is of judging the meriis of most political ismees on
which he wotes, and the variety ameng the volers to judge
justly wos probably much the same in either case,

Alter weelding thirteen cards out of the collection, as
being defective or Bllegible, there remained 787 for dis-
cussion, 1 arrayed them in order of the magnlivdes of
the estimates, and converted the ewl,, queeters, apd 1B,
in which they were made, into Ths., under which form they
will be reeated,

©0, 1040, VOL. 75]

Diagran:, frem the labular salues.

O I DO L0 S0 S T e B0 QY28

The eontinuou b ibe normel corve with poesg;.
1 ba loraleen line rawn f1ga the eburrvations.
1% liges connecting them slow the difficrences betarcn the olarrved

anad i mormal

Bui they were nat geatteend symmetrically. One quarter
of them deviated more than 44 Ib. above the middle.
most (37 per cent.), and another quarter deviated
mage than 39 lb. below it (2.4 per cent), therefore the
range of the two middle quartess, thae Is, of the middle-
most half, lay within those Hmits. Tt would be an equal
chance that the estimate wreitten on any card picked at
random out of the collection lay within or without those
fimits. 1n other words, the * probable error ™ of a single
abservatlon may be reckoned as  d(45-+zah, o 37 b
{31 per cent). Taking this for the pe of the pormal
curve that is best adapted for comparison with the observed
viilues, the results are obtained which appear in above
table, and peaphically in the diagram.

Galton, F. (1907).

Vox populi. Nature, 75(7), 450—451



FRANCIS GALTON

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.

=

—

17%0 at Moveni, Basutoland, on August 23 The #ean
yearly value of the absclute maxima was Eu‘{gr. andl of ihe
corresponding minimn 41°6. The mean temperature for
the year was o below the average. The stormisst month
was Chetaber, amd the calmest was Apsil.

We have also received the officlal meteorological year-
books for South Audtralia (1goyg) and H!rmre {1g05). Lath
of these works contain ealuable means for previous 8.

Forty Years of Southern New Mexico Clinate.—Bulletin
Ke. go of the New Mexico College of Apriculture contains
the meteorclogical data recarded at the cxperimental siatien
fram 1852 10 1gos inclusive, togeiher with sesulis of
temnpegature and ranfall observations at other stations in
the Mesilla Valley for most of the yenrs between 1851 and
18ge, published somo years oge by Genernl Greely in a
“ Report on the Climnte of New Mexico.' The station is
situnted in lat. 32° 13" N., long. 106" 457 W., amd iz
3508 feet above sea-level. The data have o general appli-
cation to those portiens of southern Wew Mexico with
an altitude less thar jeos feel, The mean annual tempera-
twre for the whole peried was Go%6, mean maximoem
(lourtecn  vears) T6%5, mean minimum 41%.q, nbsalute
maximum 1o6® (which occursed severnl times), absclute
minimum 1% {December, 1835}, The mean annual rain-
fall was H& inches; the smallest yearly amount was

35 inches, in 1853, the largest 90 inches, W 1gog.  Most .
q:-!5 the rain falls rln.-.rir:;.s Tuly, Aupust, and September. |

The relative hamidity is low, the meon anmes]l amount belng

aboait 51 per cent, The bulletin wis peopared by J. DL

Timdey, vice<lirectior of the stafion.

Metearolegival (Mzervalions in Germany.—The resulis |
af ithe observations mude under the system of the Deutsele :

Scewarte, Hamburg, for 1gog, at ten stations of the second

order, aml at fifty-six storm-warning stations, have been |

reesividl,  This i the  fwenty-cighth  weardy  volume

blished by the Seewnrie, amnd forms part of ihe series of

erman meteorclogical year-hooks.  We have frequently
referred lo this excellent series, and the volume in ques-
tien iz similar in 2l respects to iy predeccssors; i ocon-
tains most valuable data relating to the North Sen and
Baltic consts.  We nole that the sunshine st Hamburg was

anly zg per cent. of the possible annpal amoqnt, and that |
there were 10y Sunless doys : the rainfall was 259 inches, |

the rainy days being 172 in numhber.

VOoX roPULL

].“i these democratic days, any investigation inte the
trustworthiness and peculinrities of popular judgmcns
is af interest. The material about o be discussed relors
te a smeall matter, but is much o the point.

A wni{nr-imﬁing competition was  carried om ot the
annual show the West of Eagland Fat Stock and
Pouleey Exbhibition recently hell a1 Plymoath, A far ox
having heen selected, compotitors bought stamped  and
nembered cards, for 6d. ench, on which to Inseribe their
respective names, mddresses, and estimales of what the
ox  would weigh after it had  been  shwghtered  nnd
" dreesed, " These who guessed most suocesfully received

fres,  Abcut Boo tickeds were izsued, which were kindly
cat ma for examination after they had fulfilled their
immedinte purpose, These  aflos excellent  material,
The judgments were unbinssed by passion and wninfuenced

oqatery and the like. The sizpenny fee detereed prac-
tical jdk’.ng. and the hope of a prize apnd the joy of com-
petition prompted each competitor to do his best. The
competitors inchoded butchers and farmers, some of whom
were highly expert In jodping the weight of catle ; others
were: probubly Euidm:l by such infermation as they mighe
pick wup, and by thelr own fancles, The average eom-
petitor was probably ns well ftted for making & just
citlimate of the dressed weight of the ox, as an average
wvober is of judping the merits of most itical issmees on
which he wotes, and the variety ameng the volers to judge
justly wos probably much the same in either case,

After weeding thirieen cards out of the collection, as
being defective or Bllegible, there remained 787 for dis-
cussion, | arrayed them in order of the magniudes of
the estimates, and converied the endl,, quarters, and by,
in which they were made, into [bs., under which form they
will be reeated,

¥0. 1940, VOL. 75]

Galton, F. (1907)
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Drigtrabistion Elf the estimates of the dressed svedgibt nlf a
pardicular hizing ox, made by 587 differem persons,
i Comiles
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£, the median or middiemost valug, stamls ax a®.

Ihe decased weight proved b8 be vag [,

Aceomding te the demoeratic principle af *° ane vote oae
value, " the middlemost estimate expresses the wox populi,
1 ewery other sstimate being condemned 58 100 low or 1o
high b}' a majority of the voters (for feller cxplanation
e Y Ope Vese, One Value,' Narovee, February =8,
P- 414).  Now the middlemost estimate is zoy b,
and the weight of the dressed ox proved to be 1rgd Th.
so the wox populi wag In this case ¢ Ib, of o8 per
cent. of the whole weight two high.  The distribe-
tion of the estimates about thefr  middicmost  value
wig of the wvsual type, so for thet they clustercd
closely  In  Jis m:ifb-uu:'hmd apd  beenms  rapidl
| more  sparse  as s distance  fram it incrhnei

Diagran:, frem the labular salues.

—

The eontisusus e b= Uhe norme] corve winh poesgg.

1 ba rsiecn lise ks drawn liaa e eberrvationd.

' b lges connecting 1bem show the diffcrences betwrcs the obwerved
and the normal,
Bui they were nat geatteend symmetrically. One quarter
of them deviaped more than 45 1b. above the mi:ﬂdl-rr
most (37 per cent.), and another quarter deviated
mage than 39 lb. below it (2.4 per cent), therefore the
range of the two middle quarters, than is, of the middle-
most half, lay within those Hmits. Tt would be an equal
chance that the estimate written op any card picked at
random out of the collection lay within or without those
fimits. 1n other words, the *' probable error ™ of a !infk
observation may be reckoned as d{45-+2eh, or 37 I
{31 per cent). Taking this for the pe of the pormal
curve that is best adapted for comparison with the observed
viilues, the results are obtained which appear in above
table, and graphically in the diagran:.

. Vox populi. Nature, 75(7), 450—451.



FRANCIS GALTON

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 OX

The crowd was, on average, within
true weight!

———— g, —

¢/
11b of the

450 NATURE
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17%0 at Moyeni, Basutoland, on August 33 The rmean
yearly value of the absclute maxima was 6%, and of the
corresponding minima 41%46. The mean temperature for
the year was o®q below the average, The stormiest midnth
was Chetaber, amil the calmest was April.

We have also received the officlal meteorological year-
books for South Audtralia (1goyg) and Mjp-are {1905} DBath
of these works contain ealuable means for F“wm!ﬁwm

Forty Years of Southern New Mexico Clinate.—Bulletin
Ke. go of the New Mexico College of Apriculture contains
the metegrclogical datn recorded at the experimental staticn
fram 1852 10 1gos inclusive, togeiher with sesulis of
temnpegature and ranfall observations at other stations in
the Mesilla YValley for most of the wears between 1851 and
18ge, published somo years oge by Genernl Greely in a
“ Report on the Climnte of New Mexico.' The station is
situnted in lat. 32° 13" N., long. 106" 457 W., amd iz
3868 feet above sea-level. The datas have o general appli-
cation o those portiens of southern Mew Mexico with
an altitude less thar jeos feel, The mean annual tempera-
e for the whale pericl wos 6p%6, mesn moaximom
(lourtecn  vears) T6%5, mean minimum 41%.q, nbsalute
maximum 1o6® (which occursed severnl times), absclute
minimum 1% {December, 1835}, The mean annual rain-

fall wag BE& inches; the smallest yearly amount was |
35 inches, in 1853, the largest 90 inches, W 1gog.  Most .
of the rain falle dering Jule, August, and September. |

The relative humidicy is low, the mean ansieal amount being

about 51 per cent. The bullelin was prepared by J. T

Timsdey, vige<irector of the stagion.

Metearolegival (Mzervalions in Germany.—The resulis
af ithe observations mude under the system of the Deutsele :
Scewarte, Hamburg, for 1905, at ten stations of the second |
at fifty-six storm-warning stations, have been |

order, aml
reeeiviil.  This i the twesty-eighlh  wearly  volume

blished by the Seewnrie, amnd forms part of ihe series of
E-Iwmln meteorological year-books.  We have frequently
relerred 1o this excellent serics, and the valume in quess
tien iz similar in 2l respects to iy predeccssors; i ocon-
tains most valuable data relating to the North Sen and

Baltic coasts. 'We aole that the sunshine at Hamburg was |
anly zg per cent. of the possible annpal amoqnt, and that |
there were 10y Sunless doys : the rainfall was 259 inches, |

the rainy days being 172 in numhber.

VOoX roPULL

].“i these democratic days, any investigation inte the
trustwarthiness and peculineities of popular judgments
is af interest. The material about o be discussed relors
te a smeall matter, but is much o the point.

A wni,ghr-iuﬁing competition was  carried om ot the
annual show the West of Eagland Fat Stock and
Pouleey Exbhibition recently hell a1 Plymoath, A far ox
having heen selected, compotitors bought stamped  and
numbered cards, for 64, cach, on which to Inscribe their
respective names, mddresses, and estimales of what the
ox  would weigh after it had  been  shoghtercd  and
" dreesed, " These who guessed most suocesfully received
fﬂ‘EHi. Abcut Beo tickets were issued, which were kindly
cat ma for examination after they had fulfilled their
immedinte purpose, These  aflos excellent  material,
The judgments were unbinssed by passion and uninfuenced

oratery and the like. The sixpenny fee deterred proc-
tical joking, and the hope of a prize and the joy of com-
petition prompted each competitor to do his best. The
competitors inchoded butchers and farmers, some of whom
were highly expert In jodping the weight of catle ; others
were: probubly Euiﬂud by such infermation as they mighe
pick wup, and by thelr own fancles, The average eom-
petitor was probably ns well ftted for making & just
citlimate of the dressed weight of the ox, as an average
wvober is of judping the merits of mest political issues on
which he wotes, and the variety ameng the volers to judge
justly wos probably much the same in either case,

Alter weeding thirteen cards out of the eollection, as
being defective or Bllegible, there remained 787 for dis-
cassion, |l arrayed them in order of the magniiudes of
the estimates, and converied the endl,, quarters, and by,
in which they were made, into [bs., under which form they
will be reeated,

¥0. 1940, VOL. 75]

Galton, F. (1907)

[Maren 5, 1907

Drigtrabistion Elf the estimates of the dressed svedgibt nj a
pardicular hizing ox, made by 587 differem persons,
i Comtiles
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rr, the n.mdiﬂn.;lr::l;wl.d:t:n:q walug, sfamls ag 5e’,

1 he dfcise d webghi proved 18 Be sag® b,

Aceomding te the demoeratic principle af *° ane vote oae
value, " the middlemost estimate expresses the wox populi,
1 ewery other sstimate being condemned 58 100 low or 1o
|!|'q:|‘l b}' a majority of the voters (for feller cxplanation
e Y Ope Vese, One Value,' Narovee, February =8,
P- 414).  Now the middlemost estimate is zoy b,
aned the weight of the dressed ox proved ta be Tpg8 b
so the wox populi wag In this case ¢ Ib, of o8 per
cent. of the whole weight two high.  The distribe-
tion  of the estimates about thelr middicmost  wvalue
wig of the wsuwal type, so for thet they clastercd
closely  In iz peighbourhosd apd  becnms  rapidly
Im'hh! SPErED as w dhiglance  froui 1t incredbed.

Diagran:, frem the labular salues.

The eontisusus e b= Uhe norme] corve winh poesgg.

|l ba brafeen line b drawn fiem e gbnervations.

! Ine lizes connecting them sbow the diffiererees betawes the dlwsrved
and the normal,

Bui they were nat geatteend symmetrically. One quarter
of them deviabed more than 45 16 above the middle.
most (37 per cent.), and another quarter deviated
mage than 39 lb. below it (2.4 per cent), therefore the
range of the two middle quarters, than is, of the middle-
most half, lay within those Hmits. Tt would be an equal
chance that the estimate wreitten on any card picked at
random out of the collection lay within or without those
fimits. 1n other words, the *' probable error ™ of a !infh
obgecvation may be reckoned as §l45+20h or 37 Ib.
{31 per cent). Taking this for the pe of the pormal
curve that is best adapted for comparison with the observed
viilues, the results are obtained which appear in above
table, and graphically in the diagran:.

. Vox populi. Nature, 75(7), 450—451.



FRANCIS GALTON

By middlemost I mean what you might call today the

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

THE OX

true weight!

median.

-

o ° ‘
The crowd was, on average, within 11b of the

FRANCIS GALTON

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

been expected.

— s —

450 NATUORE [Maren 5, 1907
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1770 at Moyveni, Bosutoland, on August 23, The wmean
yia,ﬂ:,' vulu:?:l' the absolute maxima was 864, and of the
corresponding minimn 41°6. The mean temperature for
the year was o below the average. The stormisst month
was Chetaber, amil the calmest was April.

We have also received the olficlal meteorological yeir-
books for South Audtralia (1904) and Mj;.'mre {1905} DBath
of these works contain enlunble means for previous yoars.

Forty Years of Southern New Mexico C'Jillrart.-—l.{:ll-r‘l.il:-
. 5 ol the New Mexico :Hh‘.ﬂﬂ af .ﬁ.griﬁu‘IEUTt cOfLalns
the metegrclogical datn recorded at the experimental staticn
fram 1852 10 1gos inclusive, togeiher with sesulis of
temnpegature and ranfall observations at other stations in
the Mesilla YValley for most of the wears between 1851 and
thge, published somo years oge by Genernl Greely in a
* Report on the Climate of New Mexico.™ The statien is
situnted in lat. 32° 13" N., long. 106" 457 W., amd iz
3868 feet above sea-level. The datas have o general appli-
cation o those portiens of southern Mew Mexico with
an altitnde less thar geoo feel. The mean anneal fempera-
e for the whale pericl wos 6p%6, mesn moaximom
(lourtecn  vears) T6%5, mean minimum 41%.q, nbsalute
maximum 1o6® (which occursed severnl times), absclute
minimum 1% (December, 1895}, The mean annual rain-

fall wag BE& inches; the smallest yearly amount was |
35 inches, in 1853, the largest 90 inches, W 1gog.  Most .
of the rain falle dering Jule, August, and September. |

The relative humidicy is low, the mean ansieal amount being
aboatt g1 per cent. The bulletin
Timdey, vice<lirectior of the stafion.

Metearolegival (Mzervalions in Germany.—The resulis |
af ithe observations mude under the system of the Deutsele :

Scewarte, Hamburg, for 1gog, at ten stations of the second

order, aml at fifty-six storm-warning stations, have been |

Frverveel . This 18  1he lwulﬁl_lr-l_';ght!l Eflfl_\' sl

published by the Seswarie, amd fnrms part of the series af |

German metesrclogical yeardbooks.  We have frequently

relerred 1o this excellent serics, and the valume in quess |

tion i similar in all respects to iy predeccssors; it con-
tains most valuable data relating to the North Sen and

Baltic consts. Wi nole that the smunsdine at Hamburg was |
anly zg per cent. of the possible annpal amoqnt, and that |
there were 10y Sunless doys : the rainfall was 259 inches, |

the rainy days being 172 in numhber.

vox rapuULL

IN these democratic days, any levestipation inte the
trustwarthiness and peculinrities of popular judgments
is af interest. The material about o be disoussed relors
te a smeall matter, but is much o the point.

A weight-judging competition  was  carried om ot the
annual show of the West of Eagland Fat Stock and
Pouleey Exbhibition recently hell a1 Plymoath, A far ox
having been selected, competitors bought stamped  and
numbered cards, for 64, cach, on which to Inscribe their
respeciive nanwes, ndiresses, wnd estimates of what the
ox  would weigh after it had  been  shoghtercd  and
" dreesed, " These who guessed most suocesfully received

fres,  Abcut Boo tickeds were izsued, which were kindly
cat ma for examination after they had fulfilled their
immedinte purpose, These  aflos excellent  material,
The judgments were unbinssed by passion and uninfuenced

BEALTY awd the like. The sixpenny fee deterred prac-
tical joking, and the hope of a prize apd the joy of com-

petition prompred each competitor to do his best The |

competitors inchoded butchers and farmers, some of whom
were highly expert In jodping the weight of catle ; others
were probubly guided by such Infosemation as they mighe
pick wup, and by thelr own fancles, The average com-
petitor was probably ns well ftted for making & just
citlimate of the dressed weight of the ox, as an average
wvober is of judping the merits of mest political issues on
which he wotes, and the variety ameng the volers to judge
justly was pm-h-ublﬁ much the same in either cage,

After weeding thirieen cards out of the collection, as
being defective or fllegible, theee remained 387 for dis-
cassion, 1 arrayed them in order of the magniiudes of
the estimates, and converted the ewl,, queeters, apd 1B,
in which they were made, into [hs., under which form they
will be reeated,

¥0. 1940, VOL. 75]

Galton, F. (1907)
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Drigtrabistion n-,f the estimates of the dressed svedgibt nlf a
pardicular Leing ox, made by 587 differemt persons,
i Comiiles
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o0 @t Ul diret amd chivd qoartibes, seand of 53" and 55" rep sciivaly.
rv, the medias or middlomoss walug, sjapds ag 2",
i Vhe decused webzht proved ba Be sag® lha, "

Aceomding te the demoeratic principle af *° ane vote oae
value, " the middlemost estimate expresses the wox populi,
every other estimate being condemned ng o0 low or oo
high by a majority of the voters (fer {eller cxplanation
e Y Ope Vese, One Value,' Narovee, February =8,
P- 414).  Now the middlemost estimate is zoy b,
and the weight of the dressed ox proved to be 1rgd Th.
so the wox populi wag In this case ¢ Ib, of o8 per
cent. of the whole weight two high.  The distribe-
tion  of the estimates about their  middlemost  value
wig of the wsuwal type, so for thet they clastercd
closely  In iz peighbourhosd apd  becnms  rapidly
MGEd  SPEFEE 49 w dhiglance  froui 1t incredbed.

Diagran:, frem the labular salues.

F

The gentisusus Hne {= tbe normel corve winh pos s

1 ba rsiecn lise ks drawn liaa e eberrvationd.

1% liges connecting them slow the difficrences betarcn the olarrved
and the normal,

Bui they were nat geatteend symmetrically. One quarter
of them deviaped more than 45 1b. above the n'ri:irll-rr
most (37 per cent.), and another quarter deviated
mage than 39 lb. below it (2.4 per cent), therefore the
range of the two middle quarters, than is, of the middle-
most half, lay within those Hmits. Tt would be an equal
chance that the estimate wreitten on any card picked at
random ouf of the collection lay within or without those
fimits. 1n other words, the *' probable error ™ of a !infh
abservatlon may be reckoned as  d(45-+zah, o 37 b
{31 per cent). Taking this for the pe of the pormal
curve that is best adapted for comparison with the observed
viilues, the results are obtained which appear in above
table, and peaphically in the diagram.

. Vox populi. Nature, 75(7), 450—451.



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

What's the big deal?



JAMES SUROWIECKI

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.

Surowiecki, J. (2005). The Wisdom of Crowds. Anchor



JAMES SUROWIECKI

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.

IAIN COUZIN  /~ —

' Or golden shiners, as a group, finding patches

of shade.

Even though individuals are bad at it.

Surowiecki, J. (2005). The Wisdom of Crowds. Anchor
Berdahl, A., Torney, C. J., loannou, C. C., Faria, J. J., & Couzin, I. 0. (2013). Emergent sensing of complex environments by mobile animal groups. Science, $39(6119), 574-576.
Yong, £.(2013). The Real Wisdom of Crowds. National Geographic.



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.



PARTY-POOPER PLATO

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.

& EDWIN HUTCHINS
.%.ﬁ Actually... ﬂyinfg a plane (or running a ship)
% ¥ requires alot of coordination and teamwork.

HELENE LANDEMORE
Similarly, modern societies need the input of as |

many and as diverse parties as possible to work
well.

Plato. Republic. Translated by Paul Shorey, 2 volumes. Loeb.
Hutchins, E. (1995). Cognition in the Wild. MIT Press
Landemore, H. (2012). Democratic Reason. Princeton University Press



Applications?



JUSTIN WOLFERS
Prediction markets!

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

PREDICTIT

I Whao'll be Speaker in the
{ next Congress?

GOP 2024 presidential
nominee?

ERIC ZITZEWITZ

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

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

See Predictlt.

JUSTIN WOLFERS

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

Wolfers, J., & Zitzewitz, E. (2004). Prediction Markets. The Journal of Economic Perspectives: A Journal of the American Economic Association, 18(2), 107-126.


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

Where did it all start?



ESS A

SUR L'APPLICATION

DE L'ANALYSE

A LA

PROBABILITE
DES DECISIONS

Rendues & I pluralité des voix.

But how to decide on what outcomes are good? iy gl g

Fiafliour e Balegne, des Acadrmies oy Prtﬂﬁ\.w,. s
Tdbl. I‘f F“W*&V a Itl' P-ﬁ‘p‘il‘g

CONDORCET

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

rood b debume v oven sadacia cons

Democratic procedures can work well. i i g ¥ i e

DE L'IMPFRIMERIE ROYALEL

M PCCLXXXYV

Marie Jean Antoine Nicolas de Caritat, Marquis of Condorcet (1785). Essai sur I'application de I'analyse a la probabilité des decisions rendues a la pluralité des voix.



ES S A

SUR L'APPLICATION

DE L'ANALYSE
A LA

PROBABILITE
DES DECISIONS

Rendues & I pluralité des voix.

But how to decide on what outcomes are good? iy gl g

Fiafiows e Bologne, dei Acalbmics de Poefowyg, &
Tarn, de Plolidelphie & de Podowe,

CONDORCET

The role of the government is to implement
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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.



agents

alternatives

correct alternative
voter:'s vote

profile of votes

voter ¢'s competence
majority opinion

N =A{1,...,n}

A ={a,b}

a

U
v=(v1,...,U)
p; = Plv; = a

Fyra5(v) = z, such that v;=x for a strict majority of voters



CONDORCET
[ want to make some assumptions.



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

1

pi > 5 for every agent i € N.

ASSUMPTIONS



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

1

pi > 5 for every agent i € N.

Equal Competence
All agents have the same competence:

ASSUMPTIONS

Pi = Pj = P, for any two agentsz,j € N.



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

1

pi > 5 for every agent i € N.

ASSUMPTIONS  E£aual Competence

All agents have the same competence:

Pi = Pj = P, for any two agentsz,j € N.

Independence
Agents vote independently of each other:

Plv; = z,v; = y] = Plv; = x| - Plv; = y], for any two agentsi,j € N.



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



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

]P)[FMAJ(vla JEI :Un) — a’]'



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

But let's start simple.



v = (v1)

ED[FMAJ(’Ul) — CI] — P[Ul — (I]
ONE VOTER =p

> 1/3.



v = (v1)

ED[FMAJ(’Ul) — CI] — P[Ul — (I]
ONE VOTER =p

> 1/3.



Group accuracy vs individual competence

1.00
v = (v1)
[ED[FMAJ(’Ul) — CI] — P[Ul = (I] f
ONE VOTER =P
> 1/2. <
0.25 +

Note
As p grows, so does group accuracy.



VUV — (’Ul, ”UQ)

TWO VOTERS



U = (Ula /UQ)

TWO VOTERS 0hyeah, we're not looking at this case.



(% (vla V2, ’03)
P[Fua(v) = a] =
s _
3
THREE
9 !
VOTERS _
_
¢ /’\\
e
e S

/ 35
|
Plv € {aab, aba,baa, aaa}] |
IF’v=aab]+IP’[1J=aba]+]P’[v=baa]/j—]P[v=aaa]
Plvy = a] - Plvs = a] - Plvs = b]+ </
Plv; = a] - Plvg = b] - Plvg = a]+
Plv; = b] - Plvg = a] - Plvg = a]+
Plv; = a] - Plve = a] - Plug = a|+
pp-(I=p)+p-(1=p)-p+{d-p)-p-p+tp-p-p
3p*(1 - p) +p°
> p- (7)



THREE
VOTERS

UV = (vla V2, U3)

1

~
=
=

(v)

|

al

Note
As p grows, so does group accuracy.

\

= baa] + P[v = aaa]
_I_

+
+
_+_

Plv € {aab, aba, baa, aaa}]

Plv = aab] + Plv = aba| + Plv
Plvy = a] - Plvg = a] - Plvg = b]
Plvy = al - Plvg = b| - Plvg = af
Plvy = b] - Plug = a] - Plvg = a]
Plvy = al - Plvg = a| - Plvg = al
p-p

3p*(1 — p) + p°

p-(7)

1-p)+p-1—=p)-p+(1—-p)-p-p+p-p-p

:a]

s V)

P[Fuay(vi,

Group accuracy vs individual competence
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0.00

n=3

0.00

0.25

0.75

1.00



UV = (Ula V2, 1)3)

P[Fup(v) = a] = Plv € {aab, aba, baa, aaa}| oo Group accuracy vs individual competence
= Plv = aab] + P|v = aba] + P[v = baa| # Plv = aaa] -
= Plv; = a] - Plvg = a| - Plvg = b]+
Plv, = al - Plvg = b] - Plvg = a]+ - e
THREE Flo =] Pl =] -l =l
Plvy = a] - Plve = al - Plvg = a]+ 3050
VOTERS T pparpn §
= 3p*(1 — p) + p° 0.25 - //
>p- (7) ’
Olo%.UU U'.I25 U.:_:>U 0.I75 1.00

Note P
As p grows, so does group accuracy.

A group of size 5 is more likely to be
correct than a group of size 1.



U = (Ula U2, U3, U4, U5)

P{Fua(v) = a|] = Plv € {aaabb, aabab, abaab, abbba, aabba, ababa, baaba, abbaa, babaa, bbaaa }|+

Plv € {aaaab, aaaba, aabaa, abaaa, baaaa}]+

F I V E Plv € {aaaaal]
VOTERS = 10p*(1 - p)* +5p* (1 — p) + p°

{2\ 3,4 .2 O\ 400 4]
—(3);} (1-=1p) +(4)p (1—=1p) +(

L L ) |

)j’)ﬂ+



U = (Ula U2, U3, U4, U5)

Group accuracy vs individual competence

1.00 1

n=>5
PlFma(v) = a] = Plv € {aaabb, aabab, abaab, abbba, aabba, ababa, baabe
IEI':’H i {uurmb. aaaba, aabaa, abaaa, baaaa }] o} 0.75 -
[ )
F I V E Plv € {aaaaal] i
=

VOTERS = 1[]1?33[1 _IJ]2+5}1'I(1—;J]+TJ‘F’

= (:;)?’3“ - p)* + (:':)ﬁ‘(l -p)' + (J).u 0.25 1
! . e )

0.00

0.00 0.I25 D.:_%D O.I?5 1.00
Note i
Again: as p grows, so does group accuracy.

p[FMAj(Vl




U = (Ula U2, U3, U4, U5)

Group accuracy vs individual competence

1.00 1

— n=1
) —_— n=3
PlFma(v) = a] = Plv € {aaabb, aabab, abaab, abbba, aabba, ababa, baabe n=5s
P :’i'_J' . {mrrmb. aaaba, aabaa, abaaa, baaaa }] +- 0.75 1
F I V E Plv € {aaaaal] E
- ﬁ 0.50 -
VOTERS = 10p”(1 — p)? + 5p(1 - p) + p° :§ /
& Pl
B\ . . 5 AN
- (-;)rr*{l -p)* + (1)!1’(1 -p)’ + (,.)p". . a
1 . e} ,//
0.00 : ; :
0.00 0.25 0.50 0.75 1.00
Note g

Again: as p grows, so does group accuracy.

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



ANY ODD
NUMBER
OF

VOTERS

v=(v1,...,0)

P{Fuma(v) = a| = P [v such that > »/2 agents vote for a|
= P [v s.t. |[7/2]+1 agents vote for a| + - - - 4+ P |v S.t. n agents vote for a]

|

v=430...a4b0...D
I"'l_.,"’,,—"ll

[v/2)41

.-.|.-..,.

+ P

v

(] )I}Lr'f‘ﬂj'{rl[l _P}n—{;",.-"'zj-Jrl} T TRE. 0 ( f l)prr—l“ _F)l i (”)F"

b...ba...a ) + ...
|n/2]+1

+Pv=ga...q

Tl

n — n



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.



THEOREM (THE CONDORCET JURY THEOREM, OR CJT)
If all agents have the same, larger than 2, competence and vote independently of each

other, then, for odd n, it holds that:
e the accuracy of the group improves as its size grows:

PlFpas(vi,y . .., Vny2) = a| > PFyag(vy, ..., vn) = q
e the accuracy of the group is better than that of any of its members:

P{Fyas(vi, ..., vn) = a| > Plv; = al,for n > 3

e the accuracy of the group approaches 1asymptotically:

lim P|Fyas(ve,...,0,) =a] =1

n—aoo



CONDORCET

Group accuracy vs individual competence

. 1.00 - —
Groups are better than their members. — 0= =
g - n=5
b n=11
The larger the group, the better. 0.757 — n=s1
) — n=101
_!E —— n=1001
In the limit, performance is perfect. ! 050
o
0,25
,,»”///
0.00 ¥K—vorq . : :
0.00 0.25 0.50 0.75 1.00



CONDORCET

Group accuracy vs size of the grnup

Groups are better than their members. ;.Z B
0.8 1
The larger the group, the better. .

In the limit, performance is perfect. RN s ot WO NN WO WO WU SO SO SO N |

j‘g“ s + p=05

And performance grows fast with the size of the "o - puiss

group. 021 . poas

0.1 5 + p=08

+ p=0.9

1 19 37 55 13 91 109 127 145 163 181 199
n



CONDORCET

Group accuracy vs size of the grnup

. I R B R T T e
Groups are better than their members. i
0.9 -
0.8 1
The larger the group, the better. o
In the limit, performance IS perfect, AP0 S o NN U WU WO UUO VUO VOIS WO SO
Foaln - pa0s.
. . = . p=0.51
And performance grows fast with the size of the R p=0.55
group. 02- i
0.1 p=0.8
«+ p=0.9
P I'OVId@dp >Q.5. 1 19 37 55 73 91 109 127 145 163 181 199

n



RELAXING THE ASSUMPTIONS OF THE
CONDORCET JURY THEOREM



Relaxing independence.



CONDORCET
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.

KRISHNA K. LADHA

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

HELENE LANDEMORE

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. (1992). The Condorcet Jury Theorem, Free Speech, and Correlated Votes. American Journal of Political Science, 36(3), 617-634
Landemore, H. (2013). Democratic Reason: Politics, Collective Intelligence, and the Rule of the Many. Princeton University Press.
Landemore, H. (2020). Open Democracy: Reinventing Popular Rule for the Twenty-First Century. Princeton University Press.



Relaxing the competence assumption.



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




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

DANIEL KAHNEMAN
Biases!

You thought it was Brooklyn, didn't you?

This bridge connects Manhattan to what
other New York borough?

Brooklyn
“Queens

Kahneman, D.(2013). Thinking, Fast and Slow. Farrar, Straus and Giroux.

e . ST



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

DANIEL KAHNEMAN
Biases!

You thought it was Brooklyn, didn't you?

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

JASON BRENNAN
Especially when it comes to political issues.

HELENE LANDEMORE
Let's not exaggerate.

This bridge connects Manhattan to what
other New York borough?

Brooklyn
Kahneman, D. (2013). Thinking, Fast and Slow. Farrar, Straus and Giroux.
Caplan, B. (2011). The Myth of the Rational Voter: Why Democracies Choose Bad Policies. Princeton University Press. goueens
Brennan, J. (2017). Against Democracy. Princeton University Press.

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




And what does this p even mean, anyway?



CONDORCET

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

GLENN BRIEN
Sure!

Check out the Brier score.

—— T
- ”I: P ” H] / mm:

............. THILON
P

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

PHILIP E. TETLOCK

Some people seem to manage it:
superforecasters.

Tetlock, P. E., & Gardner, D. (2016). Superforecasting: The Art and Science of Prediction. 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?



BERNARD GROFMAN
It's not so clear if the conclusions of the C]T still

hold.

It gets kind of complicated...

Grofman, B., Owen, G., & Feld, S. L. (1983). Thirteen theorems in search of the truth. Theory and Decision, 15(3), 261-278.
Owen, G., Grofman, B., & Feld, S. L. (1989). Proving a distribution-free generalization of the Condorcet Jury Theorem. Mathematical Social Sciences, 17(1), 1-16.



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?



