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et-

w
o

rk
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Fig
u
re 1

 It’s a sm
all w

orld: social netw
orks have sm

all average

path lengths betw
een connections and show

 a large degree of

clustering. Painting by Idahlia Stanley.

Fig
u
re 2

 Scale-free distribution of the num
ber of sexual partners for fem

ales and m
ales. a

,
D
istribution of num

ber of partners, k, in the
previous 12 m

onths. N
ote the larger average num

ber of partners for m
ale respondents: this difference m

ay be due to ‘m
easurem

ent bias’

—
 social expectations m

ay lead m
ales to inflate their reported num

ber of sexual partners. N
ote that the distributions are both linear, 

indicating scale-free pow
er-law

 behaviour. M
oreover, the tw

o curves are roughly parallel, indicating sim
ilar scaling exponents. For

fem
ales, "

$
2.54%

0.2 in the range k#
4, and for m

ales, "
$

2.31%
0.2 in the range k#

5. b
,D

istribution of the total num
ber of part-

ners k
tot over respondents’ entire lifetim

es. For fem
ales, "

tot $
2
.1%

0
.3

 in the range k
tot #

2
0
, and for m

ales, "
tot $

1
.6%

0
.3

 in the

range 20&
k

tot &
400. Estim

ates for fem
ales and m

ales agree w
ithin statistical uncertainty.
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Q
u
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tifyin
g su
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d
 p

ro
d
u
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“M
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letes”



P
u
b
licatio

n
 careers o

f in
d
ivid

u
al scien

tists 
w

ith
in

 in
d
ivid

u
al jo

u
rn

als

O
ur

data
collection

procedure
begins

w
ith

dow
nloading

all
“articles”

for
each

journal
for

year
y

from
ISI

W
eb

of
K

now
ledge.From

the
set

of
N

!y"
articles

for
each

particular
journal

and
year,w

e
calculate

#c!y"$,the
average

num
ber

of
citations

per
article

atthe
date

of
data

extraction
!M

ay
2009".

E
ach

article
sum

m
ary

includes
a

field
for

a
contributing

au-
thor’s

nam
e

identification,w
hich

consists
of

a
lastnam

e
and

first
and

m
iddle

initial%26&.From
these

fields,w
e

aggregate
the

career
w

orks
of

individual
authors

w
ithin

a
particular

journal.In
this

paper
w

e
develop

norm
alized

m
etrics

for
ca-

reer
success

and
productivity,

w
hile

in
%16&

w
e

com
pare

theory
and

em
pirical

data
for

career
longevity.

For
each

author,w
e

com
bine

allhis/her
articles

in
a

given
journal.Specifically,a

publication
career

in
this

paper
refers

to
the

lifetim
e

achievem
ents

of
a

single
author

w
ithin

a
single

journal,
and

not
the

lifetim
e

achievem
ents

com
bined

am
ong

the
six

journals
analyzed.

W
e

define
n

as
the

total
num

ber
of

papers
for

a
given

author
in

a
given

journal
over

the
50-year

period.
In

analogy
w

ith
the

traditional
citation

tally,
one

can
calculate

the
career

success/im
pact

w
ithin

a
given

journal
by

adding
together

the
citations

c
i received

by
the

n
papers,

C
='i=1 n

c
i .

!1"

Furtherm
ore,

one
can

calculate
the

career
productivity

of
a

given
author

w
ithin

a
specific

journal
as

the
total

num
ber

P
of

papers
published

w
ithin

the
journal.A

m
ain

pointraised
in

this
paper

is
to

discount
the

value
of

citation
m

etrics
w

hich
do

not
take

into
account

the
tim

e
evolution

of
citation

accu-
m

ulation.
N

aturally,som
e

olderpapers
w

illhave
m

ore
citations

than
younger

papers
only

because
the

older
papers

have
been

in
circulation

for
a

longer
tim

e.
In

Fig.
1

w
e

plot
#c!y"$,

the
average

num
ber

of
citations

for
articles

from
a

given
year,

and
confirm

that
the

tim
e

dependence
of

citation
accum

ula-
tion

is
an

im
portant

factor.
Interestingly,

it
is

found
in

%10&
thatthe

pdf
of

citations
from

papers
w

ithin
a

given
year

and
journalis

approxim
ately

log
norm

al,w
here

the
average

value
of

the
distribution

has
a

tim
e-dependent

drift.W
ith

increas-
ing

tim
e,the

pdf
approaches

a
steady

state
distribution

w
hich

is
also

approxim
ately

log
norm

al.H
ence,the

nonm
onotonic-

ity
in

#c!y"$
suggests

thatan
im

portantfactorin
the

dynam
ics

of
citation

counts
is

the
grow

th
w

ith
tim

e
of

the
scientific

body
and

the
scientific

output.
T

he
m

echanism
underlying

the
evolution

of
citation

trends
and

im
pact

factors
is

com
-

plex,w
here

it
is

found
that

citation
grow

th
rates

decom
pose

into
severalcom

ponents
in

addition
to

the
grow

th
of

science
%11&.A

nother
criticism

of
E

q.!1"
is

thatitdoes
nottake

into
account

the
variability

in
num

ber
of

coauthors,w
hich

varies
both

w
ithin

and
across

discipline
!see

Fig.3".
To

rem
edy

these
problem

s,
w

e
propose

a
sim

ple
success

m
etric

term
ed

citation
shares,w

hich
norm

alizes
the

citations
c

i !y"
of

paper
iby

#c!y"$,the
average

num
ber

of
citations

for
papers

in
a

given
journal

in
year

y,and
divides

the
quantity

c
i !y"/#c!y"$

into
equally

distributed
shares

am
ong

the
a

i co-
authors.D

ividing
the

shares
equally

w
ill

obviously
discount

the
value

of
the

efforts
m

ade
by

greater
contributors

w
hile

raising
the

value
of

the
efforts

m
ade

by
lesser

contributors.
W

ithout
m

ore
accurate

reporting
schem

es
on

the
extent

of
each

authors’
contributions

!as
is

now
im

plem
ented

in
e.g.,

N
ature

and
PN

A
S",

dividing
the

shares
equally

is
the

m
ost

reasonable
m

ethod
given

the
available

data.
H

ence,
w

e
cal-

culate
the

norm
alized

career
citation

shares
as

C
s ='i=1 n

1a
i

c
i !y"

#c!y"$ .
!2"

A
n

analogous
estim

atorforcareerproductivity
is

P
s ,the

total
num

ber
of

paper
shares

w
ithin

a
given

journal,

P
s ='i=1 n

1a
i ,

!3"

w
hich

partitions
the

credit
for

each
publication

into
equal

shares
am

ong
the

a
i coauthors.

T
here

is
another

sam
pling

bias
thatw

e
address.C

urrently,
w

e
assum

e
that

all
careers

are
com

parable
in

their
duration,

orm
ore

precisely,m
aturity.H

ow
ever,w

ithoutfurtherconsid-
eration,this

assum
ption

w
ould

ensure
thatw

e
are

com
paring

the
careers

of
graduate

students
w

ith
seasoned

professors.

TA
B

L
E

I.
Sum

m
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data

setsize
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journal.Totalnum

-
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N
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online"

T
he

average
num

ber
of

citations
#c!y"$

per
article

for
each

journal
in

year
y

dem
onstrates

the
tim

e
depen-

dence
of

citations.T
his

quantity
serves

as
a

norm
alizing

factor,
so

thatw
e

can
detrend

citation
values

across
differentyears.T

he
popu-

lar
Im

pact
F

actor
!IF"

%10,11&
of

a
journal

for
a

particular
year

is
the

average
num

ber
of

citations
obtained

in
a

given
year

for
articles

published
over

the
previous

tw
o

years.In
this

paper
w

e
restrictour

analysis
to

journals
w

ith
large

IF,ensuring
thatthere

is
considerable

com
petition

for
lim

ited
publication

space
in

such
journals.
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For
each

journal,the
num

ber
of

data
points

N
greater

than
C

s c

used
in

the
calculation

of
!

is
approxim

ately
10%

ofthe
total

data
set

size
N

!.
R

em
arkably,

the
scaling

exponent
for

cita-
tion

statistics
of

com
pleted

careers
is

approxim
ately

2.5
for

all
journals

analyzed.
H

ence,
w

e
find

convincing
evidence

for
a

universal
scaling

function
representing

the
distribution

of
citation

shares
for

scientific
careers

in
com

petitive
high-

im
pact

journals.Interestingly,the
values

of
!

for
each

jour-
nal

are
less

than
the

values
of

#$
3

w
hich

describes
the

scaling
of

norm
alized

single
article

citation
counts

in
Fig.2.

T
his

result
im

plies
that

the
success

of
individuals

over
their

entire
careers

is
notrelated

in
a

sim
ple

w
ay

to
the

success
of

a
random

num
ber

of
independent

articles.Instead,there
is

a

larger
num

ber
of

stellar
careers

than
w

ould
be

expected
from

the
num

ber
of

stellar
papers.

A
nother

illustrative
m

ethod
for

com
paring

the
distribution

of
success

across
the

entire
range

of
individuals

is
the

popu-
larZ

ipfplot,w
hich

is
m

athem
atically

related
to

the
pdf&1,9'.

In
Fig.

5
w

e
plot

C
s

versus
rank

for
the

sam
e

set
of

com
-

pleted
careers

analyzed
in

Fig.
4"b#.

T
he

Z
ipf

plot
em

pha-
sizes

the
scaling

in
the

tail
of

the
pdf,

w
hich

is
represented

by
high

rank
values.W

e
calculate

the
scaling

exponentof
the

Z
ipf

plot
for

rank
values

in
the

range
10

$
r$

r
c

for
each

journal,
w

here
r

c
corresponds

to
the

num
ber

of
data

points
incorporated

into
the

calculation
of

!
using

H
ill’s

M
L

E
.

T
hese

values
are

in
approxim

ate
agreem

ent
w

ith
the

ex-
pected

relationship
1

+
1/%

$
!

.
T

he
sm

allrange
of

%
values

across
journals

"see
Table

II#
dem

onstrates
that

our
norm

alization
procedure

places
scien-

tific
accom

plishm
ents

on
a

com
parable

footing
across

both
tim

e
and

discipline.In
Table

III
w

e
listthe

top
20

publication
careers

according
to

citation
shares.

T
his

table
consists

m
ostly

of
careers

that
have

m
any

papers
of

significant
im

-
pact;

how
ever,

it
also

contains
a

few
careers

that
are

distin-
guished

by
a

sm
all

num
ber

of
sem

inal
papers.H

ence,w
hile

longevity
at

the
upper

tier
of

science
is

good
at

assuring
reputation

and
success,there

are
also

a
few

instances
of

suc-
cess

achieved
via

a
singular

yet
m

onum
ental

accom
plish-

m
ent.

C
.P

aper
shares

W
e

now
focus

on
scientific

productivity,quantified
by

the
num

ber
of

papers
published

by
a

given
author.In

Fig.6
w

e
plot

the
pdfs

for
paper

shares
defined

in
E

q."3#.In
order

to
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W
e

estim
ate

the
career

success
of

a
sci-

entist
w

ithin
a

given
journal

using
the

citation
shares

m
etric

C
s

defined
in

E
q."2#,

w
hich

accounts
for

both
the

num
ber

of
authors

and
the

age
of

the
paper."a#

PD
F

of
totalraw

citations
C

according
to

E
q."1#

for
“com

pleted”
careers."b#

PD
F

of
total

citation
shares

C
s

according
to

E
q."2#

for
“com

pleted”
careers.A

given
career

is
considered

“com
plete”

if
there

is
a

large
likelihood

thatthe
data

set
contains

all
of

the
particular

author’s
publications.T

he
norm

aliza-
tion

procedure
results

in
significant

data
collapse

in
panel"b#,w

ith
the

value
of

the
scaling

exponent
!

$
2.5

for
all

journals
analyzed.
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T
he

Z
ipf

plot
em

phasizes
the

stellar
ca-

reers
corresponding

to
large

C
s ,the

total
num

ber
of

citation
shares

w
ithin

a
particular

journal
defined

in
E

q."2#,
and

show
s

a
signifi-

cant
scaling

regim
e

corresponding
to

the
top-ranking

“cham
pions”

of
each

journal.
For

com
parison,

w
e

list
the

top
20

careers
w

ithin
the

journals
C

E
LL,N

E
JM

,and
P

R
L

in
Table

III.T
he

total
num

ber
of

career
citation

shares
for

a
particular

author
in

a
given

journal
serves

as
a

proxy
for

the
career

success
of

the
scientist.T

he
statis-

tical
regularity

in
the

rank
ordering

of
scientific

achievem
ent

ex-
tends

over
four

orders
of

m
agnitude.

T
he

sim
ilarity

in
scaling

ex-
ponentam

ong
the

journals
analyzed

possibly
suggests

thatthere
are

fundam
entalforces

governing
success

in
com

petitive
arenas

such
as

high-im
pactjournals.For

visualclarity,w
e

plotthe
pow

er
law

w
ith

scaling
exponent

%
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O
ur

data
collection

procedure
begins

w
ith

dow
nloading

all
“articles”

for
each

journal
for

year
y

from
ISI

W
eb

of
K

now
ledge.From

the
set

of
N

!y"
articles

for
each

particular
journal

and
year,w

e
calculate

#c!y"$,the
average

num
ber

of
citations

per
article

atthe
date

of
data

extraction
!M

ay
2009".

E
ach

article
sum

m
ary

includes
a

field
for

a
contributing

au-
thor’s

nam
e

identification,w
hich

consists
of

a
lastnam

e
and

first
and

m
iddle

initial%26&.From
these

fields,w
e

aggregate
the

career
w

orks
of

individual
authors

w
ithin

a
particular

journal.In
this

paper
w

e
develop

norm
alized

m
etrics

for
ca-

reer
success

and
productivity,

w
hile

in
%16&

w
e

com
pare

theory
and

em
pirical

data
for

career
longevity.

For
each

author,w
e

com
bine

allhis/her
articles

in
a

given
journal.Specifically,a

publication
career

in
this

paper
refers

to
the

lifetim
e

achievem
ents

of
a

single
author

w
ithin

a
single

journal,
and

not
the

lifetim
e

achievem
ents

com
bined

am
ong

the
six

journals
analyzed.

W
e

define
n

as
the

total
num

ber
of

papers
for

a
given

author
in

a
given

journal
over

the
50-year

period.
In

analogy
w

ith
the

traditional
citation

tally,
one

can
calculate

the
career

success/im
pact

w
ithin

a
given

journal
by

adding
together

the
citations

c
i received

by
the

n
papers,

C
='i=1 n

c
i .

!1"

Furtherm
ore,

one
can

calculate
the

career
productivity

of
a

given
author

w
ithin

a
specific

journal
as

the
total

num
ber

P
of

papers
published

w
ithin

the
journal.A

m
ain

pointraised
in

this
paper

is
to

discount
the

value
of

citation
m

etrics
w

hich
do

not
take

into
account

the
tim

e
evolution

of
citation

accu-
m

ulation.
N

aturally,som
e

olderpapers
w

illhave
m

ore
citations

than
younger

papers
only

because
the

older
papers

have
been

in
circulation

for
a

longer
tim

e.
In

Fig.
1

w
e

plot
#c!y"$,

the
average

num
ber

of
citations

for
articles

from
a

given
year,

and
confirm

that
the

tim
e

dependence
of

citation
accum

ula-
tion

is
an

im
portant

factor.
Interestingly,

it
is

found
in

%10&
thatthe

pdf
of

citations
from

papers
w

ithin
a

given
year

and
journalis

approxim
ately

log
norm

al,w
here

the
average

value
of

the
distribution

has
a

tim
e-dependent

drift.W
ith

increas-
ing

tim
e,the

pdf
approaches

a
steady

state
distribution

w
hich

is
also

approxim
ately

log
norm

al.H
ence,the

nonm
onotonic-

ity
in

#c!y"$
suggests

thatan
im

portantfactorin
the

dynam
ics

of
citation

counts
is

the
grow

th
w

ith
tim

e
of

the
scientific

body
and

the
scientific

output.
T

he
m

echanism
underlying

the
evolution

of
citation

trends
and

im
pact

factors
is

com
-

plex,w
here

it
is

found
that

citation
grow

th
rates

decom
pose

into
severalcom

ponents
in

addition
to

the
grow

th
of

science
%11&.A

nother
criticism

of
E

q.!1"
is

thatitdoes
nottake

into
account

the
variability

in
num

ber
of

coauthors,w
hich

varies
both

w
ithin

and
across

discipline
!see

Fig.3".
To

rem
edy

these
problem

s,
w

e
propose

a
sim

ple
success

m
etric

term
ed

citation
shares,w

hich
norm

alizes
the

citations
c

i !y"
of

paper
iby

#c!y"$,the
average

num
ber

of
citations

for
papers

in
a

given
journal

in
year

y,and
divides

the
quantity

c
i !y"/#c!y"$

into
equally

distributed
shares

am
ong

the
a

i co-
authors.D

ividing
the

shares
equally

w
ill

obviously
discount

the
value

of
the

efforts
m

ade
by

greater
contributors

w
hile

raising
the

value
of

the
efforts

m
ade

by
lesser

contributors.
W

ithout
m

ore
accurate

reporting
schem

es
on

the
extent

of
each

authors’
contributions

!as
is

now
im

plem
ented

in
e.g.,

N
ature

and
PN

A
S",

dividing
the

shares
equally

is
the

m
ost

reasonable
m

ethod
given

the
available

data.
H

ence,
w

e
cal-

culate
the

norm
alized

career
citation

shares
as

C
s ='i=1 n

1a
i

c
i !y"

#c!y"$ .
!2"

A
n

analogous
estim

atorforcareerproductivity
is

P
s ,the

total
num

ber
of

paper
shares

w
ithin

a
given

journal,

P
s ='i=1 n

1a
i ,

!3"

w
hich

partitions
the

credit
for

each
publication

into
equal

shares
am

ong
the

a
i coauthors.

T
here

is
another

sam
pling

bias
thatw

e
address.C

urrently,
w

e
assum

e
that

all
careers

are
com

parable
in

their
duration,

orm
ore

precisely,m
aturity.H

ow
ever,w

ithoutfurtherconsid-
eration,this

assum
ption

w
ould

ensure
thatw

e
are

com
paring

the
careers

of
graduate

students
w

ith
seasoned

professors.
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T
he

average
num

ber
of

citations
#c!y"$

per
article

for
each

journal
in

year
y

dem
onstrates

the
tim

e
depen-

dence
of

citations.T
his

quantity
serves

as
a

norm
alizing

factor,
so

thatw
e

can
detrend

citation
values

across
differentyears.T

he
popu-

lar
Im

pact
F

actor
!IF"

%10,11&
of

a
journal

for
a

particular
year

is
the

average
num

ber
of

citations
obtained

in
a

given
year

for
articles

published
over

the
previous

tw
o

years.In
this

paper
w

e
restrictour

analysis
to

journals
w

ith
large

IF,ensuring
thatthere

is
considerable

com
petition

for
lim

ited
publication

space
in

such
journals.
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average
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of
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a
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for
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contributing
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identification,w
hich

consists
of

a
lastnam
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and

first
and
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aggregate
the

career
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orks
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individual
authors

w
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particular
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develop

norm
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for
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success

and
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theory
and
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data
for
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For
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author,w
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Furtherm
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in
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that
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is
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factor.
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s,
w

e
propose

a
sim

ple
success

m
etric

term
ed

citation
shares,w

hich
norm

alizes
the

citations
c

i !y"
of

paper
iby

#c!y"$,the
average

num
ber

of
citations

for
papers

in
a

given
journal

in
year

y,and
divides

the
quantity

c
i !y"/#c!y"$

into
equally

distributed
shares

am
ong

the
a

i co-
authors.D

ividing
the

shares
equally

w
ill

obviously
discount

the
value

of
the

efforts
m

ade
by

greater
contributors

w
hile

raising
the

value
of

the
efforts

m
ade

by
lesser

contributors.
W

ithout
m

ore
accurate

reporting
schem

es
on

the
extent

of
each

authors’
contributions

!as
is

now
im

plem
ented

in
e.g.,

N
ature

and
PN

A
S",

dividing
the

shares
equally

is
the

m
ost

reasonable
m

ethod
given

the
available

data.
H

ence,
w

e
cal-

culate
the

norm
alized

career
citation

shares
as

C
s ='i=1 n

1a
i

c
i !y"

#c!y"$ .
!2"

A
n

analogous
estim

atorforcareerproductivity
is

P
s ,the

total
num

ber
of

paper
shares

w
ithin

a
given

journal,

P
s ='i=1 n

1a
i ,

!3"

w
hich

partitions
the

credit
for

each
publication

into
equal

shares
am

ong
the

a
i coauthors.

T
here

is
another

sam
pling

bias
thatw

e
address.C

urrently,
w

e
assum

e
that

all
careers

are
com

parable
in

their
duration,

orm
ore

precisely,m
aturity.H

ow
ever,w

ithoutfurtherconsid-
eration,this

assum
ption

w
ould

ensure
thatw

e
are

com
paring

the
careers

of
graduate

students
w

ith
seasoned

professors.
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olor
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T
he

average
num

ber
of

citations
#c!y"$

per
article

for
each

journal
in

year
y

dem
onstrates

the
tim

e
depen-

dence
of

citations.T
his

quantity
serves

as
a

norm
alizing

factor,
so

thatw
e

can
detrend

citation
values

across
differentyears.T

he
popu-

lar
Im

pact
F

actor
!IF"

%10,11&
of

a
journal

for
a

particular
year

is
the

average
num

ber
of

citations
obtained

in
a

given
year

for
articles

published
over

the
previous

tw
o

years.In
this

paper
w

e
restrictour

analysis
to

journals
w

ith
large

IF,ensuring
thatthere

is
considerable

com
petition

for
lim

ited
publication

space
in

such
journals.
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E
ach

 au
th

o
r h

as n
 articles in

 a 
given

 jo
u
rn

al j. 
E
ach

 article i, p
u
b
lish

ed
 in

 year y, 
can

 b
e q

u
an

tifi
ed

 by th
e nu

m
b
er 

o
f citatio

n
s c

i  it h
as received

 at 

th
e tim

e o
f d

ata ex
tractio

n
.      

(M
ay, 2

0
0
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n
s ``sh

ares”: 

"
 !

 2
.5

 A. M
. Petersen, F. W

ang, H
. E. Stanley,“M

ethods for m
easuring the citations and 

productivity of scientists across tim
e and discipline” Phys. R

ev. E, 81 (2010) 036114 



To
p
-2

0
 “ch

am
p
io

n
s” o

f Physical R
eview

 Letters

collapse
the

pdfs
for

the
six

journals
analyzed,

w
e

hypoth-
esize

thata
universalfunction

for
productivity

can
be

w
ritten

as
P!P

s "=
f!P

s /#P
s $".In

an
effortto

com
pare

the
pdfs

across
discipline,w

e
approxim

ate
the

generic
pdfofpapershares

by
a

log-norm
al

distribution
w

ith
a

heavy
tail

after
a

cutoff
value

P
s c.Q

uantitatively,w
e

representthe
generalform

ofthe
pdf

as

P!P
s "

!%
1P

s exp&−
!ln

P
s −

"
" 2/2#

2'
P

s $
P

s c

P
s −

%
P

s &
P

s c .(
!7"

T
he

least-square
param

eters
for

the
log-norm

al
fit

and
the

M
L

E
param

eter
for

the
scaling

regim
e

are
listed

in
Table

IV
.

T
he

log-norm
al

distribution
is

consistent
w

ith
the

prediction
by

Shockley
&23'

that
productivity

!as
estim

ated
here

by
pa-

per
shares"

is
a

result
of

a
series

of
m

ultiplicative
factors,

w
hich

can
lead

to
log-norm

al
&29',

stretched
exponential

&30',and
even

pow
er-law

&31'
distributions,given

the
appro-

priate
set

of
system

atic
conditions.

D
.M

atthew
effect

W
e

conclude
this

section
w

ith
quantitative

evidence
of

the
“M

atthew
effect”

in
the

advancem
entof

scientific
careers.In

Fig.7
w

e
plotthe

average
w

aiting
tim

e
betw

een
publications

# '!n"$
for

all
authors

that
m

eet
the

com
plete

career
criterion

by
averaging

the
difference

in
publication

year
for

the
paper
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to
citation

shares
C
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accum

ulated
from
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n

papers
published

in
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journal.
O
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norm
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w
ay

to
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authors.

C
E

L
L

N
E

JM
PR

L

N
am

e
C

s
n

N
am

e
C

s
n

N
am

e
C

s
n

G
R

E
E

N
,H

49.7
35

B
R

A
U

N
W

A
L

D
,E

30.3
59

W
E

IN
B

E
R

G
,S

313.3
49

B
A

LT
IM

O
R

E
,D

33.8
64

K
O

C
H

W
E

SE
R

,J
23.6

28
A

N
D

E
R

SO
N

,PW
137.4

64
M

A
N

IA
T

IS,T
29.5

55
M

C
C

O
R

D
,JM

20.2
1

W
IL

C
Z

E
K

,F
120.0

62
SH

A
R

P,PA
25.1

41
FIN

L
A

N
D

,M
17.4

36
T

E
R

SO
FF,J

105.1
76

T
JIA

N
,R

23.8
45

H
E

N
N

E
K

E
N

S,C
H

16.9
36

H
A

L
D

A
N

E
,FD

M
102.3

38
L

E
D

E
R

,P
22.4

39
R

E
IC

H
L

IN
,S

16.7
10

Y
A

B
L

O
N

O
V

IT
C

H
,E

87.5
21

A
X

E
L

,R
20.9

52
V

E
C

C
H

IO
,T

J
14.8

1
PE

R
D

E
W

,JP
78.3

20
W

E
IN

T
R

A
U

B
,H

20.5
46

STA
M

PFE
R

,M
J

14.3
45

L
E

E
,PA

74.6
76

K
A

R
IN

,M
18.5

40
T

E
R

A
SA

K
I,PI

13.7
29

PE
N

D
R

Y
,JB

74.1
29

R
U

B
IN

,G
M

18.0
52

O
SSE

R
M

A
N

,E
F

13.7
6

PA
R

R
IN

E
L

L
O

,M
72.8

68
K

O
Z

A
K

,M
17.1

6
K

U
N

IN
,C

M
13.5

16
FISH

E
R

,M
E

71.6
67

R
O

E
D

E
R

,R
G

”
15.5

44
Y

U
SU

F,S
13.4

18
C

IR
A

C
,JI

66.7
97

R
H

E
IN

W
A

L
D

,JG
14.7

7
R

O
SE

N
,FS

13.2
42

H
A

L
PE

R
IN

,B
I

66.7
50

E
V

A
N

S,R
M

14.1
32

C
H

A
L

M
E

R
S,T

C
13.1

30
R

A
N

D
A

L
L

,L
63.4

14
O

FA
R

R
E

L
L

,PH
13.9

14
A

U
ST

E
N

,K
F

12.9
30

B
U

R
K

E
,K

63.2
18

G
L

U
Z

M
A

N
,Y

13.3
2

W
E

L
L

E
R

,T
H

12.7
7

JO
H

N
,S

62.8
20

H
U

N
T

E
R

,T
13.2

27
G

A
R

D
N

E
R

,FH
12.6

19
G

E
O

R
G

I,H
61.9

26
G

O
L

D
ST

E
IN

,JL
13.0

36
D

IA
M

O
N

D
,L

K
12.6

18
C

A
R

,R
59.8

51
PE

N
M

A
N

,S
12.9

30
FE

IN
ST

E
IN

,A
R

12.2
16

G
L

A
SH

O
W

,SL
59.6

37
B

R
O

W
N

,M
S

12.8
35

M
E

R
R

IL
L

,JP
11.9

25
C

E
PE

R
L

E
Y

,D
M

58.9
39

10
-1

10
0

10
1

10
2

P
s /<

P
s >

10
-7

10
-6

10
-5

10
-4

10
-3

10
-2

10
-1

10
0

10
1

10
2

P ( Ps ) < P s >

C
E

L
L

N
E

JM
N

ature
PN

A
S

PR
L

Science

0.01
0.1

1
2

3
P

s

0 1 2 3 4 5

P( Ps )

C
om

pleted
C

areers
1958-2008

α

FIG
.

6.
!C

olor
online"

A
s

a
proxy

for
career

productivity,
w

e
define

paper
shares

P
s

in
E

q.!3",
w

hich
accounts

for
variations

in
the

size
of

the
collaboration.

In
order

to
collapse

the
pdfs

of
total

paper
shares

for
com

pleted
careers

w
ithin

the
six

journals
analyzed,

w
e

hypothesize
that

the
universal

scaling
function

quantifying
pro-

ductivity
can

be
w

ritten
as

P!P
s "=

f!P
s /#P

s $".W
e

approxim
ate

the
generic

pdf
of

paper
shares

by
a

log-norm
al

distribution
w

ith
a

pow
er-law

tail
after

a
cutoff

value
P

s c)
1.W

e
list

the
values

of
the

log-norm
al

param
eters

"
and

#
,

and
the

scaling
param

eter
%

for
each

journal
in

Table
IV

.
!Inset"

W
e

plot
the

pdf
for

C
E

LL
and

P
N

A
S

data
on

log-linear
axes

for
P

s (
3

in
order

to
dem

onstrate
the

log-norm
al

form
consistent

w
ith

the
prediction

by
Shockley

&23'
that

productivity
can
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m
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as

a
series
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random

m
ultiplica-

tive
factors.
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E
ach

 au
th

o
r h

as n
 articles in

 a 
given

 jo
u
rn

al j. 
E
ach

 article i, p
u
b
lish

ed
 in

 year y, 
can

 b
e q

u
an

tifi
ed

 by th
e nu

m
b
er 

o
f citatio

n
s c

i  it h
as received

 at 

th
e tim

e o
f d

ata ex
tractio

n
.      

(M
ay, 2

0
0
9
) 

O
ur

data
collection

procedure
begins

w
ith

dow
nloading

all
“articles”

for
each

journal
for

year
y

from
ISI

W
eb

of
K

now
ledge.From

the
set

of
N

!y"
articles

for
each

particular
journal

and
year,w

e
calculate

#c!y"$,the
average

num
ber

of
citations

per
article

atthe
date

of
data

extraction
!M

ay
2009".

E
ach

article
sum

m
ary

includes
a

field
for

a
contributing

au-
thor’s

nam
e

identification,w
hich

consists
of

a
lastnam

e
and

first
and

m
iddle

initial%26&.From
these

fields,w
e

aggregate
the

career
w

orks
of

individual
authors

w
ithin

a
particular

journal.In
this

paper
w

e
develop

norm
alized

m
etrics

for
ca-

reer
success

and
productivity,

w
hile

in
%16&

w
e

com
pare

theory
and

em
pirical

data
for

career
longevity.

For
each

author,w
e

com
bine

allhis/her
articles

in
a

given
journal.Specifically,a

publication
career

in
this

paper
refers

to
the

lifetim
e

achievem
ents

of
a

single
author

w
ithin

a
single

journal,
and

not
the

lifetim
e

achievem
ents

com
bined

am
ong

the
six

journals
analyzed.

W
e

define
n

as
the

total
num

ber
of

papers
for

a
given

author
in

a
given

journal
over

the
50-year

period.
In

analogy
w

ith
the

traditional
citation

tally,
one

can
calculate

the
career

success/im
pact

w
ithin

a
given

journal
by

adding
together

the
citations

c
i received

by
the

n
papers,

C
='i=1 n

c
i .

!1"

Furtherm
ore,

one
can

calculate
the

career
productivity

of
a

given
author

w
ithin

a
specific

journal
as

the
total

num
ber

P
of

papers
published

w
ithin

the
journal.A

m
ain

pointraised
in

this
paper

is
to

discount
the

value
of

citation
m

etrics
w

hich
do

not
take

into
account

the
tim

e
evolution

of
citation

accu-
m

ulation.
N

aturally,som
e

olderpapers
w

illhave
m

ore
citations

than
younger

papers
only

because
the

older
papers

have
been

in
circulation

for
a

longer
tim

e.
In

Fig.
1

w
e

plot
#c!y"$,

the
average

num
ber

of
citations

for
articles

from
a

given
year,

and
confirm

that
the

tim
e

dependence
of

citation
accum

ula-
tion

is
an

im
portant

factor.
Interestingly,

it
is

found
in

%10&
thatthe

pdf
of

citations
from

papers
w

ithin
a

given
year

and
journalis

approxim
ately

log
norm

al,w
here

the
average

value
of

the
distribution

has
a

tim
e-dependent

drift.W
ith

increas-
ing

tim
e,the

pdf
approaches

a
steady

state
distribution

w
hich

is
also

approxim
ately

log
norm

al.H
ence,the

nonm
onotonic-

ity
in

#c!y"$
suggests

thatan
im

portantfactorin
the

dynam
ics

of
citation

counts
is

the
grow

th
w

ith
tim

e
of

the
scientific

body
and

the
scientific

output.
T

he
m

echanism
underlying

the
evolution

of
citation

trends
and

im
pact

factors
is

com
-

plex,w
here

it
is

found
that

citation
grow

th
rates

decom
pose

into
severalcom

ponents
in

addition
to

the
grow

th
of

science
%11&.A

nother
criticism

of
E

q.!1"
is

thatitdoes
nottake

into
account

the
variability

in
num

ber
of

coauthors,w
hich

varies
both

w
ithin

and
across

discipline
!see

Fig.3".
To

rem
edy

these
problem

s,
w

e
propose

a
sim

ple
success

m
etric

term
ed

citation
shares,w
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norm

alizes
the

citations
c
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paper
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citations
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the
quantity

c
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into
equally

distributed
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ong

the
a
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authors.D

ividing
the

shares
equally

w
ill

obviously
discount

the
value

of
the

efforts
m

ade
by

greater
contributors

w
hile

raising
the

value
of

the
efforts

m
ade

by
lesser

contributors.
W

ithout
m

ore
accurate

reporting
schem

es
on

the
extent

of
each

authors’
contributions

!as
is

now
im

plem
ented

in
e.g.,

N
ature

and
PN

A
S",

dividing
the

shares
equally

is
the

m
ost

reasonable
m

ethod
given

the
available

data.
H

ence,
w
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culate
the

norm
alized

career
citation

shares
as

C
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1a
i
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i !y"
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A
n

analogous
estim

atorforcareerproductivity
is

P
s ,the

total
num

ber
of

paper
shares

w
ithin

a
given

journal,

P
s ='i=1 n

1a
i ,

!3"

w
hich

partitions
the

credit
for

each
publication

into
equal

shares
am

ong
the

a
i coauthors.

T
here

is
another

sam
pling

bias
thatw

e
address.C

urrently,
w

e
assum
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that

all
careers

are
com

parable
in

their
duration,
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ore

precisely,m
aturity.H

ow
ever,w

ithoutfurtherconsid-
eration,this

assum
ption

w
ould

ensure
thatw

e
are

com
paring

the
careers

of
graduate

students
w

ith
seasoned
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online"

T
he

average
num

ber
of

citations
#c!y"$

per
article

for
each

journal
in

year
y

dem
onstrates

the
tim

e
depen-

dence
of

citations.T
his

quantity
serves

as
a

norm
alizing

factor,
so

thatw
e

can
detrend

citation
values

across
differentyears.T

he
popu-

lar
Im

pact
F

actor
!IF"

%10,11&
of

a
journal

for
a

particular
year

is
the

average
num

ber
of

citations
obtained

in
a

given
year

for
articles

published
over

the
previous

tw
o

years.In
this

paper
w

e
restrictour

analysis
to

journals
w

ith
large

IF,ensuring
thatthere

is
considerable

com
petition

for
lim

ited
publication

space
in

such
journals.
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A
 p

o
ssib

le ex
p
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atio
n
: th

e M
atth

ew
 E

ffect

•
Fo

r a given
 jo

u
rn

al:                       

th
e w

aitin
g tim

e  τ(n
) 

is th
e nu

m
b
er o

f years 
b
etw

een
 an

 au
th

o
r’s 

p
ap

er n
 an

d
 p

ap
er n

+
1
 

•
A

 d
ecreasin

g  τ(n
) 

in
d
icates th

at it 
b
eco

m
es “easier” to

 
p
u
b
lish

 in
 a jo

u
rn

al 
w

ith
 each

 su
ccessive 

p
u
b
licatio

n

n
and

the
paper

n
+

1.
T

he
values

of
!!"1#$

for
each

journal
are

2.2
"C

E
L

L
,

PR
L#,

3.0
"N

ature,
PN

A
S,

Science#
and

3.5
"N

E
JM

#
years.T

he
decrease

in
w

aiting
tim

e
betw

een
publi-

cations
is

a
signature

of
the

cum
ulative

advantage
m

echa-
nism

qualitatively
described

in
%19&

and
quantitatively

ana-
lyzed

in
%16,18&.

To
avoid

presenting
statistical

fluctuations
arising

from
the

sm
all

size
of

data
sets,

w
e

only
present

! !"n#$
com

puted
for

data
sets

exceeding
75

observations.
To

explain
the

steady
decline

of
the

curve
for

PR
L

w
e

m
ention

that
PR

L
has

m
any

authors
w

ith
m

any
articles

"n
"

100#.A
possible

explanation
is

thata
significantnum

ber
of

these
authors

are
involved

in
large

particle
accelerator

experim
ents

w
ith

m
ultiple

collaborating
groups.T

hese
m

ul-
tilateralprojects

contribute
significantly

to
the

heavy
tailob-

served
in

the
pdf

of
the

num
ber

of
authors

per
paper"Fig.3#.

H
ence,

the
decay

in
the

curve
for

PR
L

w
hich

approaches
zero

m
ightbe

due
to

the
projectleaders

atlarge
experim

ental

institutions
w

hich
produce

over
m

any
years

m
any

significant
results

per
year.Furtherm

ore,the
organization

of
the

curves
in

Fig.7
suggests

thatitis
m

ore
difficultatthe

beginning
of

a
careerto

repeatedly
publish

in
C

E
L

L
than

PR
L

.R
eaching

a
crossover

pointalong
the

career
ladder

is
a

generic
phenom

-
enon

observed
in

m
any

professions.A
ccordingly,surm

ount-
ing

this
abstract

crossover
is

m
otivated

by
significant

per-
sonal

incentives,
such

as
salary

increase,
job

security,
and

m
anagerial

responsibility.

IV.D
ISC

U
SSIO

N

Scientific
careers

share
m

any
qualities

w
ith

other
com

-
petitive

careers,
such

as
the

careers
of

professional
sports

players,
inventors,

entertainers,
actors,

and
m

usicians
%15,32,33&.

L
im

ited
resources

such
as

em
ploym

ent,
salary,

creativity,
equipm

ent,
events,

data
sam

ples,
and

even
indi-

vidual
lifetim

e
contribute

to
the

form
ation

of
generic

arenas
for

com
petition.H

ence,of
interesthere

is
the

distribution
of

success
and

productivity
in

high-im
pact

journals
w

hich
in

principle
have

high
standards

of
excellence.

In
science,there

are
unw

ritten
guides

to
success

requiring
ingenuity,longevity,and

publication.W
e

observe
a

quantifi-
able

statistical
regularity

describing
publication

careers
of

individualscientists
across

both
tim

e
and

discipline.Interest-
ingly,w

e
find

thatthe
scaling

exponentfor
individualpapers

" #'
3#

is
larger

than
the

scaling
exponent

for
total

citation
shares

"$
'

2.5#
and

the
scaling

exponent
for

total
paper

shares
" $

'
2.6#,

w
hich

indicates
that

there
is

a
higher

fre-
quency

of
stellar

careers
than

stellar
papers.

T
his

is
consis-

tentw
ith

the
observation

thata
stellar

career
can

resultfrom
an

arbitrary
com

bination
of

stellar
papers

and
consistentsuc-

cess,as
dem

onstrated
in

Table
III.In

all,the
statisticalregu-

larity
found

in
the

distributions
for

both
citation

shares
and

paper
shares

lend
naturally

to
m

ethods
based

on
extrem

e
statistics

in
order

to
distinguishing

stellar
careers.

Such
m

ethods
have

been
developed

for
H

allof
Fam

e
candidacy

in
baseball

%16,34&,
w

here
statistical

benchm
arks

are
estab-

lished
using

the
distribution

of
success.

Statisticalphysicists
have

long
been

interested
in

com
plex

interacting
system

s,and
are

beginning
to

succeed
in

describ-
ing

socialdynam
ics

using
m

odels
thatw

ere
developed

in
the

context
of

concrete
physical

system
s

%35&.
T

his
study

is
in-

spired
by

the
long

term
goal

of
using

quantitative
m

ethods
from

statisticalphysics
to

answ
er

traditionalquestions
rooted

in
social

science
%36&,

such
as

the
nature

of
com

petition,
success,

productivity,
and

the
universal

features
of

hum
an

activity.
M

any
studies

begin
as

em
pirical

descriptions,
such

as
the

studies
of

com
m

on
m

obility
patterns

%37&,
sexuality

%38,39&,
and

financial
fluctuations

%40&,
and

lead
to

a
better

understanding
ofthe

underlying
m

echanics.Itis
possible

that
the

em
piricallaw

s
reported

here
w

illm
otivate

usefuldescrip-
tive

theories
of

success
and

productivity
in

com
petitive

en-
vironm

ents.
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%
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pdf
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P
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2
paper

shares.T
he

values
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$
are

calculated
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a
data

values
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1
paper
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approxim
ately

8%
of
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totaldata
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journal.
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A
decreasing

w
aiting

tim
e

!"n#
betw

een
publications

in
a

given
journal

suggests
that

a
longer

publication
career

"larger
n#

facilitates
future

publications,
as

predicted
by

the
M

atthew
effect.

W
e

plot
!!"n#$/!!"1#$,

the
average

w
aiting

tim
e

!!"n#$
betw

een
paper

n
and

paper
n

+
1,

rescaled
by

the
average

w
aiting

tim
e

betw
een

the
first

and
second

publication,!!"1#$.
T

he
values

of!!"1#$
are

2.2
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rapidity

of
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publica-
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high-energy
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is

possible
in
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high-im
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letters

journal.
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−
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.
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