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Data firehose: crowd wisdom, WEIRD?!

Science, Oct 2011!

Peter Dodds, U. Vermont!



http://timeu.se  (Scott Golder, Cornell U.)!

“pub”!

r = 0.51!

“urinal”!

“p
ub

”!El Farol revisited!



Currie & 
Mace (2010) 
PTRS!

Acephalous;  !
Simple Chiefdom !
Complex Chiefdom!
State!

Anthropology and Archaeology!
Cultural phylogentics!

•  Cross-cultural economic experiments!
•  Cognition & social learning!
•  Evolution of cooperation & wealth!

Prehistoric dispersals!

•  ‘Distributed mind’ & cumulative culture!
•  Gene-culture evolution!
•  Prehistoric disease & networks!

Hierarchies!

Ackland et al. (2005) PNAS!

Timothy Earle!
 NU Anthropology!





Science Oct 2010 

Independent, informed 

“Ask a  group of 
diverse, independent 
people….the errors 
cancel themselves 

out… you’re left with 
the information.”!



Social learning!

discountmachine!

Rendell et al. (2010) Science 

Social Learning
Heuristics and Biases

Content Context

Model-based Biases Frequency-dependent Biases

Prestige Success Similarity Others Conformity Rarity

O’Brien & Bentley (2011)!

Rivera, Soderstrom, Uzzi (2010) Ann. Rev. Sociology!
Laland (2004) Learning and Behavior!

Iacoboni et al. (1999) 
Science!
Gergely  et al. (2004) 
Nature!
!

Informed in different ways 

Hard-wired to imitate 



Informed copying: Social networks are ordered!

NYGI 
Saavedra, Reed-
Toschas, Uzzi. 
(2009) Nature 

random!

nested!

1       2       3      4       5       6!

Hill, Bentley & Dunbar (2008) 
Biology Letters 4: 748.  

Order!

Guimera, Uzzi, Spiro,  Amaral (2005) Science 308:697!

Also Watts, Dodds, Newman (2002). Science !



Hadza hunter-
gatherers
(Tanzania)!

Lamalera (n = 17) 
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Henrich et al. (2006) Behavioral and Brain Sciences!

UG Offers among the Hadza (w/o the 'Big Camp')
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mean = 27%

Social, well-informed: adaptive!

  Ultimatum game!

Lamalera whale hunters (Indonesia)!

           Ultimatum game                 .!

Offer proportion          .    ! Offer proportion          .    !



Poorly-
informed!

Well-
informed!

Social!Independent!

Directed!
learning 
diffusion!

Undirected 
copying!

drift!

C < B!
selection!

Guess!
random!

 !



North 

Well- 
informed 

Independent Social 



Pure selection
SSSI=0.004

Individual = 0.05
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North: classic diffusion model 

f (t) = µ + qFt( ) 1!Ft( )

!
 Individual !
!

!
   Social    .!

Frank !
Bass!



http://timeu.se  (Scott Golder, Cornell U.)!

“pub”!

‘Bass’ curves not 
always social !



Independent, 
informed 

Names of U.S. 
presidents/celebs!
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(O’Brien and Bentley 2011)!

Berger & 
Le Mens 
(2009) 
PNAS!
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'feminism' 
in books 

Movies!

Social, 
informed 

Useful technologies!



Bentley & Ormerod (2010) Soc. Sci. & Med. 71: 482-485. 
Bentley  Ormerod (2009) PNAS 106: E109  

Transitions 
‘Bird flu’ 2005!

Onella and 
Reed-
Tsochas 2010 
PNAS!

Facebook 
apps!

time!
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!
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’!

Day 1                         Day 2    !



“Swine flu”!
April-May 2009!



              
        'biodiversity'           'phenology'

        'global'          'radio'

Some nice fits to bass model  

N(t) 1! e
!(µ+q)t

1+ q
µ
e!(µ+q)t



Post-hoc ‘predictability’ 
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Citations of WS 1998 = 6% of “Aidan” 2 yrs before  (r2 = 0.998) 
Same for BA 1999 (r2 = 0.984) 



How well 
informed? 

Couzin et al. (2011). Science 334:1578-1580.!

Density of informed individuals!
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‘Mid-Atlantic’ 

Moderately- 
informed 

Social 



‘noisy’ multiplicative growth!

Stringer et al.  (2010) J.  Am. Soc. Inf. Sci. Tech!

Onnela & Reed-Tsochas (2010) PNAS!
!
 Also Adamic & Huberman 2000; Wu and 
Huberman (2007) PNAS!
!
!

nt = (1+ gt )nt!1 gt normal with mean µ ± !"

Bentley and Maschner (2000) Fractals!

citations!
!
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Bentley and Shennan (2003) American Antiquity 
also Hamilton and Buchanan (2009) J. Anth Arch. 

Neolithic pottery designs 
5300-4900 B.C.  
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Limited lifespans!

Stringer, Sales-Pardo & Amaral (2010) J.  Am. Soc. Inf. Sci. Tech! Wu and Huberman (2007) PNAS!

Nt = (1+ rtgt )Nt!1

! 

r(t) ~ exp["0.4t 0.4 ]

digg.com!
‘half-life’ 70 min!



! 

Pr(x = k) =
k + r "1

k
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' 
( pk (1" p)r

Probability for k units bought 
among k+r total sales 

Ehrenberg (1959) J. Roy. Stat. Soc C 8: 26-41. 
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Southwest!



Social poorly-
informed* 

Science, 2006 

...modern writing at its worst … 

consists in gumming together 
long strips of words which have 

already been set into order by 
someone else – George Orwell!

*Or only a small minority informed!
(Couzin et al. 2005, Nature)!

Poorly- 
informed 

Social 



Too many 
people to copy 

Dunbar & Shultz 
(2007) Science!

Amaral et al 
(2000) PNAS!

Then vs now 



Neutral copying models!

Ijiri & Simon (1964). Am Econ 
Rev 54: 77! Lieberman, Hauert & Nowak (2005) Nature!

Reali and Griffiths (2009) PRS B 277: 429!

Kimura & Crow (1964) Genetics!
Yule (1924) F.R.S. Phil. Trans.!
Neiman F (1995). Am Antiq.!

Moran  
model 

Hahn and Bentley (2003) Biology Letters!
Bentley, Hahn, Shennan (2004). PRS B!
Bentley, Ormerod Batty (2010) Evol. Biol. 
& Sociobiol.!
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(W-F model) 
 

   N = 10 individuals 
   µ= 0.1 
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4 Hahn and Bentley (2003) Biology Letters!
Bentley, Hahn, Shennan (2004). PRS B!
Bentley, Ormerod Batty (2010) Evol. Biol. & Sociobiol.!



Neutral copying 

(1) Stochastic change 

(2) Variety of skewed distributions 

(3) Diversity       

(4) Turnover 

! 

z = y µ
N = population size, µ = innovation fraction; ! = variant frequency;  
x = no. different variants; z = turnover rate; V = variance in frequency over time 

! 

V =
"(1#")
2N

x ! 4Nµ

Hahn and Bentley (2003) Biology Letters; Bentley, Hahn, Shennan (2004) PRS B!
Erikson et al. (2010) Ramanujan Journal !



No power law claims - we compare (by 
Anderson-Darling test) averaged modeled 
distributions to data "
!

Stumpf, M.P.H. & M.A. Porter (2012) Science 335: 665-6 !

Critique goes back a long way!
!
Newman (2005) Contemporary Physics 46: 323-51.!
Clauset et al. (2009) SIAM Review 51:661-703.!
Frank (2009) J. Evol. Biol. 22: 1563–1585!
Mitzenmacher (2008)  Internet Mathematics 1: 226-51.!
Laherrère & Sornette (1998) European Physical Journal 
B 2: 525-39.!
Newman (1996) Proc. R. Soc. Lond. B 263: 1605-10.!



Neutral model N=500, μ = 1%!

Neutral model N=40, μ = 2.5%!

Bassel 
Tarbush!
(Ox. Econ PhD prog)!



Neutral model N=50, μ = 1%!
memory = 1!

memory = 5 (more egalitarian)!

Bassel 
Tarbush!



Turnover 
Conjecture by Bentley et al. (2007) Evol. Hum Behav. 

Tu
rn

ov
er

 z
!

Invention μ!

Nμ>0.15y!

Ramanujan J (2010)!

z ! y µ
Turnover in 
top 40!

Different traits 
in circulation!

Time!



UK no. 1s 
m = 1, ! = 0.1 

Top 5 male names!
m = 10, µ = 0.001!

Distributions ! Lifespans!
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Bentley & Ormerod 2011.  Adv. Comp Syst. !
Bentley, Ormerod, Batty (2011) Behav. Ecol. 
& Sociobiol.!



 

Bruce Byers, U. 
Mass-Amherst 

Courtship songs!

Courtship song 
elements!

Male competition songs: drift!
Courtship songs: selection!

American Naturalist, 2010!



Keyword popularity Turnover, top 5 keywords 



Selection 

Bentley (2008) PLoS 
ONE 3(8): e3057 

Drift 



More novelty 

Bentley & Ormerod (2011) Advances in Complex Systems 
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US girls’ names 

US boys’ names 

• Data vs.  500 model solutions for 125 parameters comb (µ < 10%, m < 10)!
•# Anderson-Darling for parameter combinations (~ 100), null rejected at p <0.05!
•##Accepted the (typically several) combinations where p > 0.2!



Gureckis and Goldstone (2009) Topics Cog Sci !
Berger and Le Mens (2009)!

!

What about diffusion curves? 
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Rank!

Advocate trend perception!



Imitation plus exp. decay!
Leskovic, Backstrom, Kleinberg (2009)!

nt = At
cqe!t

Imitation 

Novelty 

Also Gureckis &Goldstone (2009) Topics Cog. Sci!



Poorly-
informed!

Well-
informed!

Social!Independent!

 !

Adapting conclusions of Lieberman, Hauert & Nowak (2005) Nature!

‘Influentials’!



Neutral model on ‘drift-
promoting’ and ‘selection-
promoting’ networks:!

(a)  Popularity distributions!
(b)  Lifespan distributions!
(c)  Turnover in top y!
(d)  ‘Bass’ diffusions?!

Bassel Tarbush!



Poorly-
informed!

Well-
informed!

Social!Independent!

        Fertility !
Sexual health!

Ancient!
technology!

!
Fashions,!

Language(?)!

Traditions!

Doyne Farmer’s 
‘double auction’!

 !

Possible case studies!



Alberto Acerbi!
Stockholm U.!

Matthew Hahn!
Indiana U. !

Michael O’Brien!
U. Missouri!

David Robertson!
U. Manchester, U.K.!

Paul Ormerod !
Volterra Consulting!

Dan Hruschka!
Arizona State U.!

Philip Garnett!
Durham U.!

Stephen Shennan!
UCL!Mark Earls!

Anomaly Communications!

William Brock!
U.  Wisconsin! Dirk Brockmann!

Northwestern U.!

Bassel Tarbush!
Oxford U.!


