


Can Latecomers Make It?
SF model: k(®)~t”  (first mover advantage)

Fitness model: fitness () TIl(k,)= .k, k(n,t)~tP0
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Bianconi & Barabasi, Physical Review Letters 2001; Europhys. Lett. 2001.



e Growth
In each timestep a new node j with m links and fitness ), is added to
the network, where 1, is a random number chosen from a fitness dis-
tribution p(n). Once assigned, a node’s fitness does not change.

» Preferential Attachment
The probability that a link of a new node connects to node i is propor-
tional to the product of node i's degree k.and its fitness n,

i 2}7 k ) (6.1)






m Bianconi-Barabasi Model (Analytical)

ok _ ik (%

=m—- over all possible realizations of the quenched fitnesses n. Since each node is
at E T’j k]_ born at a different time t, we can write the sum overj as an integral overt,
k t
<Z njkj> = [ dnpmn | dtk,(t.,). (634)
J 1
Bm;)
km (t L )=m (t_) . By replacing k (t, t,) with (6.3) and performing the integral over t,, we obtain
i
t— tﬁ(n)
nk; )= J dnpGpmm : (6.35)
<E, ' ’> I 1-B0m)

The dynamic exponent B(n) is bounded, i.e. 0<B(n)<1, because a node can
only increase its degree with time (8(n)>0) and k(t) cannot increase faster
than t (B(n)<1). Therefore in the limit t—co in (6.35) the term t*" can be ne-
glected compared to t, obtaining

<Z n,.k,>’1°"Cmr<1— o)), (6.36)

where ¢ = (1 - max f(n)) > 0 and

C=[d n_. (6.37)
[ dnp) T
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The First Law:
—erformance 1S about you,

SUCCESS IS apout us.




The Second Law:
“erformance arnves SUCCess.




The Third
“orformance IS

Law:

S0oUNdeo



The Fourth Law:
SUCCESS Or recognition 1S
Unoounded



The Fifth Law:
SUCCESS breeds success



The Sixth Law:
Quality imes previous success

oetermines future success

1(k;) =

_an




« IMPACT

0 r FACTOR
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P(c) 2.31 Physical Review E
e 7.94 Physical Review Letters
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o Cell *PNAS  PRB c® v IF does not predict future impact.
« CITATION COUNT e
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QUANTIFYING LONG-TERM
SCIENTIFIC IMPACT

Yearly citation c(t) for 200 randomly selected papers
published between 1960 and 1970 in the PR corpus. The
color code corresponds to each papers’ publication year.

Data analysis: D. Wang | Visualization: G. Musella
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MODELING CITATION DYNAMICS

The probability that your paper i is cited: I ~mn; C§ Pi(t)
* Fitness: Intrinsic Novelty 1
» Preferential Attachment cfz
. 1 (Int — p;)”
« Agin 1) = -
ging P; (t) \/%Oit exXp ( 20@2 )

dct I1; ( Bn; cp(lnt—uq;) )
1 4 t A ey

= =N c, =m|e i —1
dv 21:1 11; ‘

Wang, Song & Barabasi. Science, 2013



MODELING CITATION DYNAMICS

T* = exp (u) .
>\7; Fitness....... >\z
Immediacy...  [U;
clt Longevity.... O3

Wang, Song & Barabasi. Science, 2013



MODELING CITATION DYNAMICS
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Bonner & Fisher, Linear magnetic chains with anisotropic coupling, Physical Review (1964)

Hohenberg & Kohn, Inhomogeneous electron gas, Physical Review (1964)

Bardakci et al. Intrinsically Broken U(6) ¢9 U(6) Symmetry for Strong Interactions, Physical Review Letters (1964)
Berglund & W.E. Spicer, Photoemission studies of copper and silver: Theory, Physical Review (1964)



MODELING CITATION DYNAMICS
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MODELING CITATION DYNAMICS

25 - « Total Impact, ¢
. The total number of citations a paper will ever acquire.
0 -/ A p o
2 7 1
= « o Int—p; )
o 7 ct = (ekzq)( TR )
= | 7
O |
|<_E 10 =
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t [YEAR]

v Total Impact depends only on a paper’s fithess.
Wang, Song & Barabasi. Science, 2013



MODELING CITATION DYNAMICS
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MODELING CITATION DYNAMICS
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MODELING CITATION DYNAMICS
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MODELING CITATION DYNAMICS
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MODELING CITATION DYNAMICS
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MODELING CITATION DYNAMICS
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MODELING CITATION DYNAMICS
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The Sixth Law:
Quality imes previous success

oetermines future success

1(k;) =

_an




CAREERS IN SCIENCE
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THE PATH TO SUCCESS: PSYCHOLOGY

PERFORMANCE

TIME

Ericsson, Prietula, & Cokely, The making of an expert. Harvard Business Review 85, 114 (2007).
Simonton. Creative productivity. Psychological Review 104, 66 (1997).



CAREERS IN SCIENCE
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CAREERS IN SCIENCE

« Performance: Productivity - Impact: Success
r | 1 400 -
- * '
R ® - 300 —
_ . .‘M.’“.“’...‘t
; : ”°. ® 200
—~ o —~
g - Kl ] 5
T2 - '.‘ * _ -
_ ® - 100 —
SePeen® AAAMMAMAQ
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| | | | | | | | 0 - \
-20  -15 -10 -5 t* 5 10 15 20 -8 -6 -4 -2 N* 2 4 b 8
TIME IN YEARS TIME [N YEARS

. *
v" Productivity improves until the largest hit ® High Impact  (c3o = 200)
v Higher the hit, stronger the effect = Middle Impact (20 < cjq < 200)

, , - alowImpact  (cf, < 20)
Sinatra, Wang, Deville, Song & Barabasi. 2014 -



We can't see

success coming.

Nor do we leam
from It.



Age and Discovery

“A person who has not made his great
contribution to science before the age of thirty will
never do so.”

-Albert Einstein

http://www.soulphysics.org/2008/05/when-is-prime-age-of-discovery-in/

Physicist
Heisenberg
Dirac

Pauli

Fermi
Wigner
Einstein
Rutherford
Bohr

Bose
Compton
De Broglie
Feynman
Maxwell
Schrodinger
Planck

Age
24
24
25
25
25
26
28
28
30
31
31
31
34
39
42



CAREERS IN SCIENCE
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CAREERS IN SCIENCE: the timing of peak impact is random

0.15] Randomized Data

SISIUOIDG (IR

First
paper Sequence of publications

You never know when your hit comes!

Last
paper

[t could be, with the same probability, the first or the last paper of your career.



MODELING INDIVIDUAL CAREERS: You never know when the hit comes!
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"All I have produced before the ageﬁ;ﬁ‘ é\éventy is not worth taking into account.

At seventy-three | have learned a little about the real structure of nature.

When | am eighty | shall have made still more progress.

At ninety, | shall penetrate the mystery of things.

At one hundred | shall have reached a marvelous stage, and when | am one-hundred-ten,

everything | do, whether it be a dot or a line, will be alive."

R-8 &8
. E3
B . o e



oUCCEeSss can come at any time.
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MODELING INDIVIDUAL CAREERS: Q-Model

C1040 = Qipa
2 [ope Gpx 0.93 [0.00 0.00
> =(opq ©5 oaw |=| 000 02T 0.09
OpN OQN Oy 0.00 0.09 0.33

* P(p) decuples from N and Q: * Nand Qare coupled:
v’ Everyone has the same initial v" The more you publish, the higher the
chance of making a discovery chance that you will make a major discovery

Sinatra, Wang, Deville, Song & Barabasi. Science (2016)



How Does Innovation Happen? Q-Model

dea You Success
Impact
1
r Q S

rx Q=S

Sinatra, Wang, Deville, Song & Barabasi. Science (2016)



Steve Jobs & Q-Model

S=Qxr
Great Idea, Poor Execution
r=110 Q=0.1 S=1
Poor |dea, Great Execution
r==(0.1 Q=10 S=1

Great Idea, Great Execution

r=—(10 Q=10 S=100




INDIVIDUAL CAREERS: Careers have different impact
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Sinatra, Wang, Deville, Song & Barabasi. Science (2016)
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L S=Qxr

WL The Q factor does
N | not change during
——————— our career.
Start 25% 50% 75% End
Career

Q Is the best predictor of a Nobel prize
Citations. H-factor are less predictive. Productivity is the worst predictor. ..



MODELING INDIVIDUAL CAREERS: You never know when the hit comes!

CZDXQ

Impact = luck x Quality Factor

e Each scientist randomly selects a project p and improves on it with a factor Q

o High impact publications. a high S. scientist selects by chance a high p project
|

e any scientist can publish low impact papers by selecting a low p.

* Does not vary during a career

* Predicts citation dynamics

« Predicts the growth of the h-index during a career

» Best predictor of exceptional achievement (like a Nobel)

Sinatra, Wang, Deville, Song & Barabasi, Science 2016



MODELING INDIVIDUAL CAREERS: Q predicts the traditional impact indicators!

Q predicts the dynamics of the total Q predicts the variation of the h-index
number of citations during a career during a career
107 | | 40 | | | |
'S =1.2 S =1.2 S =523
I 30 -
o 103: 3
= —
g Z 20t ]
STk 4 <
] 10 s i
—o— Observed | —e— Observed
10* : —— Predicted - ; —— Predicted
| | i | | . 0 | | 2 | |
0 100 200 0 100 200 0 100 200 0 100 200
N N N N

Citations and h-index grow during a career > Q : time-independent predictor of impact.

Sinatra, Wang, Deville, Song & Barabasi, Science 2016



MODELING INDIVIDUAL CAREERS: Ranking Nobel Prize Winners

—@— excellence E, 0.98 e Qua"ty
—4—total citations Ciot, 0.94
—— h—index, 0.93

—/e=—highest impact ¢j,, 0.92 L
—&— productivity N, 0.71 - PrOdUCt|V|ty

0 02 04 06 08 1

Other scientists

v' Quality factor, Q is the best predictor of a Nobel prize

v Productivity is the worst.
Sinatra, Wang, Deville, Song & Barabasi. 2014
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Q-factor: Twitter Dynamics
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Q-factor:

3.5
] &

T 10°% > 3.0+

8 ] :Cj 25_

Sa 3> |

D E 2.0 - ’ \
] +

s 8 15

g 107 e \f‘r\M

o : &) 1.0 -

<C>? 10% Sy 05
] =
ey UL | UL | LR | LR | LI | < 00 T T T rrrrg UL | T T g UL | LA |
10' 102 10 10* 10° 10° 10° 102 10° 10° 10° 10°

f (# of followers) f (# of followers)

Follower Engagement:
E=R/f@



Q-factor

Idea

@)
T

Q-factor: Followers
engage with
followers.

Q f

rx Q x @ =

@
.* \}\:.

o
o,

Engagement/Impact

of a tweet:
# retweets
# favorites

R



Twitter Q-factor

log(Q-value)
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HOW DO WE ASSIGN CREDIT FOR SUCCESS?

3. Zm- Ltektrodynamil bewegter .ﬂrper;
von A. Einstein,

DaB die Klektrodynamik Maxwells — wie dieselbe gegen-
wirtig aufgefalt zu werden pflegt — in ihrer Anwendung auf
- bhewegte Kérper zu Asymmetrien fiihrt, welche den Phinomenen
nicht anzuhaften scheinen, ist bekannt. Man denke z. B. an
die elektrodynamische Wechselwirkung zwischen einem Mag-
neten und einem Leiter. Das beobachtbare Phinomen hiangt
~ hier nur ab von der Relativhewegung von Leiter und Magnet,
withrend nach der iiblichen Auffassung die beiden Fille, daB
der eine oder der andere dieser Kirper der bewegte sei, streng
roneinander zu trennen sind. Bewegt sich niimlich der Magnet
der Leiter, so entsteht in der Umgebung des Magneten
hes Feld von gewissem KEnergiewerte, welches an
o sich Teile des Leiters befinden, einen Strom
aber der Magnet und bewegt sich der Leiter,
ler Umgebung des Magneten kein elektrisches
m Leiter eine elektromotorische Kraft, welcher
nergie entspricht, die aber — Gleichheit der
b bei den beiden ins Auge gefaBten KFillen
zu elektrischen Strémen von derselben GriBe

fchen Kriifte.

Wispiele dhnlicher Art, sowie die mifilungenen Versuche,

“eine Bewegung der lrde relativ zum ,,Lichtmedinm“ zu kon-
statieren, fithren zu der Vermntung, daB dem Begriffe der
ahsoluten Buhe nicht nur in der Mechanik, sondern auch in
der Elektrodynamik keine Wigenschaften der Erscheinungen ent-
sprechen, sondern daB vielmehr fir alle Koordinatensysteme,
fur welche die mechanischen Gleichungen gelten, auch die



VOLUME 76, NUMBER 11 PHYSICAL REVIEW LETTERS 11 MARCH 1996

Generation of Nonclassical Motional States of a Trapped Atom

D.M. Meekhof, C. Monroe, B.E. King, W.M. Itano, ant D.J. Wineland
Time and Frequency Division, National Institute of Standards and Technology, Boulder, Colorado 80303-3328

VOLUME 55, NUMBER 1 PHYSICAL REVIEW LETTERS 1 JULY 1985

Three-Dimensional Viscous Confinement and Cooling of Atoms
by Resonance Radiation Pressure

Steven Chu,|L. Hollberg, J. E. Bjorkholm, Alex Cable, and A. Ashkin
AT&T Bell Laboratories, Holmdel, New Jersey 07733

VOLUME 61, NUMBER 21 PHYSICAL REVIEW LETTERS 21 NOVEMBER 1988

Giant Magnetoresistance of (001) Fe/(001) Cr Magnetic Superlattices

M. N. Baibich,® J. M. Broto| A. Fert, F. Nguyen Van Dau, and F. Petroff
Laboratoire de Physique des Solides, Universite Paris-Sud, F-91405 Orsay, France

P. Eitenne, G. Creuzet, A. Friederich, and J. Chazelas
Laboratoire Central de Recherches, Thomson CSF, B.P. 10, F-91401 Orsay, France




EXPERIMENTAL OBSERVATION OF ISOLATED LARGE TRANSVERSE ENERGY ELECTRONS
WITH ASSOCIATED MISSING ENERGY AT /s = 540 GeV

UAI1 Collaboration, CERN, Geneva, Switzerland
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ASSIGNING CREDIT WHERE ITS DUE

Case A
2010 Nobel Prize in Chemistry

Baba, Negishi, . Am. Chem. Soc. 98, 6729 (1976)
2

Negishi, Okukado, King,Van Horm, Spiegel, J. Am. Chem. Soc. (1978)
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Negishi, Vanhorn, J. Am. Chem. Soc. (1977)

Negishi, Vanhom, J. Am. Chem. Soc. (1978)

Negishi, Valente. Kobayashi, J. Am. Chem. Soc. (1980)
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Case B
2010 Nobel Prize in Physics

Novoselov, Geim, Science, 306, 666 (2004)
Geim, Novoselov, Nature (2007)

Novoselov, Jiang, Schedin, Booth, Khotkevich, Morozov, Geim,
PNAS (2005)

Novoselov, Geim, Morozov, Jiang, Katsnelson, Grigorieva, Dubonos,
Firsov, Nature (2005)

Castro Neto, Guinea, Peres, Novoselov, Geim, Rev. Mod. Phys. (2009)

Ferrari, Meyer, Scardaci, Casiraghi, Lazzeri, Mauri,Piscanec. Jiang,
Novoselov, Roth, Geim. Phys. Rev. Lett. (2006)



ASSIGNING CREDIT WHERE ITS DUE: The Method

a
Target
Paper

Citing
Papers

Co-cited papers:

Co-citation strength s
Credit allocation matrix A

Co-cited
Papers

' Credit share:
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!
!
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Credit Allocation Matrix Credit Share
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CREDIT ASSIGNMENT: How Does it Work?

Apostolic Exhortation on the Proclamation of the Gospel
Jorge Mario Bergoglio! and Albert-Laszl6 Barabasi 234
IApostolic Palace 00120 Vatican City
2 Center for Network Science, Central European University, Budapest 1052, Hungary
3 Institute for Network Science, Northeastern University, Boston, MA 02115, USA
“Center for Cancer Systems Biology, Dana-Farber Cancer Institute, Boston, MA 02115, USA

Credit Share: (0.9, 0.1)
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Albert-Laszl6 Barabasi 123 and Jorge Mario Bergoglio*
I Center for Network Science, Central European University, Budapest 1052, Hungary
2 Institute for Network Science, Northeastern University, Boston, MA 02115, USA
3Center for Cancer Systems Biology, Dana-Farber Cancer Institute, Boston, MA 02115, USA
“Apostolic Palace 00120 Vatican City

Credit Share: (0.1, 0.9)
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2010 Nobel Prize in Chemistry

Baba, Negishi, . Am. Chem. Soc. 98, 6729 (1976)
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Case B
2010 Nobel Prize in Physics

Novoselov, Geim, Science, 306, 666 (2004)
Geim, Novoselov, Nature (2007)

Novoselov, Jiang, Schedin, Booth, Khotkevich, Morozov, Geim,
PNAS (2005)

Novoselov, Geim, Morozov, Jiang, Katsnelson, Grigorieva, Dubonos,
Firsov, Nature (2005)

Castro Neto, Guinea, Peres, Novoselov, Geim, Rev. Mod. Phys. (2009)

Ferrari, Meyer, Scardaci, Casiraghi, Lazzeri, Mauri,Piscanec. Jiang,
Novoselov, Roth, Geim. Phys. Rev. Lett. (2006)

Credit share: (0.5, 0.5)



ASSIGNING CREDIT WHERE TS DUE: Who Gets the Prize?
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The Seventh Law:
Credit s based on
oerception Not performance.



N art performance is
inherently
unmeasurable.

Recognition, value and
SUCCESS are
determined by invisible
influence networks.


















May 19, 2017:
Untitled (Jean-Michel Basquiat)
$110.5 million




What happens when
performance is inherently
unmeasurapble?

Value, recognition, and
success are determined
by influence networks.



The Eight Law:

VVnen quality and performance
are nard to measure, Networks

determine success
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Early Prestige and Success
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