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structure of academia, shed new light on
the factors that shape individual career tra-
jectories, and identify a novel connection
between faculty hiring and social inequality.
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RESULTS

Across the sampled disciplines, we find
that faculty production (number of fac-
ulty placed) is highly skewed, with only 25%
of institutions producing 71 to 86% of all
tenure-track faculty (table S2; this and sub-
sequent ranges indicate the range of a given
quantity across the three disciplines, un-
less otherwise noted). The number of fac-
ulty within an academic unit (number of
faculty hired, that is, the unit’s size) is also
skewed, with some units being two to three
times larger than others. Business schools
are especially large, generally containing
several internal departments, with a mean
size of 70 faculty members who received
their doctorates from other within-sample
units, whereas computer science and his-
tory have mean sizes of 21 and 29, respec-
tively (see Supplementary Materials). The
differences in size within a discipline,
however, cannot explain the observed dif-
ferences in placements. If placements were
simply proportional to the size of a unit,
then the placement and size distributions
would be statistically indistinguishable. A
simple test of this size-proportional place-
ment hypothesis shows that it may be re-
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jected out of hand [Kolmogorov-Smirnov (KS) test, P < 10−8;
Fig. 2, B and C], indicating genuine differential success rates
in faculty placement.

The Gini coefficient, a standard measure of social in-
equality, is defined as the mean relative difference between
a uniformly random pair of observed values. Thus, G = 0
denotes strict equality, and G = 1 maximal inequality. We
find G = 0.62 to 0.76 for faculty production (Fig. 2, A and
B), indicating strong inequality across disciplines [cf., G =
0.45 for the income distribution of the United States (12)].

Strong inequality holds even among the top faculty pro-
ducers: the top 10 units produce 1.6 to 3.0 times more fac-
ulty than the second 10, and 2.3 to 5.6 times more than the
third 10. For such differences to reflect purely meritocratic
outcomes, that is, utilitarian optimality of total scholarship
(13), differences in placement rates must reflect inherent dif-
ferences in the production of scholarship. Under a meritoc-
racy, the observed placement rates would imply that faculty
with doctorates from the top 10 units are inherently two to
six times more productive than faculty with doctorates from
the third 10 units. The magnitude of these differences makes
a pure meritocracy seem implausible, suggesting the influ-
ence of nonmeritocratic factors like social status.
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Fig. 1. Prestige hierarchies in faculty hiring networks. (Top) Placements for 267 computer science
faculty among 10 universities, with placements from one particular university highlighted. Each arc

(u,v) has a width proportional to the number of current faculty at university v who received their doctorate
at university u (≠v). (Bottom) Prestige hierarchy on these institutions that minimizes the total weight
of “upward” arcs, that is, arcs where v is more highly ranked than u.
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Fig. 2. Inequality in faculty production. (A) Lorenz curves showing the fraction of
all faculty produced as a function of producing institutions. (B and C) Complementary
cumulative distributions for institution out-degree (faculty produced) and in-degree
(faculty hired). The means of these distributions are 21 for computer science, 70 for
business, and 29 for history.
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If faculty placement overall followed a perfect social hierarchy, then
no faculty would be hired at an institution more prestigious than their
doctorate (6). The extent to which a particular hiring network exhibits
this pattern may be determined by identifying the minimum violation
ranking (14, 15), which is a hierarchy that is maximally close to this
extreme.

Within faculty hiring networks, each vertex represents an institu-
tion, and each directed edge (u,v) represents a faculty member at v
who received his or her doctorate from u. A prestige hierarchy is then
a ranking p of vertices, where pu = 1 is the highest-ranked vertex. The
hierarchy’s strength is given by r , the fraction of edges that point
downward, that is, pu � pv, maximized over all rankings (14). Equiv-
alently, r is the rate at which faculty place no better in the hierarchy
than their doctorate. When r = 1/2, faculty move up or down the hi-
erarchy at equal rates, regardless of where they originate, whereas r =
1 indicates a perfect social hierarchy.

Both the inferred hierarchy p and its strength r are of interest. For
large networks, there are typically many equally plausible rankings
with the maximum r (15). To extract a consensus ranking, we sample
optimal rankings by repeatedly choosing a random pair of vertices and
swapping their ranks, if the resulting r is no smaller than for the cur-
rent ranking. We then combine the sampled rankings with maximal r
into a single prestige hierarchy by assigning each institution u a score
equal to its average rank within the sampled set, and the order of these
scores gives the consensus ranking (see the Supplementary Materials).
The distribution of ranks within this set for some u provides a natural
measure of rank uncertainty.

Across disciplines, we find steep prestige hierarchies, in which only
9 to 14% of faculty are placed at institutions more prestigious than
their doctorate (r = 0.86 to 0.91). Furthermore, the extracted hierar-
chies are 19 to 33% stronger than expected from the observed in-
equality in faculty production rates alone (Monte Carlo, P < 10−5; see
 on June 18, 2018
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SupplementaryMaterials), indicating a spe-
cific and significant preference for hiring
faculty with prestigious doctorates.

Examined in detail, these hierarchies
generally assign higher ranks to elite insti-
tutions (but not always, see Supplementary
Materials and fig. S10, which visualizes the
hierarchies for the 60 top-ranked insti-
tutions in each discipline), and more high-
ly ranked institutions have lower rank
uncertainty (fig. S3). These network-based
rankings are also at least as accurate in
estimating institutional prestige as author-
itative rankings: prestige correlates as well
with the U.S. News & World Report rank-
ings (r2 = 0.51 to 0.79, P < 10Š17) and the
NRC rankings (r2 = 0.33 to 0.80, P < 10Š11;
see Supplementary Materials), as these two
rankings correlate with each other (r2 =
0.39 to 0.83, P < 10Š13). Unlike the author-
itative rankings, however, prestige hierar-
chies provide additional insights into the
pattern of faculty hiring across disciplines.

The placement experience of individ-
ual faculty is captured by the distribution
of changes-in-rank relative to the individual’s
Clauset et al. Sci. Adv. 2015;1:e1400005 12 February 2015
doctoral institution. Across disciplines, we find that faculty place an
average of 27 to 47 ranks below their doctorate (Fig. 3). The median
change of 21 to 35 is smaller, indicating a sizable right skew in each of
these distributions. When combined with the observed inequality in
faculty production across institutions, the average rank change im-
plies that a typical professor can expect to supervise two to four times
fewer new within-discipline faculty than did their own doctoral advisor.
This falloff in faculty production is sufficiently steep that only the top
18 to 36% of institutions are net producers of within-discipline faculty
(table S2).

The observed rank changes are also unequally distributed by doc-
toral prestige and by gender. For instance, a greater fraction of faculty
trained at higher-ranked institutions make smaller moves down the
hierarchy than those trained at lower-ranked institutions (Fig. 3, B
and C; see Supplementary Materials), indicating that the steepness of
the hierarchy increases as prestige falls. Furthermore, male and female
faculty experience similar but not equivalent rank change distributions
(KS test, P < 10Š3; figs. S5 and S6), with the median change for men
being 21 to 35, whereas that for women being 23 to 38. Differences by
gender are greatest for graduates of the most prestigious institutions in
computer science and business, where median placement for women
graduating from the top 15% of units is 12 to 18% worse than for
men from the same institutions. That is, the hierarchy is slightly steeper
for elite women than for elite men in these disciplines. In contrast, we
find no gender difference in median placement for history.

The strength of the extracted hierarchies suggests that individual
faculty placement may be predictable from doctoral prestige alone,
without directly modeling the characteristics or preferences of individ-
uals or institutions. We test this hypothesis by quantifying and com-
paring the placement accuracy of doctoral prestige to that of alternative
measures, including both authoritative rankings and network-based
measures. Each of these measures represents a ranking of institutions,
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Fig. 3. Faculty placement distributions. (A) Network visualizations for computer science, business, and
history (top to bottom) showing central positions for institutions in the top 15% of prestige ranks (high-

lighted; vertex size proportional to ko). (B and C) Estimated probability density functions for relative
change in prestige (doctoral to faculty institution) for (B) the top 15% and (C) the remaining institutions,
showing a common but right-skewed structure.
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