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ABSTRACT

Publish or Perish?
Incentives and Careers in Italian Academia

We derive a theoretical model of effort in the presence of career concern based on the multi-
unit all-pay auction, and closely inspired by the Italian academic market. In this model, the
number of applicants, the number of new posts, and the relative importance of the
determinants of promotion determine academics’ effort. Because of the specific
characteristics of Italian universities, where incentives operate only through promotion, and
where all appointment panels are drawn from strictly separated and relatively narrow
scientific sectors, the model fits well Italian academia, and we test it in a newly constructed
dataset which collects the journal publications of all Italian academics working in universities.
We find that individual researchers respond to incentives in the manner predicted by the
theoretical model: more capable researchers respond to increases in the importance of the
measurable determinants of promotion and in the competitiveness of the scientific sector by
exerting more effort; less able researchers do the opposite.
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1 Introduction

This paper studies the career concerns of the academics working in Italian
universities. Like other economic agents, academics are subject to incentives,
and beside its independent interest, understanding how academics respond to
them is an indispensable component of any attempt to improve the behaviour
and performance of the university sector. Improvement, is felt by many in Italy,
is long overdue: while there are pockets of excellence, as is natural in a huge
sector,! university teaching and research languish in mediocrity,? and successive
government have strived to reform the system to improve its performance.
The Italian university sector follows a complex system of nationally man-
dated rules, typically designed to narrow the scope for cronyism by blunting
discretion and subjective judgements (Perotti 2008), which on the whole de-
sign a weak incentive system. Because the rules are explicit and are applied
uniformly across universities and subject areas, they lend themselves precisely
to formal modelling. In this paper, we build upon the established model of
the all-pay auction for multiple units (Barut et al 2002); in this model, bidders
compete to be awarded one of K identical prizes, with each bidder paying her
bid, and the highest K bidders receiving one of the prizes. This model captures
closely the situation in Italy prior to 1999, and is easily modified to account for
the changes introduced by the 1999 reform. The analogy stems from viewing
the output of academics as bids, which involve a utility cost, and stochastically
award a prize, as in other natural applications of the all-pay auction, such as
R&D investment of the award of a patent (Grossman and Shapiro 1986), or
the exertion of effort for progression in an organisation hierarchy (Lazear and
Rosen 1981), or lobbying (Baye et al 1993), rent-seeking (Anderson et al 1998),

At the end of 2012, there were 1,751,186 enrolled students (statis-
tica.miur.it /ustat/Statistiche/IU_home.asp) and 54,931 academics and 56,653 non-teaching
staff in 96 institutions (cercauniversita.cineca.it/index.php). Public funding exceeds €7bn,
and the overall cost of tertiary education (including private expenses) is estimated at
€14.8bn, 1% of GDP in 2010 (OECD 2013, Table B2.1).

2In the most recent QS world ranking of universities, 29 countries boast a higher ranked
university than Bologna, the highest ranked Italian one, which fluctuates between 173rd
and 194th place. The “college premium”, the ratio of earnings of those with tertiary and
secondary education puts Italy in an intermediate position among OECD countries, and has
decreased from 1.65 in 2004 to 1.48 in 2009 (OECD 2013, Table A6.2a).



and the others reviewed in Siegel (2009).

A difference of academic effort is that the activities which are evaluated
when assessing candidates’ relative claims to promotion are multi-dimensional
in nature: they include at the very least teaching and research, but also man-
agement and external impact, all of which contribute to an institution’s prestige
and success. This requires us to adapt the standard all-pay multiple units auc-
tion model, where bids are monetary and naturally ranked, and the highest
bidders receive the prize, by allowing the award of the prizes to be determined
by a range of criteria, in a stochastic manner, where, moreover, only one of
these criteria is observed and measured by the analyst.

Formally, we model in Section 2.1 a number of bidders, the professors of a
given rank in a discipline, competing for the award of one of a fixed number of
promotion “slots” in the higher rank, their bid being the effort exerted in each of
the dimensions of performance which might impress the appointment panel. We
posit that bids translate into performance (in a deterministic manner, though
including a random component would add nothing but notation), and that
academics differ not in their valuation of the prize, but in their cost of exerting
effort: more “able” individuals derive less disutility from the exertion of effort.

The model predicts a highly non-linear response of individual effort to com-
petitive conditions: roughly speaking, low ability individuals do not respond,
and the rate of increase in effort first increase, then, at high ability levels, de-
creases with ability, see Section 2.4. Intuitively, this is because for both low
and high ability individuals the likelihood of promotion (winning the auction)
is not strongly influenced by additional effort: for the former is useless, for the
latter unnecessary. The theoretical model is sufficiently flexible to allow us to
study the more nuanced and occasionally counterintuitive theoretical effects of
the changes in competitive conditions, introduced in 1999, in the rules gov-
erning appointments and promotions. The gist of the change in the rules was
to decentralise to some extent the appointment process; incorporating the rule
changes into the model shows a small change in the direction of a tendency to
decrease (to increase) the effort exerted by high ability (low ability) individuals.

We test the theoretical model with a large dataset including all the indi-
viduals who have held a post in an I[talian university at any time between 1990
and 2011. We take the measurable dimension of their output to be the arti-
cles they published in that period in journals listed in the Web of Knowledge



proprietary dataset, suitably adjusting to account for the different publication
patterns in different disciplinary areas. All other activities potentially under-
taken by academics are included in the set of non-observable activities, from
teaching, to publication of books or articles in journals not included in the
Web of Knowledge, to administration, and perhaps also to seeking out influen-
tial friends and networks, as it might cross readers’ mind who are familiar with
Italian academia. The panel structure of the dataset allows us to control with
individual fixed effects for time invariant individual characteristics, summarised
in the theoretical model by the idiosyncratic value of the cost of effort.

We find the theoretical prediction of the model confirmed, not just broadly,
but in many important details as well. Individuals respond to changes in the
variables which will determine their likelihood of being promoted, namely the
number of posts available, the number of competitors and the likely importance
of that dimension for the panel’s decisions, roughly in line with the non-linear
fashion predicted theoretically. High ability individuals exert more effort if the
measured dimension of output increases in importance or if the sector becomes
more competitive, either through an increase in the number of potential appli-
cants or through a reduction in the number of posts available, whereas lower
ability individuals exert less effort in response to these changes. These results
are robust to changes in the definitions of some variables, and to different speci-
fications of the dynamic structure of the model. Also as predicted theoretically,
the effects of the various reform is hard to detect in the behaviour of Italian
academics in this period.

To the extent that the analysis delivers a policy oriented message is that
Italian academics respond to incentives in the manner predicted by the multiple
unit all-pay auctions, even where these incentives are generally considered to
be weak (Perotti 2008). Reforming gradually the system in the directions
which would be suggested by the theoretical model proposed might presumably
generate the expected responses in the direction of increase effort and output
by Italian researchers.

The paper is organised as follows. Section 2.1 describes the model. Our
data is described in detail in Section 3, the econometric specification is set out
in Section 4, and the details of how we construct the variables is in Section
5. Section 6 provides our empirical results, following the theoretical suggestion

of the comparative statics analysis of Section 2.4 and Section 7 concludes the



paper. An Appendix contains more detail on the preparation of the dataset

and additional empirical results.

2 Theory

2.1 The model

This section presents a highly stylised model of career progression and compe-
tition among academics in Italian universities. A population of N academics
compete for promotion to the next rung of their career ladder: they exert costly
effort to produce their output. Subsequently, K professorships in a given disci-
pline across all the universities in Italy are advertised simultaneously, and the
N candidates, labelled i = 1, ..., n, apply for the posts; they are then assessed
by a centrally nominated panel, who appoints in a single process all the new
post holders.?

In practice, academics incur the cost of effort well in advance of the opening
of the vacancy they will apply for, and so the variables which will determine
their likelihood of being appointed are not yet known. When we consider the
empirical specification we posit rational expectations, that is, that candidates
are able, on average, correctly to anticipate the relevant characteristics of the
competitions they will enter, and so evaluate the expected benefits of effort.
In this section, we avoid repeating “expected”, “future”, and so on, and we
describe a static time frame, where effort translates instantly into output, which
in turn determines the outcome of the bidding, with the implicit assumption
that all future benefits are actualised at the present.

We capture the multi-dimensionality of academics’ effort with the assump-
tion that candidates expect the selection panel to make its decision based on one
of two criteria. Formally, candidates believe that with probability x the selec-

tion criterion is a known measure of performance, and with probability (1 — x)

3Thus for example, funding for 44 new associate professorships in Italian universities was
provided in 1996. The 44 holders of these posts were appointed by a nine person panel which
worked in 1997/98. See Checchi (1999) for a detailed account of this process. Which of
the appointees went to which university was left to individual negotiation, which did not,
however, affect pay in any way, as institutions had no freedom whatsoever to alter the pay
scale determined by a scale based on years of service, and not even the ability to refund

moving costs.



the selection depends on a different dimension, which we do not observe, but
which is understood by all agents involved, the panel and the candidates them-
selves. The nature of these other determinants of success, in particular whether
or not they can be influenced by the candidates, is immaterial. The variable
x varies from research area to research area, thus capturing differences in the
nature of output among disciplines, which stylised facts, confirmed by empirical
evidence (Abramo et al 2014 for the case of Italy), suggest to be substantial.
Candidates exert their effort levels before the appointment of the selection
panel, thus knowing only the probabilities z and (1 — x), which for example are
related to the nature and the relative power of the members of the cohort of
senior professors in their research area, among whom the panel will be chosen:
they do not know the actual realisation of the draw which decides what will

form the basis of the selection.*

Once the panel is selected, it chooses the
candidates to be appointed to the K available posts the candidates ranked
highest according to its preferred criterion.

We assume a deterministic relationship between effort and measurable out-
put: given the static nature of the game we study, adding a random disturbance
would add little. Thus, when the appointment is made along the measurable
dimension, the candidates with the highest effort are appointed. We leave
unspecified the link between effort and the other possible determinant of pro-
motion: indeed our analysis is robust to the extreme assumption that this
determinant of promotion cannot be influenced by the candidates.

Candidates differ in their idiosyncratic cost of effort: specifically, we assume
that prior to the game each academic is assigned by nature a parameter v; €
[v, 1] (a normalisation) randomly drawn from the distribution F : [v, 1] — [0, 1].
This is their individual type, and if candidate 7 exerts effort b; and a; along the

two dimensions, then she incurs a utility cost given by

h(vi)

where C’ (-) > 0, C” (-) > 0, and similarly A’ (v;) > 0,h” (v;) > 0. A natural

& (aia bi) Ui) =

(1)

4To fix ideas, one can think of the observable dimension as publications in refereed jour-
nals, and of the other dimensions as teaching. Then x and (1 — x) are the probabilities that
the panel will rank candidates according to publications and teaching ability; and x is (a
function of) the share of senior professors who consider publications to be more important
than teaching as a criterion for promotion.



interpretation of v; is “ability”: a higher value of v; implies that exerting effort
is easier, and so a given output requires less effort. We assume that effort along
the two dimensions is additive.> For definiteness and in order to obtain explicit
solutions, the distribution F' is assumed to be uniform:

F(z)z%, 2 € v 1]. 2)

Its density is therefore v = 1 — % The expected payoff to a candidate is
simply the difference between the egpected benefit of being promoted by the
panel, which is the same for everyone and normalised to 1, and the cost of effort
(1).

Effort must be expended in advance, and of course its cost must be incurred
whether or not the candidate wins the competition. For this reason, the natural
modelling set-up is that of the all-pay auction. In the next four Sections we
solve the model, we introduce the changes brought in by the 1999 reform in
Italian academia, and we investigate how comparative statics changes in the

parameters cause the equilibrium to vary.

2.2 A multi-unit all pay auction.

In the static game described in the above section, each player knows her own
type, and chooses a;, b; > 0. Player i’s payoff is 1—<aib) if ¢he is ranked 1 to K,

(%
c(aq,b;
o

and is — ) otherwise. A strategy for player 7 is a pair of functions, A; (v;)

and B; (Ui),ZWhiCh associate the type v; to the effort levels exerted, a; = A; (v;)
and b; = B; (v;).

The appropriate equilibrium concept for this game is Bayesian equilibrium,
and we derive it in the rest of this section.

Following the standard auction argument, since all candidates are ex-ante

identical (their types are all drawn from the same distribution), they all cor-

5This reflects the view held by many academics that effort allocated to, say, teaching
is effort subtracted to research. It is sometimes asserted that there are complementarities,
perhaps in the individual “production function”, as suggested by Becker (1975) and (1979), or
Mankiw (1998)) or as spurious correlation with an unobserved underlying variable “academic
talent”, which helps both teaching and research (De Fraja and Valbonesi 2012): the balance
between these tendencies lends plausibility to our assumption that the marginal productivity
of effort along one dimension is unaffected by the effort exerted along the other dimensions

an acceptable compromise.



rectly believe that each uses the same strategy. To determine the optimal level
of effort it is necessary to determine the expected payoff obtained by type v;
for exerting the effort levels a; and b;, with the assumption that all other types
exert effort levels A; (v) and b; = B; (v).

Empirically, we observe for each candidate only the measurable dimension,
and therefore we concentrate the theoretical analysis on the determination of
the effort level along this dimension. We look for conditions where the effort
along the measurable dimension is not affected by competitive environment
along the other dimension. A simple example where this is true is when the
likelihood of being appointed if the appointment panel chooses dimension A is
purely random, independent of any action taken by any of the candidates: this
however is by no means necessary for our analysis to hold.

To derive the effort level along the measurable dimension B (v;) exerted by
candidate i whose effort cost parameter is v;, let V' (b) be the inverse of B (v;)
(existence of the inverse follows from monotonicity, the argument for which is
standard). If candidate i exerts effort b; her probability of winning one of the
K prizes is (see Barut et al, 2002, Eq. (2), p 679):

«—  (N-1) . Nego
Zin (V (b)) = Z (N—j— 1)!j!F(V (0)) (1 =F V(b)) 7. (3)

j=N-K

In order to obtain explicit solutions, we take a convenient functional form for
the relation between payoff and effort along the non-measurable dimension.
Specifically, if 74 (a) is a candidate’s belief regarding her probability of success

along the non-measurable dimension, we assume:

ma(a) = g (v) . (4)

That is, promotion if the non-measurable dimension is chosen depends linearly
only on her own effort along that dimension; g (v) is a positive function, in-
creasing or decreasing, chosen to ensure that 74 (a) € [0, 1] on the domain of

a; and v .

Proposition 1 Let the cost of effort and the payoffs for winning along the non
measurable dimension be given by (1) and (4). The optimal strateqy for each
candidate is to exert effort level along the measurable dimension given by

x il
B == [ Zen )y )




Proof. Given the probability of winning, (3), the expected payoff of candidate with

ability v; who chooses effort levels a; and b; is:

Cla+b
Fll;, = xZgnN (V (bi))—l—(l—l’)ﬂ'A ((li)—é(v)) (6)
Differentiate the above with respect to a; and b; to get:
Ol1l; C’ (a; + b;) .
? — 1 _ / i) — 71 v = = 1 “ e N
aai ( .%') TA (CL ) h (’U) 0 ? ) ’ ) (7>
oIl; C’ (ai —|—bi) .
— Z, i / i) — —————— = = 17 ey N

o, ~ PIKN (V (0:)) V' (bi) h () 0 i (8)

Because the strategy profile is symmetric, all players use the same strategies, and
V(b;) = v; (Barut et al p 680); (7) can be written as

(1-a)y(a) 1
c’ (ai + bl) h (V (bl))7

which, substituted into (8), gives, using (4):

Zher (V (5) V' (b)) = (1 — ) g (V (b))
r Ziy (V) _ 1
I~z gV () Vo)

The first order conditions are sufficient, given that %

ately from Barut et al (Appendix, p 706-707), 7'} (a;) = 0, and C” (-) > 0.
Recall that B (v;) is the inverse of V' (b), and the above can be written as

9)

< 0, which follows immedi-

Ll (1)
B (v) = — ZEN % B(v) = 1
() = g S, (v) =0, (10)
which has solution vi g1
B (v;) = il / KN(UZ)dz. (11)
-z v g(vi)

Clearly the assumptions made with regard to the functions 74 (a) and ¢ (a;, b;, v)
impose some restrictions. However, results analogous to Proposition 1 can be derived
with alternative assumptions on these functional forms. For example, suppose that

effort cost is separable in its two dimensions.

Proposition 2 Let the cost of effort (1) satisfy C” () = 0. The optimal strategy for

each candidate is to exert effort level along the measurable dimension given by

B) =g [ 10 Ziw ). (12)



Proof. Given C” (-) =0, (8) can be written as

oll; / !
a5, = i (V) V! (00) = prry =

The rest of the proof follows the same steps of the proof of Proposition 1. m

Note that C’(+) is a positive constant.

2.3 Local vs national competition

Proposition 1 above applies to academic appointments in Italy up to the adoption of
the new rules dictated by the reform ushered in by Law 3 July 1998, n 210.5 While a
considerable degree of centralisation remained, the appointment process become “lo-
cal”, and, with some important exceptions, more recognisable to academics working
in the US or in the UK. When an institution received permission to fill a post in a
given scientific sector, a panel was nominated (made of professors in that scientific
sector, mostly from other universities), whose job it was to appoint to that specific
post.7

A second relevant aspect which should be incorporated in the model presented
in Section 2.2 is the restriction of the number of applications that a candidate can
make in each year. This latter change is relatively straightforward to model formally:
let M be the limit to the number of positions that each candidate could apply for in
a year, and let N and K be the number of competitors and competitions each with
one post. Assume that candidates choose randomly which M competitions to enter,
so that all competitions have, in expectation, the same number of candidates. Then
the number of competitions a candidate enters is K = min {K,M}.% Given this, the
expected number of candidates in each competition is N = N min {%, 1}: note that

N may be non-integer, while K is an integer. Since no one can hold more than one

6The law (DPR n.390), approved in October 1998, began to take effect after the summer
of 1999, so that the first promotions under the new rules took place towards the end of 1999.

7As is often the case, the legal details are slightly more complex: while each competition
was for one post at a given university, the panel could, and typically did, select up to two
additional candidates (later reduced to one), who could subsequently be appointed to a
different university, without an additional competition. This could be modelled formally, as
we suggest in footnote 9, but the additional algebraic notation is not worth the increase in
the adherence to the actual situation.

8Note that in the absence of entry costs, it is payoff maximising for every candidate to

enter as many competitions as allowed.



post, if a candidate receives multiple offers, she must reject all but one of them, and
so each post not taken is filled with the next preferred available candidate.

There are two alternative ways to model the switch from national to local compe-
tition. One is to view each competition decided either along the measurable dimen-
sion or along the non-measurable one. This changes the link between a candidate’s
effort and her probability of winning, and so her payoff and thus her incentive to
exert effort is different in the new environment, for given K, the number of posts,
N, the number of competitors, and z, the importance of the measurable dimen-
sion. To see why, take the simplest case where there are just two posts available.
With a national competition, either both posts are assigned according to the mea-
surable dimension or neither is: the former occurs with probability x, the latter with
probability (1 —x). With two separate competitions, on the other hand, all posts
are assigned according to the measurable performance with probability 22 and none
with probability (1 — z)?; with the residual probability, 2 (1 — z) z, exactly one of
the posts is assessed on the measurable dimension. The analogy to more posts is
immediate: with K posts, with probability ¥ all are assigned according to the mea-
surable performance, with probability Kz =1 (1 — z) only one is, with probability

(512)!1“1(_2 (1-— x)2 exactly 2 are, and so on, until, with probability (1 — x)K none

9

2!
is

A different way to model local competitions is to assume that candidates believe
that the winners of a competition will be those who score highest on a measure given
by a weighted average of the measurable and non-measurable criteria, with weights
z and (1 — z). Analytically, this would make a national competition with given K,
N, and z identical to a local one with the same values: post-reform all appointment
panels would be making their decision on the basis of the same criterion (the weighted
average with weights = and (1 — x)). We believe that this modelling option is less
satisfactory, in view of the pervasive perception that different appointment panels in
the same scientific sector differed widely in their appointment criteria. Its implication
that academics incentives are not altered by the switch to local competitions would
also run counter to one of the motivations of the reform, which was indeed to modify

academics behaviour: as we show, both theoretically and empirically, the switch to

9The detail noted in footnote 7 can be incorporated by assuming that if K posts (where
K is even) are to be assigned then there are % competitions, and the probability of all them
being assigned according to the measurable performance is w%, the probability of exactly one
of them being assigned according to the measurable performance is 0, the probability of ex-
actly two of them being assigned according to the measurable performance is %x%’Q (1—a),
exactly 3 is 0, exactly 4 is %m%"l (1 —z)?, and so on.

10



local competitions, has however an effect which is at best limited. Therefore, in the
rest of this Section, we study academics’ equilibrium strategy when they expect each

local competition to be run exclusively along one dimension.

Proposition 3 Let the cost of effort and the payoffs for winning along the non
measurable dimension be given by (1) and (4). When K separate competitions assign
the K posts, the optimal strategy for each candidate is to exert effort level along the

measurable dimension given by

K a vi Loy @)
B (vi) = kK:O1 (Ilf)mK M- x)k fg = l;’(];) —dy
im0 () A=) "t

Proof. If in all the competitions the selection is via the observable dimension, then,

(13)

from the point of view of an individual candidate, the situation is as it would be if
there were a single competition with K posts and N competitors: she disregards the
competition she has not entered. Thus if in all the competitions the selection is via

the observable dimension her payoff is
Zgey (V (bi) -

This happens with probability «K . If instead only K —1 of the competitions are run

along the measurable dimension, the payoff is

Zi 151 (V(bi),

as one of the competitors wins the competition run on the non-measurable dimension
and is “withdrawn” from the pool, together with that competition. This happens
with probability (If ) oK1 (1 — ). And so on for all possible combinations of relevant
dimensions along which the competition is run, down to K — 1, when only one

competition. Adding up gives a payoff of

K-1 ,- K-1 ,-

K\ &k k K R—k k Cla+b),
> (5 )t a2y oY () -0 b )=
k=0 k=0

(14)
the second addendum is the probability weighted payoff when the individual wins a

competition not decided by the measurable dimension. Differentiation of (14) gives

the two first order conditions corresponding to (7) and (8):

K-1 ,»
K _l‘f(kakﬂ_/ y _C,(a+b):
> () -t e - S —0 )

k=0
K-1 ,7 N "(a
> ()R 2 VDV T =0 )

11



which, as in Proposition 1, implies:

Ol 0 P RS LA () B
g (V (b)) 501( )(l—w)K koyk V(b))

and the result follows. m
The analogous of Proposition 2 is given next.

Proposition 4 Let the cost of effort (1) satisfy C" (-) = 0. When K separate com-
petitions assign the K posts, the optimal strategy for each candidate is to exert effort

level along the measurable dimension given by

B . Z/’cK:_Ol (k) Rk (1—z kfgvh 7k,]\77k (y) dy
(vi) = , R & )
C' () Yrs (k)(l_x “a

Proof. As before, given C” (-) = 0, (16) becomes

K-1 ;o '(a
VX () )R-t 2 g e - Sara s =0

This is independent of a; and the proof follows. m

2.4 Comparative statics

We aim to fit the model developed above model to the behaviour of Italian academics.
An algebraic comparison of comparative statics changes is too cumbersome, and in
this brief section we lay the ground for our empirical analysis with a more intuitive
graphical investigation of the comparative statics effects of parameter changes. In
all the diagrams in this Sections, we have assumed that C’(-) = 1 and h(z) =
so the cost function is “z—tbl The pictures do not change qualitatively for different
plausible functional forms.

The plots in Figures 1-4 show the comparative statics effects of changes in K,
N and z. Note first of all, the striking non-linearity of the changes; as we explain
below, this has important consequences for our estimation strategy.

The horizontal axis in Figure 1 measures an academic’s type v € [v,1]. The
vertical axis shows the change in the effort exerted by a type v academic as a con-
sequence of one less post in her research area. The thicker the curve the higher the
number of posts to begin with and therefore the less stiff the competition: thus the

thin line shows the change in effort when the number of posts changes from 7 to 6,

12
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Figure 1: Decrease by 1 in the number of posts available, for fixed N = 45,
M =5 and x = 0.8, and K increasing from 7 to 22 to 37 as the line gets thicker.

the medium line a change from 22 to 21, the thickest line from 37 to 36. We can see
that an increase in competition, lower K, decreases the effort exerted by academics,
except for high ability individuals when competition is relatively low to begin with,
the thick line in the two panels of Figure 1. The effect, however, is not evenly dis-
tributed: there is a middle range of abilities who respond more strongly, by reducing
their effort in the face of stiffer competition. This middle range itself shifts towards
lower ability types when competition decreases, to the point where, when it is low
enough, high ability types increase their effort in response to the reduction in the
number of posts, as the thickest curve shows.

Upon reflection, these comparative statics effects are natural. There are N com-
petitors for K posts. For all types, an increase in effort increases the likelihood of
gaining a rank. But the only gain that matters is being K-th instead of (K + 1)-th:
the higher likelihood of gaining a position in other ranks — whether above or below
the threshold — is wasted effort. The incentive of an extra post is highest for those
who are more likely to be at the (K + 1)-th position: since high types are very likely
to end up high up in the ranking, their chance of being around the threshold position
is low, and so they do not change effort much. By the same token, low ability types
exert little effort to begin with and the discouragement effect of the lower chance
of winning is necessarily small. Middle types are instead quite likely to be around

the “borderline” position, where gaining one place in the ranking is the difference
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Figure 2: Increase by 1 in the number of competitors, for fixed K = 10, M =5
and x = 0.8, and NV increasing from 15 to 28 to 45 as the line gets thicker.

between being appointed and not being appointed, making their effort less likely
to be useful and so decreasing it in equilibrium.'® In other words, the change in
the cost-benefit balance of an decrease in competition is different for different types,
which generates different response to change in the competitive conditions.

The message conveyed by Figure 2, where the increase in competition is obtained
through an increase in the number of competitors rather than a reduction in the
number of posts, is essentially the same.

We state the idea contained in Figures 1 and 2 formally in a fashion that translates

naturally into an econometric hypothesis in Conjecture 1.

Conjecture 1 (i) A reduction in competition increases output for candidates of in-
termediate ability. (i) If the initial level of competition is lower, the range of abilities
where the effort increases becomes lower, and (iii) for very low competition, high abil-

ity academics exert less effort as a consequence of an increase in the number of posts.

There is also a direct size effect, illustrated by Figure 3. This shows the effect of

keeping the ratio % constant (at %), and increasing both the number of posts and

10The situation is reminiscent of the discouragement effect of the follower in patent races,
noted by Fudenberg et al (1983), whereby the follower, less likely to win the race, reduces
its R&D investment.
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Figure 3: Increase in the size of the market, for fixed x = 0.8, M =5 and K
and N taking values (2,20) and (3,30) (thin line), (4,20) and (5,25) (medium
line), and (10,20) and (11,22) (thick line).

the number of candidates in the same proportion. The thicker the line the larger the
size. Pre-reform, and post-reform for small market, we see that effort is lower for
low ability types, and higher for high ability types. Post-reform, when K exceeds
M, that is when only M competitions can be entered, then size has no effect, as the
thick line on the axis shows on the panel on the right of Figure 3. This discussion

can be formulated as a formal empirical prediction.

Conjecture 2 (i) Both with national and with local competition, an increase in the
size of the sector, maintaining the competitiveness constant, increases output for high
ability candidates and reduces output for low ability candidates. Thus, an increase in
size increases the standard deviation of output. (ii) Following the 1999 reform, for

high K, a proportional change in K and N leaves output unchanged.

Consider next changes in the probability of the measurable dimension determin-
ing the winner. This is illustrated in Figure 4.

The pattern is relatively simple, an increase in x increases the effort of all types.
Both pre and post reform, the effect is stronger for higher types when competition

is tougher (thick line), and so we can propose the following conjecture.
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Figure 4: Increase by 0.05 in the importance of the measurable dimension, for
fixed x = 0.8, M =5 and K = 12, and N increasing from 15 to 28 to 45 as the
line gets thicker.

Conjecture 3 Both with national and local competition, an increase in the impor-
tance of the measurable dimension increases output along this dimension; the effect

1s stronger for high ability types and when competition is tougher.

We end this section with Figure 5, which compares the effort level before the
reform, illustrated by the black curve, with that after the reform, shown by the red
curves. The dashed red curve shows the effect of the switch to local competition,
ignoring the constraint on the number of competition that candidates can enter,
whereas the solid red curve includes this constraint as well, and so it shows the
combined effect of the two changes on candidates effort. We note that the change
due to the switch to local competition is a small reduction in the effort exerted by
all candidates. The intuition for is this result is that the expected number of posts
allocated according to the measurable dimension is lower with local competitions
than with a national competition: to see why, consider a candidate’s expectations of
number of competitors per post: with national competition she compete for every
post with all the other candidates, and so the expectation is % With local com-
petition, a candidate compete with all the others for only one of the posts, as one
of the winners drops out of all the other competitions; the competitions might be

run in sequence or if they are run simultaneously, the “order” is determined by the
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Figure 5: National (black curve) vs Local (red curves) competition, for fixed
N =45 K =12, M =5 and x = 0.8. The dashed red curve ignores the effect

of the constraint on the number of applications per year.

preferences of the individuals who are offered more than one post. Given this, with

local competitions, a candidate’s expectations of number of competitors per post is

Z]K:Bl (?)%717;;5)] (K — j) which is less than Z£.

The constraint on the number of applications per year has the same effect as
a reduction in the number of competitors, and so it encourages the lower ability
academics, and discourages effort by high ability ones. The relative pattern is sim-
ilar for different values of the parameters, giving a suggestion we translate into an

econometric hypothesis in Conjecture 4.

Conjecture 4 Ceteris paribus, high ability academics exert marginally less effort
and have lower output along the measurable dimension following the reform, and
low ability candidates exert marginally more effort and have higher output along the

measurable dimension.

As the comparison of of the LHS and RHS panels of Figures 1-4 suggests, the
1999 reforms is not expected to determine substantial differences in effort. Figure 5
confirms that the effect of the reform is small, and it suggests it to be due mostly to
the constraint on the number of applications, and therefore more likely to be effective

in larger scientific sectors.
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Table 1: Number of professors by rank: 1990 and 2011.

1990 2011
Assistant Associate Full Assistant Associate Full
Number 15,1568 14,542 12,006 24,596 16,618 15,244
Average age 39.62 47.85 52.68 44.93 52.55 58.64
5.55 6.69 7.79 8.32 8.13 7.20
% female 0.41 0.25 0.1 0.45 0.34 0.19
% WoK 0.59 0.62 0.59 0.68 0.61 0.69

Note: Standard deviation of age under the corresponding average.
%WoK: Proportion of Professors with at least one publication in the WoK
dataset.

3 Data

The theoretical analysis gives a number of predictions on the effort exerted by candi-
dates as a function of a number of observable environmental variables: the competi-
tiveness of the sector, determined by the variables K and NV, the size of the “market”,
captured by the number of candidates relative to the number of posts, and the im-
portance of the observed dimension of output, which is measured by the variable x.
Effort translates into output via a monotonic, possibly stochastic, relation. In this

section we describe in detail the construction of these variables.

3.1 The datasets

Our data comes from three sources, one collecting individuals, one their publications,
and the third the journals where these appear.

Information on individuals is the administrative data from the Italian Ministry
of Education, University and Research (MIUR) which assembles information on ev-
eryone who has an academic job in Italian universities, public or private. The data
contains annual information on 81399 individuals, and reports their age and sex,
their scientific sector, their university affiliation, and their academic rank.

With negligible exceptions, every person has one of three ranks: assistant profes-
sor (ricercatore), associate professor, and full professor (professore di seconda and di
prima fascia, respectively). Table 1 presents two snapshots of the aggregate faculty
in Italian universities, at the beginning and at the end of the period we study; the
years in between display the expected evolution. Table A5 in the appendix breaks
down this aggregate picture by broad disciplinary area.

Some individual became associate or full professors without having previously
held a lower rank post: these were individuals working outside the Italian university
system, in Italy or abroad. In the whole period, 4578 individuals became associate

professor without being assistant professor prior to their promotion, this is 19.3%
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Figure 6: Age distribution of associate and assistant professors who leave the

dataset within the sample period.

of all promotions in the period, and 584, 4% of promotions, became full professor
from outside the Italian university system. We exclude these individuals from the
estimations, because it is not clear that the incentives they operate under prior to
their appointment are those operating in the Italian university system which form the
object of our study. Other individuals exit the system prior to retirement age: this is
a relatively rare event for assistants and associate professors, the individuals whose
effort we aim to explain: Figure 6, which depicts the age distribution of exits from
the system for associate and assistant professors, strongly suggests that exit from the
dataset is determined by attrition, death and other exogenous events, and reaching
normal retirement age, which at the time was 60 for women and 65 for men, is the
norm. A pattern of exit from the system due to outside work opportunities would
probably exhibit a different age pattern, as younger academics would be more likely
to take such opportunities, and perhaps also differ for men and women: only 0.1%
of assistant and associate professors born between 1950 and 1960 leave the system
before the age of 50, an age beyond which people are unlikely to emigrate or leave
the university career. We have also repeated the analysis excluding all individuals
who exit the system prior to reaching the age of 59, and the results do not change.
The theoretical analysis models effort as determined by the exogenous conditions

academics expect to face, which are summarised by the parameters K, N, and .

19



While in general it is difficult to determine them precisely, the special features of the
Italian university system make this task relatively simple. Each academic is allocated
to one — and only one — of 370 “scientific sectors” (settore scientifico disciplinare).
These sectors are very important for career progression, as posts and evaluations
are carried out within each scientific sector; moreover, they are strongly separated
from each other: thus, for example, if it is decided that a professor in Economic
Policy (the sector with code SECS/P02) should be appointed at the University of
Bologna, then the appointment panel for this post will be composed exclusively!! of
professors from the same sector, some of whom may be full some associate, some in
post at the University of Bologna some in post elsewhere, depending on the rules
in force at the time the vacancy opens. These scientific sectors are the units of our
analysis. They are fairly small, the average number of full professors in each is 43,
the standard deviation is 46, and distribution is fairly skewed, see Figure 7. This
indicates that our assumption is not far-fetched that candidates be able to form an
accurate assessment of the preferences of the likely membership of the promotion
and appointment panels.'?

There are two important idiosyncrasies of the Italian academic system in place in
the period we consider. Firstly, salary and all other perquisites are fully determined
by rank and seniority: in particular there is no change in salary following a horizontal
move. This implies that incentives operate only through promotions, which in turn
we can identify precisely by observing changes in the in academic rank: once full
professorship has been reached, there are no further incentive mechanisms in place.
“Negative” incentives do not operate either, as dismissals for low productivity are
non-existent in practice. Secondly, unlike many other countries, there was no separate
channel for internal promotions, so anyone who has changed academic rank without
changing university has in fact competed with all those who held the same rank in the
same scientific sector in different universities or outside the system. Together with
the relatively limited salary increase associated with promotion to the next rank,

these imply that incentives are on whole weak.

1With the exception of very small scientific sectors, where there might not be enough
qualified professors: professors from similar scientific sector would be seconded in this case.

12To fix ideas, most Italian economists are in SECS/P01 “Economics”, a sector which
had 341 full professors in 2007, and the largest size in the dataset, SECS/P02 “Economic
policy” (149 full professor in 2007), SECS/P03 “Public finance” (107), SECS/P04 “History of
economic thought” (20), SECS/P05 “Econometrics” (32), SECS/P06 “Applied Economics”
(63), SECS/P07 “Accounting” (229), SECS/P08 “Management” (176), SECS/P09 “Finance”
(24), SECS/P10 “Human resources” (41), SECS/P11“Banking” (105), SECS/P12 “Economic
history” (66), SECS/P13 “Commodity economics” (48).
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Figure 7: Distribution of the number of full professors in scientific sectors.

The second data source is the record of international research publications by
Italian academics which we have obtained from the web-version of the Thomson
Reuters Web of Knowledge (formerly ISI, WoK hereafter).!® This proprietary dataset
indexes more than 12,000 journals in the fields of arts, humanities, sciences and social
sciences.' For each article the dataset reports the title, the authors’ surname and
first initial, their affiliation, the journal where it appears, and the number of times
it is cited by a WoK indexed publication. From this dataset, we have downloaded
every article published in the period 1990-2011, where at least one author listed an
Italian university or research centre among his/her affiliations. This harvest yielded
almost two million publications, which required a considerable amount of “cleaning”
work, described in greater detail in Verzillo (2013).

13The main alternative bibliometric sources are Scopus and Google Scholar. Scopus ex-
cludes completely humanities (Klavan and Boyak, 2007) thus reducing the scope for compar-
ison across disciplines. At the time of writing, Google Scholar has some reliability problems
(Delgado Lépez-Cézar et al 2014). At any rate, the literature comparing the Scopus and ISI
databases (Archambault et al. 2009) documents high correlations among the bibliometric
measures derived from them.

4Most of the analyses we have come across are carried out by economists on economists
only (Bosquet and Combes (2013) a recent contribution), among the exceptions, Kelchter-
mans and Veugelers (2011), and Dietza (2005).
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We have linked this dataset to the Journal Citation Report, our third source of
data. This allowed us to attach to each paper the impact factor'® over the period

2008-2012, as well the scientific areas where each journal belongs.

3.2 Dealing with homonymy

Homonymy creates two kinds of problems. Firstly, there are professors who hold a
post at an Italian university and who share surname and initial with an individual
who lists in a paper an affiliation with the same university without holding in that
year a post of professor: often PhD students, or post-doc, or doctors working in a
university hospital. Secondly, there are individuals who share their name and the
first initial with another academic employed at the same time by the same university.
Unlike the first group, we can quantify this second: it contains 4969 academics; of
these, 846 work in the same research area as their homonym (these numbers are,
respectively, 6.1% and 1.04% of the total).'6

This mis-attribution of publications due to homonymy is a measurement error,
which reduces the efficiency of the estimations, but does not introduce bias unless
it is correlated with characteristics of interest, such as the competitiveness of the
scientific sector, or the importance of WoK publications for promotion. While in
general one would have no reason to think that art historian E Ferrari should be
more likely to have a WoK publishing homonym than engineer E Ferrari, a recent
strand of literature!” has used homonymy to identify “nepotism” in Italian academia.
Nepotism is defined as the process by which undeserving individuals are appointed
to professorships thanks to the influence of their relations. Because relations are
more likely to bear the same surname, evidence that the concentration of homonymy

is higher among university colleagues than it would be in a random sample of the

15 And other quality measures proposed by the bibliometric literature such as the immedi-
acy index, the eigenfactor score and the article influence score: these metrics are compared
by Chang et al (2010).

16 A hypothetical example illustrates the source of the problem: suppose that the uni-
versity of Modena employs in a given year Enzo Ferrari (in the faculty of medicine) and
Emilia Ferrari (in economics). Because they have the same affiliation, their publications are
indistinguishable. Similarly, if Ernesto Maserati is employed by the faculty of engineering
of the university of Bologna, where there are no other E Maserati, but someone called Et-
tore Maserati has published an article whilst working at a hospital affiliated with the same
university, this article would be attributed by our download procedure to Ernesto.

"Durante et al 2011, Allesina 2011, Moss 2012, interpreted as evidence of nepostism in
Perotti 2008 and Scoppa 2009.
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population is interpreted as evidence of nepotism (Durante et al. 2013). To the extent
that nepotism, which may be unevenly distributed across disciplines and geographical
areas, may affect scientific productivity, either positively or negatively, it is important
to control for it, to reduce any omitted variable biases. The theoretical model we
developed in Section 2.1 encompasses this possibility: nepotism could simply be the
non-measurable dimension along which candidates are selected.

We address the problems caused by homonymy with a heuristic disambiguation
strategy, described in detail in the appendix, and similar in spirit to the one used in
D’Angelo et al (2011), which also has an extensive bibliography on the topic.

In addition to the disambiguation strategy, we also include additional controls to
account for the possibility of nepotism, in the shape of two dummies which measure
low and high probability of nepotism. We exploit the idea that whilst family members
are more likely than two unrelated individuals to share the surname, they are not
more likely to share the same initial. The dummy indicating low probability takes
value 1 if individual ¢ has a colleague with the same surname, not necessarily the
same initial in the databases, in the same year working outside their university and
their scientific discipline. The second dummy denotes high probability of a homonym
being a relation by taking value 1 if the individual ¢ has a colleague with the same
surname, again possibly a different initial, working in the same year in the same
university and the same scientific discipline. Notice that while a person’s surname
does not change, the value of the dummies can change from period to period with
changes in the composition of the rest of the professoriate.

Of course we cannot distinguish between a situation where a person’s output is
unaffected by the presence of a relative, or artificially inflated by unethical prac-

tices.18

18 As for example reported in the press (la Repubblica, 10 May 2000) by Antonio Iavarone,
currently professor at Columbia University, “The professor of paediatrics, Renato Mas-
trangelo, required us to include the name of his son among the authors of our scientific
publications; [...] around 25 publications are attributed to his son even though he did not
contribute to them”. While an econometric analysis based on output could identify unde-
serving relations promoted beyond what their record suggests, in the presence of output level
justifying promotion, without intimate knowledge of the genesis of each article, we cannot
distinguish whether the influence of a father on his son’s output is through undue pressure
on third parties to help his son’s publications or through high quality genetic inheritance,

which also enhances his son’s output.
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4 Econometric specification

After cleaning the dataset and adjusting for homonymy, we are left with 1,142,971
papers, concentrated in the later years; of these 44.8% are by academics in science

scientific sectors, and 40% by academics in medical schools.

Table 2: Promotions and Appointments.

Period Assist - Assoc  Assoc - Full Assist - Full
1990-1994 2,539 1,618 83
1995-1998 2,441 301 46
1999-2002 7,064 6,462 198
2003-2006 4,879 3,639 50
2007-2011 2,252 1,448 22
Total 19,175 13,468 399

Source: Italian Ministry of Education, Universities and Research

The time pattern of promotions is rather uneven in time, as documented by Checchi
and Verzillo (2014). This reflected the intention of the legislator in the pattern of the
university funding. Therefore, we aggregate years into longer periods, as shown in
Table 2, which also summarises the number of promotions recorded in our dataset,
so that our panel dataset has a “professor-period” as the unit of observation.'® The

panel is unbalanced, as naturally some professors are only present in some periods.

Period 1 2 3 4 5
year 91,92,93,94|95,96,97,98]99,00,01,02|03,04,05,06|07,08,09,10,11
T -1 1 HEL HEL 1 HEL HEL T 1 HEL| 1 HiL HiL 1 T -1
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Figure 8: The timeline for competitions for appointments and promotions.

19The low number of promotions in the second period is a consequence of the staggering
of the funding cycles for associate and full professors prior to the 1999 reform. Following the
replacement of the national competition with delegated decisions, the pattern of promotions
is similar for the two ranks, but the uneven pattern of university funding still allows us to
identify three distinct waves of promotions (see Checchi and Verzillo 2014).
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The time lags between the exertion of effort and its determination of a person’s
academic output, and between the publication of output and its valuation by the ap-
pointment panel, require the explicit description of the dynamic structure of actions
and consequences. At the beginning of each period, candidates form beliefs about
the conditions which will be in force at the time the decision on their application for
promotion will be made, described in the theoretical model developed in Section 2.1
by the parameters, K, N, and z, the number of posts, the number of competitors,
and the importance of the measurable dimension for promotion. These variables have
of course the same values for all individuals within a scientific sector within a period,
and vary by scientific sector and by period. Based on these beliefs, which we assume
to be correct on average, the candidates choose how much effort to exert along the
measurable dimension. Effort translates into publications, perhaps in expectation,
measured by their individual output in that period. Subsequently, competitions take
place, and candidates are assessed.

This time structure implies that the exogenous conditions in a period determine
effort, and hence output, in the same period. This could be either because academics
apply for posts during the period, or, if they plan to apply in the next period because
they have static expectations and believe that the current conditions will prevail in
the future as well. This is summarised in Figure 8, and translates econometrically

into the following equation:
Oits = ap + 0 Kis + oy Nis + 0045 + Chs + fi + & + €4, (17)

where K5, Ny, and x5 are (functions) of the number of posts, the number of com-
petitors, and the importance of the measurable dimension of output in scientific
sector s in period t. Cys are time varying controls described at the very end of Sec-
tion 5.3. The individual and period fixed effects included in (17), f; and & account
for unobserved differences among individuals and different conditions in different
periods.

The comparative statics effects illustrated with the diagrams in Section 2.4 sug-
gest strong non linearities in the responses of academics of different types to changes
in the parameters. To capture these non-linearities, we allow the coefficients oy, oy,
and a, in (17) to differ for different types by partitioning the set of individuals in
each scientific sector according to their output, which is a monotonic function of type.
Formally, we make use of interactions between variables related to competitions —
indexed by period ¢ and subject area s — and an individual’s position in the distribu-
tion of ability of her sector. Given the monotonic relationship between ability and

output, the latter is given by her position in the ranking of output within period ¢
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Table 3: Summary statistics for the variables used in the regressions.

Assistant Associate Full

Mean sd Mean sd Mean sd
Mean Output 0.269 0.521 0.355 0.673
Output (weighted with IF) 0.391 1.122  0.514  2.047
Index = 0.605 0.127  0.607 0.128
z (weighted with IF) 0.602 0.127  0.603 0.128
Number of Posts K 28.1 29.4 20.0 21.4
Number of Competitors N 164.8 141.2 145.1 120.6
Average age in the sector 43.8 4.2 50.8 4.1 56.9 3.4
Share of women in the sector 0.418 0.186 0.299 0.177 0.162 0.139
Promotions from outside 0.184 0.170 0.066 0.179

Broad Homonymy Dummy 0.277 0.442 0.276 0.441 0.288 0.446
Narrow Homonymy Dummy 0.007  0.080  0.006 0.076 0.007 0.081

Rule 0.582 0.638 0.504 0.601

Sector: Science 0.251 0.249 0.251
Medicine 0.129 0.130 0.126
Engineering 0.177 0.176 0.177
Arts, Hum. & Law 0.352 0.354 0.354
Social Sciences 0.091 0.091 0.091

Region: North East 0.228 0.216 0.220
North West 0.195 0.219 0.208
Centre 0.279 0.273 0.298
South and Islands  0.298 0.293 0.275

Observations 127,078 107,939 89,757

Note: “Mean” and “sd” are the values computed over the individual-period sample. Output for
full professors is the reference value for the scientific sector, and so has mean identically 1.

and subject area s. Thus we estimate:
Ojts = g + aquts + aquts + gz Tts + accts + f’L + gt + &;. (18>

0ist is the output of academic i, who, in period t, is in scientific sector s. We estimate
(18) by interacting the three variables Kys, Nis, and x4s with dummies representing
appurtenance to the various regions of the output distribution. To assist presentation,
we present estimates for a coarser partition of the individuals in the scientific sector,
given both the theoretical analysis and the large number of individuals with zero
output in several scientific sectors, to prepare Table 4 we split the distribution at the
median and at the seventh and ninth decile. In contrast, Figures 9-11 estimate each
decile separately.

Rather than the academics’ expectations implied by (17) and (18), one could
hypothesize longer lags between effort and competitions, and forward looking in-
dividuals, who assume that they will apply for posts in the next period, and hold
rational expectations regarding the future values of the variables, so that their period

t output is affected by the values of K, N, and M in the next period. In this case
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(18) is replaced by:
Oits = Qo + aqut—i-l,s + aqut+1,s + QgzTt+1,s + acCs + fi + &t + € (19)

We reports the estimations of (19) in columns 5 and 6 in Table 4.

5 Constructing the variables.

5.1 Individual output in a period.

We construct two measures of output as the weighted number of publications in WoK
journals published by a given professor in a given period.

In the first measure the weight is 1+LN7 where N is the number of authors.?? For
our second measure we weight the number of papers with the impact factor ranking
of the journal: we assign a weight of 4 to a paper appearing in a journal in the top
quartile in the impact factor ranking of all the journals in the subdiscipline, a weight
of 2 to a paper in a journal in the third quartile, and a weight of 1 to a paper in
a journal below the median, or with no reported impact factor.?! The correlation
between these measures is 0.856, and hence it is not surprising that regressions run
with either give very similar results, as shown in Table 4. Different disciplines have
widely different standards regarding the quantity of publications, as anyone is aware
who has sat in a university-wide promotion committee. For this reason we normalise
each person’s output with the average output of the full professors in the same
scientific sector in the same period. Formally, define 0;5; the output of person ¢ in

scientific sector s in period ¢. Let P;; be the set of publications by person ¢ in period

20This is the weighting used by Checchi (1999), and implies that having two papers with
one co-authors is a higher output than having one single-authored paper, and reflects the
practice of forming a first impression of someone’s CV by looking at its “length”. Using the
more straightforward % makes no qualitative difference to any of the results. Abramo et al
(2014) suggest weighting differently the first and the last authors in science publications: we
have calculate output with this weighting pattern for sciences, and obtained a correlation
of 0.926 with our chosen measure of output, suggesting that our results would not change
qualitatively with the Abramo et al weighting pattern.

21Even though the individual output is normalised by disciplinary area, taking quartiles
reduces the influence of differences in the impact factors of journals in different disciplines,
documented among others in Althouse et al (2009). At any rate we have also run our analysis
weighting papers with the natural log of (1 plus) the journal impact factor, with no noticeable

changes.
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t; let Fg be the set of full professors in scientific sector s in period ¢. Finally, let w,

be the weight of publication p. Then, we measure 0;5 as

ZPGPit Wpt
Zfefst Zpewft Wpt
#-Fst

(20)

Ojst =

In (20), the numerator is person i’s weighted number of publications. At the denom-

inator, ZpePf
professor f; this is averaged over all the full professors f € Fs in the scientific sector

wyy is the weighted number of publications written in period t by full

s at the end of period ¢; recall that #F, denotes the number of elements in the set
Fs.

5.2 The variables K;, and N

K, is the number of positions available in period ¢ in scientific sector s: this is given
by the number of individuals who are promoted to a professorship in the period, or
appointed from outside the scientific sector. It is therefore obtained as the count of
all promotions to the rank, and the number of “new entries” into that rank from
outside the Ministry database.

For the associate professorship competitions, the number of (potential) appli-
cants, Ny, is the number of assistant professors who are in scientific sector s during
any year in the period, or in the last year of the previous period and were appointed
associate professor in the initial year of the period, and the number of assistant pro-
fessors who become associate professors in scientific sector s from being assistant
professor in a different scientific sector. We do not include in the count those who
were appointed from outside the system: given our aim to determine the response of
applicants to competitive conditions, excluding them from the number of potential
applicants implies that the academics inside the system were not expecting these
“outsiders” to be competitors at the time they choose their effort level.

For full professor competitions, Ny, is given by the number of associate professor
in scientific sector s, in any year in the period or in the last year of the previous period,
plus the number of associate professors who become full professors in scientific sector
s from being associate professors in a different scientific sector, and the number of
assistant professors who become directly full professors, whether from scientific sector

s or from a different sector.22

22Unlike Bosquet et al (2013), our dataset cannot distinguish between those who apply
for a post and are not appointed from those who do not enter it at all, and can thus be
considered a reduced form of a two-stage model where individuals first choose whether to

28



As the analysis of Section 2.4 illustrates, the changes introduced with the 1999
reform affect academics’ effort. As the comparative statics captured in Figure 5
suggest, the main effect is due to the constraint on the number of applications to
be made in each year. It would be inappropriate simply to include a dummy taking
value 1 if the constraint is binding at the time of a person’s promotion. In the first
place, the correspondence between the year in which a post is advertised and the
year in which the appointee is recorded in the Ministry database is not one-to-one:
some appointment are quick, others are delayed by bureaucracy and appeals, so it
is not accurate to count the number of potential applications with the number of
appointments. In addition, the constraint, like the other variables affecting effort,
operates in expectations: individuals will consider the role of the constraint to the
extent they believe it will be binding. If there are many posts in their sector, they
will believe it highly likely that the constraint will bind; vice versa, if few jobs are
to be filled in their scientific sector, they will simply ignore it. We capture this by
creating a variable “Constraints on applications”, which takes value 0, 1, 2 according
to whether the number of posts filled in a year is less than 5, between 5 and 10,
and more than 10, respectively. This variable is obviously set equal to zero before
1999. Figure 5 suggests again a non-linear effect, and we interact it with the decile

dummies, as with the other explanatory variables.

5.3 The importance of the measurable dimension

If K and N are relatively straightforward, there does not exist a natural measure for
the importance of the measurable dimension in the selection.

The choice of K winners from a pool of N applicants is the selection of K elements
from a set of N ranked elements. We develop elsewhere (Checchi et al 2014) an index
for the comparison of such selections, and we take this index as the measure of the
importance of the measurable dimension. This index assigns to any selection from
any set whose elements are ranked, a number between 0 and 1, in such a way that
given any two selections from any two sets, if one selection is obviously closer than
the other to the selections that would be made if only the highest ranked elements
were selected, then the value of the index assigned to the first selection is higher
than the value assigned to the second selection. In the above, “obviously closer”
means that it satisfies a number of natural axioms. This index, which takes value 1

(respectively, value 0) if only the best ranked (respectively, worst ranked) candidates

apply and if they do are considered for appointment. Unlike Zinovyeva and Bagues (2010
and 2012), we cannot control for the identities of the members of the appointment panel.
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are appointed allows, comparisons between selections of different sizes from sets of

different sizes.?> The expression for this index is:

Kis(2Nts—Kis+1 N¢s N .
Fus (@l s tl) 50 () 5

Kts (Nts - Kts) ’

Tts =

where K;s and Ny are the number of posts and competitors in scientific sector s in
period t and 0 (j) is an indicator function taking value 1 if the j-th ranked competitor

is selected, and 0 otherwise. The above can be rewritten more intuitively as:

" T'ts,max — Tts
ts = )
T'ts,max — T'ts,min

where 7, is the sum of the ranks of the candidates appointed in period t in scientific
sector s, and 7¢s max and 745 min are the maximum and the minimum possible values
that the sum of the ranks of the winners could take, which occur when all the worst
and all the best candidates are selected. Thus z;s would be 0 in a scientific sector
where all the appointees in a period have lower output (and so higher rank) than all
the non-appointees (7¢s = 7tsmax), and vice versa x5 would take value 1 if all the
winners had higher output than all the non-winners (rys = 745 min)-

It would be incorrect to use the measure of output developed in Section 5.1 to
determine the ranking of candidates for the construction of the index x;s. This
is because the appointment panels are required to, and typically do, evaluate the
overall contribution of candidates, not restricting attention to the recent output, and
also has discretion to judge the influence and importance of an applicants’ work. It
therefore seems preferable to combine information of past output with information
regarding the importance of this output, and so to determine a person’s ranking for
the construction of the index x5 in scientific sector s in period ¢, we take the first
factor of a principal component analysis of a candidate’s cumulative output up to

period t, and her real h-index?® in the last year of period t, weighted in the two

23The downside of this very broad applicability is that there are pairs of selections which
cannot be ordered in an obvious manner in terms of closeness to the ranking: the axioms
proposed by Checchi et al (2014) are minimal, so there are pair of selections whose comparison
does not satisfy all the axioms.

24An author has index h if h of her N, papers have at least h citations each, and the
other (N, — h) papers have no more than h citations each (Hirsch 2005). The real h-index, a
refinement proposed by Guns and Rousseau (2009, p 67, expression (6)), is the intersection
of the 45° line in the Cartesian diagram with the number of papers ranked by number of
citations on the horizontal axis, and the number of citations on the vertical axis and the line
segment joining the least cited paper above the diagonal and the most cited paper below it.

Further details can be found in the appendix.
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different ways used to calculate the output measures in Section 5.1. Both these
measures are reported in the summary statistics Table 3. The correlation between
these measures is anyway extremely high, 0.986 for promotion to associate professor
and 0.973 for promotion to full professor. On the other hand the correlation between
the measure between ranks is only 0.263.

The inclusion of individual and period fixed effects controls for the time invariant
unobservable characteristics; as additional controls, we include the share of women
and the average age of the competitors. Finally, we include the homonymy dummies
described above at the end of Section 3.2.

6 Results

Table 4 reports our main results; greater detail is in the appendix. Our preferred
specification is in Columns 1 and 2: individual output is weighted with the number
of co-authors, and correspondingly the index z is the principal component of the real
h-index and the number of papers weighted with the number of authors. The first
columns report the coefficients for assistant professors intending to become associate,
the second for associate professors intending to become full professors.

The Table presents four blocks of estimated coefficients; the fifth block, given
at the bottom, is calculated as the difference between the corresponding coefficients
in the second and third block. Within each block, we give four coefficients: as we
divide academics into different “groups” of deciles to reflect the different response
that individuals of different ability give to exogenous changes in their competitive
conditions, illustrated by the theoretical model. The first coefficient is the effect
on the output of the academic whose output is below the median of their scientific
sector of the corresponding variable in their sector. The second row is the value
for individuals whose output is in the sixth and seventh decile of the distribution
of output in their sector, the third row for deciles eight and nine, and the last row
for the academics whose output is in the top decile. The first block measures the
effects of changes in the importance of the measurable dimension, the index x, the
middle block reports the effect, in each quantile group, of an increase in the log of
the number of posts available in the sector, and the third the effect of a change in
the log of the number of competitors. The fourth block the importance of the rule
on the number of applications per year, and the calculated block at the bottom the
role of the size of the scientific sector.

The appendix reports the corresponding results for quartiles, while the Figures

below plots the coefficients when the regressions are run with the interactions with
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— Assistant Professors
— Associate Professors

Value of coefficient

5 6 7 8 9 10
Ability type

Figure 9: Effect of a change in metric-basedness.
Regression coefficients for x at the mid-point of each decile in the ability distribution

all ten deciles as separate regressors.

In each of Figures 9-11, the horizontal axis is the decile of ability and the corre-
sponding ordinate the coefficient measuring the effect of a change in the exogenous
variable on the output of the academics allocated to that decile according to their
output. The dashed lines are the 90% confidence interval around the coefficient.

All three figures depict responses which, to a considerable degree, match the the-
oretical predictions derived in section 2.2. Thus Figure 9 shows how higher ability
academics, who produce more to begin with are also more responsive to an increase
in the importance of the measurable dimension, as suggested in Conjecture 3. More-
over, the effect is stronger for assistant professors, who face a more competitive
environment, than for associate professors. The position of the two curves suggests
a discouragement effect for low ability academics, who respond to an increase in
metric-basedness with a reduction in their effort: this is not predicted by the theory,
but could be due to substitutability in effort along different dimensions: as the non-
measurable dimension becomes more important, more effort is devoted to it, which
might increase the marginal cost of effort along the measurable dimension.

Figures 10 and 11 convey the same message. Competitiveness, a reduction in the
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Figure 10: Effect of a change in the number of posts.

Regression coefficients for K at the mid-point of each decile in the ability distribution

ratio between posts and potential applicants, increases effort of high ability types
and reduces effort for low ability types, in line with Conjecture 1. The message is
more precise for associate professors, as can be seen comparing the red and the blue
lines.

In the rest of the section we carry out some robustness checks; these confirm
that the main results do not change according to the details of the econometric
specification chosen. More such tests are collected in the appendix. The third and
fourth columns in the Table show the coefficient when the output is measured as the
number of papers published in WoK weighted by the position of the journal in the
ranking of journals for that research area according to the impact factor, and where
the index x is also measured using this weighting for the output component. The
coefficients do not differ qualitatively from the first two columns.

In the next two columns we explore in more detail the dynamic structure, and
report the estimation of (19), we it is postulated that individual base their effort
on the output expected for the next period. The differences are not substantial,
indicating a degree of stability of expectations, and that the timing of the competition

relative to the time when effort is exerted is not a fragile variable in the determination
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of our results.

Given the anecdotal evidence regarding the relative importance of publication
in journals for different subjects, it might be of interest to analyse separately the
behaviour of academics working in different areas. As shown in the appendix there is
no statistically significant difference in the estimated coefficient across the five broad
areas of Science, Medicine, Engineering, Art Humanities and Law, and Social Science.
This might seem puzzling, though close investigations of the different scientific sectors
within each of these areas suggests (see Checchi et al 2014, Section 4) that there is
sufficient variation in the competitive conditions across scientific sectors within each
research area to explain this homogeneity. This, however, may raise the question of
endogeneity in the choice of the selection criterion by the appointing committees.
If academics do self-select into different scientific sectors within the same research
area, both candidates and panellists would share the same attitude towards the
measurable dimension of output, which might create endogeneity of the variable.
For example, if biologists with a high cost of effort along the measurable dimension
all opt for a given scientific sector within biology, and those with a low cost of effort
for a different one, then the correlation between individual productivity and selection
criteria would be driven by the unobservable type. The very variability of the index
x within broad research area makes this a problem, as it is arguably easier for an
academic to switch from a scientific sector within a broad area, than changing area
altogether. This self-selection problem is somehow lessened by the measurement of
individual output relative to the average output of the full professors in the scientific
sector. Nevertheless, to reduce the potential problems which might be caused by
short term changes in behaviour, we instrument the index x using two variables
which might be correlated with the importance of the measurable dimension, but
are uncorrelated with individual output in an OLS regressions, namely the share of
appointments from outside the university system and the average age of full professors
in the scientific sector. The former, the share of academics who are not promoted
from a lower rank, typically working in foreign universities, in the private sector,
or in public sector research institutions, suggests a sector less inward-looking, more
open to the international standard provided by the measurable dimension. Similarly
for the average age of the full professor: a younger leadership should be correlated
with greater importance of the measurable dimension. The qualitative nature of the

results is unchanged relative to the OLS, as the last two columns in Table 4 show.
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Figure 11: Effect of a change in the number of competitors.
Regression coefficients for N at the mid-point of each decile in the ability distribution.

7 Concluding remarks

This paper studies the response of Italian academics to the competitive conditions
they face. We construct a theoretical set-up moulded by the details of the legislation
governing promotions and appointments in Italy in the period from 1990 to 2011.
The model predicts differential responses to competitive conditions for individuals
with different abilities, and so end up with different levels of output: the theory pre-
dicts that the change in effort level in response to exogenous changes differ according
to individuals’ position in the ability ranking. Intuitively, this happens because indi-
viduals whose cost of effort differ, choose effort levels such that the benefit of “extra”
effort differ. If the competitive conditions change, for example because more jobs
become available, then a high ability individual, for whom effort is “cheap” who was
exerting a lot of effort is already highly likely to be promoted, and so has relatively
little incentive to exert “extra” effort. But for someone in the middle of the abil-
ity ranking, the laxer competitive conditions might translate into high productivity
of effort, in the sense that “extra” effort might be rewarded with a relatively large

increase in the probability of winning the additional job made available.
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We exploit these non-linearities in our econometric strategy. We build a dataset
collecting the publications in academic journals written by academics working in
Italian universities. We exploit the highly uneven time trend of new appointments,
which reflect the highly centralised appointment and promotion process and funding
patterns, and the very low turnover in the profession: entries tend to happen at the
lowest level, and exit is relatively rare. We find that the model predicts well both
the general lines and also the details of the theoretical model, regarding the different

response to changes in the exogenous conditions of different types of individuals.
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Al Appendix

In this appendix, we first clarify how we have dealt with some important but technical
issues in the preparation of the dataset, and subsequently we present further results

which might be of interest to some readers.

Al1l.1 Pre-1994 Scientific Sectors

The scientific sector to which each professor was allocated was not recorded prior to
1994: we therefore “back-fill” by assigning the earliest recorded scientific sector to a
person’s missing values of the preceding years.

In addition, a reclassification of the codes took place in 2000: we have mapped the
old codes into the new ones following the relevant pieces of legislation: Decreto Min-
isteriale 23 December 1999, available, in Italian, at www.miur.it/UserFiles/116.htm
and attiministeriali.miur.it/media/174798 /allegato%20a_def.pdf.

A1.2 Disambiguation of homonymy

In this section we explain how we have attempted to reduce the mis-attribution of
papers to academics who share the surname and the initial with someone who works
at an institution associated with the same university where they work.

We begin by aggregating the scientific sectors into 29 broader groups (using the
alphabetic part of the codes for the scientific sectors themselves). We then use
the allocation of journals to 260 “subdisciplines” by the Journal Citation Report
to calculate the frequency with which professors from each of the 29 research areas
publish in journals assigned to these subdisciplines, and the frequency with which
papers published in a subdisciplines are by professors in each research area. We then
allocate an article that prima facie appears to have been written by a given Italian
professor to that professor if either of these frequencies exceeds a certain value.

The value itself is different for different research areas and different subdisciplines.?’

25Formally, consider a paper published by author Y who is classified in the Ministry
database as pertaining to research area B and who has published in a journal assigned
by the Journal Citation Report to subdiscipline X. We attribute this paper to professor
Y if the share of papers written by professors in research area B published in subdiscipline
X (the share of the total of papers published by professors in research area B), exceeds a
proportion of the Herfindal index (taken as a measure of the concentration of subdisciplines

where professors in research area B publish) or if the share of papers written by professors in
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In other words, if professors from a certain research areas appear to publish only
occasionally in journals in a certain discipline, and if publications in journals from
that subdiscipline are written only occasionally from professors in that research areas,
then we attribute all such publications to homonymy, and do not allocate them to
professors in the given research areas.

When homonyms are also in the same broader area, we share arbitrarily the
papers among them. For example, if Enzo and Emilia Ferrari both held posts in Law
in 1997 at the University of Modena, each of the downloaded papers authored by E
Ferrari would be attributed to Enzo with probability %

A1.3 Recovering the h-index

For all its limitations, the h-index is gaining acceptance as a measure of a person’s
influence with their academic colleagues.

To construct the h-index we need the number of papers and the citations each
paper has received. The information we downloaded from WoK contains only the
total number of citations at the time of download, and, in order to avoid the rather
daunting task of downloading all the papers that cite a given paper and allocate each
citation to the year in which the paper was cited, we assume that all papers in a given
sub-discipline have the same time pattern of citations, and attributed the accumu-
lated number of citations to each of the years since the paper’s publication according
to that pattern.? Rather than the h-index, we calculate the real h-index, which has
the twofold advantage of taking continuously distributed values, and of refining the
ranking of different individuals. For example, if individuals A’s publications have
10, 1, and O citations, individuals B’s publications have 1, 1, and 0 citations, both
would have an h-index of 1, but individuals A has a real h-index of 1.9, whereas
individuals B’s real h-index is 1. This reduces considerably the number of ties in

a way consistent with the importance of a person’s output. We split the remaining

research area B published in subdiscipline X (the share of the total of papers published by
in subdiscipline X)), exceeds a proportion of the Herfindal index (taken as a measure of the
concentration of professors’ in research areas who publish in journals in subdiscipline X). We
adjust for concentration — using the Herfindal index — because certain research area tend to
publish almost exclusively in certain journals, and vice versa, certain journal subdisciplines
tend to attract almost exclusively professor from certain research areas.

26Thus, for example, if all the papers in physics have received %, %, %, % of citations in the
first four years after publications, and none in the successive years, then we have assumed
that a paper published in 2002 which had 12 publications at the time of download had

received 4 citations in 2002, 3 in 2003, 3 in 2004, and 2 in 2005, and none subsequently.
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ties randomly, and calculate the index for each scientific sector for 50 random ways
of breaking the ties and we average the resulting values of the index derived in each

case.

Al1.4 Further summary statistics and additional results

Tables Al and A2 break down the information in Tables 1 and 2 by period and by
broad subject area. Similarly, A3 gives the breakdown of the summary statistics,
presented in aggregate in Table 3, by broad disciplinary area. This information is
further broken down by period for the index of metric-basedness in Table A4.

In table A5 we split the sample by broad research area. The main results re-
ported in Table 4 hold in each subsample, indicating limited differences across broad
disciplines. Statistical significance declines, especially in the Arts, Humanities and
Law, and in the social sciences.

Recall that in the main body of the paper we have bracketed professors together
according to asymmetric groups of deciles, to account for very similar output in the
lower part of the distribution of types. Lest be thought that the partition given in
the body of the paper affects our result, in Table A6 we partition individuals into
four quartiles. As the first two columns show, the pattern is preserved of heteroge-
neous response to external conditions by ability: more talented academics are more
productive when metric-basedness is more relevant and when competition is fiercer.
This pattern survives even when we split the sample by research area, despite loss of
statistical significance in many cases.

Table A7 reports the breakdown of the regression by time periods: it is hard
to detect a pattern, confirming the relative limited importance of the 1999 reform,
except insofar as the constraint on the number of applications did affect output, as

shown in the last block of reported coefficients.
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Table A2: Promotions and Appointments by Period and Broad Disciplinary

Area

Disciplinary Area  Assist.-Assoc. Assoc.-Full  Assist.-Full

Science
1990-1994 869 610 29
1995-1998 752 30 1
1999-2002 2,094 1,829 33
2003-2006 1,354 900 6
2007-2011 607 349

Medicine
1990-1994 404 204 13
1995-1998 108 124 21
1999-2002 889 828 48
2003-2006 687 525
2007-2011 301 256 2

Engineering
1990-1994 444 265
1995-1998 693 21 5
1999-2002 1,033 1,100 12
2003-2006 811 554 3
2007-2011 406 201

Arts, Hum. & Law
1990-1994 546 392 34
1995-1998 537 82 16
1999-2002 2,099 1,918 93
2003-2006 1,383 1,140 33
2007-2011 615 449 7

Social Sciences
1990-1994 276 147 3
1995-1998 351 44 3
1999-2002 949 787 12
2003-2006 644 520 4
2007-2011 323 193 2

Total 19,175 13,468 399

Source: ITtalian Ministry of Education, Universities and Research
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Table A4: Summary statistic for the importance of publication in WoK journals

for promotion by academic rank

Period Science Medicine Engineering Hum. & Law Social Sciences

Assoc. Full Assoc. Full Assoc. Full Assoc. Full Assoc. Full

1990-94  0.556 0,631 0.544 0,607 0.530 0,588 0.518 0,507 0.521 0,558

0.149 0,202 0.132 0,165 0.172 0,159 0.105 0,097 0.115 0,170
1995-98  0.732 0,510 0.674 0,620 0.693 0,448 0.543 0,509 0.593 0,624
0.147 0,212 0.248 0,219 0.144 0,075 0.123 0,183 0.142 0,185
1999-02  0.720 0,615 0.762 0,677 0.655 0,613 0.521 0,536 0.556 0,555
0.116 0,115 0.105 0,121 0.130 0,148 0.091 0,097 0.102 0,084
2003-06 0.715 0,630 0.731 0,661 0.658 0,625 0.521 0,560 0.543 0,571
0.116 0,141 0.135 0,124 0.174 0,142 0.091 0,125 0.098 0,116
2007-11  0.724 0,656 0.705 0,666 0.667 0,670 0.546 0,533 0.591 0,524
0.148 0,215 0.172 0,183 0.159 0,193 0.118 0,125 0.166 0,158

Note: Index of metric-basedness when candidates are ranked by the number of papers adjusted for the number of authors.

The number in small font under the mean by broad area is the standard deviation.

AT



‘AwrLuowioy ‘o3e o3wvioAr ‘oleys o[RWL] ‘jURISUOD *

‘popN[OUI S109]J0 PaX1 [enplalpul pue potrad
JUSIOLYO0D MO[O( JUO] [[RUWIS Ul [BNPIAIPUL Aq Pal1a3sn[d s1011d paepuryg "T°0>d 4 ‘60°0>9d 4y ‘TO 0> 4ux 270N

6£0'F 8FF'G  TEL'6 FTLOCT  0LLS i) G299 2068 SOLTT  ISZ'FT  966°LE  9.0°6¥ s10ssojoId JUAISPIP JO IoquunN
0S€°0 1120 T¥0°0 2900 11€°0 45 al0] 20€°0 TLE0 €510 0SS0 6710 002°0 poarenbs-y
1688 ¥86TT 698°0% T99°T€ ¥E€9'CT  T1€8°9T  L90°9T  99G'%¢  C©96'8C  FT19'GE  @8F'€6 ¢e8'¥al SUOI}eAIDSq)
€91°0 292°0 91¢'0 8LT°0 S¥1°0 L0T°0 160°0 L90°0 890°0 960°0 L90°0 2900

#+7P€0"  8TIF0-  80€°0- 6ET0 4x+E8E° 0" sk CLE 07 skkBEF 07 5091 °07 sk CIT 0 5k E0E 07 s SGFC 0~ s CVT 0~ a[ap dog,
8¥0°0 Ge0'0 9¢0°0 9200 I70°0 8€0°0 €20°0 8T0°0 8200 [440N0] S10°0 c10'0

%0600 0F0'0-  9%0°0 000°0- T00  %%x8L0°0- 4xx1G0°0- %xEF0°0- S00°0- 4xxG60°0- TO00 %9700~ 6 pue g sa[e(
€€0°0 0€0°0 ge0'0 ¥20°0 €€0°0 L20°0 1200 T10°0 LT0°0 €10°0 T10°0 600°0

s+ ITT°0 %%890°0- 8700 9100 €70°0 0200 %G€0°0  %020°0 48700 %xx8€0°0 %x8¢0°0 100°0- L pue 9 so[a(]
gc0'0 €200 160°0 610°0 ¥20°0 LT10°0 C10°0 L00°0 0100 800°0 I10°0 900°0

€600  680°0- 900 LI00 T€0°0  5x%x990°0 %%%590°0 #%+EC0'0 5x%xC90°0 #xxI€0°0 #%xL¥0'0  T100°0 URIPIW MO[9q ULI0JY
201’0 €€T0 2620 LTIT0 880°0 8¥1°0 690°0 Gge0'o 0¥0°0 L¥0°0 9€0°0 L20°0

2x%08€°0 %xx689°0 67VE0 89T°0  FIT'0- TG00~ 6100 sssxVIT0 %xx0CE 0 sk IST'0 55xGTT0 %%x0CT°0 a[ep dog,
GG0'0 L80°0 L0T°0 6S0°0 0S0°0 800 960°0 620°0 9¢0°0 €€0°0 L20°0 0200

##60T°0" 5xxCEC'0 TVI'0- 8G0°0- #xx9ST°0- %FFT'0- %x8CT°0- €000  %390°0 %x890°0- 0€0°0-  TT0'0- 6 pue g sa[ag
0G0°0 980°0 G010 9¢0°'0 [4°{0N0] Z80°0 L90°0 620°0 geo'o €00 L20°0 0200

#xx08T 0" %xxGLT°0 TCT'0- 8E0°0- 8L00-  0L00 s%x06T°0- %xx8G0°0- SF0'0- sxxT0T 0" %xx¥80°0- 000 L pue 9 so[9(]
8¥0°0 ¥80°0 G010 9¢0°0 160°0 6L0°0 ggo'o 620°0 geo'o T€0°0 9200 0200

***mﬂHO| ***Q@NO 23170~ 920°0- 970°0- **Qwﬂo ***mNNO|***®wOO| **wwOO| ***meO|***mOHO| LT0°0 ueIpowl Mo[2q %MO&S@QEOO
90T°0 8210 0920 vZ1°0 L60°0 9%1°0 €90°0 0%0°0 0¥0°0 9%0°0 t44{0N0] v€0°0

200°0-  8LT'0- TPC0- %9020~ 4«x¥€C0 6000 %xx98T°0 %890°0- sxxV0T°0- %x680°0- FF00- #xx680°0- a[ap dog,
L20°0 6T0°0 8200 8T0°0 9200 8€0°0 C10°0 T10°0 G100 ¥10°0 800°0 900°0

700'0-  %xL€0°0- T€0°0 ¥I00 6100  #xxLGT°0 %%4¥S0°0 x030°0- GG0'0- €000  TIO'0- 4xSGT0°0- 6 pu® 8 Sa[Id(]
€20°0 G100 ¥c0°0 S10°0 0c0°0 L20°0 0100 900°0 0100 0100 900°0 700°0

930'0  %920°0- %EFV0°0 STI00 €300~  %x950°0 #x%L300 €000 %1300 900°0 4%%L20°0 G000 L pue 9 so[a(]
¥10°0 8T0°0 €20°0 9100 €10°0 120°0 900°0 S00°0 L00°0 L00°0 S00°0 ¥00°0

+xx890°0  000°0-  G€0'0 8T0°0 4xLZ0'0- €000 +xx0€0°0 #xxFT0°0 x4x6€0°0 5xx970°0 #xxFF0°0 %xx0C0°0 uerpaw Mofaq :s3sod Jo IoquinN
0ovs 0 LLTT 9€¢'T 0840 L2¥°0 660 01€°0 L12°0 0zcz 0 8610 GLT0 ov1°0

¥%0°0- TI00  T6T°0- «I0¥' T 4xx068'T #xx808°€ GLT'0 4xx876'0 GOE'0  sxx¥6L°0 %xCCF'0 swxx€LL'T a[ap dog,
€91°0 061°0 o¥1°0 LIT0 8LT°0 LST°0 8L0°0 1900 0L0°0 290°0 S70°0 6€0°0

w44 EF7 0 %%96€°0 %%00E 0 5xxLGE°0 5%x688°0 %xx€90°C  TC00- %%V T'0  980°0  sxx[L8°0 5%x%L0C°0 %x08L°0 6 pue g sa[ag
€IT'0 [431] 9010 160°0 ¥80°0 060°0 250°0 2€0°0 [47{0N1] 0S0°0 L20°0 9200

GG0'0-  %xGLC°0- €20°0- 0S0°0  %9ST'0- 4%xx68C°0 %8800~ 980°0-  GG0'0- 4870 0~ xxx160°0- L00°0- L pue g so[9(]
201’0 €910 Z80°0 L60°0 L90°0 080°0 T€0°0 0200 8200 geo'o 6T0°0 0200

*LLT°0" 45x687°0- €00°0  6G0°0- sskkBTL 0" sk EEL 0™ k618 0" sk 0T 0 sk BLT 07 sk VOE 0~ 5esex88C 0 55 GEF'0-  URIPOW MO[D(Q :SSOUPISLY-OLIJOIN
"008sYy 9SISSyy  D0SSYy  JSISSY  'D0SSY ISISSY "008sYy ISISSYy ‘00SsYy 18ISy *008sy ISISS Y
SOOULIDG [RID0S mer] 29 ‘wnyg SuriesuIsuy QUIDIPAIN Ehlicibly UOISsaI8aY aseq Ky1a190npoad [enpraipuy

voay AxeurdiosiqQ

Jo sjueuruaaalog

roIR Areur[dosp peolq Aq ‘SUIYSoM SIOYINLROD ‘SUOISSAISII 9sk( JO SINSIY GV S[qe],

A8



pue porrad ‘Awmrduouwroy ‘o3e ofeioAr ‘9IRS 9[RWIDJ ‘JURISUO)) ‘JUSIOJOOD MO[D( JUOJ [[RWS UI [BNPIAIPUl AQ Palojsn[d SIOIId pIvpu®R}g

‘pPopN[OUl §109]J0 PaOXL [eNnpIAIPUL

1°0>9d 4 ‘60°0>9d 4y ‘TO0>SA 4y PION

607V 8FP'GC  TEL6  VLO'ET  LLG VYL G299 L06'8  GOLTT  ISETT  966°L€  9L0°6 s10s509§01d JUSIGYIP JO IOQUINN
¥ve o €9¢°0 980°0 2200 192°0 697°0 ¢LT0 €VE0 917°0 9€9°0 LETO c1e0 parenbs-y
L68'8  ¥S6IT  698°03  T99'TE  ¥E9'CT  T€89T  L90°9T  9SG'PC  ©96'8c  ¥I9°GE  T8F'E6  GESTTI SUOIYRAIdS( O
€¥0°0 L20°0 1€0°0 610°0 7700 0€0°0 ce0'0 1200 €20°0 810°0 ¥10°0 010°0

T90°0-  %%%980°0~ %xx6L0°0- <¢€0°0- 9C0°07  #xx660°07 5xx TV T'07 55xG60°07 5 ETT 0 55 CCT 07 55 C80°0~ %0800~ SN 4T
020°0 910°0 ¢10°0 800°0 1200 020°0 G100 600°0 1100 010°0 900°0 G00°0
VI00  %xE€0°0- %xxCE0'0 %«VI0'0 %x9%0°0  €00°0- G100 800°0- €00°0 T10°0- C00°0 %1200 oIENY) 4,8
LT0°0 9100 T10°0 L00°0 6T0°0 7100 ¢10°0 900°0 600°0 L00°0 ¢00°0 700°0
0200 €20°0- %1200 «ET0'0  %L€0°0 T20'0  %x5C0°0 xxVI0'0 sxx¥V0°0 %xGT0°0 %xx0C0'0 xxxE€T0°0- OIIMENY) 1yT
0200 7100 010°0 800°0 8T10°0 €10°0 600°0 S00°0 800°0 S00°0 S00°0 700°0

G10°0- €¢0°0- 7100 600°0 €200 G00°0  %%x5C0°0 %x€T0'0 %xxCEO'0 %%ET0'0 5%xECO'0 %xxIT0°0- S[IMIENY) 4] (ULIOJY
1€0°0 GL0°0 €200 610°0 6€£0°0 670°0 7€0°0 €20°0 €20°0 Gco'0 1100 1100
LT0°0 €80°0 8¢0'0  xx0¥0'0  G€0°0- T10°0 CEO0'0™  %%BG0'0 %x+xEGT'0 #xxL80°0 %4xG90°0 %xx850°0 SIIENY) oy F
G200 690°0 610°0 GT10°0 Ge0'0 Zv0°0 ce0'0 1200 2200 2200 0T0°0 0T0°0

0€0°0- 860°0 ¥¢0°0- 910°0 LS00 s PPT'0 %%xL80°0- ¥10°0- 9€0°0 6¢0°0- 0000 4%x5S0°0 S[IpeNY) 4,8
G200 890°0 610°0 G10°0 9€0°0 700 €€0°0 1200 2c0°0 €2¢0°0 010°0 010°0

1€0°0- 660°0 9¢0°0- CC0'0  xxkCOT'0 %%k IVC 0 %xxSTT°0- %6€0°0-  800°0- 4xx890°0~ %LT0°0- %xx590°0 SIIMEND) 1yT
920°0 890°0 610°0 910°0 G€0°0 0v0°0 2€0°0 1200 220°0 120°0 010°0 010°0

*N.ﬁOOl \LOﬂD gc0'0- ¢c00 ***ﬂﬂﬂo ***mwmo ***MNﬁOl **ODOO| €200~ ***@Oﬂ@l **MNOOl ***wwOO wﬂu.ﬂmﬂg wwH “thﬁuwQEOO
¥20°0 810°0 7100 €10°0 G200 €€0°0 910°0 1100 €10°0 g10°0 L00°0 900°0
9100 L00°0-  €00°0- %x9C0°0- %xxx990°0 €900  %x9€0°0 ¥IO'0-  %ECO'0- xxxIV0°0- TTO00- xxx¥7C0°0- S[IMEND) 4T
1100 600°0 900°0 G00°0 1100 L10°0 000 ¥00°0 900°0 800°0 €00°0 €00°0
0100 C¢10°0- 2000 ¢00'0  xx¥C0'0- T00°0 800°0 c00°0 0100 G000 %%L00°0 %xxL00°0- s[prend) ,,¢
600°0 800°0 900°0 G000 T10°0 710°0 900°0 €00°0 900°0 800°0 200°0 200°0
800°0 L00°0-  %%€T00  TO0'0 %8700~ %xx0G0°0~ %0T0'0 %4x600°0 %xx9T0°'0 %VI0O'0 %%x610°0 T00°0 SIIMENY) 1uT
€10°0 600°0 900°0 S00°0 010°0 €10°0 900°0 €00°0 G00°0 ¢00°0 200°0 200°0

#x8C0°0 V000~ 4xx8T0°0 €000  sxx0V0'07 5xxEV0'0~ %xx8C0'0 %xxGT0°0 %%xEC0'0 %xx8E0'0 %xx8C0'0 %xx800°0 a[nreny) 1 :sysod jo requiny
6C1°0 0LT°0 960°0 980°0 6C1°0 2010 9110 €90°0 €50°0 750°0 8€0°0 T€0°0

wkkLEE0 5xxkVIL'0  80T'0  4xkV6T'0 5xkxk06C'T 54x966'T 5x+x6EE'0 sk VOT'0 s5kCLT'0 5x+xEEC0 54 TEE'0 5x4xTTS0 SIIMENY) o, F
v.0°0 ¢L0°0 €€0°0 9€0°0 1600 LS00 cv0°0 2200 820°0 82¢0°0 910°0 7100

%LC1°0- €200 T00'0- #xVL0'0" s4xCET0 %xx€I¥'0 €10°0- L20°0- 010°0- €¢0°0- 000~ %xx660°0 SIENY) 4,8
8G0°0 290°0 9€0°0 2€0°0 970°0 LV0°0 L20°0 910°0 1200 [44N] ¢10°0 210°0

**%wwﬂon 260°0- S10°0- ***ﬁNHO:**%ONMD: ***DNMO-***@OHmvl***@hOO: ***mﬂﬂmwn***w.WHOl%**wMAO: **%NﬂﬁO: QEPHNSNU ﬁQN
690°0 cL0°0 G€0°0 8€0°0 9%0°0 250°0 0€0°0 G10°0 220°0 020°0 ¢10°0 Z10°0

*%Mﬂﬂ@u ***wwHOl 7€0°0- ***Hﬂﬁ@l ***ﬂ@@@u ***h@@@l ***ﬂbﬂ@l ***MmOcu ***h@ﬂ@u ***mMHO| ***ﬂﬂNOu ***hmMAuu wzahdﬂg wm.ﬂ :SSOUPIse(-OLIIdIA
'D0SSy ')SISSy D0SSY  (PSISSy 'D0SSYy  (SISSy D0SSYy  (9SISSy "D0SSY  YSISSy 'DOSSy  (SISSY
S9JULIOG [RID0G me 7 ‘wny Surieautduryy QUIDIPAIN 20UsIdg UOISSoI39Y aseq Aaryonpoad [enpiaipuy

voay AxeurdiosiqQ

JO sjueurmwI9}9(J

roIe Areurdosip prolq AQ ‘SUIYSIOM SIOYINROD ‘SOI}IRND [[}IM SUOISSOIFOI 9sk( JO SHNSY QY O[qe],

A9



‘pPepN[OUl S309J2 Paxy [enpilalpul pue potrad
‘Awrfuowioy ‘o3e oFeiaA® ‘9IRYS 9[RS} ‘JUBISUO)) "JUSIOLYJOOD MO[2q JUOJ [[RUWIS Ul [BNPIAIPUL Aq paiejysnyo siolid piepueis ‘1°:0>d 4, ‘G0°0>5d 4y ‘10°0>9d wuy PION

LV¥°0 LV¥°0 9¢¥°0 Ggavo 0cv 0 LS7°0 8€€0 917°0 06€°0 6€€°0 parenbs-y
€01°0% 796'8C  €08'€C  98G'8C  6L0°0C  CTS'8C  ¥9E'L  ¥I0°6T  €EI'9T  80L'6I SUOIYeAISS O
960°0 €7v0°0 920°0 02¢0°0 2€0°0 020°0
ce0'0 **%WOOl 7200~ ***mm©0| ***N.HHOl ***NN#Ou 9[Io9p QO,H
6T0°0 €100 600°0 900°0 0100 900°0
#%x890°0~ 0100 s%xI¥0°0- G000~  %ZT10°0- 800°0- 6 pue g so[e
1100 L00°0 900°0 700°0 L00°0 700°0
#%%980°07  %x%8E0 07 5xxBL0 07 5% CE0 0~ x4 GV0°0~ xxxVC0"0~ L pue g se[s
L00°0 700°0 G00°0 €00°0 S00°0 €00°0
***mhool ***ﬂ@@@l ***m©OO| ***mmoou ***Fﬁ@@l ***@ﬂOOu ueIipowl mo[2q “Emo.w@m
610°0 810°0 G200 2200 T€0°0 €20°0 7100 600°0 710°0 0200
e a 9100 5xxk6LT°0 54xL60°0=  GC0'0  4%xxCLC 0" 54%x061°0 sxxIV0'0 #%%690°0 5xxEGT 0~ a[ap do,
600°0 800°0 600°0 800°0 010°0 L00°0 600°0 700°0 G00°0 800°0
#xkx0L0°0  %xLT0°0 5x#xLET'0 %x%xCC0'0 x%xx090°0 #4xG80°0" #x+LEO'0 xxxVED'0 %xxECO'0 %xx350°0- 6 pue g so[aq
L00°0 900°0 900°0 G00°0 L00°0 900°0 600°0 700°0 ¥00°0 900°0
#kxkV90°0  xxk V900 5xxG0T'0 #x%6L0°0 %%x060'0 %xET0'0  %GT0°0~ %%xCV0'0 %xx0C0'0 %xxLC0O'0- L pue g so[e
L00°0 S00°0 900°0 G00°0 L00°0 S00°0 600°0 700°0 700°0 900°0
#kxGV0°0 %%k I80°0 %xx860°0 %xxCCL'0 %xxCCL'0 %xx680°0 %xxVE0' 0~ %xx8V0'0 %xxGC0°0 xxx1€0°0- ueIpaW Mo[aq :s109119duroy)
1€0°0 L20°0 620°0 820°0 L€0°0 92070 G20°0 €10°0 910°0 020°0
sokk [€C707 9€0°0~  #4x8LT'0- %PG0°0  900°0-  44xCSC°0 8T00~ %%x%990°0~ %xx80T°0 %xx8VC'0 arop dof,
600°0 800°0 T10°0 800°0 1100 L00°0 G00°0 700°0 700°0 900°0
sk LOT'07 sk V0707 sk 0T 07 sk LV0 07 sk TG00 sk €L0°0 5% 9T0°07 558100~ 55xEV0'0 516070 6 pue 8 so[a(g
G00°0 G00°0 900°0 G00°0 900°0 G00°0 €00°0 200°0 €00°0 700°0
*%*ﬂmo.m# %**ﬂ@@,@:**%amo.? *%*@ﬂ@.@:*%*@ﬁ@.@u **%ON0.0 700°0- *%*NN0.0- **@O0.0 **%NN0.0 L pue g s9[oa(J
700°0 700°0 ¥00°0 700°0 S00°0 700°0 €00°0 200°0 200°0 7000
***wNOO| ***N@OOl ***bﬂ@@u ***O@OOu ***ﬂﬁ@@l ***QNOOu ¢00°0 ***mm00| ***NHOOl 000°0 uerpowl Mo[aq “m#mOQ JO IaquinN
L80°0 LL0°0 1110 8.0°0 VI1T°0 LL00 280°0 690°0 960°0 80T°0
*%*NMO._” %**%@NH ***@ﬂb._” *%*@MM.N ***N@HN %*%%M@.N ***ﬁm@.@: ***@mﬁﬂ ***@.N@.O ***mm@.o @ZU@@ QO,H
0€0°0 0€0°0 9€0°0 920°0 2€0°0 L2300 0€0°0 Gco'0 1€0°0 G¥0°0
#k%x9C9°0  xxx6C8'0 sxskVGL0 #4290 T 54x9T6°0 5xk0TC' T 55xxCCE 0™ 55x66E°0 %xxCIT'0 %xx66€°0~ 6 pue g so[a
8T0°0 L10°0 ¥20°0 0200 €200 2c00 €200 6T0°0 €200 620°0
#%k%0€C°0  4x49TE'0 5%xxE6E0 5xx8TV'0 #4x90V'0 55x0€G"0 55xk6GT 07 554COT'0 sk VIT'0 559050~ L pue g so[eq
7100 7100 1200 610°0 1200 1200 €20°0 610°0 1200 L20°0
%9000 5%%x9€0°07 54x%1CC'0 5xx6V0'0 54xEIT'0 554 GVI'0 45x£60°0- VI0'0-  4xGV0°0 sxx187°0- UBTPOUWL MO[9( :SSOUPSSE]-OLIIa\
00Ssy ")SISSy ‘00Sssy "ISISSy 00ssy 1)SISSY 00Ssy "SISSy 00Ssy TISISSy
TT10Z-L002 900¢-€00¢ ¢002-666T 8661-966T ¥661-066T £y1arponpoad [enprarpug
polisg Jo sjueuruaalo(q

pourad Aq ‘SUnySem SIOYINROD ‘SUOISSIIFII 9se( JO SHNSOY

LV SI98L

A10



