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Fig. 1. Extreme cases of credit allocation. ( A) Asymmetric credit: when au-

thor a, contributes to only one paper in a body of work, the community
assigns credit to a;, who publishes multiple papers on the topic. ( B) Sym-
metric credit: when authors a; and a, publish all their papers on the topic of
paper po jointly, they equally share the credit. In both cases, po is the target
paper with two authors a; and a, colored in red and green, respectively; dy
(1 k 5)areciting papers of po; p; (0 j 4) are papers that were cocited
by the papers that cite po; A is the credit allocation matrix; s depicts the
cocitation strength between cocited papers and target paper; and cis the
final credit share for the authors of the target paper Po-

has a track record in the particular discipline and, is unknown
to the community, the community viewsg, as a part ofa;’s body
of work (Fig. 1A). The credit allocation system should recognize
this and assign most or all credit t@,. The other extreme case is
when all papers pertaining to the topic ofpy are joint pub-
lications betweena; and a,. Lacking any exogenous information,
the two authors share equal credit for the target paper (Fig.B),

a symmetry that should be captured by a credit allocation method
In practice, the situation is more complicated: authors; and a,
may publish some papers together and several with other coau-
thors on the topic of po. Hence, their credit share of the particular
work diverges with time, based on the impact of the body of work
they publish separately. Next we describe a method that can ac-
count for this collective credit allocation process.

Credit Allocation Algorithm. Consider a paper, with m coauthors
{a}(1 i m). Todetermine the credit share of each author, we
first identify all papers that cite po, forming a setD  {d1, da,. . .,
di}. Next we identify all cocited papersP  {po, P1,- - -.Pn}, rep-
resenting the complete set of papers cited by papers in the d&t
The relevance of each cocited papep; (0 j n) to the target
paper po is characterized by its cocitation strengtlg; betweenpg
and p;, defined as the number of timesp, and p; are cited to-
gether by the papers irD (29). For example, forp, in Fig. 2A, we
haves, = 1 because only one paperd;) cites po and p; together,
whereass, = 4 as four papers {,, d,, d3, and ds) cite py and p,
together. Cocitation strength captures the intuition that papers
by an author that are perceived to be very relevant to papgyn
should increase the authds perceived contribution topo. Note
that the target paperpy is also viewed as a cocited paper of itself
with cocitation strength equal to the citation count ofp,. Con-
sequently, for papers with high citation count, the credit share of
coauthors is less likely to be affected by other cocited papers.
Using the author list of the cocited papers, we next calculate
a credit allocation matrix A, whose elementA;; denotes the
amount of credit that author a gets from cocited paperp;

12326 | www.pnas.org/cgi/doi/10.1073/pnas.1401992111

(SI Appendix section S2.2 To develop a discipline-independent
method for credit allocation, we use a fractional credit alloca-
tion matrix that does not depend on the order of authors in the
author list. For example, papeip, assigns all credit to authom;
who is the sole author ofp;, whereaspy, assigns equal (half)
credit to authors a; and a, (Fig. 1A). The total credit ¢; of
author g is the weighted sum of its local credit obtained from
all cocited papers

X

6= Ajs; (1]

or in the matrix form

c=As [2]
The vector c provides the credit of all authors of target papepo.
By normalizing ¢, we obtain the fractional credit share among
coauthors (Fig. E).

We apply the proposed procedure to the two extreme cases of
Fig. 1. When authora, has only one paper on the topic ofy, the

Table 1. Credit share for five Nobel prize winning papers

Credit share

Awarding year/paper Authors WOS APS
2012/Phys Rev Lett77, 4887 (1996) M. Brune 0.204 0.209
E. Hagley 0.074 0.080
J. Dreyer 0.065 0.070
X. Maitre 0.068 0.074
A. Maali 0.073 0.077
C. Wunderlich 0.069 0.074
J. M. Raimond 0.212 0.206
S. Haroche™ 0.236 0.211
2012/Phys Rev Lett 76, 1796 (1996) D. M. Meekhof 0.160 0.149
C. Monroe 0.198 0.182
B. E. King 0.173 0.158
W. M. Itano 0.200 0.239
D. J. Wineland” 0.270 0.272
2010/Science 306, 666 (2004) K. S. Novoselov 0.244 NA
A. K. Geim” 0.253 NA
S. V. Morozov 0.111 NA
D. Jiang 0.102 NA
Y. Zhang 0.064 NA
S. V. Dubonos 0.075 NA
I. V. Grigorieva 0.075 NA
A. A. Firsov 0.075 NA
2007/Phys Rev Lett61, 2472 (1988) M. N. Baibich 0.094 0.093
J. M. Broto 0.090 0.090
A. Fert” 0.242 0.252
F. Nguyen Van Dau 0.093 0.093
F. Petroff 0.114 0.100
P. Etienne 0.089 0.093
G. Creuzet 0.097 0.093
A. Friederich 0.091 0.093
J. Chazelas 0.090 0.093
1997/Phys Rev Lett 55, 48 (1985) S. Chu 0.244 0.196
L. Hollberg 0.087 0.096
J. E. Bjorkholm 0.134 0.162
A. Cable 0.138 0.160
A. Ashkin 0.397 0.386

Credit share is computed according to Eq. 1 or Eq. 2 in the awarding year
of each paper, using the WOS and the APS datasets. Coauthors are shown
according to their positions in the author list. The maximum credit share is
highlighted in bold and the laureates are marked with asterisks. For papers
not contained in the dataset, we put NA for credit share.
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) Fig. 2. lllustrating the credit allocation process. (A) The
target paper po has two authors, a; and a,, colored in
red and green, respectively. We also show the citing
papers di (1 k 5) and the cocited papersp; (0 j 4)

Cocited | #f | | # | | #8% | | #iit HIRREI NIRRT that were cited by these citing papers together with po.
Papers = | =| =| = = = = = = (B) The po-centric cocitation network constructed from
_p1 _pQ _Ps _p4 —po _,31 _pz _p3 _;)4 A, where the weights of links denote the cocitation
strength s between the cocited papers and the target
C D E paper po. (C) The author lists of the target paper p, and
its cocited papers. (D) The credit allocation matrix A
obtained from the author lists of the cocited papers in C.
Po ti P P: P Ps P The matrix A provides for each cocited paper the
p, i 0 5% 0 5:) 0 52 0 32 0 0; i 6.0 0.6 authors’ share. For example, because p, has a; as one of
X | : ' . . =As= o its two authors but it lacks the author a5, it votes 0.5 for
P, P step2 A= | 050 050 0.00 033 0.00 |§ SP3 4.0 0.4 author a; and 0.0 for author a,. (E) With the matrix A
P3 [ and cocitation strength s, the credit share of the two
L. Credit Allocation Matrix Credit Share authors of py is computed according to Eq. 1 or Eq. 2

P4 tret with a normalization.

fact that the community citesp, together with other papers of
author a; indicates that they perceivgy a part of a larger body of
work by authora; (Fig. 14). Our method in this case obtaing =

(0.75, 0.25¥, hence allocating most credit to authoez;. When all

subsequent work are joint, it gives = (0.5, 0.5Y, i.e., credit is
equally shared betweem; and a, (Fig. 1B).

Validation. To validate our method, we apply it to Nobel prize-

winning publications, represating a case where the community
(and the Nobel committee) has decided where the main credit
goes. We therefore collected all Nobel prize-winning papers in
Physics (19952013), Chemistry (19982013), Medicine (2006

2013), and Economics (199%2013), since the Nobel committee
started offering a detailed explanation with references for the prize.
Table 1 shows the obtained credit share for five Nobel prize-win-

Finally, it is useful to understand potential reasons for the
method’s occasional failure. For example, for the two prize-
winning papers of the 2011 Physics Nobel, our method fails to
correctly identify the laureates, caused by the fact that one re-
searcher (Filippenko) coauthors both prize-winning papers but is
not the intellectual leader for either of them. Consequently, he
gets the top credit on both papers. The laureates get the highest
credit among the remaining coauthors; hence, if the anomaly is
removed, our method correctly identifies them. This case could
be corrected by incorporating contextual or exogenous in-
formation into the credit allocation matrix, like the order of the
authors, as we discuss below. Another fascinating anomaly is the
1997 Nobel prize in Physics (32): S. Chu was awarded the prize,
although A. Ashkin has the highest credit share according to our
method. Considered by many scientists the father of the field of

ning physics papers in the year before the Nobel prizes were optical tweezers (33), Ashkin published several high-impact

awarded, hence discounting the influence of the prize (sed Ap-
pendix, Table S5-S8for the complete set of results). We find that in

papers (34, 35) preceding the collaboration with Chu, developing
the technology that made the Nobel prize-winning discovery

APPLIED PHYSICAL

four of the five cases, the laureates have the largest credit share, nopossible. The prize-winning paper is repeatedly cocited with the
matter whether they are the first(2010) or the last authors (2012) preceding papers, explaining Ashkiis higher score. As we show
or occupy some intermediate posion in the author list (2007). For  below, credit to Chu is restored if we restrict the cocited pool to
example, as the third author of the prize-winning paper with nine papers published after the joint 1985 (Nobel-winning) paper,
coauthors (27), the 2007 Nobel laureate A. Fert gets nearly one removing the influence of the preceding work.

fourth of all credit, and the remaining credit is almost evenly dis-

tributed among the other coauthors. A particularly interesting case Credit Share Evolution. The proposed methodology also allows us to
is the 2010 prize-winning paper (30), where two of eight coauthors determine the temporal evolution of credit share between coau-
were awarded the Nobel prize, consistent with the predicted credit thors. To illustrate this, we exploe whether the Nobel prize affects
share. Indeed, the credit share of the laureates is almost equal, andthe credit share of Nobel laureates relative to their coauthors. Fig.
it is 2.5 times higher than the credit share of the third-ranked co- 44 shows the evolution of credit share for the 1997 Nobel prize-
author. Another interesting example, out of the validation sample, winning paper in Physics (32). We find that right after the publi-
is offered by the 1974 Nobel prize in Physics awarded to A. Hewish cation, Ashkin gets virtually all of the credit for the discovery, and
for the discovery of pulsars (31), with S. J. Bell as the second of five Chu’s credit share is tiny, given his lack of previous track record in

authors. Researchers in the anmunity occasionally refer to the
1974 Nobel prize as the“No-Bell” prize because many feel that
Bell should have shared it fittp://en.wikipedia.org/wiki/Antony
Hewish). Applying our method to the prize-winning paper, we
obtain ¢ = [0.250, 0.189, 036, 0.185, 0.180] assigning the largest
credit to the laureate, indicating that the committeés choice was
consistent with the perceived credit within the scientific commu-
nity. Fig. 3 shows the accuracy of our method at identifying the
laureates from the author list of all of the 63 multiauthor prize-
winning papers across three disciplines. We find that the authors
with top credit share correspond tolaureates in 51 papers (81%),
despite the diversity of positionghe laureates had in the author list.
Note that we did not count single-author papers, for which credit is
obvious. Counting those as well, accuracy increases to 86%.

Shen and Barabasi

this area (Fig. 44). However, with time his credit share increases,
whereas Ashkirs credit share decreases, partly because Ashkin
stopped publishing papers after 1986 and retired in 1992. The
method also helps us explore how the papers preceding the pub-
lication (i.e., previous reputation) of a prize-winning paper in-
fluence the credit allocation. Indeed, when we consider all cocited
papers, Ashkiris credit share is higher than the credit share of the
laureate Chu, given his work preceding the 1985 paper. However,
Chu gets higher credit share than Ashkin if we only consider the
cocited papers published after 1985 (Fig.4 Insef). This example
indicates that, although established scientists receive more credit
than their junior colleagues from their coauthored publications,
this situation can change if the junior colleague makes im-
portant independent contribution to the field.
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