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• la letteratura e’ concorde nell’evidenziare caratteristiche di genere 
presenti nella bibliometria 


• le abilitazioni scientifiche nazionali (ASN) prevedono preselezione 
bibliometrica di candidati/e in molte aree


• soglie bibliometriche  introdotte dalle ASN non gender neutral: a 
posteriori si osserva che le candidate donna hanno avuto 
probabilità molto inferiore agli uomini di essere abilitate 


• confronto con risultati VQR


• come intervenire: + qualità - quantità -> diversità 

Sommario



Bibliometria nella valutazione dei 
ricercatori

• Come puo’ essere misurata l’eccellenza scientifica?


• -> bibliometria, parametri tipici: numero pubblicazioni, 
numero citazioni, impact factor riviste, e loro derivati


• “that small mistake”:  in genere, i parametri non vengono 
normalizzati al numero di autori della pubblicazione


•  fp7 “Meta analysis of gender and science research”, 17 
paesi coinvolti: nella bibliometria le misure devono essere 
gender “blind, neutral, and un-biased”



Caratteristiche di genere nella 
bibliometria

• numero articoli (*)


• numero citazioni (*)


• numero collaboratori


• qualita’ singoli lavori


• finanziamenti

Rispetto ai loro colleghi uomini di pari anzianita’, in media le 
ricercatrici hanno diversi risultati per:

(*) that small mistake

L’uso non ponderato dei parametri bibliometrici sfavorisce 
sistematicamente alcune carriere



Numero pubblicazioni (*)

• uomini pubblicano  
30% in piu’ delle 
donne [1]


• uso differente del 
tempo: non solo 
maternita’, la 
discrepanza persiste in 
parte quando ovvii 
correttivi vengono 
considerati [2]

[1] biology & ecology data 1990-2005: R.E. Symmonds et al., “Gender Differences in 
Publication Output: Towards an Unbiased Metric of Research Performance”, PLoS 
One (2006)


[2] W. Xie and K.A. Shaumann ”Women in science: Career process and outcomes”, 
Harvard University Press (2005)


papers they have published (r = 0.266, n = 168, P,0.001 – using
log-transformed values). In other words, more-productive scientists
produce more highly cited papers. Kelly & Jennions [9] previously
speculated that this could be due to a ‘lottery effect’ such that
researchers with more papers are more likely to have highly-cited
papers by chance. Alternatively, researchers may proportionately
over-cite papers by authors they most often encounter in the
literature (a ‘fast-food effect’).

We control for non-independence in our analysis by plotting the
average number of citations per publication against total number
of publications and calculating the y-residuals from the least
squares regression line. When we do this (Fig. 3) we observe that
female researchers tend to fall above the regression line indicating
that they produce higher quality output than would be expected

for their productivity, whereas males tend to be below the line
(mean residual values = 0.07 and 20.02 respectively; t65 = 2.100,
P = 0.041). In other words, for a given level of productivity,
females produce better quality work than males. These data
provide support for the idea that females produce higher quality
research compared to their male counterparts, who tend to
produce a greater quantity of research output.

One potential complicating factor that we have not considered
is self-citation. Researchers are likely to cite their earlier
publications to varying extents and this may be more likely if
their body of output is larger. The rate of self-citation could
influence our analysis if there are gender differences in the
propensity to self-cite. We investigated this possibility using the
Web of Science’s ‘Citation Analysis Report’ option, which
provides details of papers that have cited an author’s work, with
and without self-citations. We found no evidence of gender
differences in the rates of self-citation, using a randomly chosen
subset of 20 females and 20 males from our original sample (mean
percentage of citing papers for an author that are by that
author = 5.81% and 6.21% respectively; t32 = 0.310, P = 0.759).
Accordingly, our broader analysis is unlikely to be systematically
biased by any gender differences in the rates of self-citation.

Given that there are differences between males and females in
the quantity, and potentially quality, of research output, how can
we establish academic selection systems that do not discriminate
on the grounds of gender? Clearly, criteria based solely on
quantity of output would favour males, but our results show that
even when quality of research is taken into account (through
impact of papers) males may be favoured since this measure of
quality is correlated with quantity. If we are to ensure that research
performance is assessed without such gender bias, then we need
a measure that takes into account the relationship between quality
and quantity.

Figure 2. Annual productivity of male and female researchers over time.
doi:10.1371/journal.pone.0000127.g002

Table 1. Discrepancies between male and female success
rates in ARC grant applications 2001–2006 comparing junior
scientists (aged under 30) with older scientists.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Year % grants funded

% discrepancy
males – females
age,30

% discrepancy
males – females
age 30 and over

2001 25.6 6.8 3.3

2002 28.2 1.2 6.3

2003 28.7 5.4 1.1

2004 34.5 2.1 5.3

2005 27.5 7.5 4.5

2006 22.4 7.5 5.0

N.B. Men always have a higher % success than women.
doi:10.1371/journal.pone.0000127.t001..
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Le Citazioni

• le donne ultimo autore sono percentualmente meno degli 
uomini, e i loro lavori sono meno citati (10-20%) 


• dimensioni del network


• anche questo parametro puo’ essere reso piu’ qualitativo: 
“good” and “bad” citations, self-citations


• il numero di citazioni e’ correlato al numero di lavori 

and economics. Although disciplines from 
the social sciences show a larger proportion 
of female authors, the humanities are still 
heavily dominated by men.

Next we looked at collaboration. We ana-
lysed the proportion of papers by gender 
that are the result of national collaboration, 
compared with those that result from inter-
national collaborations. For the 50 most pro-
ductive countries in our analysis (accounting 
for 97% of the total publications), female col-
laborations are more domestically oriented 
than are the collaborations of males from the 
same country. 

And what of impact? We analysed promi-
nent author positions — sole authorship, 
first-authorship and last-authorship. We 
discovered that when a woman was in any 
of these roles, a paper attracted fewer cita-
tions than in cases in which a man was in 
one of these roles (see ‘Lead-author gender 
and citation’). The gender disparity holds for 
national and international collaborations.

AGE-OLD STORY 
There are several limitations to the conclu-
sions that can be drawn from our findings. 
Foremost among them is that age indisput-
ably has a role — perhaps even the major role 
— in explaining gender differences in sci-
entific output, collaboration and impact. As 
is well known, the academic pipeline from 
junior to senior faculty leaks female scien-
tists, and the senior ranks of science bear the 
imprint of previous generations’ barriers to 
the progression of women. Thus it is likely 
that many of the trends we observed can be 
explained by the under-representation of 
women among the elders of science. After 
all, seniority, authorship position, collabo-
ration and citation are all highly interlinked 
variables.

Another key limitation is that authorship 

of papers is only one of many indicators of 
research activity. Our analysis includes only 
journal articles, not books, conference pro-
ceedings, database construction or code, 
for example. Also problematic is the lack of 
universal norms associated with authorship 
attribution and posi-
tion. For example, it 
is possible that some 
women do not appear 
as authors despite 
their contribution to 
research activities, 
and there are fields 
in which authors are 
listed alphabetically. 
There is also a con-
cern that gender-assignment techniques 
can introduce errors (see Supplementary 
Information). We have tried to mitigate this 
with validation exercises, but there is always 
room for improvement.

Future research should drill into questions 
raised by this analysis. What distinguishes 
pockets of anomalously high parity? Are 
there characteristics of the work itself that 
contribute to disparities in output and cita-
tion? Are there other, perhaps less quanti-
tative, aspects of scholarship that reveal a 
different story regarding gender balance 
in science? Furthermore, is there anything 
intrinsic to certain disciplines or cultures 
that make them more or less appealing to 
scientists of a particular gender? 

LEVELLING THE PLAYING FIELD
Those of a misogynistic bent might read this 
study as confirming their view that women’s 
research is weaker than men’s and there is 
less of it. Such a simplistic interpretation 
dismisses the vast implications embedded in 
these data. Our study lends solid quantitative 
support to what is intuitively known: barriers 

to women in science remain widespread 
worldwide, despite more than a decade of 
policies aimed at levelling the playing field. 
UNESCO data show10 that in 17% of coun-
tries an equal number of men and women are 
scientists. Yet we found a grimmer picture: 
fewer than 6% of countries represented in 
the Web of Science come close to achieving 
gender parity in terms of papers published. 

For a country to be scientifically competi-
tive, it needs to maximize its human intellec-
tual capital. Our data suggest that, because 
collaboration is one of the main drivers of 
research output and scientific impact, pro-
grammes fostering international collabora-
tion for female researchers might help to 
level the playing field. 

That said, if there were a simple solution or 
programme that could improve matters, this 
issue would already be solved. Unfortunately, 
behind this global imbalance lie local and his-
torical forces that subtly contribute to the sys-
temic inequalities that hinder women’s access 
to and progress in science. Any realistic pol-
icy to enhance women’s participation in the 
scientific workforce must take into account 
the variety of social, cultural, economic and 
political contexts in which students learn sci-
ence and scientific work is performed. Each 
country should carefully identify the micro-
mechanisms that contribute to reproduc-
ing the past order. No country can afford to 
neglect the intellectual contributions of half 
its population. ■
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LEAD-AUTHOR GENDER AND CITATION
Papers with female authors in key positions are cited less than those with male authors in key positions, 
be they papers with one author, or those resulting from national or international collaborations.
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FOR AN INTERACTIVE VERSION OF THIS CHART SEE: go.nature.com/j3otjz
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COMMENT

“Programmes 
fostering 
international 
collaboration 
for female 
researchers 
might help 
to level the 
playing field.”

© 2013 Macmillan Publishers Limited. All rights reserved

[3V. Larivier et al., 
“Bibliometrics: global gender 
disparities in science”, Nature 

(2013): studio su oltre 5 
milioni di pubblicazioni, 27 

milioni di authoship



Un esempio di bibliometria women-
biased

• rapporto qualita’/quantita’: a parita’ di numero di 
pubblicazioni, quelle di ricercatori donne sono in media di 
maggiore qualita’ (=piu’ citati) [1]

The recently proposed h index [16] is a new measure of research
performance that has been heavily championed by Nature [17] and
Science [18]. This measure is the number of papers, h, by a scientist
where each paper has received h or more citations (ideally
excluding self-citations [19]). We calculated h for our researchers,
based on publications in the period 1996–2005 (thereby
eliminating any effects of scientific age of the researcher). As
previously noted [8], h is highly correlated with quantity of
research output (r = 0.846, n = 168, P,0.001 in our sample), and
thus female scientists assessed through this measure will also suffer
in comparison with males.

We advocate an alternative metric to h, namely residual h,
which we call Research Status. This value is calculated as the y-
residual from the least-squares regression line of h on the number
of publications. Calculation of Research Status requires data from
a number of individuals in the same field. This would be feasible in
the case of applications for competitive grants, where there may be
several dozen or even hundreds of grants to assess, or indeed for
the purposes of research assessment exercises. The applicants with
the highest residual h would be those with the greatest proportion
of their output that had significant impact. Such a measure would
also control for effects of scientific age, which correlates with h,
making calculation of m (h divided by age [16]) unnecessary. When
we calculated research status for the scientists in our sample, we
found no difference between males and females (mean residual
h = 20.01 and 0.02 respectively; t59 = 1.054, P = 0.296).

While we believe that our new metric provides a more equitable
measure of research performance, it is susceptible in a detrimental
way to the addition of just a handful of poorly cited papers. This
property might deter scientists from publishing minor works that
contain essential but unexciting results. However, it is a moot point
whether research that fails to make an impact is actually useful. An

alternative view is that this metric might encourage scientists to
think more carefully about the quality and potential impact of
their research before embarking on a project.

A second problem with our Research Status metric is that it may
appear to completely disregard the quantity of output. Thus, one
researcher with a handful of papers will be judged equivalently to
another with a substantial body of work. In fact, our metric takes
into account the fact that h is expected to be proportionately
higher for people with few publications (an h score of 4 with 5
publications is far more likely than an h of 40 with 50 publications),
which mitigates this problem.

Clearly, an assessment of a scientific career should not
ultimately boil down to a single number [9]. Nonetheless, our
analysis illustrates the potential biases that exist within current
research performance metrics. Our new metric provides a method
for removing gender-based bias without recourse to socially
divisive procedures such as setting different thresholds for men and
women.

Of course, some will argue that shifting the means by which we
assess scientific performance is artificial and undesirable. However,
until the career structure of science finds ways to assess females
and males on a level playing field that takes into account the
prevalent gender differences and imbalances (whatever their
causes), we will continue to perpetrate inequality, and fail to
maximise our intellectual capital [20].

SUPPORTING INFORMATION

Appendix A Publication and citation information for the 168
researchers in our analysis.
Found at: doi:10.1371/journal.pone.0000127.s001 (0.32 MB
DOC)

Figure 3. Relationship between quality of output (median number of citations) and quantity of output for male and female researchers.
doi:10.1371/journal.pone.0000127.g003
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Le soglie ASN

• Vengono individuate soglie di riferimento (es.: mediane) su 
tre parametri per ogni settore concorsuale bibliometrico


• Puo’ essere abilitato chi supera almeno due delle tre 
soglie


• i parametri sono di tipo intensivo e non indipendenti fra 
loro. Nelle ultime ASN:


• C1: numero di pubblicazioni ultimi 10 anni


• C2: numero di citazioni ultimi 15 anni


• C3: indice di Hirsch articoli ultimi 15 anni



Esempio: mediane ASN 2012-13 (*)

• abbiamo considerato per i professori associati tutti i SC 
con almeno 100 professori


• abbiamo calcolato separatamente le mediane per i due 
generi in ogni SC


• i dati sono calcolati a partire da una estrazione dal 
database ANVUR estate 2012 (**)


• i dati mancano dell’info tempo parziale

(*) A. Montorsi: “Neutralita’ nella valutazione bibliometrica”, E-book “Donne di 
scienza per l’Europa”, in press (2019)

(**) Si ringrazia Alberto Anfossi 



Popolaz PA 2012 Mediane Tutti Mediane Uomini Mediane Donne 

SC SSD N(s) M1(s) M2(s) M3(s) N(s) M1(s) M2(s) M3(s) N(s) M1(s) M2(s) M3(s)

06/C1 MED/18 268 15 7,64 5 248 15 7,91 5 20 16 7,52 4

06/B1 MED/09 263 31 45,36 11,5 219 31 45,04 12 44 28,5 49,28 11

01/B1 INF/01 240 8 7,75 4 170 9 7,66 5 70 7,5 7,81 4

01/A3 MAT/05 235 9 3,96 4 130 10,5 5,11 4 105 8 2,81 3

05/E1 BIO/10 233 19 30,45 9 112 23 35,35 10 121 17 27,34 8

09/H1 ING-INF/05 210 9 8,93 5 176 10,5 8,93 5 34 6,5 9,07 5,5

03/B1 CHIM/03 182 30,5 45,12 10,5 117 34 44,26 11 65 27 49,79 10

03/C1 CHIM/06 169 32 37,86 10 107 34 46,62 11 62 26 28,55 8,5

02/A1 FIS/01 159 56 97,19 17 128 53 98,75 16,5 31 72 92,18 25

05/G1 BIO/14 159 23 37,71 10 83 25 41,21 11 76 21,5 33,47 9,5

06/A2 MED/04 159 25 51,56 12 79 25 57,18 12 80 24,5 42,85 12

02/B1 FIS/01 152 32,5 28,16 8 120 32 28,92 8 32 33,5 18,74 7,5

03/D1 CHIM/08 151 27 27,27 9 66 27,5 29,24 9 85 27 25,46 8

05/D1 BIO/09 151 18 25,56 9 91 20 26,44 9 60 15,5 21,74 7,5

12/A1 IUS/01 151 2 8,00 1 86 2 8,00 1 65 1 8,00 1

09/E3 ING-INF/01 132 21 16,07 6 115 21 16,20 6 17 25 13,92 6

03/A2 CHIM/02 127 33 34,21 10 86 33 34,16 9,5 41 34 37,32 10

06/F1 MED/28 121 9 2,30 4 100 8 2,14 3,5 21 13 2,71 4

01/A2 MAT/03 115 6 0,97 2 66 5 1,14 2 49 7 0,84 2

06/G1 MED/38 113 29 28,76 10 68 32,5 30,66 11 45 25 25,74 9

06/D6 MED/26 108 40,5 51,59 12 86 41,5 49,63 12 22 35 60,43 12

05/H1 BIO/16 104 23 26,38 8 59 23 29,13 8 45 19 17,92 7

02/A2 FIS/02 101 22 34,46 9 93 22 35,35 10 8 20,5 21,78 7,5

06/H1 MED/40 100 20 17,12 8 85 20 13,93 8 15 30 33,17 11

08/B2 ICAR/08 100 9 5,17 4 80 9 5,02 4 20 12 6,03 4

4003 2770 1233

In giallo i SC in cui tutte e tre le mediane sono superiori di oltre il 10%  per 
gli uomini, in verde per le donne (solo area 06).   



• per ogni soglia i (i=1,2,3), calcoliamo il discostamento 
medio del rapporto delle mediane dei due generi da 1, 
pesando ogni SC per la numerosità di donne Pd(SC)


• si ottiene


• lo svantaggio su ciascun criterio e’ dell’ordine del 10%

D1 = 11% , D2 = 13% , D3 = 9%

Di =
20X

SC=1

Pd(SC)


Mu

i (SC)

Md
i (SC)

� 1

�
i = 1, 2, 3



Successo nelle abilitazioni scientifiche

• uno svantaggio del 10% sulle mediane implica differenza 
molto maggiore nella percentuali di abilitati per genere 
(distribuzioni quasi gaussiane)


• (per saperlo con certezza basta verificare in ogni SC la 
percentuale per ogni genere che supera le soglie)


• NB: i potenziali candidati che non superano le soglie non 
fanno domanda -> successo va valutato rispetto ai candidati 
potenziali, non a quelli effettivi


• vediamo i dati per la abilitazioni di prof associati (PA) e 
ordinari (PO) nelle due tornate ASN (2012-13 & 2016-18)



Risultati ASN associati



Risultati ASN ordinari



• definiamo per ogni area a il rapporto R(a)  fra i generi della 
percentuale di potenziali candidati in ruolo nell’area (colonna 2, 
C) e quella di abilitati effettivi (colonna 4,A):


• (abbiamo assunto che la percentuale di genere fra gli abilitati 
sia la medesima che fra gli abilitati già in ruolo nell’area)


•  R(a) stima quanto sia stato piu’ probabile per un uomo essere 
abilitato rispetto ad una donna


• A titolo di esempio calcoliamo R per il totale delle aree (ultima 
riga delle tabelle)

R(a) =
Cu(a)/Au(a)

Cd(a)/Ad(a)



• la probabilità per un uomo di essere abilitato in media è stata 
dalle 2 alle 3 volte maggiore che per una donna, con punte di 7 
volte nell’area matematica e in quella medica


• In nessuna area nessuna fascia nessuna tornata è stato più 
probabile per una donna che per un uomo -> non è fluttuazione 
statistica ma errore sistematico


• la differenza non ha riscontro nella valutazione della qualità della 
ricerca (VQR)

RA
13 = 2.5 , RA

18 = 2.4

RO

13 = 2.8 , RO

18 = 2

associati

ordinari



VQR 
2004-2010 
over 54 

segregazione 
verticale: in 
tutte le fasce 
punteggio F 
maggiore 
punteggio M


NB: in questa 
fascia età no 
problemi 
maternità 

GRAN		 >	54	ANNI

TOTALE RU PA PO Totale

Area/Genere N(a) V(a) Var N(a) V(a) N(a) V(a) N(a) V(a) N(a) V(a)

1 8.780 0,599 0,25 407 -0,006 1.065 0,170 1.752 0,616 3.252 0,384

F 2.984 0,518 0,27 252 0,008 504 0,222 357 0,646 1.129 0,301

M 5.796 0,641 0,23 155 -0,028 561 0,124 1.395 0,608 2.123 0,429

2 6.121 0,819 0,13 338 0,407 998 0,626 1.362 0,882 2.704 0,725

F 1.166 0,778 0,15 108 0,354 186 0,603 120 0,914 414 0,628

M 4.955 0,829 0,12 230 0,432 812 0,632 1.242 0,879 2.290 0,743

3 7.909 0,797 0,12 288 0,533 1.017 0,621 1.485 0,840 2.802 0,726

F 3.356 0,785 0,12 132 0,499 321 0,655 249 0,885 711 0,704

M 4.553 0,805 0,12 156 0,561 696 0,606 1.236 0,831 2.091 0,734

4 2.922 0,574 0,21 171 0,099 429 0,350 541 0,606 1.146 0,434

F 800 0,571 0,21 60 0,071 147 0,393 97 0,668 307 0,416

M 2.122 0,576 0,21 111 0,114 282 0,327 444 0,593 839 0,441

5 13.134 0,614 0,21 1.042 0,300 1.731 0,460 2.761 0,669 5.573 0,530

F 6.633 0,596 0,22 677 0,334 903 0,481 810 0,694 2.417 0,505

M 6.501 0,632 0,21 365 0,236 828 0,437 1.951 0,659 3.156 0,549

6 27.654 0,466 0,30 4.773 0,127 5.143 0,423 5.263 0,644 15.284 0,403

F 7.872 0,464 0,29 1.666 0,197 1.100 0,480 626 0,689 3.416 0,377

M 19.782 0,467 0,31 3.107 0,089 4.043 0,407 4.637 0,637 11.868 0,411

7 8.259 0,587 0,22 397 0,208 678 0,412 1.572 0,584 2.650 0,483

F 2.881 0,608 0,22 163 0,303 240 0,503 252 0,700 655 0,529

M 5.378 0,576 0,22 234 0,142 438 0,363 1.320 0,561 1.995 0,468

8 9.430 0,536 0,18 589 0,122 1.322 0,356 2.122 0,577 4.048 0,437

F 2.530 0,546 0,15 146 0,177 261 0,483 321 0,587 731 0,468

M 6.900 0,532 0,19 443 0,103 1.061 0,324 1.801 0,576 3.317 0,430

9 13.577 0,726 0,17 255 0,225 949 0,387 2.711 0,672 3.936 0,571

F 1.899 0,761 0,14 47 0,370 80 0,516 141 0,767 268 0,623

M 11.678 0,720 0,17 208 0,193 869 0,375 2.570 0,667 3.668 0,567

13 12.316 0,321 0,21 314 -0,150 777 0,050 2.355 0,271 3.489 0,180

F 4.073 0,305 0,20 153 -0,122 211 0,127 452 0,337 828 0,193

M 8.243 0,328 0,22 161 -0,178 566 0,021 1.903 0,255 2.661 0,177

TOT.	COMPL. 153.885 0,570 0,22 11.868 0,175 19.741 0,423 32.302 0,634 64.427 0,479



Conclusioni
• Le differenze di genere nei risultati ASN non sono giustificate in 

termini di merito nè accettabili: è necessario intervenire


• 1) considerare come a livello ERC per tutti i criteri intensivi la 
maternità equivalente a 18 mesi di career break


• 2) Valorizzare la qualità al posto della quantità. Es.: poche  
pubblicazioni selezionate,  impact factor, best citations, 
normalizzazione numero autori, etc.


• 3) Valorizzare la diversità : dare più possibili scelte di criteri sui 
quali essere valutati (inclusivo)


