Science of Success

Albert-Laszlo Barabasi

CENTER FOR COMPLEX NETWORKS RESEARCH

NORTHEASTERN UNIVERSITY
DEPARTMENT OF MEDICINE AND CCSB

HARVARD MEDICAL SCHOOL
CENTRAL EUROPEAN UNIVERSITY, BUDAPEST

www.BarabasiLab.com






SOCIETY

Keith Shepherd's "Sunday Best’. http://baseballart.com/2010/07/shades-of-greatness-a-story-that-needed-to-be-told/ Southampton, Network Science: Introduction Juy 15, 2011









p

fm.,. | ».N\.|.‘\.
{ N2 W3

\ 1/

%»‘N

AV N\ R
Ve N N
AT TN S
A m>'/d»ﬂﬂx.ﬁwﬂ h Av.ﬁ

N\

PSR

N

.“.,.:“
@,

N\

s
%l
@
£
g -
=
=]

¢
o
o
o/
°

ggmauen?

Barabasi Lab



John Bardeen James Clerk Maxwell




.30 Berliner b

Jlufirirte 3oi !

Derlag Uiffen & Co, Bertn SD 65

1905 1915 1919 1922 1955
E =mc2 general theory Eclipse proves Nobel Prize Heart failure

“miracle year” of relativity general relativity



‘It Is an interesting theory but to those who know our
man in the street, it is not plausible.”

“The true answer is democracy. The Declaration of
Independence itself is outraged by the assertion that
there is anything on earth, or in interstellar space that can
be understood by only the chosen few.”

April1921, The New York Times
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Perfo ance is'about YOU, SUCCESS IS about us.



Novak Djokovic
Google search: 27500000 hits

In 2014
@ #1 & 2 in rankings
e 11,360 score points
RN 61 wins & 8 losses

¢ ™ 2,811,439 Wikipedia visits
) Winnings  $14 Million
Endorsements  $21 Million



Novak Djokovic

Google search: 27500000 hits

In 2014:
Pe‘j‘mrmance #1 & 2 in rankings

~eRN. 11,360 score points

Sy 61 wins & 8 losses

™ 2,811,439 Wikipedia visits

) Winnings  $14 Million
Endorsements  $21 Million
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The First Law:
—erformance 1S about you,

SUCCESS IS apout us.




Rank

10"

Performance and Popularity

Performance Fame

Novak Djokovic

#1 & 2 in rankings ¥ Google search: 27,500,000 hits

2,811,439 Wikipedia visits
Endorsements $21 Million

11,360 score points
61 wins & 8 losses

Winnings $13 Million
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Performance and Popularity

Rank

V(t): Tournament value
n(t): Number of matches

Y(t): Number of active years

Ar(t)=r(t) — r'(t)
r(t): Rank of player

. 10*
=

= 10°

2
r'(t): Rank of best rival in tournament °

0if Ar<0
H(Ar)= { if Ar<
1if Ar=0
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Performance and Recognition:

Y(t) Ar(t)H (Ar) /r(t Y(t)
Wa(t) = A 0 V (t)n(t)edSrOHAN /) 4 o o
V(t): Tournament value 0.7 __Contribution _
n(t): Number of matches 0.6/
Y(1): Number of active years g 03
Ar(t)=r(t) — r'(t) = 0.4
r(t): Rank of player z Zz
r’(t): Rank of best rival in tournament Qo-l |
0 if Ar<0 > \ —h_
H(Ar)= {1 £ APSO RO @\V‘\\@&L@



Wikipedia page-views
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The Second Law:
“erformance arnves SUCCess.




How Famous is a Scientist? — Famous to Those Who Know Us.
James P. Bagrow, Hernan D. Rozenfeld, Erik M. Bollt,and Daniel ben-Avraham:
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FIG. 2: Fame of individual scientists (Google hits) versus
achievement (number of papers posted in the /cond-mat e-
archive). The data (o) is better fitted by an almost linear
relation, F' ~ cA (straight line), than by the exponential de-

pendence found in [1].

L
100

P(F) ~ e ", n = 0.00102 % 0.00006.

F(A) ~cA%  £€=097+0.04~ 1.



“I have not gone to war to collect cheese
The Red Baron ,
and eggs, but for another purpose,

Manfred von Richthofen
WWI ace pilot

)

Only 24 hours of training

Six Kills within the first month

“Bloody April”: 21 planes in April 1917
80 planes in total



esubject of more than thirty books
i ehis own 1917 autobiography

# eHollywood, graphic novels,
ecomic books, documentaries
eeven - Red baron pizza

Wy - -




M.V. Simkin and V.P. Roychowdhury. Theorv of Aces: Fame by chance or merit?
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A scatter plot of fame versus achievement

for 392 German WWTI aces. The correlation
coefficient of 0.72 suggests that 0.72 2 = 52% of
the variation in fame is explained by the variation
in achievement. The straight line is the fit using
Eq.2 with § =20.074.

achievement
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The distribution of achievement (number
of victories) obtained using a sample of
392 German WWTI aces. The straight line
is the fit using Eq.1 witha = 0.083.
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The distribution of fame (number
of Google hits) computed using a
sample of 392 German WWI
aces. The straight line is the fit
p(F)«xF—y withy =1.9.



Performance and Recognition: Famesgue

Total citations plotted against number of Twitter followers for a sample of researcher-twitterers

100,000
Kardashians
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No. of citations

Figure 1 Twitter followers versus number of scientific citations for a sort-of-random sample of researcher tweeters. Red crosses
represent female tweeters and blue crosses represent male tweeters. The black trendline describes the best fit to the data. Those individuals with
a highly overinflated number of followers (when compared with the number predicted by the trendline) are highlighted by the area

labeled Kardashians.

N. Hall, Genome biology 15.7 (2014): 424.




The Second Law:
“erformance arnves SUCCess.
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PHELPS, LE CLOS & CSEH WIN SILVER IN FIRST EVER OLYMPIC 3-WAY TIE
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Probability Distribution Function

(PDF)
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Woods:

* between 2004 and 2006,
averaging 303.24 yards

e 70.30 percent of greens in
regulation between 2004 and

[ T 1
235 245 255 265 275 285 295 305 50 60 70 80 2009.

Driving Distance in Yards Percentage of Fairways Hit

w w w l w
50 60 70 275 28 285 29 295 30 305

Percentage of Greens Hit in Regulation Average Putts per Round

Murray , Human Accomplishment: The Pursuit of Excellence in the Arts and Sciences.






Why consider performances only at the Olympics?

1. Data cover more than a century of sport performances since
the first edition of the Olympics dates back to 1896.

2.Olympic data provide a regular view of the history of sport
performances because the Games have been always
organized every four years

3. Olympic medalists’ performances truly reflect the best
achievements that could be obtained in a given historic
moment

F. Radicchi, Universality, Limits and Predictability of Gold-Medal Performances at the Olympic Games. PloS ONE 7, e40335 (2012)



Relative change in performance

§y 1 = (Apy—a — Apy) /Apy—_4

Apy — Py —Poo

towards a limiting performance value

for performance we mean: time, length, height, distance, .....

Comparison between the performances of gold-, silver-, bronze-medalists, etc..
but only for specialities where the conditions are the same: for example, 100
meters, height jump, long jump, ...

F. Radicchi, Universality, Limits and Predictability of Gold-Medal Performances at the Olympic Games. PloS ONE 7, e40335 (2012)



Relative changes in performance are normally distributed
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We can make predictions
b
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and predictions were actually very good

sport gender specialty P it a p-value E P Paoiz
Track & Field Men 100 m 8.28 0.04 0.10 0.64 26 0.35 9.63+0.13
110 m hurdles 11.76 0.05 0.12 0.48 26 0.50 12.87+0.14
400 m 41.62 0.06 0.19 0.98 26 0.14 43.6210.41
10,000 m 1,539 0.05 0.19 0.45 22 0.01 1,617+15
marathon 5771 0.03 0.15 0.58 26 0.34 7,537 +273
pole vault 6.87 0.05 0.08 091 26 0.03 6.00+0.07
hammer throw 103.81 0.04 0.09 047 25 0.03 82.891+1.96
Women 100 m 9.72 0.05 0.19 0.97 19 0.12 10.73+0.20
400 m 45.14 0.02 0.15 0.77 12 0.00 49.53+0.67
long jump 8.12 0.04 0.18 0.34 16 0.01 7.08+0.19
Swimming Men 100 m fs 44.84 0.09 0.10 0.92 23 0.36 47.00+0.24
100 m bs 48.98 0.09 0.11 0.93 22 0.24 522214039
100 m brs 57.38 0.16 0.16 0.93 1 0.36 58.67 +£0.24
1,500 m fs 577 0.05 0.05 0.50 23 0.71 866+ 15
Women 100 m fs 51.87 0.12 0.19 0.54 22 0.00 52.97+0.24
100 m bs 54.73 0.08 0.14 0.59 20 0.20 58.62+0.59
100 m brs 62.08 0.13 0.10 0.86 m 0.15 64.77 £0.31
800 m fs 388 0.05 0.07 0.84 n 0.76 489+7

<py> = Pyo e—ﬂ(y—yo) + Do

table published on July 12th, 2012. London Olympics started on July 27th, 2012

9.63

12.92
4394
1650
7681

597
80.59
10.75
49.55
712
47.52
52.12
58.46

871 WR
53.00
58.33
65.47

494 WR=493



Winning time (s)

By 2054, women will run faster than men?
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Linear regression p(t) = a + bt

Atkinson M, Hay SI, Stephens P, Hunter C, Bignell G (2004) Momentous sprint at the 2156 Olympics ? Nature 431: 525-526.
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Famous for its fairness - Meticulous

Performers are invited from all over the world
Once arrived in Brussels, whittled down from 85
to 12 finalists

The same concerto, composed specifically for the
competition

A random draw determines their performance
order

Everyone has exactly one week to practice

P - =
N

QUEEN ELISABETH COMPETITION



Between 1952 and 1991, for over 40 years,
11 winners in total in piano. Which day did

Day 1 0
Day 2 2
Day 3 2
Day 4 2 *
Day 5 4
Day6 1

they perform in?

those who performed during the first
systematically ranked almost three positions
below those who performed on the fifth day
.those who performed second tended to be
ranked one position higher than the opening
act.

men were systematically ranked about two
positions higher than women.

Taken together, a female performer who
opens the finals will be ranked about 6
positions lower than a male performer with
identical talent who performed second on
day five or six.

Glejser and Heyndel, Journal of Cultural Economics, 2001
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Chia-Jung Tsay, Sight over sound in the judgment of music performance PNAS (2013)



% Selecting Actual Winner

Experts
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Chia-Jung Tsay, Sight over sound in the judgment of music performance PNAS (2013)









World Figure Skating competitions
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Mean standardized score
o
1

’—0— First round—— Second round

(A)

5 10 15 20 25 30 35
Serial position in the first round

reduce bias :

would be to reverse
engineer the second round
slots by flipping them on
their head. If first round
high-scorers









£uroQision

SONG CONTEST






EUROVISION

2_

Mean standardized score
o
|

-2 .

O 5 10 15 20 25 3

(A) Serial position

| —e— End-of-sequence —— Step-by-step |

0 3

5

The analyses reported here use the data of
the 47 editions of the Eurovision Song
Contests held over the years 1957-2003.

Fans and professionals have suggested a
higher probability of winning for songs
performed near the beginning or the end,
countries that share culture with more
national juries, the host, and songs
performed in



HOW DO YOU BECOME A SPANISH JUDGE?




What it takes to become a judge in Spain?

See the Excel sheet!

EXAM 1. EXAM 2 EXAM 3.
GENERAL CULTURE LANGUAGES HISTORY, LAW, CULTURE, ECONOM
% de aprobados por dia de la semana | % Pass per week day | % Pass per week day
Lunes 40% Monday 52% Monday 50%
Martes 38% Tuesday 59% Tuesday 76%
Miércoles 37% Wednesday 65% Wednesday 79%
Jueves 42% Thursday 60% Thursday 77%
Viernes 53% Friday 70% Friday 75%

Source: Brian Uzzi


https://www.dropbox.com/s/hrkpepbczqmreh7/UZZI-Diplomats%20Exam.xls?dl=0
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October 04, 2009 Sep 27,2009  Oct 11, 2009

THIS
WEEK

1

LAST
WEEK

HARDCOVER FICTION

THE LOST SYMBOL, by Dan Brown.
(Doubleday, $29.95.) Robert Langdon
among the Masons.

Sunday Book Review | Books of The
Times Review

THE LAST SONG, by Nicholas Sparks.

(Grand Central, $24.99.) A 17-year-old
girl spends the summer with her
divorced father in North Carolina and
finds many kinds of love.

WEEKS
ON LIST

» Buy

» Buy

A Novel by the
#1 Now Yook Times Bestnelling Kuhior

NICHOLAS
SPARKS - |




1,200,000 BROWN DAN

1,000,000
A Novel by the ‘
#1 New Yook Times Bestselling Auchor
800,000 NICHOLAS
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Tl‘ne Laat SOns
600,000
400,000
200,000
SPARKS NICHOLAS
0
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EET

Low
Performers
High 20 Percent

Performers
80 Percent

Vilfredo Federico Damaso Pareto (1848 - 1923), Italian economist, political scientist and

philosopher, who had important contributions to our understanding of income distribution and to the analysis of

individuals choices. A number of fundamental principles are named after him, like Pareto efficiency, Pareto distribution
(another name for a power-law distribution), the Pareto principle (or 80/20 law).



WORLD WIDE WEB

Nodes: WWW documents
Links: URL links

Over 3 billion documents

ROBOT: collects all URL’s
found in a document and
follows them recursively
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The Fourth Law:
SUCCESS Or recognition 1S
Unoounded



The difference between a power law and an exponential distribution
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(a) POISSON
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WHAT DO YOUTUBE VIDEOS REALLY LOOK LIKE THEN?

Power law
N~z 7]

Number of Views
8()

~&-0-4 weeks old
10°f 1-4 weeks old
—£—2-4 weeks old
—+—3-4 wszeks old

Cheng, Dale, Liu Quality of Service (2008)



Frequency

COMPANIES

US Firm Sizes

10 * I
101}
10 103
2
‘5 108
107 §
o 1074
a
10-10 10-9[
1018 - 10_6104
1 10 102 108 104 105 108

Firm size (employees)

Axtell, Science, 7 September 2001

106 108
Receipts (1997 $)

1010



...AND ACROSS A WIDE RANGE OF TOPICS
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Newman, Contemporary Physics (2005)
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SUCCESS Or recognition 1S
Unoounded



Informal Rewards on Wikipedia

[/ M inbox (1) - amoutvander x Y [ mikrotik hotspot > redire: X ) W UserQuinxorin - Wikipedi X

€« C A & nhttps;//enwikipedia.org/wiki/User:Quinxorin
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WIKIPEDIA

‘The Free Encyclopedia

Main page
Contents

Featured content
Current events
Random article
Donate to Wikipedia

~ Interaction
Help
About Wikipedia
Community portal
Recent changes
Contact Wikipedia

-

Toolbox

-

Print/export

Read Edit View history

User page Talk

Quinxorin

From Wikipedia, the free encyclopedia

My Creations  [edit]
» Alot of users tend to list their creations. I'm not that kind of guy. While | do have some creations that are my own. most of my work here is

improving upon the work of others.

My Barnstars  [edit]

Search Q

Userboxes

;=" This user is amember on the
%Y English Wikipedia. (verify)

=4 This user has rollback rights on the
English Wikipedia. (verify)

(= This user is a member of the
Guild of Copy Editors.

This user is from the Motor City, or a
suburb near it, and doesn't
how there can be people

The Tireless Contributor Barnstar

in the United States that don'town a
car.

m

For your copyediting efforts during the May 2010 Guild of Copy Editors Backlog Elimination Drive, editing 7 articles with a
combined total of 12.438 words. | hereby award you this Tireless Contril Bamstar. Congratulations and thank you for all
your hard work! —-Diannaa TALX 03:12, 10 June 2010 (UTC)

The Kansas Barnstar

The Creator of the Barnstar
Hiil -Extra 999 (Contact ™ + .oniribs) 07:25, 27 June 2010 (UTC)

For making the "Kansas Bamstar” for our project, | award you the first ever Kansas Bamnstar! Thanks for your efforts!--Paul

[‘f} This user is a modder.

i This user believes the cake is NOT a
@ lie, but in fact tastes very good.

This user realizes that there are 10 |

types of people in this world: those
who understand binary and those

who dont.

Slides by Amout van de Rij




Distribution of productivity on Wikipedia
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Distribution of informal rewards on Wikipedia

received

Number of barnstars
10

T T
100 1000
Number of unique recipients
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* H1 (Inequality): Distribution of productivity and awards
exhibits extreme variance.

Slides by Arnout van de Rij



Strategy: Field Experiment

From 1% most productive Wikipedia editors (by # edits in 30 days prior)
Eliminate editors with administrative privileges

Eliminate past recipients of barnstars

Randomly sample 200 editors

Randomly assign 100 barnstars - i
Measure # edits V\w/

Measure additional barnstars received

Slides by Arnout van de Rij



Experimental Design

1% most productive Wikipedia editors

\ 4

Random assignment

¥ \

Experimental condition Control condition

A |
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Cumulative Productivity
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* H1 (Inequality): Distribution of productivity and awards
exhibits extreme variance.

 H2 (Motivation): Receiving an award increases productivity.
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Cumulative Awards
o
[w]

Test of H2: Awards

Round 1

i
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Days since treatment

90

—Control

—Experiment

X2 test:
p =.006
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Wikipedia.org

N e R

Treatment 0 awards 1 award

3rd-party awards after 30 days 0.17 0.28 Rank-sum: p = 0.008
3rd-party awards after 90 days  0.55 0.68 Rank-sum: p = 0.048
N 313 208

Slides by Amout van de Rij



* H1 (Inequality): Distribution of productivity
and awards exhibits extreme variance.

« H2 (Motivation): Receiving an award
Increases productivity.

* H3 (Reinforcement): Receiving an award
increases the likelihood of future awards.

Slides by Arnout van de Rij
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The Fifth Law:
SUCCESS breeds success



Origin of SF networks: Growth and preferential attachment

(1) Networks continuously expand by the
addition of new nodes

WWW : addition of new documents

(2) New nodes prefer to link to highly
connected nodes.

WWW : linking to well known sites

Barabasi & Albert, Science 286, 509 (1999)

GROWTH:

add a new node with m links
PREFERENTIAL ATTACHMENT:

the probability that a node connects to a node
with k links is proportional to k.

ki

[(k,) =

—
O,
T




For unto every one that hath shall
be given, and he shall have

abundance...
— Matthew 25:29, King James
Version.
/N P~
J .

Albert-Laszl6 Barabasi

SCIENCE
Barabasi & Albert, Science 286, 509 (1999)


https://en.wikipedia.org/wiki/Gospel_of_Matthew
https://en.wikisource.org/wiki/Bible_(King_James)/Matthew
https://en.wikipedia.org/wiki/King_James_Version

Details Kickstarter Experiment

« Sampled only projects with no prior funding
and funding goal amount <= $5000

 Projects matched on goal amount across

conditions PR
N =200 (100 i h diti é%@/
= ( in each condition) \_\\%

* Treatment: Donation of 1% of goal amount

Slides by Arnout van de Rij
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Kickstarter.com

Round 1

Treatment $0 $6.77

3rd-party donations 1.11 2.49 Sign-rank: p = 0.000
3rd-party dollars $50.35 $75.50 Sign-rank: p = 0.000
N 100 100

Random donations marked the selected projects for success.

Slides by Amout van de Rij



How many kicks does it take to kickstart something”?



Repeat Donations

* Average benefit of treatment: Round 1| Round 2
* Average cost of treatment: S 6.77 | S 24.52
. # of Donations 1 4

Dollars raised in experiment § 75.50 | §$ 293.65
Dollars raised in control $50.35{ $102.65
Difference $25.15| $191.00

Round 2. The treatment in round 2 involved the donation of either 1% by one donor or a total of
4% by four donors of a funding goal up to $5,000. No donations were made to projects in the
control condition.
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Marginal Retumns:

Hirst donor raises the likelihood of additional donors to 4.3,
Three subsequent donors: 1.7 more donors apiece.

Return of the first investment ($24.52): $1971.00 Returmn on
three subseqguent investments; $89.57.



The Fifth Law:
SUCCESS breeds success



