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Examples include a now famous 1935 paper by
Einstein, Podolsky, and Rosen on quantum me-
chanics; a 1936paper byWenzel onwaterproofing
materials; and a 1958 paper by Rosenblatt on
artificial neural networks. The awakening of
slumbering papers may be fundamentally un-
predictable in part because science itself must
advance before the implications of the discovery
can unfold.
What discoveries are made is partly deter-

mined by who is working to make them and
how they were trained as scientists (10). These
characteristics of the scientific workforce are
driven by the doctoral programs of a small group
of prestigious institutions, which are shown by
data to train the majority of career researchers
(11). As a result of this dominance, the research
agendas and doctoral student demographics of
a small number of programs tend to drive the
scientific preferences and work-force composi-
tion of the entire ecosystem. Aside from the ro-
bust pattern that 85% of new faculty move from
their doctoral program down the hierarchy of pres-
tige among research institutions, faculty place-
ment remains remarkably unpredictable, so far.
Models that exploit the available data on early
career productivity, postdoctoral training, geog-
raphy, gender, and more make barely better pre-
dictions about ultimate placement than simply
knowing a person’s academic pedigree (12). Ac-
curate predictions in this setting may require
different, less-accessible data, or it may be that
placement outcomes are fundamentally unpre-
dictable because they depend on latent factors
that are unmeasurable.
Researchers have also investigated the predict-

ability of individual scientists’ performance and
achievements over the course of a career, as mea-

sured by their productivity and by citations to
their published works. Conventional wisdom
suggests that productivity—crudely, the num-
ber of papers published—tends to peak early in
a scientist’s career and is followed by a long and
gradual decline (13), perhaps as a result of in-
creased teaching or service duties, lower creativity,
etc. However, a recent analysis of over 40 years
of productivity data for more than 2300 com-
puter science faculty reveals an enormous varia-
bility in individual productivity profiles (14).
Typically, the most productive time for research
tends to be within the first 8 years of becoming
a principal investigator (Fig. 2), and the most
common year in which productivity peaks is just
before a researcher’s first promotion. At the same
time, for nearly half of all researchers, their most
productive year occurs later, and, for some, the
most productive year is their last.
Past work also suggests that the early-to-middle

years of a career are more likely to produce a sci-
entist’s “personal best”discovery, i.e., theirmost well-
cited result (15, 16). This pattern implies that the
timing of major discoveries is somewhat pre-
dictable. However, an analysis of publication his-
tories for more than 10,000 scientists shows that,
in fact, there is no correlation between the impact
of a discovery and its timing within a scientist’s
career (17). That is, when a scientist’s papers are
arranged in order from first to last, the likelihood
that their most highly cited discovery will be their
first paper is roughly the same as it being their
second, tenth, or even last paper (Fig. 3). The ob-
servation that young scientists tend to be the orig-
inators of most major discoveries is thus a natural
consequence of their typically higher productivity,
not necessarily a feature of enhanced ability early
in a career. By simple chance alone, the personal

best is more likely to occur in the more produc-
tive phases of a scientist’s career.
Although the relative timing of each scientist’s

own highest-impact paper may be impossible to
predict, predicting howmany citations that paper
will attract is a different matter (17, 18). Specif-
ically, citations to published papers vary across
scientists in a systematic and persistent way that
correlates with the visibility of a scientist’s body
of work but that is independent of the field of
study. This pattern allows us to predict the num-
ber of citations of a scientist’s personal best work.
The two results about the timing and magnitude
of a scientist’s personal best show that some as-
pects of the achievements of individual scientists
are remarkably unpredictable, whereas other as-
pects are more predictable.
Robust and field-independent patterns in pro-

ductivity and impact, alongwith evidence of biases
in the evaluation of research proposals, raise trou-
bling questions about our current approach to
funding most scientific research. For instance, ob-
servational and experimental studies demonstrate
that grant proposals led by female or nonwhite
investigators (19, 20) or focused on interdiscipli-
nary research (21) are less likely to receive funding.
Similarly, the concentration of themost productive
and impactful years within the first decade of a sci-
entific career seems to justify efforts to shift funding
from older to younger scientists. The NIH’s long-
running effort to support early-stage investigators
is a notable example, although it has had limited
success, as the number ofNIHawards to scientists
under 40 remains lower than its peak 30 years
ago (22). On the other hand, onemight argue that
young researchers tend to be more productive in
spite of imbalances in external funding. In these
cases, the science of science has identified an
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Who will publish the next breakthrough? Who will get grants? Who will get tenure?
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ABSTRACT 

 
 
The unprecedented availability of large scale datasets about human 
dynamics has advanced quantitatively our understanding of social 
collective phenomena. 
In this talk we study the collective phenomenon of success and present a 
series of findings from the analysis of large-scale dataset of careers in 
science and art. By using concepts of statistical physics, complex systems, 
network science, and data science, we will tackle these three questions:  
• How does impact evolve in a career?  
• How can we untangle luck from ability?  
• What is the role of social networks in achieving high impact? 
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