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Abstract

Given the relevance of performance-based funding for the Italian University System, in this
paper, we analyse the statistical properties of the ISPD indicator used to provide a ranking
of the best 180 Italian Departments. Besides the adoption of a standardization procedure
and subsequent aggregation, the main flow of the ISPD indicator appears to be its ten-
dency to polarization, which has important consequences on the ability of such indicator to
effectively discriminate between outstanding Departments as opposed to those just above
the average. Implications on funding allocation are discussed using data on the 2011-2014
Italian research assessment exercise and some proposals on alternative indicators that solve
some of the critical aspects of ISPD are sketched.

Keywords Departments of excellence - Italian research assessment - Polarization

1 Introduction

Italy funds its Universities predominantly through state contributions provided by the Ordi-
nary Financing Fund (Fondo per il Finanziamento Ordinario delle Universitd, FFO). A
portion of the FFO, representing between 7% and 30% of the total allocation, is distributed
based on performance-based criteria. Of this performance-based funding, 60% is deter-
mined by research quality, as evaluated through the national research assessment exercise,
the Valutazione della Qualita della Ricerca (VQR). Besides the FFO performance-based
share, a source of financial support to Italian Universities is assigned to Departments that
stand out for the quality of the research produced, called Departments of Excellence. In
order to select the Departments of Excellence, a preliminary raking of the best 350 Ital-
ian Departments is defined on the basis of an indicator computed starting from the VQR
results named Standardised Indicator of Departmental Performance (Indicatore Standard-
izzato della Performances Dipartimentale, ISPD) conceived by Giacomo Poggi (Poggi
& Nappi, 2014; Poggi, 2015). The final ranking of the 180 Departments of Excellence is
obtained by combining the ISPD score and the evaluation of a departmental development
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project submitted by the 350 eligible Departments. In the period 2018-2022, the 180
Departments selected have received, depending on their size, an additional financial con-
tribution between 1.620 and 1.080 million euros per year for five years (Law 11 December
2016, n.232).

The first Italian research assessment experiment dates back to VTR (Valutazione Trien-
nale della Ricerca, or Three-year Research Assessment) performed in 2000-2003. How-
ever, due to the unclear procedure for the selection of products and the lack of impact on
funding, the influence of the VTR was very limited. The first large-scale research assess-
ment was performed in 2004-2010 and evaluted by the National Agency for the Evaluation
of Universities and Research Institutes (ANVUR), first created in 2006 becoming oper-
ational in 2010. Panels of evaluation experts were created for the 14 different Research
Areas' defined as aggregations of disciplines called Scientific Disciplinary Sectors (SDS)
and evaluations were mainly based on bibliometric criteria for STEM disciplines® (Areas
1-9) and peer review for Areas 10-14, with some exceptions. Products were assigned to dif-
ferent classes of merit corresponding to scores from O to 1 and final indicators were com-
puted based on different aggregations by SDS, Department and University. The subsequent
research assessments took place in the years 2011-2014 and 2015-2019 incorporating some
improvements and modifications learning from previous exercises (for a detailed descrip-
tion of the different VQR exercises see Bonaccorsi (2020)). Starting in 2017, the VQR
results were also used to assign the Departments of Excellence related funds other than
allocating the FFO performance-based share.

As anticipated before, starting from the scores assigned to each product evaluated in the
VQR, the best Italian Departments are identified based on the ISPD indicator, a standard-
ized indicator of departmental performance. As underlined by the Italian National Uni-
versity Council (CUN) in the document n.20400 of 18/7/2017, the use of an ad-hoc indi-
cator to produce a ranking of Italian Departments is needed due to the heterogeneity of
their composition in terms of SDS and in the evaluation of publications within the various
sectors. Thus, the ISPD relies on a standardization procedure of the scores obtained by
Departments aimed at taking into account the diversity in the average scores and the dis-
persion of the results in the different SDSs. Once obtained the standardized score for each
Department, the ISPD is based on the probability that a virtual Department with the same
member composition as the d-th Department will receive a worse evaluation by permuting
the affiliates of the SDSs that make up the d-th Department in all Italian public institutions.
However, as highlighted by the note published by CUN, two Departments with standard-
ized scores very close to each other can instead have extremely different ISPD values.

Several works have raised strong criticisms of the methods and indicators used in the
VQR exercises. In particular, authors concentrated on analysing the operational proce-
dures followed to select and grade products (Abramo et al., 2014; Abramo & D’Angelo,
2015, 2016; Baccini & De Nicolao, 2016; Demetrescu et al., 2020; Marzolla, 2015; Bac-
cini & De Nicolao, 2022; Demetrescu et al., 2020) detecting different issues such as the

! The Research Areas are defined as follows: Area 1 (Mathematics and Computer Sciences); Area 2 (Phys-
ics); Area 3 (Chemistry); Area 4 (Earth Sciences); Area 5 (Biology); Area 6 (Medicine); Area 7 (Agricul-
tural and Veterinary Sciences); Area 8 (Architecture and Civil Engineering); Area 9 (Industrial and Infor-
mation Engineering); Area 10 (Ancient History, Philology, Literature and Art History); Area 11 (History,
Philosophy, Pedagogy, Psychology); Area 12 (Law); Area 13 (Economics and Statistics); Area 14 (Political
and Social Sciences). Each area is then divided into more specific scientific sectors called SDS.

2 Peer review was also used in STEM disciplines for articles that were either too recent to have received
citations or had a too short citation window to ensure reliable results.

@ Springer



Scientometrics

low number of papers evaluated via peer review, the way in which coauthorships are han-
dled, the incorrect and anachronistic use of journal metrics and the misleading normaliza-
tion and composition methods used to combine different bibliometric indicators in order
to assign each product to a class of merit. Recently, researchers have begun evaluating the
impact of research assessment on academic behavior, highlighting potential adaptations to
previous evaluation outcomes and distortive effects, such as strategic journal targeting and
the selection of topics driven by utilitarian ends rather than by intellectual curiosity (Spano
et al., 2024; Akbaritabar et al., 2021; Checchi et al., 2020). However, to our knowledge,
there are yet no works analysing the ISPD indicator used by ANVUR to rank Departments
as well as aggregate indicators used to distribute the FFO-performance based funds.

Given the strong relevance of the ranking produced by the ISPD in allocating additional
funds to Italian Universities, which still rely on limited public financial support compared
to other European countries,” in this paper, we analyze the statistical properties of this indi-
cator, we discuss the main implications resulting from the procedures adopted to define it
such as permutation, standardization and dependence on the size of the collective, and we
compare it with some alternative indicators. After discussing the statistical properties of
ISPD, we focus on their implications on funding, showing that the project score plays a
crucial role in the final ranking of the Departments of Excellence: this is mainly due to the
tendency of ISPD to deliver very similar scores for above-the-average Departments. We
demonstrate that such scores show remarkably lower heterogeneity with respect to those
obtained by several other indicators.

Statistical analyses are based on SDS and Department-level data provided in the tables
attached to the Research Area reports from the VQR 2011-2014. A more up-to-date analy-
sis should have involved data from the latest VQR exercise: unfortunately, reports from
VQR 2015-2019 do not provide disaggregated data at SDS and Department level, with a
striking loss of transparency and reproducibility of the results with respect to VQR 2011-
2014. Nonetheless, data from VQR 2011-2014 are perfectly suitable for studying the statis-
tical properties of the ISPD indicator: as a matter of fact, the technical details concerning
the ISPD are unchanged between the two evaluation exercises as witnessed by the VQR
2011-2014 (ANVUR, 2017b) and VQR 2015-2019 (ANVUR, 2022b) methodological
notes, which are identical. The two assessment exercises only differ with respect to the
classification of the research products (A-F in VQR 2011-2014, A-E in VQR 2015-2019)
and with respect to the scores associated with each category. Moreover, affiliates were
asked to present 2 scientific products for VQR 2011-2014 and 3 scientific products for
VQR 2015-2019. It is worth noting that the data used in this paper do not allow to exactly
reproduce the ISPDs values officially published in 2017 when selecting the Departments of
Excellence because of shifts in the composition of the Departments in time and because of
the non-exhaustiveness of the data provided by the tables available online due to confiden-
tiality restrictions, since data disaggregated by SDS and Department where not published
for SDSs with less than 5 scientific products in a given Department.

In the remainder of the paper, Sect. 2 describes the data used for the analysis and pro-
vides some descriptive statistics. The statistical properties of the ISPD indicator are dis-
cussed in Sect. 3, while Sect. 4 provides an empirical application using data from the 2011-
2014 Italian research assessment. In Sect. 5, some concluding remarks are sketched.

3 Although the scope of this paper is limited to Italy, a brief comparison of performance-based funding sys-
tems across EU countries is included in Appendix A.
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2 Data

The data referring to the VQR 2011-2014 have been retrieved from the ANVUR website.
Information is provided by Area differentiating by Department and SDS. All data tables
and R codes useful to reproduce the results of this analysis can be downloaded from the
GitHub repository https://github.com/FedericaGallil7/Research-Assessment.

Overall, the database concerns 890 Italian Departments, 369 SDSs and 77965 products.
Starting from this database, we selected those Departments that presented at least 50 prod-
ucts, ending up with 72756 products presented by 699 Departments. For each sector s of
Department d, available information concerns the total number of products presented (P;),
the percentage of products in each class of merit (ranging from A to F), the total score
(v,), the mean score (v,;) and other quali-quantitative indicators used to assign the FFO
performance-based share. The total score v, is calculated by multiplying the number of
products linked to each category by their respective grades. Specifically, a grade of class
A (excellent and extremely relevant) corresponds to a score of 1, class B (excellent) to 0.7,
class C (standard) to 0.4, class D (sufficient) to 0.1, and classes E (poor relevance or not
acceptable) and F (missing products) to a score of 0.

Average scores by SDS at the national level, v,, are reported in decreasing order in
Fig. 1. Figure 2 reports the same average scores differentiating by Area.

Similar graphs are presented in Figure B1 and B2 of Appendix B for VQR 2015-2019
data, showing that the heterogeneity in the scores among the different sectors is preserved
along the two research assessments. Although Fig. 1 highlights relevant differences in the
outcome of the 2011-2014 research evaluation exercise among sectors, results are even
more impressive across Areas: Area 10 is composed of several SDS with highly variable
scores between and within sectors, Area 3 comprises few high-performing sectors, Area 8a
received mean scores that are all below the national average level, in Areas 11b, 12 and 13
only one sector is exceeding the national average grade, while scores in Area 2, except for
one sector, are highly polarized. Overall, as already noted by Baccini (2014a); De Nicolao
(2014b); Baccini et al. (2020), discipinarly sectors evaluated through informed peer review
(Areas from 10 to 14) are more likely to obtain low scores compared to sectors with high
percentages of products assessed through bibliometric criteria (Areas from 1 to 9). This
insight may depend both on the lower quality level of products belonging to these Areas as

0.2+

1 100 200 300 369
Rank

Fig.1 SDSs average scores in decreasing order. Vertical segments (in grey) are obtained as v, + 20,, where
o, denotes the SDS-specific standard deviation. The dashed horizontal line corresponds to the global mean
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Fig.2 SDSs average scores in decreasing order by Area

well as on the typology of the instruments used for the evaluation. Thus, relevant difficul-
ties may arise in meaningfully interpreting the scores across Areas due to the impossibility
of disentangling the two phenomena (Baccini & De Nicolao, 2016).

As further descriptive statistics, in Table 1 we provide the mean scores and the SDS-
wise variance decomposition by Area. The overall mean score is 0.60, with a minimum
value of 0.430 for Area 14 and a maximum of 0.818 for Area 2. The variance equals 0.122
with the highest variability in Area 13 (0.167) and the lowest in Area 12 (0.087). By
decomposing the variance across Areas, we find that, overall, the scores are more variable
within (86.9%) than across (13.1%) Areas. Thus, groups of experts that graded the products
of a given Area assigned very heterogenous scores in particular in Areas 1, 5, 8b and 9,
in which the within variability exceeds the 95% of the total variance. On the other hand,
between variation exceeds 15% only in Areas 2, 3, 8a, 12, 13 and 14 as the scores are quite
polarized among very high (Areas 2 and 3) or low values (Areas 8a, 12, 13, 14).

In sum, large differences in scores are detected both across and within Areas suggest-
ing some difficulties in fairly assessing Departments’ research quality due to the different
possible reasons behind such heterogeneity (experts’ evaluations, product selection, assess-
ment procedure, etc...).

3 Indicators for Italian Deparments ranking

The methodological notes ANVUR (2017b) and ANVUR (2022b) start with the following
statement on the logic underlying the ISPD indicator:
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Table 1 SDS-wise Variance

Decomposition by Area Area Average Score Variance Between Vari- Within
ance(%) Vari-
ance(%)

01 0.60 0.138 2.7 97.3
02 0.82 0.121 42.0 58.0
03 0.77 0.115 18.2 81.8
04 0.56 0.127 5.7 94.3
05 0.64 0.120 2.5 97.5
06 0.60 0.140 9.1 90.9
07 0.57 0.124 9.2 90.8
08a 0.46 0.106 233 76.7
08b 0.62 0.126 4.5 95.5
09 0.64 0.125 4.8 95.2
10 0.57 0.091 5.5 94.5
11a 0.55 0.090 8.3 91.7
11b 0.54 0.145 13.6 86.4
12 0.49 0.088 16.3 83.7
13 0.46 0.167 18.6 81.4
14 0.43 0.120 29.2 70.8

"The value of ISPD assigned to a specific department will be determined based on its
positioning within the class of all departments with the same disciplinary composition (i.e.,
the same structure in terms of SSD of the members) that can be composed by permuting the
staff present in those SSDs in Italian public institutions (Virtual Departments). ISPD will
be obtained through the direct comparison among possible departments with the same dis-
ciplinary composition, and this comparison will be made in terms of the degree of success
in the last VOR."

While the methodological note suggests that Virtual Departments (VDs) are derived by
permuting the Scientific Departments’ affiliates, in practical implementation, the permu-
tation process is applied to the scientific products presented by these affiliates. Notably,
the ISPD formulas rely on scores assigned to scientific products, and in all tables pub-
lished in ANVUR reports, the focus is on products rather than affiliates. Despite this, we
believe that establishing a departmental performance metric based on a comparison with
Virtual Departments (VDs) is a highly effective approach for addressing the heterogeneity
observed in Italian Departments with respect to SDS-wise composition.

Consider a Department d whose members are affiliated to a number S, of SDSs and let
ng, s =1,...,5, be the number of products presented by the affiliates of SDS s in Depart-
ment d. Moreover, let n, s =1,...,S, denote the number of products presented by affili-
ates of the SDS s at the national level. It turns out that the number of VDs associated with
dis:

Sd

n I’lS!
N,, = I I s = I I _—
Y < ) I Ngq '(ns - nsd)!

n
s=1 sd s=1

where V,; denotes the set of all VDs associated to d, whose members will be denoted as
VO k=1,...Ny,
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The comparison between a given Department and its associated VDs in terms of
degree of success in the VQR requires to build a performance indicator obtained as a
function of the scores assigned to each scientific product. Let v, be the score obtained
by a scientific product p presented by a member of the Department d affiliated to the
SDS s and collect such scores in the vector

Vy=pa)y P=1,..., Py s=1,....8,

Let Z(d) be a generic performance indicator for the Department d based on the VQR
results, such that:

Ud) = f(v,). (1)

In principle, the procedure envisioned in ANVUR’s methodological note requires comput-
ing the same indicator on the set V)

k) —
(V). k=1 Ny,

in order to obtain the standardized indicator:

2d) = 1% kNZV; (7@ >7(V)): T el @

where 1 denotes the indicator function. This measure corresponds to the probability that
a random sample drawn from the national population of researchers in Italian institutions
with the same SDS-wise composition of d shows a performance indicator Z lower than
that observed in Department d. Hence, the higher the value of such indicator, the better the
performance of Department d. To rank Italian Departments, specifying the function f(-) in
Equation (1), along with a method for computing the probability reported in Equation (2)
is needed. Concerning the latter issue, since Ny, is typically a huge number, it is unfeasible
to compute the value of the indicator for all VDs, while exact calculation would involve the
theory concerning the distribution functions of Multinomial random variables. However,
such probability can be easily computed via Monte Carlo approximation or, when possible,
resorting to the Gaussian approximation. Note that Monte Carlo approximations can be
made arbitrarily accurate by increasing the number of Monte Carlo samples from the target
random variable. Then, specifiying the function f(-) is by no means the most relevant issue
to be tackled mainly because, as discussed in Sect. 2, the scores assigned to the scientific
products in VQR can hardly be considered comparable between SDSs. The ISPD indicator
proposed by ANVUR is only one of the possible solutions to the problem.

In what follows, after a description of the procedure followed to obtain the ISPD
indicator, we study the effect of ANVUR’s standardization of SDS scores and we
address the statistical implications of such standardization on the Italian Departments
ranking. Then, we propose some alternative indicators, in order to highlight impor-
tant drawbacks of the procedure used in the last two selections of the Departments of
Excellence: to this aim, we will also consider indicators based on different assump-
tions concerning SDS scores comparability.
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3.11SPD

The construction of the ISPD index, as described in ANVUR methodological notes,
starts with the computation of the standardized scores. The scores v, , are standardized
SDS-wise as:

Vpsa =V

P = ———,
psd o,
where v, and o, denote the mean and the standard deviation of the scores of the SDS s.
The Department-level indicator which corresponds to ANVUR’s choice for Equation

(1), corresponds to

d sd d sd
5= f(v,) = z Y z Y 5 3)
d s=1 p=1 s d s=1 p=1

where P, is the total number of products presented by Department d.

Concerning ANVUR’s choice for Equation (2), the probability that a random sample
drawn from the national population of researchers in Italian institutions with the same
SDS-wise composition of d shows a performance indicator (3) lower than ¥, is com-
puted by means of a Gaussian approximation, obtaining:

ISPD, = 100 X ®(¥,), )

where ®(¥,) = Pr(ISPD(V,) < ¥,) represents the cumulative distribution function of the
standard Normal random variable, ISPD(V ) is the ISPD in virtual Departments, and the
factor 100 is used to scale the index range in the interval [0, 100].

3.2 Some remarks on the ISPD statistical properties

Due to its relevance in the funding of Italian Departments, the ISPD has received con-
siderable attention in the debate concerning the quantitative assessment of the Italian
Academic System: a prominent example of this debate can be found in De Nicolao
(2014a), which is particularly interesting because it feats the leading researcher in the
ISPD construction. In particular, the Gaussian approximation and scores’ standardi-
zation (and subsequent aggregation) adopted by ANVUR raised several doubts. For
instance, Bertoli-Barsotti (2017) first pointed out the main flows related to standardiza-
tion while De Nicolao (2013) highlighted the difficulty for big Departments to achieve
good ISPD values. In what follows, we start with some remarks on these topics, high-
lighting some drawbacks related to standardization. Nonetheless, in our opinion, the
main flaw associated with ISPD is its tendency to polarization, which has important
consequences on the ability of such indicator to effectively discriminate between out-
standing Departments as opposed to those just above the average: eventually, it will be
shown that this has relevant implications on funding allocation.
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3.2.1 Gaussian approximation

The adequacy of the Gaussian approximation adopted by ANVUR in Equation (4) can
be checked following a Monte Carlo approach: the computation of the sought probabil-
ity requires a B-dimensional sample of VDs, with B sufficiently large in order to guaran-

tee accuracy. For each sampled VD, the standardized score 17(]/3’) ), b=1,...,B, is

computed and the Monte Carlo computation of ISPD corresponds to

B

ISPDYC = 1%0 1w (W) 5)

b=1

Such an approximation is justified by the Central Limit Theorem (CLT): since 17(]/3”) con-

sists in a sum of many standardized variables, CLT ensures that its distribution can be
approximated by a Gaussian distribution, provided that the sample size (P,) is sufficiently
large. In its more classic formulation, CLT is stated under the assumption of independence;
yet, extensions of the CLT ensure its validity, at a lower convergence rate, even if the inde-
pendence assumption is relaxed. As a matter of fact, since by law 240/2010 each Depart-
ment must be composed of no less than 40 members and in VQR 2011-2014 each member
must present 2 products (in VQR 2015-2019 the number of products presented per person
raises to 3), a sufficiently high sample size is guaranteed.

In fact, Fig. 3 displays the accuracy of the Gaussian approximation: results are based
on B = 500, 000 Monte Carlo samples, using VQR 2011-2014 data analyzed in this paper.
The left panel shows that the Standard Normal density accurately fits the distribution of
standardized scores in VDs associated with a given Department. The middle and right pan-
els of Fig. 3 show the agreement between ISPD,; and ISPDZ/IC for all the considered Depart-
ments: the discrepancy is in general lower than 0.5, highlighting that the approximation is
accurate up to the third digit.

3.2.2 Standardization

The primary drawback of standardization lies in its inherent nature: standardized scores
eliminate the between-SDS component of the score variance. In a comparative evaluation

0.4 100 / 1.0
0.3 75 / 2 054
o 7 2
S -
0.2- Q 504 s %’ 0.0
@ e o)
0.14 254 7 @ -05
0.0 0l / -1.01
-50 -25 00 25 50 I 25 50 75 100 4 5 6 7
V(vo) ISPD log(Pg)

Fig.3 Left panel: distribution of standardized scores in VDs and Gaussian approximation for an exam-
ple Department. Middle panel: comparison between ISPD based on Gaussian approximation and ISPD
obtained via Monte Carlo sampling (ISPD,,.). Right panel: differences ISPD — ISPD,, as a function of the
log number of products presented by Departments
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geared towards recognizing excellence, accepting this outcome is only reasonable if the
assumption that there are no disparities in the research quality among SDSs holds. This
assumption further presupposes that all observed deviations from average scores stem
from divergent attitudes of evaluation committees and various unique features inherent
to each SDS, such as evaluation methods and typical publication channels. For insights
into these distinctive characteristics, refer to ANVUR’s response to the queries raised by
the Italian National University Council regarding the ISPD indicator (ANVUR, 2017a).
In a (more realistic) scenario where some SDSs exhibit research of high international rele-
vance while other SDSs demonstrate lower quality, the employment of standardized scores
would overlook the distinctions in quality between SDSs. Moreover, this approach could
be detrimental, as it might penalize high-quality sectors in comparison to their low-quality
counterparts.

However, deliberating on the comparability of scores between SDSs and the disparities
in research quality among SDSs, which would necessitate comparisons between the sci-
entific output of Italian and international researchers, falls beyond the scope of this paper.
Our focus here is solely to provide some insights into the coherence of the entire VQR pro-
cess concerning construction of statistical indicators adopted for funding allocation. It is
essential to highlight that the indicators utilized for the allocation of the FFO performance-
based share operate under the assumption that SDS scores are comparable within Scientific
Areas but not between Scientific Areas, as elaborated further in Sect. 3.3.1. This stands in
contrast to the global incomparability assumed in constructing the ISPD.

From a practical standpoint, standardization introduces a situation where a scientific
product belonging to an SDS with a higher average score will yield lower standardized
scores than products with an equivalent score but presented by affiliates of an SDS show-
ing a lower average score. To illustrate this, refer to Table 2, where it is shown that two sec-
tors with a mean score of 1 within a Department (all products graded as A) achieve differ-
ent mean standardized scores (¥,;) owing to the diverse average scores of their associated
national-level SDSs. Specifically, SDS-1 outperforms SDS-2 since Vgpg.; < Vgpgo- Addi-
tionally, while SDS-3 obtains a negative mean standardized score (—0.18), SDS-4 is graded
positively (0.18), despite both having the same mean score of 0.5, due to Vgpg 3 > Vepg.a-
The last five columns of Table 2 show standardized scores referred to categories A-E. It
can be noticed that, because of the differences in v,, products classified as A in SDS-4
(the worst performing SDS included in the Table) receive the highest score, while products
classified as E in SDS-2 (the best performing SDS included in the Table) receive the lowest
score.

In essence, while standardization aims to eradicate potential discrepancies in evalua-
tions resulting from diverse approaches employed by the experts in various fields, it

Table 2 Practical implications of standardization

Department d All Ttalian institutions

Vo Py v, o, I B ¢ g v
SDS-1 1 1.06 0.66 0.32 1.06 0.12 —0.81 -1.75 —2.06
SDS-2 1 0.88 0.72 0.32 0.88 - 0.06 - 1.01 - 1.96 —-2.27
SDS-3 0.5 -0.18 0.56 0.34 1.28 0.40 -0.47 -1.35 - 1.64
SDS-4 0.5 0.18 0.44 0.34 1.65 0.77 -0.11 -0.99 -1.29
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inadvertently skews product scores of different SDSs, as evidenced in Table 2. Simultane-
ously, it hinders the assessment and comparison of research quality between SDSs.

3.2.3 Dependence on the sample size and tendency to polarization

Note that the standardized score 7, defined in Equation (3) can be expressed as the product
X4\/P,, where

Sa P

xd = % Z Zl f)psd’ (6)

d s=1 p=

i.e., as the product of an average measure of the quality of the Department scientific
production as measured by the average standardized scores (X,), times a measure of the
Department size (\/P_d).

By multiplying X, for the positive constant \/}T , the values of the standardized score 7,
and consequently of the ISPD, become more extreme the greater the number of products
presented by the Department d.

This is shown in Fig. 4 where small Departments (P; < 80) are compared with larger
Departments (P, > 150). As expected from standard statistical theory, larger Departments
show less variability than small Departments with respect to the distribution of X, as vari-
ability of the sample mean is inversely proportional to the sample size. On the contrary,
passing from X, to ¥, leads to a relevant stretch in the empirical cumulative distribution
function for larger Departments, that shows more extreme results. In sum, if x, > 0, as P,
increases, the values of the ISPD will be closer and closer to 100, while if x; < 0 the ISPD
will approach O for increasing values of P,. As an example, consider two Departments with
the same average score Xx; = 0.1, but with different sizes, say P, = 80 and P, = 240. It
turns out that ¥, = 0.89 and 7, = 1.55, delivering ISPD, = 81.5 and ISPD, = 94. The dif-
ference between the ISPD scores is totally ascribable to the Department sizes, as the aver-
age score that, following the phrasing of ANVUR’s methodological note should measure
the degree of success in the VQR exercise, is equal. Note that the first Department needs to
obtain an average score x; = 0.173 in order to get the same ISPD as the larger Department,
i.e. it needs to almost double its performances in terms of research quality.

Dependency on the size of the Departments leads to the most relevant flaw of the ISPD
indicator: its tendency to polarization. To see this, it is useful to interpret the ISPD as a
p-value arising from a statistical test, recalling that a p-value can be interpreted as the prob-
ability to observe a more extreme result than the observed one, if the null hypothesis is
true. As noticed at the end of Sect. 3.1, the random variable describing standardized scores
within VDs associated with Department d, is well approximated by a standard Normal dis-
tribution. Let )_(Vd be the random variable describing the average score in VDs. One gets:

= 1
Xy, ~N[O,— ],
o)
so that the random variable referred to standardized scores in VDs
i _ Xy -
Vy, =P, Xy = — ~ N(0,1) (8)
1/4/P,
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corresponds to the usual test statistic employed to test the hypothesis system where the
null hypothesis states that the score of Department d is equal to that of VDs, which is zero
by construction, while the alternative hypothesis states that the score of Department d is
greater than zero. In this spirit, the Department standardized score 7, corresponds to the
observed value of the test statistic (8) and the ISPD can be obtained as:

ISPD, = 100 x [1 — Pr(V,, > 7,[H,)]. )

i.e. 1 minus the p-value associated to the aforementioned test. The polarization issue char-
acterizing ISPD arises as a well-known feature of the frequentist tests: for large sample
sizes, the p-value shows extreme values also when differences between the sample mean
and the value specified under the null hypothesis are very small and possibly irrelevant
from a practical point of view. Therefore, ISPD values can become extremely high (or low)
in case of small positive (or negative) deviations from the mean. This is self-evident if one
looks at the ISPD values published by ANVUR for the Departments of Excellence selec-
tion in both VQR exercises, as will be thoroughly discussed in Sect. 4.

3.3 Some alternative indicators

In this section, we explore alternative approaches to the ISPD indicator, emphasizing that these
proposals serve as analytical tools for comprehending the principal drawbacks associated with
the ISPD through comparisons. They are not intended as actual suggestions for new indicators
to be adopted in the selection of Departments of Excellence. Specifically, in Sect. 3.3.1, we
delve into indicators that align with the rationale guiding the FFO performance-based share
allocation, adapting them to a departmental context. Implementing such indicators for ranking
Italian Departments would enhance the coherence between the criteria used in the selection
of Departments of Excellence and the distribution of the FFO performance-based share. Cur-
rently, a notable inconsistency lies in the assumptions regarding the comparability of SDS-
specific scores. In the selection of Departments of Excellence, scores are deemed globally
incomparable and standardized within each SDS. In contrast, FFO performance-based share
allocation relies on indicators constructed under the assumption that SDS scores are compara-
ble within Scientific Areas. For a detailed description of these indicators, refer to, for instance,
ANVUR (2022a). We advocate for the desirability of such coherence, given that both tasks

Average score Standardised score
1.00 A —
0.754
Pq
0.50 - — <80
> 150
0.25- Y
0.00- ——’/
-0.10 -0.05 0.00 0.05 0.10 -10 -5 0 5

Fig.4 Empirical cumulative distribution function of average scores x, (left panel) and standardized scores
v, (right panel)
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utilize the same VQR results. Simply put, what is deemed comparable or incomparable for
one task should be approached in the same manner for the other task.

Finally, in Sect. 3.3.2 we propose an indicator that solves some of the critical aspects of
standardization adopted by the ISPD, but that works fully in the spirit of ISPD when the idea
of comparison with virtual Departments is considered.

3.3.1 Indicators grounded on the FFO performance-based share allocation

FFO performance-based share allocation is carried out by means of quali-quantitative indica-
tors taking into account both a measure of quality and a measure of the size of the institu-
tion under evaluation. In this Section we focus on the indicator measuring institutions’ quality,
known as the R index on which the quali-quantitative indicators used to allocated the FFO
performance-based share are built.

The baseline R indicator used by ANVUR to allocate the FFO performance-based share,
as established by Bando VQR 2011-2014 (see ANVUR (2022a)), is based on the comparison
between the SDS average score and the average score of the Scientific Area to which the SDS
belongs, that we denote as V? so that the Department level indicator can be expressed as

Sa

P,v

Ry= ) s

i Zl Py (10)
Here, we also adapt the R index at the Departmental level with the important modifica-
tion that the index reported in Equation (11) assumes that SDS scores are not comparable
between SDSs, as hypothesized in the construction of the ISPD indicator. Hence, the index
can be computed by dividing the mean score of each SDS s in the Department d (v ;) by
the overall mean score of the sector s (v,) as

so that, if the Department d in the sector s shows a higher score than the average score of
the sector s, R?, > 1. Finally, the Department level indicator can be computed by weighted
average as

=) MR, (11)

s=1
Indicators R and R* will be compared in Sect. 4 to shed some light on the drawbacks of the
ISPD. Moreover, we will consider the mean score by sector and Department, commonly
indicated as "I" in the VQR reports, that is obtained as

_ 1 Sa Py

y D Vpsa (12)

Pd s=1 p=1

Note that this indicator assumes full comparability among SDS scores and it is not used by
ANVUR for any allocation task. Yet, we find it interesting to compare the distribution of
this index with other indicators considered in this paper.
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3.3.2 Standardization-free ISPD

In this Section, we propose an alternative indicator of departmental performance
that overcomes the criticisms due to the sum of standardized scores characterizing
ANVUR’s ISPD. The standardization-free indicator, denoted as ISPDZ, starts by com-
puting SDS-specific probabilities

Pr(vy, > 7(Vy)) s=1,...,5,

i.e. the probability that the score of the affiliates of SDS s in Department d, ¥, is higher
than the score, f/(Vsd), of a P ,-dimensional random sample from the whole population of
the affiliates of s in all the Italian institutions, where P, is the number of products of the
SDS s of Department d. In this spirit, V,; denotes the set of Virtual Departments associated
to Department d for SDS s.

Note that Pr(?,, > 7(V,;)) = Pr(vy, > v(V,)), since

Psd = Psa (vd) -y Psd Psd
1’}xd = Z % > i‘)(vsd) = Z % = va.vd > va(vsd) = Vg > v(vsd)
p=1 K p=1 s p=1 p=1

hence the same probability is obtained by using standardized or non-standardized scores.
The computation of the sought probabilities is performed with the same logic under-
lying the computation of ISPDM€ in Equation (5), delivering the SDS-specific indicator:

B
e 100 (o
ISPD), = == ¥ 17y > (V) ) 5=,
b=1

Finally, the standardization-free ISPD for Department d can be computed as a weighted
average of SDS-specific indicators:

Sd
* 1 *
ISPD; = - Y Py, XISPD?,, (13)
s=1

where P, is the number of products presented by the affiliates of Department d. Note that
this indicator consists in a weighted average of within-SDS rankings, so that the contribu-
tion of each SDS in a Department arises from a fair comparison with researchers in the
same SDS: we believe that this improves the pitfalls of ISPD related to the summation of
standardised scores. Because of the small number of products by sector and Department,
the Gaussian approximation adopted for computing the ISPD cannot be employed, hence,
the ISPD* computation requires Monte Carlo sampling. While this could be time demand-
ing, we believe that the computational burden is perfectly bearable when dealing with indi-
cators that will be used to allocate huge amounts of funding. A non-optimized R code took
6.5 h to obtain ISPD* for the 699 Departments considered in our application on a laptop
equipped with 32Gb RAM and 12 core CPU.

The most important difference between ISPD and ISPD”* is constituted by the meth-
odology adopted to aggregate SDS-specific performances: while ISPD aggregates
standardized scores in order to obtain ¥, that are compared with VDs afterwards, ISPD*
aggregates SDS-specific probabilities that can be interpreted as the rank of affiliates of
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SDS s of Department d among all possible groups of the same size that can be formed
from the whole population of SDS s affiliates in Italy. This overcomes the criticisms
due to standardization discussed in Sect. 3.2. In our opinion, from a statistical point of
view, a weighted sum of probabilities is way less controversial than the sum of standard-
ized scores. Moreover, because of its structure, ISPD; will show less sensitivity to the
Department size as measured by P,, solving the aforementioned polarization issue, as
shown in Sect. 4.

To sum up, Table 3 reports the assumptions on SDS score comparability characteriz-
ing the considered indices. Despite the frequent invocation of the principle that indicators
should be constructed for a specific purpose and only used for that purpose, we believe that
assumptions regarding the comparability of scores from different SDS should be taken into
account at the outset of indicator construction and should be consistent across all exercises
aimed at allocating funds.

4 Empirical application

In this Section, we illustrate the ISPD issues discussed in Sect. 3 through empirical evi-
dence, utilizing data from the Italian research assessment VQR 2011-2014. In particular,
we focus on the 2011-2014 data because, although more recent VQR results are available,
the 2015-2019 reports lack disaggregated data at the SDS and Department levels, prevent-
ing us from calculating the aforementioned indicators.

Figure 5 shows the distribution of the scores obtained by the 699 Italian Departments
considered in the analysis differentiating among ISPD, ISPD , R, R and I. While the
distribution appears to be bell-shaped according to the indicators used to distribute the
FFO performance-based share and ISPD , the ISPD values, as expected, are highly polar-
ized. Most of the Departments are graded as "extremely bad" or "extremely good" by the
ISPD: 97 and 150 Departments of out 699 reach a score equal to 0 and 100, respectively.
The majority of Departments reach extreme ISPD values (167 between O and 5, and 215
between 95 and 100) with only 317 ranging in the middle. On the other hand, much more
variability is given by the ISPD , R, R and I classification.

These insights are corroborated by the data presented in Fig. 6. In both panels, the
left y-axis illustrates Departments with ISPD scores below 5 and above 95. The scores
corresponding to these Departments in terms of ISPD (depicted in the left panel) and R
index (depicted in the right panel), are indicated on the right y-axis. It is evident that both
ISPD and R indices lead to a notably higher degree of disparity in the Departments scores.
Therefore, while it is difficult to draw a ranking of the best Italian Departments based on
ISPD since most of them reach similar results, indicators such as the ISPD allow obtain-
ing wider differences in the scores across Departments that can be useful in establishing a
ranking.

In summary, we believe that the ISPD indicator is not suitable for building a ranking
able to identify excellent Departments. In reality, ISPD merely distinguishes between
Departments above and below the average. Consequently, Departments demonstrating out-
standing scientific production receive comparable scores to those slightly above the aver-
age, undermining the notion of funding based on excellence, as illustrated in the subse-
quent discussion.
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Table 3 Comparability between - ¥ * —
A t ISPD, ISPD R R
SDS scores assumed by each ssumpton d d d d Va
indicator considered in Sect. 4 Not comparable overall + + + _ _
Comparable within Areas — — — + —
Comparable overall - - - — +
ISPD ISPD* R R*

bk | _ontiibnn | | ool |l
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Fig.5 Distribution of the scores based on the different indicators

4.1 Implications on funding

In this section, we discuss how the use of the ISPD indicator to rank Departments may
affect the Departments of Excellence funding allocation.

The procedure followed to select the 180 Departments of Excellence can be outlined
as follows. First, the best 350 Departments in terms of ISPD are selected based on the
VQR results. Each University in the top 350 is then asked to present, for a maximum of
15 Departments, a five-year Departmental development project, accompanied by a finan-
cial program. In the first phase, for each University in the ranking, a commission of seven
members named by ministerial decree evaluates the application presented by the Depart-
ment that obtained the best placement in the top 350 and in case of favourable evaluation,
this Department is selected for funding. For the remaining available positions, the selection
is based on the final total score (S,,) which is obtained as the sum of the score attributed to

the project (S,,,;, maximum 30 points) and the ISPD multiplied times 0.7 (Sygpp), i.e.:

SlOt = 07 X ISPD + S = SISPD + S

proj proj

Table 4 shows some statistics on the ISPD and project score based on the available data on
the 180 Departments of Excellence selected in the years 2018-2022 and 2023-2027. Note
that, while the 2018-2022 Departments of Excellence selection refers to the VQR 2011-
2014 results, the 2023-2027 selection is based on VQR 2015-2019.

The most remarkable difference between the 2018-2022 and the 2023-2027 selection
concerns the number of products evaluated: while two products per person were evaluated
in VQR 2011-2014 used to select the 2018-2022 Departments of Excellence, the number
of products raised to three in the following selection (VQR 2015-2019). As a consequence,
the tendency of the ISPD to reach extremely high values for well performing Departments
is more evident in the period 2023-2027. Indeed, in 2023-2027 the mean ISPD score is
even more close to 70 compared to the previous selection and the variance noticeably
decreases with respect to the 2018-2022 period passing from 9.43 to 3.98. Due to the ISPD
polarization tendency, as shown by the coefficient of variation (CV), most of the variabil-
ity in the ranking of the 180 Departments of Excellence is explained by the project score

rather than by the ISPD. Note that the correlation between Sigpp and S, is equal to 0.26
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Fig.6 ISPD polarization tendency. ISPD vs ISPD* (left panel) and ISPD vs R (right panel)

and 0.12 in the two periods. Therefore, given the low variability of the ISPD, the project
presented by the 350 eligible Departments results to be the most important factor determin-
ing the final funds allocation.

These insights are outlined also in Fig. 7 which shows that while the ISPD values of the
180 Departments of Excellence are very concentrated around 100, most of the variability
can be attributed to the project score. Note that a more insightful analysis of the role of
the ISPD in determining the final ranking of the Departments of Excellence should have
involved data on all the 350 eligible Departments which are actually not available. The
only information at our disposal on all the top 350 Departments concerns the ISPD, while
Sproj 18 officially published only for the 180 Departments of Excellence. Therefore, in the
next paragraph, we concentrate on it.

Table 5 confirms previous findings on the extreme mean values reached by the ISPD among
the top 350 Departments as well as on the greater tendency to polarization for increasing sam-
ple sizes. Indeed, the variance halves passing from two to three products presented per per-
son and the coefficient of variation in 2023-2027 is about two-thirds of the CV in 2018-2022.
Comparing these results to data on VQR 2011-2014 on the 350 best performing Departments
based on the ISPD, we confirm previous insights on the high mean level and low variability of
the ISPD.* Moreover, statistics on the alternative indicators show that much more variability
is granted by ISPD , R, R and I, reaching CV values almost four or fives times bigger than
the one of the ISPD. Therefore, as noted in the previous sections, these alternative indicators
provide more suitable results to establish a ranking of the Italian Departments since their distri-
bution is more variable across units and allow to discriminate between truly excellent Depart-
ments with respect to those slightly above the average.

5 Conclusion
Given the relevance of performance-based funding for Italian Departments and the heated

debate in the Italian Academic System on research evaluation adoption and methods, in
this paper, we analyse the statistical properties of the indicator used to establish a ranking

4 As explained before, the VQR 2011-2014 data used in this paper do not allow to exactly reproduce ISPD
values officially published when selecting the Departments of Excellence because of shifts in the composi-
tion of the Departments in time with respect to tables used in this work and of the non-exhaustiveness of the
data provided by the tables available online due to confidentiality restrictions.
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Table 4 ISPD and Project score of the 180 Departments of Excellence: summary statistics

Mean Var Cv
2018-2022 2023-2027 2018-2022 2023-2027 2018-2022 2023-
2027
SispD 68.4 69.2 9.43 3.98 0.045 0.029
Sproj 25.4 25.7 10.28 9.78 0.126 0.122
Covariance - - 2.61 0.75 - -
Siot 93.8 94.9 24.93 15.26 0.053 0.041

of the 350 best Italian Departments, i.e. the ISPD. Our analysis shows that the two main
weaknesses of the ISPD concern its dependence on the standardization procedure and its
tendency to polarization.

First, ISPD does not take SDS’ research quality level into account because standardized
scores have zero means and the between component of the variance is null for construction.
Since the ISPD is based on standardized scores, the final ranking results can be considered
as reliable only under the assumption that there are no differences in the research quality of
each SDS. This appears as a questionable assumption that could be checked via compari-
son with researchers from non-Italian institutions.

The second, and likely the most relevant issue of the ISPD concerns its dependence on
the positive constant \/P_d which generates more polarized scores the bigger the sample
size is. This feature can be explained by considering the ISPD as a p-value in frequentist
tests. Therefore, for large sample sizes, the ISPD values can become extremely high or low
in case of small (positive or negative) deviations from the mean.

Finally, being ISPD an indicator at the Department level which cannot be decomposed
at SDS level, it is not helpful in designing within Department policies. However, it would
be extremely useful for Departments to implement ad hoc policies and plans targeting spe-
cific groups of researchers in order to further exploit existing opportunities and reduce pos-
sible weaknesses.
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Fig.7 ISPD vs Project score: 180 Departments of Excellence
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Table 5 Indicators’ summary statistics for the best 350 Departments

VQR 2011-2014 data Ranking best 350 Departments data
2018-2022 2023-2027
Mean Var CvV Mean Var Cv Mean Var Cv

ISPD 97.49 11.86 0.035 93.28 81.49 0.097 96.02 40.60 0.066
ISPD* 78.15 141.70 0.152 - - - - - —

R 1.18 0.023 0.128 - - - - - -
R* 1.21 0.026 0.132 - - - - _ —
I 0.70 0.012 0.154 - - - - _ _

In order to overcome the issues of the ISPD, possible alternative indicators have been
proposed such as a standardization-free ISPD computed based on SDS-specific probabili-
ties and indices relying on the same logic as indicators used to allocate the FFO perfor-
mance-based funds. Indeed, we believe that coherence between FFO performance-based
funding and the Departments of Excellence selection is desirable as both tasks are achieved
by using the same VQR results. As shown in the empirical section using the 2011-2014
VQR data, these alternative indicators allow to obtain more variable scores which is a
desirable property for the purpose of ranking Departments. Indeed, the top 350 Italian
Departments tend to have very high and similar ISPD values and thus, the final ranking
mostly depends on the project score.

Since the specific aim of this paper is to solely discuss the statistical properties of the
ISPD indicator, in the near future, more research should be devoted to analysing other criti-
cal aspects of the Italian research assessment exercise. Some relevant points that would
need further investigation include (i) possible distortions arising from considering a fixed
number of products per researcher both in sectors with high publishing rates as well as
in less productive sectors; (ii) the role of some relevant confounding factors such as the
North-South divide and the uneven infrastructure and transport network connecting the
different Italian Universities in shaping departmental performance.

Given the great socio-economic impact of research evaluation exercises (for an exami-
nation of media coverage and its impact on Universities’ visibility and reputation see Blasi
et al. (2016, 2017)), we advocate for the use of more statistically robust indicators. Moreo-
ver, although research is one of the primary drivers of economic development, in Italy,
non-competitive funding for research remains insufficient (Zanassi, 2015), placing exces-
sive emphasis on evaluation exercises for funding allocation. Finally, in view of the great
difficulties encountered in analysing official data due to limited data availability, in the
future, we wish for more transparency of the results published by ANVUR for the sake of
reproducibility.
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