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The  peer-effects  literature  highlights  several  distinct  channels  through  which  colleagues  may  affect
individual  and  organizational  performance.  Building  on this,  we  examine  the  relative  contributions  of
different  channels  by decomposing  the  productivity  effect  of  a star’s  arrival  on  (1)  incumbents  and  (2)
new recruits.  Using  longitudinal,  university-level  data, we report  that  hiring  a star  does not  increase
overall  incumbent  productivity,  although  this  aggregate  effect  hides  offsetting  effects  on  related  (pos-
itive)  versus  unrelated  (negative)  colleagues.  However,  the  primary  impact  comes  from  an  increase  in
the average  quality  of subsequent  recruits,  an  effect  that is most  pronounced  at  non-highly-ranked  insti-
tutions.  We  discuss  the implications  of our  results  for  star-focused  strategies  to improve  organizational
performance.
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. Introduction

One of the most prominent and persistent features of the pro-

uction of scientific knowledge is the role of superstars. The highly
kewed distribution of output per individual is well documented.
lmost a century ago, Lotka (1926) observed that 6% of physicists
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E-mail addresses: ajay.agrawal@rotman.utoronto.ca (A. Agrawal),
ohn.mchale@nuigalway.ie (J. McHale), alex.oettl@scheller.gatech.edu (A. Oettl).
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048-7333/© 2017 Elsevier B.V. All rights reserved.
produced more than 50% of all papers. Since then, the relative
importance of scientists in the right tail of the output distribution
– stars – has endured (Rosen, 1981; Narin and Breitzman, 1995;
Ernst et al., 2000).

How do stars affect the productivity of their organization?
Although stars themselves have been carefully examined, their
effect on the organizations they join is less well studied. We  exam-
ine two  channels: incumbents and joiners. These channels are not
mutually exclusive. Stars may  increase the productivity of incum-
bents – scientists already present at the organization when the star
arrives – by raising the standards, collaborating, or by sharing their
knowledge, for instance. Stars may  also increase the productivity
of the average worker at their organization by enhancing the qual-
ity of subsequent recruits (“joiners”) due to their reputation. We
find evidence in support of both channels, but the effect on joiners
dominates the effect on incumbents.

We base our empirics on a sample of 140 evolutionary biol-
ogy departments that published 149,947 articles over the 29-year
period 1980–2008. We  employ a difference-in-differences esti-
mation, comparing the productivity of “treated” versus “control”

departments before versus after the arrival of a star, to estimate the
impact of a star hire on department productivity, where treatment
refers to the recruitment of a star.

dx.doi.org/10.1016/j.respol.2017.02.007
http://www.sciencedirect.com/science/journal/00487333
http://www.elsevier.com/locate/respol
http://crossmark.crossref.org/dialog/?doi=10.1016/j.respol.2017.02.007&domain=pdf
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randomly assigned college roommates, Sacerdote (2001) finds that
peers have an impact on grade point averages and decisions to join
social groups.2

1 An important question addressed in the literature is how the relationship with
the  arriving star mediates the impact on incumbents. Conceptualizing knowledge
development as a process of search and recombination, Grigoriou and Rothaermel
(2014) develop the idea of a “relational star.” They argue that a focus on individual
productivity presents an under-socialized view of inventor capacity, and instead
emphasize the importance of the star’s position in intraorganizational knowledge
networks. In this regard there is growing evidence that having a cadre of incumbents
with skills that complement an arriving star matters for the productivity enhancing
effect of the star’s arrival. In a study of security analysts, Groysberg et al. (2008) find
that  a star’s own  productivity drops significantly on arrival, but that this effect is
attenuated when they move to firms with better capabilities or when they move
together with prior team members. This suggests difficulties in effective match-
ing with new colleagues where incumbent capabilities are unrelated to the star.
In  a related study, Groysberg and Lee (2009) find that star security analysts who
join firms to initiate new activities (“exploration”) suffer long-run performance
declines while those who join to reinforce existing activities (“exploitation”) suf-
fer  only short-term declines. Kehoe and Tzabbar (2015) find that the positive effect
of  a star on incumbent productivity is greatest where the star has broad expertise
and  collaborates frequently. (See also Kehoe et al., 2016.) In a study of translational
research in medicine, Ali and Gittelman (2016) find evidence of a licensing penalty
for teams that comprise MDs  and PhDs, suggesting the challenges of combining
expertise that bridge different knowledge domains and thus the limited benefits of
star  arrivals for unrelated incumbents.

2 Collaboration is one mechanism through which star arrivals could affect incum-
bent  productivity, especially where the incumbent works in areas related to the star.
The benefit could be influenced by the “Matthew effect,” made famous by Merton
(1968) in a study of Nobel laureates. Azoulay et al. (2013) provide evidence that
status-conferring prizes lead to increased citations to prior work, especially where
there is uncertainty about the quality of the article. Such citation boosts will also
positively impact co-authors, even though there may  be a retrospective reallocation
of  credit when prizes are awarded. There is also direct evidence that collaboration
with stars can increase the probability of publication independent of the quality
of  the work. Simcoe and Waguespack (2011) exploit a natural experiment where
new submissions to the Internet Engineering Task Force were announced with the
first author followed by “et al.” The importance of status is identified by varia-
tion in whether a high-status name is obscured or not in the announcement of
the submission. They find name-based signals significantly affect publication rates
and  attention on electronic discussion boards, indicating a publication advantage
from collaboration with a star. Lu et al. (2013) provide intriguing evidence of the
citation implications of the Matthew effect in reverse–where an article has to be
retracted and blame attributed. They find that retractions impose little citation
penalty on the star, but non-star co-authors face substantial declines in citations
54 A. Agrawal et al. / Resea

We  report three main results. First, the arrival of a star is highly
orrelated with a subsequent increase in the productivity of the
roup. Specifically, we estimate that a department’s productiv-
ty (output per scientist) increases by 46% after the arrival of a
tar. Second, productivity gains are primarily due to an increase
n the quality of subsequent recruits who join after the arrival of
he star, as opposed to an increase in the productivity of incum-
ents who were already in the group prior to the star’s arrival.
he mean quality of joining scientists increases by more than 64%
fter the arrival of a star. Third, the “no net effect on incumbent”
esult obscures a subtler effect that stars do seem to enhance the
roductivity of incumbents who work in areas related to the star,
ut they also diminish the relative productivity of incumbents
ho work in areas unrelated to the star, perhaps due to crowd-

ng out resources that would have otherwise gone to the unrelated
reas.

We  interpret our results as causal – that the arrival of a star
cientist causes an increase in the subsequent productivity of
heir department – with caution. Stars may  move to departments
hat are on the rise (reverse causality). In addition, an omitted
ariable, such as a positive shock to department resources (e.g.,
hilanthropic gifts, sharp increases in government funding, the
onstruction of a new building), may  cause the department to
oth hire a star and increase its overall productivity in terms of

ncumbent productivity and the quality of subsequent recruits. Our
ifference-in-differences estimation method partially addresses
hese concerns by controlling for general productivity trends
time fixed effects) and department-specific attributes (depart-

ent fixed effects). However, a concern remains that time-specific
epartment-level shocks could lead to a misidentification of causal
ffects. Thus, we  conduct three additional tests; they all produce
esults consistent with a causal interpretation. Still, we  view the
ausal interpretation of our results with caution due to the possible
ndogeneity of the arrival of a star at a department.

This star-effect-on-recruiting finding is important because it has
 direct bearing on strategy and policy. From a strategy perspec-
ive, organizations with capacity for further hiring will enjoy higher
eturns from recruiting a star than will otherwise similar organiza-
ions. This would not be the case if the benefits were instead due
o enhancing incumbent productivity. In addition, from a policy
erspective, our findings, while not conclusive, are more consis-
ent with a zero-sum, splitting-the-pie interpretation rather than a
rowing-the-pie interpretation. Given the main effect of star arrival
s enhancing the quality of subsequent recruits rather than increas-
ng the productivity of incumbents, the focal department’s gain
omes at the expense of other departments’ loss. Our results do
ot offer an obvious case for intervention by the central planner
ith respect to allocating stars across organizations to optimize
elfare.

Overall, this paper offers three primary contributions to the
iterature. First, we introduce a theoretical model that generates
estable predictions for the implications of star arrivals on the pro-
uctivity of related versus unrelated incumbents and the quality of
elated versus unrelated joiners. Second, we link the literatures on
irect peer effects (e.g., via collaboration) and indirect peer effects
e.g., enhanced recruiting), and report that the latter dominates
he former, at least in our empirical setting. Finally, we report evi-
ence that collaboration may  be an important mechanism through
hich stars enhance incumbent productivity, although only for

hose working in related areas.
The paper proceeds as follows. We  review the related literature

n Section 2 and then present our theoretical framework in Sec-
ion 3. We  describe our data in Section 4 and our empirical strategy
n Section 5. We  report results in Section 6 and, in Section 7, provide

urther evidence that supports a causal interpretation. We  discuss
he implications of our findings in Section 8.
licy 46 (2017) 853–867

2. Related literature

Evidence is mixed concerning the effect of stars on peer pro-
ductivity. Using unexpected star scientist deaths as an exogenous
source of variation in peer groups, Azoulay et al. (2010) find a lasting
impact on the quality-adjusted publication output of co-authors.
Also using star deaths as an exogenous source of variation, Oettl
(2012) finds evidence that co-authors of highly helpful scientists
that pass away experience a decrease in the quality but not the
quantity of output. In contrast, Waldinger (2012), who uses the
natural experiment of the dismissal of distinguished scientists in
Nazi Germany to measure the effect on colleagues left behind, does
not find evidence of adverse effects on former peers within the dis-
missed scientists’ department. One explanation for the difference
in these findings may  be that the Waldinger study is based on data
from an earlier period and the role of teams in the production of sci-
ence has become significantly more important (Wuchty et al., 2007;
Jones, 2009; Conti and Liu, 2015; Bercovitz and Feldman, 2011).1

Evidence of peer effects has also been found in other domains.
In the context of a retail firm, Mas  and Moretti (2009) find evi-
dence of productivity spillovers when a high productivity worker
arrives, but the benefit is limited to those who see the star in their
daily work and is stronger when there are more frequent inter-
actions with the new arrival. Using data on the performance of
to  prior work. Hohberger (2016) examines the effects of a star on non-star inven-
tors  in biotechnology. He finds that having a star directly involved in building on
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A second potential effect of a star’s arrival is that it can help
o attract more talented colleagues. This “recruitment external-
ty” could be due to productivity, reputational, or consumption
pillovers from being co-located with the star. Although Waldinger
2012) finds no evidence of negative productivity effects on incum-
ents left behind when star scientists were dismissed in Nazi
ermany, in a subsequent study Waldinger (2016) finds that the
ismissal of stars caused large reductions in departmental output
ue to the impact on the recruitment of other successful scien-
ists. In a study of economics departments, Kim et al. (2009) find
hat although the productivity dividend from co-location with tal-
nted colleagues has fallen over time (possibly due to the effects
f new communication technologies), there is still a strong ten-
ency for the most productive researchers to agglomerate at the top
epartments. This suggests significant reputational spillovers from
o-location with highly productive peers independent of direct pro-
uctivity benefits. In the context of firms undergoing IPOs, Higgins
t al. (2011) find that the affiliation of a Nobel laureate provides a
ignal of quality, with the effect being more pronounced the worse
he alternative measures of firm quality that are available. This
gain suggests the importance of inferences of quality by associ-
tion and the reputational benefits of joining firms or departments
here stars are present.

Overall, the literature on peer effects suggests star colleagues
ay  significantly enhance the productivity of incumbent peers,

lthough the effects are sensitive to the nature of the rela-
ionship with the star. Moreover, the presence of a star may
ttract talented recruits. These latter effects may  be present even
f the direct productivity benefits from co-location are limited.

 core contribution of this paper is to quantify the relative
mportance of star arrivals for related versus unrelated incum-
ent productivity and subsequent related versus unrelated joiner
uality.

. Theoretical framework

To better delineate the channels through which a star arrival
ould affect departmental performance, we draw on the existing
iterature to motivate a simple model that allows for differen-
ial effects of star arrivals on incumbent productivity depending
n their relationship to the star. The model also allows for the
rrival to affect the composition of subsequent recruitment and
n particular to bias it towards recruitment of related joiners.
his creates an indirect channel through which unrelated incum-
ents can be harmed by the star’s arrival even where that arrival

mproves the pool of unrelated potential recruits that are attracted
o the department. The model generates testable predictions for the
mplications of star arrivals on the productivity of related versus
nrelated incumbents and the quality of related versus unrelated

oiners.

.1. Direct productivity effects on incumbents

We  begin with the direct effect of a star hire on the productiv-

ty of incumbents, ignoring initially any potential impacts through

 changed composition of subsequent hires. We  assume there are
wo types of scientists: type-1 and type-2. Type-1 scientists work
n topic 1, and type-2 scientists work on topic 2. We  further assume

revious star inventions is positively related to invention performance. However,
tars are not found to be better than non-stars in building on earlier star inventions,
nd having stars focused on building on their own previous inventions can adversely
ffect their subsequent productivity. This suggests that non-stars could benefit from
pportunities to build on the work of co-located stars even if there is limited actual
ollaboration as stars move on to new areas of research.
licy 46 (2017) 853–867 855

that the star is of type-1, so that type-1 incumbents are “related”
and type-2 incumbents are “unrelated” to the star. Individual sci-
entist productivity is measured by the flow of citation-weighted
publications. For a given scientist of type-1, productivity is given
by a Romer-style research production function:

P1� = �1iA
�11
1 A�12

2 , (1)

where �1i is an individual productivity parameter for scientist i,
A1 is the total citation-weighted local knowledge stock of type-1
scientists, A2 is the total citation-weighted local knowledge stock
of type-2 scientists, and �11 and �12 are elasticities of individual
productivity with respect to the local knowledge stocks of type-
1 and type-2 scientists, respectively. Although the most obvious
productivity channel is through local knowledge spillovers, we
remain agnostic on the local knowledge-stock effect. In addition
to knowledge spillovers, an increased local knowledge stock could
affect incumbents through such channels as mentoring, access
to funding or broader access to external networks. We  assume
�11 > �12, so that the knowledge spillover effect is greater within
than across types. A similar productivity equation applies to type-2
scientists:

P2� = �2iA
�21
1 A�22

2 , (2)

where �22 > �21.
How does the hiring of a star type-1 scientist directly affect the

productivity of the two scientist types? We  assume that the knowl-
edge stock of the star is sA1, where s is the star’s knowledge stock
as a share of the initial type-1 knowledge stock at the institution.
Focusing first on type-1 scientists, the marginal productivity ben-
efit of a one unit increase in the local knowledge stock of type-1
scientists is:

∂P1�

∂A1
= �11�1iA

�11−1
1 A�12

2 . (3)

The total impact on the productivity of type-1 scientists is then
given by the linear approximation:

�P1� ≈ ∂P1�

∂A1
�A1 = ∂P1�

∂A1
sA1. (4)

Using (1) and (3), we can write the proportional effect on type-1
productivity as:

�P1�

P1�
≈ s�11. (5)

Similarly, we can write the proportional effect on type-2 scien-
tists as:

�P2�

P2�
≈ s�21. (6)

Thus, the direct productivity effect will be larger for type-1 sci-
entists and also larger for institutions where the star represents a
larger share of the initial type-1 knowledge stock (i.e., a large s).
Assuming this share tends to rise with the rank of the institution,
the direct proportional productivity effect of the hiring of a star will
be larger at lower-ranked institutions.

3.2. Indirect productivity effects on incumbents through
subsequent hiring

In addition to these direct effects, the productivity of incum-
bents also will be affected by any impacts of the hiring of the star on

subsequent recruitment. We  therefore allow for the possibility of
“recruitment externalities” in addition to the “knowledge spillover
externalities” discussed above. We  assume the department has a
fixed number of hiring slots, H (not including the star). The hiring



856 A. Agrawal et al. / Research Policy 46 (2017) 853–867

o
s

s
t
h
o

�

i

p
p

i

w

c
s
i
a
d
r
p
f
s

A

w
r
r
t
(
f
r
o
t
s
r

Fig. 1. Impact of a type-1 star hire on subsequent recruitment.

f a star may  change the composition of the applicant pool for these
lots and thus the composition of the hires.

Letting �HAH1 be the change in the knowledge stock of type-1
cientists who are hired due the hiring of the type-1 star and �HAH2
he change in the knowledge stock of type-2 scientists who are
ired due to the type-1 star, the indirect effect on the productivity
f type-1 scientists through the hiring channel is:

HP1� ≈ ∂P1�

∂A1
�HAH1 + ∂P1�

∂A2
�HAH2. (7)

This in turn can be rewritten in terms of the proportional change
n the productivity of type-1 scientists as:

�HP1�

P1�
≈

(
�11

A1

)
�HAH1 +

(
�12

A2

)
�HAH2. (8)

For type-1 incumbents, we further assume that the marginal
roduct of type-1 knowledge stock is greater than the marginal
roduct of type-2 knowledge stock, that is, �11

A1
> �12

A2
.

Similarly, the proportional indirect effect for type-2 scientists
s:

�HP2�

P2�
≈

(
�21

A1

)
�HAH1 +

(
�22

A2

)
�HAH2, (9)

here it is assumed that �22
A2

> �21
A1

.
We next consider how the hiring of the type-1 star affects the

omposition of hiring. We  assume the institution hires the best
cientists from the applicant pool for its open positions, where qual-
ty is measured by the citation-weighted knowledge stocks of the
pplicants. To solve for the optimal composition of hiring, we intro-
uce the idea of a recruitment function. For type-1 scientists, the
ecruitment function gives the quality of the applicant in the jth
osition in the quality ranking, where the applicants are ranked
rom best to worst. Letting H1 represent the number of type-1
cientists hired, the quality of the marginal hire is given by:

j1 = �11(1 + s)A1 + �12A2 − ˇ1H1, (10)

here the parameter ˇ1 measures how the quality of the marginal
ecruit falls with additional hires. In Fig. 1, we graph from left to
ight the relationship between the quality of the marginal hire and
he number of hires. Critically, the quality of the existing scientists
including the star scientist) is a shift factor for the recruitment
unction. An increase in the quality of incumbents will shift the
ecruitment curve upwards in Fig. 1. Thus, the initial recruitment

f the star scientist can support the hiring of better quality scien-
ists for the additional available positions through a recruitment
pillover. Note that we allow for the possibility that potential
ecruits are attracted by the quality of existing scientists of the other
Fig. 2. Decomposition of the impact on subsequent hiring-related knowledge
stocks.

type, though we assume �11 > �12. A similar recruitment function
applies for type-2 hires:

Aj2 = �21(1 + s)A1 + �22A2 − ˇ2H2, (11)

where ˇ2 measures the rate of decline in the quality of the marginal
type-2 recruit and �22 > �21.

Assuming the institution seeks to maximize the total quality of
recruits, the marginal quality of recruits will be equalized at the
optimal composition of hires. The initial optimal composition is at
point 1 in Fig. 2. Imposing the condition H1 + H2 = H, the optimal
number of type-1 hires is given by:

H1 =
(

�11 − �21

ˇ1 + ˇ2

)
(1 + s)A1 +

(
�12 − �22

ˇ1 + ˇ2

)
A2 +

(
ˇ2

ˇ1 + ˇ2

)
H.

(12)

We  next identify the change in the number of type-1 hires that
results from the hiring of the star. From (12), this change is given
by:

�HH1 =
(

�11 − �21

ˇ1 + ˇ2

)
sA1. (13)

The change in type-1 hires will be positive, provided that
�11 > �21. This will be the case if a given improvement in the quality
of type-1 scientists has a greater positive impact on the recruitment
of type-1 scientists than type-2 scientists. We assume this condition
holds.

Given the assumption of a fixed number of hiring slots, any
increase in the hiring of type-1 scientists must be matched by an
equal reduction in the hiring of type-2 scientists:

�HH2 = −
(

�11 − �21

ˇ1 + ˇ2

)
sA1. (14)

Thus, the hiring of the type-1 star will also shift the composition
of subsequent hires towards type-1. In terms of Fig. 1, the hiring of
the star shifts the department from point 1 to point 2.

The indirect effects of the hiring of the star on both type-1 and
type-2 incumbents can be conveniently examined using Fig. 2. The
induced change in the type-1 knowledge stock through higher qual-
ity subsequent hires is given by the area X + Z. The induced change
in the type-2 knowledge stock is given by the area Y − Z. Thus, area
Z represents a shift from type-2 to type-1 knowledge stocks due to
the induced change in the composition of hiring in favor of type-1
scientists.
Both types of incumbents gain as a result of the increase in the
knowledge stocks represented by areas X and Y in Fig. 2. For type-1
incumbents, given we have assumed that the marginal product of
the type-1 knowledge stock is greater than the marginal product
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once by these 15,526 society journal articles. We  call this set the
corpus of influence since all of these referenced articles have had
some impact on an evolutionary biology article. These 149,946
A. Agrawal et al. / Resea

f the type-2 knowledge stock, it follows that type-1 incumbents
ain from the shift in the composition of hiring; that is, they
ain from the transfer of area Z. However, given that the oppo-
ite marginal product ranking is assumed for type-2 incumbents,
hey lose from the transfer of area Z. Thus, the indirect productiv-
ty effect from induced changes to subsequent hiring is positive for
ype-1 incumbents, thereby reinforcing the positive direct produc-
ivity effect from the star. However, both the indirect effect and the
otal effect are ambiguous for type-2 incumbents. Notwithstanding
he improvement in the pool of applicants of both scientist types
nd the positive direct productivity effect of the star, type-2 incum-
ents still therefore could suffer an overall loss in productivity if the

nduced change in hiring towards type-1 scientists is large enough.
More formally, utilizing Fig. 2 and Eq. (8), the proportional indi-

ect effect from the changed composition of subsequent hiring on
ype-1 incumbents is given by:

�HP1�

P1�
≈

(
�11

A1

)
(X + Z) +

(
�12

A2

)
(Y − Z)

=
(

�11

A1

)
X +

(
�12

A2

)
Y +

(
�11

A1
− �12

A2

)
Z > 0. (8′)

For type-2 incumbents, the proportional indirect effect is:

�HP2�

P2�
≈

(
�21

A1

)
(X + Z) +

(
�22

A2

)
(Y − Z)

=
(

�21

A1

)
X +

(
�22

A2

)
Y +

(
�21

A1
− �22

A2

)
Z. (9′)

Since the last term in (9′) is negative (i.e., the marginal product of
ype-1 knowledge stock is assumed to be lower than the marginal
roduct of type-2 knowledge stock for type-2 incumbents), the

ndirect effect on type-2 incumbents is ambiguous.

.3. Impact of hiring a star on the average quality of subsequent
ires

We  finally examine the impact of hiring a star on the average
uality of subsequent hires. To determine the impact on average
uality, we first note that the total quality of type-1 hires (measured
y total citation-weighted publications) is given by:

H1 =
∫ H1

0

Aj1dj1  = �11(1 + s)A1H1 + �12A2H1 − ˇ1

2
H2

1 . (15)

Note that s is equal to zero in the case where no star is hired.
The average quality of type-1 hires is then given by:

AH1

H1
= �11(1 + s)A1 + �12A2 − ˇ1

2
H1. (16)

Using (13), the change in the average quality of type-1 hires due
o the hiring of the star is then:

H

(
AH1

H1

)
=

(
�11 − ˇ1

2

(
�11 − �21

ˇ1 + ˇ2

))
sA1

=
(

(�11 + �21)ˇ1 + 2�11ˇ2

2(ˇ1 + ˇ2)

)
sA1 > 0. (17)

Thus, the average quality of type-1 hires increases as a result of

iring the type-1 star. This result also can be seen intuitively using
ig. 1. The average quality of type-1 hires must increase given the
pward shift in the recruitment function and recognizing that the
uality of the marginal type-1 hire has increased as well.
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The average quality of type-2 hires also increases as a result of
hiring the type-1 star:

�H

(
AH2

H2

)
=

(
�21 − ˇ2

2

(
�11 − �21

ˇ1 + ˇ2

))
sA1

=
(

(�11 + �21)ˇ2 + 2�21ˇ1

2(ˇ1 + ˇ2)

)
sA1 > 0. (18)

This increase in average quality is the result of both an upward
shift in the recruitment function for type-2 scientists and also a
move up along the curve due to the reduced hiring (and con-
sequently more selective recruitment) of these scientists, which
increases the quality of the marginal type-2 hire (see Fig. 1).

3.4. Summary of testable propositions

The model yields a number of testable propositions:

• A type-1 star hire will increase the productivity of type-1 incum-
bents. This is the result of a positive direct productivity effect
from the star and a positive indirect effect through a star-related
reputation effect on hiring.

• A type-1 star hire has an ambiguous effect on the productivity
of type-2 incumbents. This is the result of a positive productivity
direct effect and an ambiguous indirect productivity effect.

• Hiring a type-1 star will increase the average quality of type-1
and type-2 hires relative to the no-star-hire baseline.

• The productivity effects will be larger at lower-ranked institu-
tions; that is, the productivity effects are increasing in s, the star’s
citation weighted knowledge stock expressed as a share of the
initial type-1 knowledge stock.

4. Empirical setting and data

Evolutionary biology has a long history as a subject in studies
of the organization of science (see, for example, the classic work
of Hull, 1988). For our empirical purposes, this subfield of biology
also has the desirable feature that it is well defined by a particular
set of journals that we  describe below.

4.1. Defining evolutionary biology

We use bibliometric data from the ISI Web  of Science to calcu-
late output at the department level and to identify the locations of
evolutionary biologists.3 First, we collect data on all articles pub-
lished in the four main society journals of evolutionary biology:
Evolution, Systematic Biology, Molecular Biology and Evolution, and
Journal of Evolutionary Biology. These are the primary journals of the
Society for the Study of Evolution, Society for Systematic Biology,
Society for Molecular Biology and Evolution, and European Soci-
ety of Evolutionary Biology, respectively. We  focus on these four
society journals since every article published in each of these jour-
nals concerns evolutionary biology and is relevant to evolutionary
biologists. This yields 15,256 articles.

Next, we collect all 149,947 articles that are referenced at least
3 We use the term “department” to refer to the invisible college of scholars work-
ing in the area of evolutionary biology at a particular institution. The individuals
we attribute to the evolutionary biology department at a particular institution may
actually belong to other departments at that institution, such as chemistry, physics,
statistics, or computer science.
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erve as the basis of evolutionary biology knowledge for the pur-
oses of our study.

Finally, we weight this corpus of influence by how many times
ach article has been cited by an article published in the set of
5,256 evolutionary biology society journal articles within five
ears of publication. There are 501,952 references from the 15,256
ociety journal articles to the 149,946 corpus of influence articles.

e use the 501,952 references to construct our citation-weighted
ublication measure.

The key benefit of this approach, as opposed to simply using the
SI Journal Citation reports field definitions, is that it allows us to
nclude general journals that evolutionary biologists are likely to
ublish in, such as Science,  Nature,  and Cell among others.

.2. Identifying authors

Next, we attribute the 149,946 articles in the corpus of influence
o individual authors. One problem with the ISI Web  of Science data
s that until recently it listed only the first initial, a middle initial
if present), and the last name for each author. Since our empirical
bjective is to trace the movement of evolutionary biologists across
epartments, it is first necessary to disambiguate authors (that is, to
istinguish J Smith from JA Smith). We  rely on heuristics developed
y Tang and Walsh (2010) to disambiguate between authors who
hare the same name. The heuristic considers backward citations of
wo focal papers. If two papers reference similar papers (weighted
y how many times the paper has been cited, i.e., how obscure or
opular it is), then the likelihood that the papers belong to the same
uthor increases and we link the two papers to the same author.
e repeat this process for all papers with authors who  have the

ame first initial and last name. We  exclude scientists who do not
ave more than two publications linked to their name. Our results
re similar when we choose a different cutoff point, such as only
hose who publish four or more papers.4

.3. Identifying scientist locations

We  generate unique author identifiers for each evolutionary
iology paper and then attribute each scientist to a particular insti-
ution for every year they are active. A scientist is active from the

ear they publish their first paper to the year they publish their
ast paper. Here again, we  must overcome a data deficiency inher-
nt within the ISI Web  of Science data. Until recently, the Web  of

4 Tang and Walsh (2010) demonstrate that this disambiguation method works
uite well. Still, it is subject to error. Type 1 errors arise when the algorithm erro-
eously classifies different scientists with similar common names as being the same
erson. In this scenario, we bias the scientist’s output upward. Type 2 errors occur
hen an individual has two  (or more) very distinct research programs with no over-

ap  in citations made. In this case, we may  incorrectly identify a single scientist as
wo or more separate scientists. If so, then we undercount the scientist’s output and
ias our productivity estimate downward. Both error types result in measurement
rror and thus attenuation bias resulting in a downward bias of our estimates. Type

 errors (incorrectly aggregating multiple scientists into one) will result in a higher
robability of classifying a non-star as a star. To the extent that the arrival of a non-
tar has less effect on departmental productivity than the arrival of a real star, our
stimates will be biased downwards due to Type 1 errors. To the extent that Type 2
rrors (incorrectly attributing a single scientist’s output to several scientists) result
n  a lower likelihood that we correctly classify a star scientist as a star, our esti-

ates will again be biased downwards (the premium associated with a star’s arrival
s  reduced because the true star is now part of the control). We  collect the CVs for

 random sample of 10 scientists from our data set. As expected, our method that
ocuses on evolutionary biology peer-reviewed publications only captures a frac-
ion  of each scientist’s total scientific output across all fields and manuscript types
including books, literature reviews, popular press articles, etc.). When we compare
he number of evolutionary biology publications per scientist generated from our
isambiguation algorithm to the total number of publications listed on their CVs
e  find a correlation of 0.901 across these scientists. The disambiguation method

eems to work reasonably consistently across different individuals.
licy 46 (2017) 853–867

Science did not link institutions listed on an article to the authors.
Instead, we  find instances where the ISI defined “reprint” field (akin
to the corresponding author) which provides a one-to-one map-
ping between a single author and that author’s affiliation/address.5

In addition, we take advantage of the fact that almost 57% of
evolutionary biology papers are produced with only a single insti-
tution listing. As such, we  use single-institution papers to produce a
many-to-one mapping of multiple authors to the same institution
in a given year. So, we  generate an unbalanced panel of author-
year observations where we  know with high certainty where the
authors were and then extrapolate the missing years. This method
of location attribution is more effective for evolutionary biology
than for many other science disciplines because the field is charac-
terized by smaller teams (3.1 authors per paper on average).

We  identify when scientists move locations by changes in the
affiliation address listed on their publications.6 The publication
cycle in biology is relatively short, which is helpful for pinning down
the year of the move. In our sample, evolutionary biologists pub-
lish 1.49 articles per year on average over their publishing careers.
This includes stars as well as non-stars. Star scientists publish 2.35
articles per year on average.7

4.4. Unit of analysis

Our unit of analysis is the department-year. We define a “depart-
ment” as the set of scientists at a given university working on
evolutionary biology subjects as defined above. We  include all uni-
versities in the United States and Canada that had at least one
evolutionary biologist present in 1980 and in 2008. This criterion
ensures that we are not simply counting new university entrants.
Furthermore, this ensures that for any given year, a department
is at risk of hiring a star. One-hundred-forty departments fit this
criterion. As such, the sample contains 4,060 department-year
observations.

4.5. Dependent variables

We  use three key dependent variables: (1) Outputit: the sum
of the citation-weighted papers published by scientists present at
department i in year t; (2) Incumbentoutputit

#Incumbentsit
: the ratio between the

count of the Citation-Weighted Publications in year t by all scien-
tists at department i who were present the year prior to the star’s
arrival and the number of scientists who were present the year prior
to the star’s arrival and who  are present at department i in year t;
and (3) Joinerqualityit: the mean citation-weighted stock of papers
published up until year t − 1 of all scientists who join department i

in year t. All citation measures used in this paper are constructed by
counting citations received from the four evolutionary biology soci-
ety journals listed in Section 4.1 that are made within five years of

5 We identify institutions from the affiliation data listed in Web  of Science, thus
an  affiliation such as Univ Texas, Dept Microbiol, Austin, TX 78712 would
simply be cleaned to Univ Texas.

6 We deal with the possible issue of dual affiliations by looking at the set of insti-
tutions that a scientist is affiliated with in a given year and if there is no overlap
with the set of institutions the scientists was at the previous then we  count this as
a  move.

7 The publication cycle (submitted → accepted → published) is much shorter in
biology than in management and economics. We  interviewed scientists in evolu-
tionary biology who estimate the average publication cycle to be between 6 and 12
months. This is in line with the findings reported by Björk and Solomon (2013) in
their study “The publishing delay in scholarly peer-reviewed journals” where they
estimate the mean number of months (received to published) as 8.91 (standard
deviation 7.30) for chemistry and 9.47 (standard deviation 5.18) for biomedicine,
compared to a mean of 17.70 for management and economics (standard deviation
7.52). They do not report results for biology. Chemistry and biomedicine are the two
fields closest to biology (natural science).
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he focal paper’s publication.8 In the majority of our specifications,
e exclude the publications of the arriving star.9

We  estimate the effect of star arrival on each of our depend-
nt variables based on the scientists that are present in a given
ear. Thus, we handle the entry and exit of incumbents and joiners
y adjusting their inclusion in the aggregate counts of output and
umber of scientists at the institution.

.6. Independent variables

Our key independent variable is Starit−1, which equals 1 if the
ear is greater than or equal to the year a star scientist joins depart-
ent i and 0 otherwise. We  define a star in evolutionary biology as

 scientist whose stock of citation weighted papers published up
ntil year t − 1 is above the 90th percentile.10 Thus, our definition
f “stardom” is a time-varying characteristic.11

To ensure we observe adequate pre-treatment observations, we
nly examine the arrival of stars starting in 1985. Furthermore, we
nly examine the impact of the first arrival of a star. We  provide

 histogram of the variation in year of first star arrival in Fig. B.1.
s the figure illustrates, the timing of first star arrival varies sig-
ificantly across institutions, with approximately two thirds of the
niversities that recruit a star doing so during the first 10 years
1985–1995) and the remainder doing so in the second 10 years
1995–2005). 12

.7. Descriptive statistics

We  provide summary statistics of our dataset in Table B.1.
he average department in our sample produces just over 101
itation-weighted publications per year. On average, stars are

pproximately six times more productive than non-stars. Stars pro-
uce 15.3 citations-weighted publications per year compared to
.4 by non-stars (15.3/2.4 = 6.4). The average department has just

8 We do this in order to avoid any types of bandwagon or article-level Matthew
ffects, wherein highly-cited articles continue to attract citations. Recent work
Wang et al., 2013) provides some evidence that the number of citations a paper
eceives in its first five years is a strong predictor for the number of citations an
rticle will receive over its lifetime. So while truncating the citation window avoids
otential large outliers it does not reduce the likelihood of identifying important
ork.
9 We do not, however, exclude the output of work co-authored with the star

s  this would erroneously diminish the aggregate output of those incumbents or
oiners. Since each scientist has a fixed amount of time, removing co-authored work
which carries with it some opportunity cost) would give the impression that these
ncumbents or joiners were less productive after the arrival of the star scientists. It
hould be noted, however, that our results are robust to utilizing fractional citation
ounts as an alternate construction of our dependent variables whereby the citations
hat an author receive on a paper is proportionate to the number of authors on the
aper.
10 Our results are qualitatively unchanged when stars are defined as being above
he 95th percentile.
11 Alternatively, one might define a star as a time invariant characteristic (high
nnate ability). Relative to this definition, our definition is more likely to classify
ndividuals that are more established and with a greater reputation as stars. Thus,
ur estimates of the star effect will likely be more influenced by reputational effects
elative to knowledge flow effects than if we  employed an innate ability definition.
ur estimated effect on incumbents relative to new recruits may be higher if we
sed a time-invariant characteristic to classify stars instead. However, although our
lassification of stars likely favors older versus younger stars compared to the innate
bility approach, it is not obvious that this will affect the empirical results as we
o not find a significant difference when we compare the effect of young versus
ld  stars, measured by above versus below the median publishing age. In addition,
e  also generate estimates for an alternate definition of a star that is “ever a star”

ever previously in the 90th percentile or above) which is in contrast to our primary
efinition “currently a star.” The results are qualitatively similar for both definitions
f  a star.
12 We do not count the transition of scientists from non-star to star status as a star
rrival event. We only count individuals who are currently classified as a star at the
ime they move to a new institution as a “star mobility event.”
licy 46 (2017) 853–867 859

over 26 scientists in a given year, just less than half of which are
incumbents (scientists present prior to the arrival of a star).

5. Empirical strategy

We examine the relationship between the arrival of a star sci-
entist and the subsequent output of the department. The main
empirical model we estimate is:

E[Yit] = exp(˛Starit−1 + X ′
it  ̌ + ıt + �i), (19)

where Yit is one of our three dependent variables. We  remove the
arriving star’s contributions to Yit in most specifications.

Of the 140 departments, 106 receive a star. The departments
that do not receive a star act as control departments, allowing us
to perform a difference-in-differences type estimation. The tradi-
tional post-treatment and treated cross-sectional unit coefficients
are subsumed by the time dummies (ıt) and department fixed
effects (�i), respectively. All identification of  ̨ arises from the
staggered arrival of stars at the 106 departments (Fig. B.1) that
receive a star due to the inclusion of time and department fixed
effects.13 Xit refers to a vector of control variables including a con-
trol for the number of scientists present at department i in year t.
Since the dependent variable is a count variable, we  estimate our
key specification using poisson quasi maximum-likelihood meth-
ods and adopt “Wooldridge” robust standard errors clustered at
the department-level, which allows for arbitrary serial correlation
(Wooldridge, 1999).

We also estimate our main specification with a full set of leading
and lagging indicators of the star arrival variable in the following
form:

E[Yit] = exp(˛−10Starit−10 + ˛−9Starit−9 + · · · + ˛−2Starit−2

+ ˛0Starit + · · · + ˛8Starit+8 + X ′
it  ̌ + ıt + �i). (20)

The leading indicators help discern the extent to which reverse-
causality influences our coefficients (i.e., whether changes in
department output influence the likelihood of recruiting a star). The
leading indicators also help to identify whether omitted changes in
department resources precede the recruitment of a star. Finally,
lagged indicators allow us to explore temporal dynamics, in partic-
ular the duration of the star effect.

6. Results

6.1. Department output increases after the arrival of a star

We begin by examining the relationship between the arrival
of a star and the productivity of the department. The estimated
coefficient on Star (Table 1, Column 1) implies that, on average,
after a star arrives, department-level output increases by 66.5% per
year (e0.510 − 1 =0.665). This is not surprising since the department
now has a star who, by definition, is prolific. Column 2 includes a
control for the number of scientists present in the department in the
focal year as a star’s arrival may  coincide with an overall expansion
of the department. The star’s arrival is still associated with a 46.7%

increase in department-level output.

Of greater interest is department-level productivity without the
star’s contribution. The estimated coefficient on Star in Column 3
indicates that a department’s productivity (output per scientist)

13 While the control departments do not directly contribute to the estimation of
˛,  they do aid in identifying  ̌ and ı, which may be correlated with  ̨ and thus
influence the precision by which  ̨ is estimated. Estimating Eq. (19) with only treated
departments yields results that are both economically and statistically similar.
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Table 1
Main results.

Dependent variable (1) (2) (3) (4) (5)
Output Output Output w/o star Incumbentoutput

#Incumbents
Joiner quality

Start−1 0.510** 0.383** 0.377** −0.059 0.494**

(0.097) (0.093) (0.094) (0.109) (0.175)
ln  scientists 1.160** 1.164**

(0.143) (0.150)
Department fixed effects

√ √ √ √ √
Year  fixed effects

√ √ √ √ √

Observations 3920 3920 3920 2968 2170
Number of departments 140 140 140 106 136
Log-likelihood −88675 −77083 −75075 −6165 −55054

Pre-star mean of dependent variable 47.59 47.59 47.59 2.02 7.79
Effect size of Start−1 on dependent variable† 31.66 22.21 21.79 −0.12 4.98

Notes: This table reports coefficients for three Poisson quasi-maximum likelihood (QML) regressions. Observations are at the departmenti-yeart level. Output refers to Citation-
Weighted Publications. Column 2 removes the Output of the arriving star. Incumbentoutput

#Incumbents
is the ratio between the count of the Citation-Weighted Publication of all scientists

at  department i who  are present the year prior to the star’s arrival and the number of incumbent scientists (who are present the year prior to the star’s arrival) who  are
present at department i in year t. The independent variable Star is a value of 1 if the year is greater than or equal to the year of the star’s arrival and 0 otherwise. The control
variable,  ln scientists, is the natural logarithm of the count of the number of scientists present at department i in year t. Robust standard errors clustered at the department
are  in parentheses.

† Effect size is calculated as (exp( ˆ̌ )  − 1) × x̄, where ˆ̌ is the estimated coefficient of Start−1 and x̄ is the mean of the dependent variable before the star’s arrival.
+  p < 0.10.
* p < 0.05.

** p < 0.01.

Fig. 3. Department output excluding star.
Notes: This figure plots point estimates from the specification in Eq. (20). The
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Fig. 4. Department output – incumbents only. Notes: This figure plots point esti-
mates from the specification in Eq. (20). The dependent variable is the incumbent
output of department i in year t. We define incumbents as scientists who are present
ependent variable is the output of department i in year t. The omitted category

s  one year prior to the star’s arrival. The vertical bars correspond to 95% confidence
ntervals with department-clustered standard errors.

ncreases by 45.8%, on average, after the arrival of a star. This esti-
ate is both economically and statistically significant (1% level).

his 45.8% increase corresponds to an approximate increase of just
nder 22 citation-weighted publications per year.

We  present the results from Column 3 in graphical form in
ig. 3 by estimating Eq. (20). Department-level output remains
easonably constant in the years leading up to recruiting the star.
pecifically, output in years t−10 to t−2 is statistically indistinguish-
ble from output in the year prior to the star’s arrival (t−1), the
mitted category. The bars correspond to 95% confidence intervals.
utput increases sharply the year of the star’s arrival relative to t−1.
hus, we find no evidence of a pre-trend. In other words, stars do
ot appear to be moving in order to join departments “on the rise.”
e only observe an increase in post-arrival output two years after
he star’s arrival. This delay may  be driven by new recruits who may
e more likely to join due to the presence of the star. The increase

n output relative to t−1 persists for the full period for which we
ave data (up to t+8).
in  department i the year prior to the star’s arrival. The vertical bars correspond to
95%  confidence intervals with department-clustered standard errors.

We  next distinguish between incumbent scientists, who are in
the department before the star arrives, and subsequent recruits
(“joiners”). We  begin by focusing on incumbents. Specifically, we
drop joiners from the sample and estimate the prior equation based
solely on incumbent data normalized by the number of incumbents
(as defined by their presence the year prior to the star’s arrival)
present in year t. The arrival of a star does not seem to have an eco-
nomically or statistically significant relationship with incumbent
output (Table 1, Column 4). Since we define incumbents as scien-
tists present the year prior to a star’s arrival, we are only able to
examine changes to incumbent output for departments that are
“treated” by recruiting a star. We  graphically present this non-
relationship in Fig. 4. There is no observable change in incumbent
output either prior to the star’s arrival or after.
Next, we  examine joiners. We  are not able to estimate joiner
output the way we do for incumbents because, by construction,
joiners have no output at the focal department prior to their
arrival. Therefore, it is impossible to estimate a change in joiner
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Table  2
Output and quality of topically related and unrelated scientists.

Dependent variable (1) (2) (3) (4) (5) (6)
Output w/o star Incumbentoutput

#Incumbents
Joiner quality Output w/o  star Incumbentoutput

#Incumbents
Joiner quality

Subsample Related Unrelated
Start−1 1.428** 0.673* 1.642** 0.212+ −0.173 0.425*

(0.213) (0.302) (0.535) (0.109) (0.139) (0.183)
ln  scientists 1.222** 1.160**

(0.256) (0.160)
Department fixed effects

√ √ √ √ √ √
Year  fixed effects

√ √ √ √ √ √

Observations 2800 1988 1690 3920 2968 2170
Number of departments 100 71 92 140 106 136

Pre-star mean of dependent variable 2.90 0.12 1.18 44.69 1.90 7.13
Effect size of Start−1 on dependent variable† 9.19 0.12 4.92 10.55 −0.36 3.78

Notes: Columns 1–3 only include scientists who  are topically related to the arriving star (make at least one reference in their papers to the arriving star), while Columns 4–6
only  include scientists who are topically unrelated to the star (do not make any references to the papers of the arriving star). Columns 1 and 4 include all scientists, Columns
2  and 5 include all incumbents present the year prior to the star’s arrival, and Column 3 and 6 include joiners. Robust standard errors clustered at the department are in
parentheses.

+ p < 0.10.
* p < 0.05.

** p < 0.01.

Fig. 5. Joiner quality. Notes: This figure plots point estimates from the specifica-
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arrival of the star, the increase is much greater for joiners who work
in related areas of research: 417% compared to 53% (Columns 3 and
6, respectively). The differences are less stark when we  calculate
ion in Eq. (20). The dependent variable is the mean quality of scientists who  join
epartment i in year t. The vertical bars correspond to 95% confidence intervals with
epartment-clustered standard errors.

roductivity between the periods pre- and post-arrival of the
tar using our prior approach. However, we are able to observe
ariation in the quality of joiners before versus after the arrival of

 star. To do this, we calculate the mean annual citation-weighted
tock of papers published during the period prior to year t for
ach scientist joining department i in year t. The quality of join-
rs varies significantly (mean = 45, standard dev. = 109, min. = 1,
ax  = 2925). Thus, we estimate the relationship between joiner

uality (dependent variable) and the presence of a star (Table 1,
olumn 5). As before, we use the department as the unit of analysis
nd employ both department and year fixed effects. The estimated
oefficient on star indicates that after the arrival of a star, the mean
uality of joining scientists increases by more than 63.9%. We  once
gain observe no pre-trends in this specification when presented
raphically (Fig. 5). The increase in joiner quality commences one

ear after the star’s arrival, suggesting that the arrival of the star
riggers an increase in the quality of subsequent recruits.14

14 While a small fraction of these may  be postdocs or graduate students, the major-
ty  of joiners are most likely faculty moving from other institutions. The median
oiner in our sample joins the focal university after 9.7 years of publishing at a
6.2. Related scientists experience a greater increase in output
than unrelated

We further dissect our main result by examining the difference
between scientists who are working on topics related to the star
versus those who are not. We  classify a scientist as related if they
cite at least one of the star’s papers in any year prior to t−1 and unre-
lated otherwise. We  split the sample accordingly. On average, 9% of
incumbents and 6% of joiners are related to the star. We  find that
the portion of the department that does research in areas related
to that of the star experiences a proportionately greater increase
in output than the unrelated portion (Table 2, Column 1 versus
4). In fact, after the arrival of a star, the output of related scien-
tists increases by more than 317% compared to 24% for unrelated
(statistically significant at the 1% and 10% levels, respectively). In
Fig. 6, we plot the estimated coefficients from Eq. (20). Once again,
we observe no pre-trends.

In contrast to our earlier “no effect” result on incumbents, we
find that incumbents who  are related increase their productivity
by 96% on average (Column 2). This result is hidden in the aggre-
gate result reported earlier concerning incumbents since related
incumbents represent a small fraction of overall incumbents (9%).
Furthermore, the arrival of a star may  adversely affect the level
of resources allocated to unrelated incumbents, shifting resources
from unrelated to related areas (e.g., future hires, department
funds), which may  result in a decrease in their productivity. The
negative, albeit insignificant at conventional levels, point estimate
may  reflect that (Column 5). The negative effect on unrelated
incumbents counteracts the positive effect on related incumbents
such that, in the aggregate, the overall effect on incumbents is neu-
tral, as reported above (Table 1, Column 4), and consistent with the
aggregate findings reported in Waldinger (2012).

We next focus our analyses on joiner quality and relatedness.
Although the quality of both types of joiners increases after the
different university. We calculate this period as the time since first publication. It
seems unlikely that a young scientist has been publishing for 9.7 years at another
university by the time they arrive to begin graduate school or even to begin a postdoc.
Three quarters of new arrivals join after at least 4 years of publishing at a different
university and one quarter join after at least 13 years of publishing at a different
university.
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Fig. 6. Department output excluding star: related versus unrelated. (a) Related scientists. (
in  Eq. (20). The dependent variable is the mean quality of scientists who  join department i 

clustered standard errors. In Panels A and B, the dependent variable is the output of depa
correspond to 95% confidence intervals with department-clustered standard errors.

Table 3
Department rank.

Dependent variable (1) (2) (3)
Output w/o star Incumbentoutput

#Incumbents
Joiner quality

Start−1 −0.031 −0.622** 0.439+

(0.136) (0.208) (0.236)
Start−1 × Non-Top25 0.595** 0.706** 0.716**

(0.151) (0.207) (0.249)
ln  scientists 1.099**

(0.142)

Department fixed effects
√ √ √

Year fixed effects
√ √ √

Observations 3920 2968 3864
Number of departments 140 106 138
Log-likelihood −73353 −6100 −99499

Notes: Non-Top25 is an indicator variable set to 1 if the institution is outside of the
top  25 and 0 otherwise. Robust standard errors clustered at the department are in
p
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positive effect on total output, no effect on incumbent output, and
a positive impact on joiner quality (Table A.3).15
arentheses.
+ p < 0.10.

 p < 0.05.
** p < 0.01.

he effect size on joiner quality. The arrival of a star corresponds
o an increase in related and unrelated joiner quality (stock) by
ve and four citation-weighted publications, respectively. Still, it

s interesting to note that the quality of unrelated joiners increases
fter the arrival of a star, in contrast to the productivity of unrelated
ncumbents, which does not increase.

.3. Non-top tier departments benefit more from the arrival of a
tar

Next, we examine the extent to which the star effect on
epartment-level productivity is influenced by the rank of the insti-
ution. In Table 3, we interact our main independent variable (Star)
ith an indicator if the department is outside the Top 25 (as mea-

ured by aggregate research output the year prior to the star’s
rrival). These interactions reveal large heterogeneity in effects
cross institution types. Non-Top 25 departments experience more
f a gain after the arrival of their first star compared to institutions
nside the Top 25. These results are robust to different cutoffs for
op institutions (e.g., Top 10, Top 50).

.4. Collaboration may  account for much of the productivity
ains by incumbents
We  examine the extent to which direct collaboration is the pri-
ary channel through which stars enhance the productivity of their

ew colleagues (Table 4). First, we focus on the sample that includes
b) Unrelated scientists. Notes: This figure plots point estimates from the specification
in year t. The vertical bars correspond to 95% confidence intervals with department-
rtment i in year t of related, and unrelated scientists, respectively. The vertical bars

all scientists (Columns 1–3). The variable Collaborations w/Star is a
count of the number of collaborations between the star and a col-
league in the same department. An additional collaboration with
the star is associated with a 2.5% increase in overall department-
level productivity and is statistically significant at the 10% level.
While the effect is largest when we focus only on related peers
(3.5%), it is still statistically insignificant.

Although star collaboration accounts for some of the variation
in department-level productivity, it does not fully account for the
increase in productivity after the star’s arrival. However, star col-
laboration does seem to account for much of the productivity boost
for incumbents (Columns 4–6). As with the result reported in Col-
umn  1, more star collaboration is associated with a greater increase
in incumbent productivity, but in contrast to Column 1, in Columns
4 and 5 the inclusion of the collaboration variable results in the
point estimates of the star effect to diminish by more than half
and lose significance. This stands in stark contrast to the large and
statistically significant effect from the arrival of a star on related
incumbent productivity that we report in Table 2, Column 2.

6.5. Robustness checks

In Appendix A, we present additional robustness to our main
analysis. First, Table A.1 replicates Table 1 but also controls for
department-specific time trends in addition to department and
year fixed effects. The inclusion of these trends allows each depart-
ment to follow different trends across our sample time period.
The inclusion of these controls results in qualitatively similar but
smaller point estimates providing some additional support for the
validity of our difference-in-differences framework.

Second, we examine the effect of star departures in addition
to star arrivals and find that the departure of a star has a neg-
ative effect on output (total output and incumbent-only output)
and joiner quality (Table A.2). In addition, the positive relationship
between star arrival, total output, and joiner quality remains, alle-
viating concerns that our results are inflated due to the departure
of scientists at other institutions.

Third, we  further refine our star arrival variable by only consid-
ering the presence of scientists who  are members of the National
Academy of Sciences (an even more illustrious sample). The arrival
of a National Academy scientist at a non-Top 25 institution has a
15 In addition, our main results are robust to the subsample restricted to only those
institutions that receive a star. The results are both quantitatively and qualitatively
similar between the treated-only sample and the treated with controls sample.
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Table  4
Star coauthorships.

Dependent variable (1) (2) (3) (4) (5) (6)

Output w/o  star Incumbentoutput
#Incumbents

Sample Full Related Unrelated Full Related Unrelated
Start−1 0.330** 1.348** 0.183+ −0.147 0.267 −0.176

(0.093) (0.224) (0.108) (0.112) (0.311) (0.143)
Collaborations w/star 0.025+ 0.035 0.016 0.230** 0.327** 0.015

(0.014) (0.025) (0.015) (0.033) (0.049) (0.067)
ln  scientists 1.146** 1.175** 1.151**

(0.151) (0.254) (0.162)

Department fixed effects
√ √ √ √ √ √

Year  fixed effects
√ √ √ √ √ √

Observations 3920 2800 3920 2968 1988 2968
Number of departments 140 100 140 106 71 106

Notes: Robust standard errors clustered at the department are in parentheses.
+ p < 0.10.

*  p < 0.05.
** p < 0.01.

Table 5
Triple difference – evolutionary biology and developmental biology.

Dependent variable (1) (2) (3) (4)
Output w/o star Incumbentoutput

#Incumbents
Joiner quality # Scientists

Evolutionary biology Starit−1 0.087 −0.054 −0.079 0.014
(0.076) (0.096) (0.092) (0.052)

Evolutionary biology Starit−1 × 0.339** 0.027 1.369** 0.068
Evolutionary biology departmentf (0.124) (0.159) (0.209) (0.066)
ln  scientistsift 1.301** 0.353**

(0.086) (0.122)

Institution – field fixed effects
√ √ √ √

Year  fixed effects
√ √ √ √

Observations 5880 5040 5880 5880
Number of departments 210 180 210 210
Log-likelihood −122742 −26364 −124690 −21714

Notes: Observations are at the institutioni-field/departmentf-yeart level, where department is either evolutionary biology or developmental biology. The independent variable
Evolutionary Biology Star is a value of 1 for both evolutionary biology and developmental biology departments if the year is greater than or equal to the year of the evolutionary
biology star’s arrival and 0 otherwise. This variable is also interacted with an indicator variable, Evolutionary Biology Department if the department is evolutionary biology and
0  if the department is developmental biology. All specifications include universities that never receive a star as control institutions in addition to university-department (e.g.,
a  separate dummy for the University of Chicago’s evolutionary biology department and Yale’s developmental biology department) and year fixed effects. Robust standard
errors  clustered at the department are in parentheses.
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× EvolutionaryBiologyDeptf + Xift  ̌ + ıft + �if ) (21)

where i indexes the institution, f indexes the department type
(Evolutionary or Developmental), and t indexes the year.16 If ˛1 is

16 The variable Evolutionary Biology Starit−1 is defined at the institution-year level
 p < 0.10.
 p < 0.05.
** p < 0.01.

. Is the estimated star effect causal?

We  adopt a three-strand approach to further support a causal
nterpretation of these results. First, the absence of pre-trends
ound via the regressions with leading and lagging star arrival
ndicators and associated graphics presented in Section 6 helps to
ule out an overall department-improvement strategy or reverse
ausality. Second, we estimate a triple difference model that reveals
he star effect where we expect it to be and not where we do not.
hird, the results are robust to adding controls for NSF grants.

.1. Triple difference

The main identifying assumption of our difference-in-
ifferences strategy is that untreated departments and
epartments that will be but have not yet been treated serve
s appropriate controls. We  extend this framework by expanding
he data to include an additional dimension, developmental

iology output, to estimate a triple difference (DDD) regression. As
uch, we shift our unit of analysis from the department-year to the
nstitution-subfield-year. Developmental biology is an appropriate
ontrol field as it is administratively similar to evolutionary biology
(similar department head, etc.) but intellectually distant, wherein
the presence of a star in one field is unlikely to have much impact
on the productivity of the other, ceteris paribus. If a funding shock
that results in the hiring of an evolutionary biology star is also
associated with more funding and resources in general, then we
should see an increase in developmental biology output as well.
The DDD framework allows us to net out this effect. We  estimate
the following equation:

E[Yift] = exp(˛1EvolutionaryBiologyStarit−1

+ ˛2EvolutionaryBiologyStarit−1

′

and is set to 1 for all f if institution i received an evolutionary biology star in years t − 1
or  later. This variable is then interacted with the variable EvolutionaryBiologyDeptf

which is set to 1 if f is indexing the evolutionary biology covariates and 0 otherwise
(that is, it is indexing the developmental biology covariates), while ıft is a vector of
field-year dummies and �if is a vector of institution-field dummies.
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Table 6
Main results with NSF grant control.

Dependent variable (1) (2) (3)
Output Incumbentoutput

#Incumbents
Joiner quality

Start−1 0.383** −0.063 0.510*

(0.106) (0.132) (0.199)
ln  scientists 1.145**

(0.159)
ln NSF grant $ −0.002 0.006 0.018

(0.006) (0.011) (0.014)

Department fixed effects
√ √ √

Year fixed effects
√ √ √

Observations 3444 2576 1907
Number of departments 123 92 119
Log-likelihood −68188 −5329 −50437

Notes: ln NSF Grant $ is the sum of NSF grants awarded to the focal institution in year
t  from the NSF’s Division of Environmental Biology (the main directive for evolution-
ary  biology research funding). Robust standard errors clustered at the department
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re in parentheses.
 p < 0.10.

* p < 0.05.
** p < 0.01.

ositive and significant, then hiring a star in evolutionary biology is
ssociated with an increase in developmental biology output. If ˛2
the DDD estimator) is positive and significant, then hiring an evo-
utionary biology star is associated with an increase in output for
he evolutionary biology department above and beyond the effect
his star has on developmental biology’s output.

We report the estimated coefficients for Eq. (21) in Table 5.
cross our three main specifications, the hiring of an evolutionary
iology star is not associated with a change in department-level
utput, incumbent output, or joiner quality at developmental
iology departments. However, mirroring the results presented
hroughout, the arrival of an evolutionary biology star is asso-
iated with evolutionary biology departmental-level output and
volutionary biology joiner quality. It is still not associated with
n increase in incumbent output.

.2. NSF controls

In Table 6, we re-run our main specifications with the inclu-
ion of the natural log of amount-weighted NSF grants awarded
o the focal institution in year t.17 One potential omitted variable
s that a star’s arrival is associated with the department’s ability to

in NSF grants and to consequently increase departmental produc-
ivity. Thus, funding is the main mechanism by which star arrival
nd departmental productivity are associated. The inclusion of this
ontrol does not change the magnitude of our core values in a mean-
ngful way, reducing the concern that grant monies are driving our
esults.

. Discussion and conclusion

The effects of star location are economically significant but
ubtle. The model’s prediction that related incumbents should ben-
fit from a star hire is strongly supported in the data, with the
ffect being strongest where there is evidence of actual collabora-

ion between the star and incumbents. For unrelated incumbents,
he model shows how a star hire can actually harm incumbent
roductivity through hiring composition effects, despite positive

17 We match NSF grant data to institutions on an annual basis. We  downloaded
nnual NSF award data from https://www.nsf.gov/awardsearch/download.jsp. We
hen extracted all grants from the Division of Environmental Biology and matched
hem to each institution on an annual basis. We created a name-mapper/crosswalk
o  normalize between our Web  of Science names and those reported in the NSF data.
licy 46 (2017) 853–867

direct knowledge spillovers. Empirically, we find evidence of mod-
est negative adverse impacts, which also explains the failure to
find evidence of productivity effects for incumbents in the aggre-
gate. The model’s prediction that a star will improve the quality of
both related and unrelated joiners also finds strong support in the
data. Finally, we  present evidence to support the model’s prediction
that lower-ranked institutions will experience larger proportional
productivity and recruitment effects from the arrival of a star.

We adopt a two-part approach to support a causal interpre-
tation of our findings: (1) an examination of pre-trends (to rule
out a pre-existing department-improvement trend) and (2) con-
trols for university- and department-level shocks (e.g., surge in
resources). While these two  approaches provide support for a
causal explanation of our findings, concerns remain about the pos-
sible endogeneity of the arrival of a star at a department. Our
findings should thus only be viewed as suggestive of the size and
nature of star arrival effects.

A causal interpretation is still open to various mechanisms. For
example, not only might the arrival of a star attract higher quality
subsequent recruits, but a star might negotiate with the depart-
ment to create specific slots or even an agreement to hire particular
people, resulting in the effect we  observe of an increase in the qual-
ity of joiners. Indeed, we estimate a change in the rate of recruiting
by comparing the number of joiners in the three years prior to hir-
ing the first star to the number in the three years following and find
that there is a 2.8% increase in the number of recruits in the post-
star period, which, although only a small increase, is consistent with
the idea that some stars may  bring joiners with them.

In terms of the existing literature, our findings support the
relative importance of recruitment over individual productivity
effects (see, e.g., the findings in Waldinger, 2012, 2016). Our  find-
ings also highlight the importance of the relationship of the star
to incumbents in mediating any direct productivity effects, with
unrelated incumbents potentially harmed by the arrival of the star.
The importance of the “relational star” (Grigoriou and Rothaermel,
2014) is further underlined by the importance of direct collabora-
tion with the star as a source of incumbent productivity gains.

What are the potential management and public policy impli-
cations of our findings? They suggest that star arrivals can have
significant impacts on organizational and broader innovation sys-
tem performance, with the impact of the quality of subsequent
recruits being of particular importance. The findings also point to
the conditions under which the hiring of a star will be most potent:
a significant cadre of incumbents working in areas related to the
star and a significant number of available hiring slots following the
arrival of the star. A degree of flexibility in the filling of hiring slots
to take advantage of the ability of the star to draw in related sci-
entists is also important so as to take full advantage of the star’s
recruitment draw.

Our findings raise the question of why stars have the effect they
do. We  begin to address this question with our results on collabo-
ration. However, this only scratches the surface. A well-placed star
who sits on editorial boards and grant committees could improve
funding, publications, and citations for colleagues at the same insti-
tution (Brogaard et al., 2014). Indeed, there are many attributes of
stars (influence, capital, knowledge, relationships) that likely influ-
ence how they impact the departments they join. We  do not unpack
the differential effects of these attributes in this paper. Instead, our
objective is to compare the relative effect of hiring a star on incum-
bents compared to joiners. However, a clearer understanding of the
mechanisms underlying the star effect will enhance the managerial
and public policy usefulness of this line of inquiry. In subsequent

research we plan to explore the relative importance of different
attributes to different channels.

Another unanswered question is whether the star effects
are changing over time due to improvement in communication

https://www.nsf.gov/awardsearch/download.jsp
https://www.nsf.gov/awardsearch/download.jsp
https://www.nsf.gov/awardsearch/download.jsp
https://www.nsf.gov/awardsearch/download.jsp
https://www.nsf.gov/awardsearch/download.jsp
https://www.nsf.gov/awardsearch/download.jsp
https://www.nsf.gov/awardsearch/download.jsp
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Table A.2
Star departure results.

Dependent variable (1) (2) (3)
Output w/o star Incumbentoutput

#Incumbents
Joiner quality

Star Arrivet−1 0.217** 0.170 1.171**

(0.081) (0.143) (0.283)
Star Departt−1 −0.181* −0.236* −0.605*

(0.088) (0.106) (0.270)
ln  scientists 1.331**

(0.111)

Department fixed effects
√ √ √

Department-year trends
√ √ √

Year fixed effects
√ √ √

Observations 3920 1876 3920
Number of departments 140 67 140
Log-likelihood −63088 −4350 −87418

Notes: This table reports coefficients for three Poisson quasi-maximum likelihood
(QML) regressions. Observations are at the departmenti-yeart level. Output w/o
star is the Citation-Weighted Publications in year t  net of the departing star’s
contributions. Incumbentoutput

#Incumbents
is the ratio between the count of the Citation-Weighted

Publication of all scientists at department i who are present the year prior to the
star’s departure and the number of incumbent scientists (who are present the
year prior to the star’s departure) who  are present at department i in year t. Joiner
quality is the mean stock of all scientists hired by department i in year t. The two
key independent variables Star Depart and Star Arrive are set to 1 if the year is
greater than or equal to the year of the star’s departure or arrival, respectively, and
0  otherwise. The control variable, ln scientists, is the natural logarithm of the count
of  the number of scientists present at department i in year t. Robust standard errors

to attract high-quality scientists.
Third, we  examine the robustness of our results to an alter-

native method of identifying stars. Rather than identifying stars
based on their ranking in the distribution of citation-weighted

Table A.3
A. Agrawal et al. / Resea

echnologies. Such improvements could increase the outward ori-
ntation of the star’s collaborative networks, reducing their value
o co-located colleagues (see, for example, Kim et al., 2009; Agrawal
t al., 2015). Some preliminary work suggests that the star effects
ay  indeed be declining. In future research, we plan to extend the
ork presented here with a careful examination of how (and why)

tar effects are changing over time.

ppendix A. Robustness checks

We  conduct three additional robustness tests for our main
esults. First, we first show robustness of our main results to the
nclusion of department-specific year trends. We  report the results
f our three main dependent variables in Columns 1–3 in Table A.1.
he point estimates decrease slightly in magnitude compared to
hose presented in Table 1 but remain statistically significant at
onventional levels (other than Incumbent output, which is still
tatistically insignificant). The dependent variable in Column 4 is
he number of scientists. Interestingly, after the arrival of a star,
here is no increase in the number of scientists (after controlling
or department innate characteristics and trends), lending some
upport to the proposition that, on average, departments are not
rastically growing after the star’s arrival.

Second, we report the results for our three main dependent
ariables when a star leaves in Table A.2. Not surprisingly, star
epartures are associated with a decline in department output,
hile the arrival of a star continues to be positively associated
ith an increase in department output. Perhaps more surprisingly,

he negative effect on incumbent productivity of star departures is
arger in magnitude than the positive effect of star arrival. A possi-
le explanation is that departing stars have developed relationships
ith incumbents (e.g., collaborations, mentoring, or simply knowl-

dge exchange) leading to adverse impacts on the productivity of
hose left behind. As Agrawal et al. (2006) emphasize, relationship
apital built during periods of co-location endures, at least in part,

ost separation. Nonetheless, prior co-location is likely to be less
ffective in supporting incumbent productivity than current co-
ocation. The final column in Table A.2 shows a negative effect of
tar departure on the quality of subsequent hires. The loss of a star

able A.1
epartment-specific time trends.

Dependent variable (1) (2) (3)
Output w/o star Incumbentoutput

#Incumbents
Joiner quality

Start−1 0.199* −0.106 1.031**

(0.081) (0.097) (0.260)
ln  scientists 1.360** 0.884**

(0.120) (0.218)

Department fixed effects
√ √ √

Department-year trends
√ √ √

Year fixed effects
√ √ √

Observations 3920 2968 2170
Log-likelihood −61513 −5860 −89042

otes: This table reports coefficients for three Poisson quasi-maximum likelihood
QML) regressions. Observations are at the departmenti-yeart level. Output w/o
tar is the Citation-Weighted Publications in year t net of the star’s contributions.

Incumbentoutput
#Incumbents

is the ratio between the count of the Citation-Weighted Publication
f  all scientists at department i who are present the year prior to the star’s arrival
nd the number of incumbent scientists (who are present the year prior to the star’s
rrival) who are present at department i in year t. Joiner quality is the mean stock
f all scientists hired by department i in year t. The independent variable Star is a
alue of 1 if the year is greater than or equal to the year of the star’s arrival and 0
therwise. The control variable, ln scientists, is the natural logarithm of the count of
he number of scientists present at department i in year t. Robust standard errors
lustered at the department are in parentheses.

 p < 0.10.
* p < 0.05.

** p < 0.01.
clustered at the department are in parentheses.
+  p < 0.10.

* p < 0.05.
** p < 0.01.

appears to be associated with a decrease in the subsequent ability
Alternate star definition: National Academies Scientist (NAS) results.

Dependent variable (1) (2) (3)
Output w/o star Incumbentoutput

#Incumbents
Joiner quality

NAS scientistt−1 −0.074 −0.077 0.040
X  Top 25 (0.149) (0.230) (0.235)
NAS scientistt−1 0.211* −0.252 1.807**

X Non-Top 25 (0.101) (0.178) (0.664)
ln  scientists 1.481**

(0.199)

Department fixed effects
√ √ √

Department-year trends
√ √ √

Year fixed effects
√ √ √

Observations 1036 1036 1036
Number of departments 37 37 37
Log-likelihood −29169 −2209 −36109

Notes: This table reports coefficients for three Poisson quasi-maximum likelihood
(QML) regressions. Observations are at the departmenti-yeart level. Output w/o star,
is  the citation-weighted publications in year t net of the arriving star’s contributions
split by the characteristics of the scientist. Incumbentoutput

#Incumbents
is the ratio between the

count of the Citation-Weighted Publication of all scientists at department i who are
present the year prior to the star’s arrival and the number of incumbent scientists
(who are present the year prior to the star’s arrival) who are present at department
i  in year t. Joiner quality is the mean stock of all scientists hired by department i in
year t. The independent variable, NAS scientist, is a value of 1 if the year is greater
than or equal to the year of the arrival of a scientist who is a member of the NAS or
the  year a scientist became a member of the National Academies and 0 otherwise.
This  variable is interacted with two indicators each set to 1 if the department the
scientist arrives at is a Top 25 department (at the year of arrival) or a non-Top 25
department (at the year of arrival). The control variable,ln Scientists, is the natural
logarithm of the count of the number of scientists present at department i in year t.
Robust standard errors clustered at the department are in parentheses.
+  p < 0.10.

* p < 0.05.
** p < 0.01.
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Table B.1
Summary statistics.

Variables N Mean Median Std. dev. Min. Max.

Panel A: Unit of analysis: institution-year
Output 4060 101.58 36 178.17 0 2500
Output w/o  star 4060 97.04 33 174.71 0 2498
Scientists 4060 26.50 17 28.02 1 175
Incumbent output 3074 31.16 9 76.92 0 1650
Incumbents 3074 11.13 7 12.24 0 93
Star  4060 0.48 0 0.50 0 1
Output w/o  star – related 4060 14.90 0 44.23 0 719
Output w/o  star – unrelated 4060 82.14 29 155.93 0 2498
Incumbent output – related 3074 6.03 0 23.27 0 719
Incumbent output – unrelated 3074 25.13 7 71.82 0 1650

Panel  B: Unit of analysis: institution
Knowledge stock of institution in year before star arrival 106 704.70 449.0 739.8 112.0 4634.00
Knowledge stock per incumbent in year before star arrival 106 29.34 23.0 19.9 9.6 118.82
Knowledge stock of star in year before arrival 106 130.77 100.5 91.6 36.0 499.00
Share:  knowledge stock of star/

Knowledge stock of institution year before arrival 106 0.29 0.3 0.2 0.0 0.83
Output per star in year of arrival 106 23.99 12.5 35.5 1.0 219.00
Output per incumbent in year of arrival 106 2.83 1.4 5.2 0.0 38.37

Panel  C: Unit of analysis: scientist-year
Output per star scientist 11655 15.33 4 36.49 0 1364
Output per non-star scientist 95936 2.44 0 7.88 0 274
Output per related scientist 5067 4.45 1 11.74 0 196
Output per unrelated scientist 90869 2.32 0 7.59 0 274

c
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Joiner  quality 5131 

Joiner  quality, related 272 

Joiner  quality, unrelated 4859 

umulative output, we do so based on their membership in the
ational Academy of Sciences (NAS). The advantage of this method

s that it is not directly related to any measures of output that we
se as dependent variables in our regressions. A disadvantage is
hat it reduces the number of observed star arrivals in our data
rom 178 to 37 scientists. We  report estimated coefficients on
ndicator variables for the presence of an NAS scientist at a Top
5 and non-Top 25 institution in Table A.3. The results indicate
hat the presence of an NAS scientist at a Top 25 institution is
tatistically unrelated to all of our main output measures, while
he presence of an NAS scientist at a lower-ranked institution is
ositively related to an increase in department-level output and
n increase in the quality of subsequent joiners but is unrelated to
ny changes in incumbent productivity.

ppendix B. Additional figures and tables

See Fig. B.1.
ig. B.1. Number of departments that recruit their first star (by year). Notes: The
bove histogram displays the year in which departments recruit their first star.
21.45 8 80.30 1 2603
78.67 27 224.45 1 2349
18.25 7 61.68 1 2603
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