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Abstract

Enhancing the effectiveness and efficiency of national research systems is a top priority on
the policy agendas of many countries. This study focuses on one aspect of the macroeco-
nomic efficiency of research systems: whether research institutions specialize in scientific
domains where they have a competitive advantage. To evaluate this, we developed a novel
methodology. This methodology measures the scientific specialization indices of each
organization in various research fields and assesses their relative research productivity. It
then examines the correlation between these scores and between the resulting rankings. We
applied this methodology to Italian universities. We found that a significant rank correla-
tion between universities’ field specialization and their performance appears only in a few
areas, and overall, the rankings are completely unrelated. Providing such data to research
managers and policymakers can help inform strategies to enhance both micro- and macro-
level efficiency.

Keywords Research performance - Competitive advantage - Scientific specialization
index - Bibliometrics - Universities - Italy

Introduction

The ability to generate novel knowledge and integrate it into innovative processes, prod-
ucts, and services plays a crucial role in sustaining socio-economic development within the
current knowledge-based economy. Recognizing the pivotal role of research in fostering
innovation and growth, various nations have invested in national research systems, making
the improvement of their effectiveness and efficiency a top priority in their policy agendas.
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Scientometrics

A substantial body of literature has examined the scientific competitive standing
of nations, highlighting the significance of research performance in the broader context
(Aksnes et al., 2017; Allik et al., 2020; Bornmann & Leydesdorff, 2011; Harzing & Gir-
oud, 2014; King, 2004; Li, 2017; May, 1997; Tijssen et al., 2002). Furthermore, the qual-
ity of human capital is identified as a vital factor for sustained growth (Aghion and How-
itt, 2008; Romer, 1990; Lucas, 1988). Scientific knowledge accumulation contributes to
the enhancement of educational and technological capabilities, positioning universities
as key entities in the research system. Governments actively pursue the development and
strengthening of higher education systems to globally compete for talented individuals and
resources.

To assess and enhance the macroeconomic efficiency of research systems, governments
conduct periodic evaluations of research institutions, often linking them to performance-
based funding. Public funding tied to research performance serves as a competitive mecha-
nism to incentivize continuous improvement in organizational efficiency. While there is a
common agreement on the importance of incentive systems to foster research performance,
an active debate is still ongoing regarding the methods to assess research performance.
Critics of world and national university rankings have long argued against their indicators
and methodologies (Billaut et al., 2010; Dehon et al., 2010; Liu & Cheng, 2005; Sauder &
Espeland, 2009; Van Raan, 2005).

The dissatisfaction with evaluation methods among stakeholders of research systems
has become so strong and widespread that it led the European Commission to promote the
establishment of the Coalition for Advancing Research Assessment (CoARA), now con-
sisting of over 600 research institutions, with the aim of reforming research assessment.
CoARA envisions research assessment that “recognizes diverse outputs, practices, and
activities, maximizing research quality and impact primarily through qualitative judgment
supported by the responsible use of quantitative indicators”.

Reactions from evaluative scientometricians were swift (Abramo, 2024; Ioannidis &
Maniadis, 2023; Torres-Salinas et al., 2023). Our personal position on the matter is that
there is no one-size-fits-all methodological approach to conducting research assessment.
The choice of methodology depends on various variables, including the objectives of the
evaluation, scale, research disciplines, expected accuracy level, budget, data availability,
and last but not least, context. We consider the contribution of scientometrics to research
policy and management similar to that of medical imaging diagnostics in clinical medicine.
The physician uses the results of imaging diagnostics together with other investigations
deemed necessary to formulate a treatment. The same applies to the decision-maker in the
field of research. Qualitative judgment can hardly do without quantitative assessment. The
work illustrated in this manuscript is a case in point. It is unlikely that a qualitative analysis
could provide the same information to the research decision-maker, despite the limitations
and assumptions of the bibliometric method employed.

This study focuses on the microeconomic efficiency of research organizations, particu-
larly their discipline portfolio management. Universities are viewed as “multi-business”
organizations in the higher education sector, engaging in various scientific disciplines. The
challenge for university managers (rectors) is the strategic management of their discipline
portfolios, involving decisions on which disciplines to enter, dismiss, and invest in based
on competitive standing. The study introduces a methodology to assess whether research
organizations specialize in disciplines where they hold a competitive advantage, emphasiz-
ing the importance of aligning competitive standing with disciplinary specialization.

The operational methodology involves measuring scientific specialization indices and
relative research productivity for each organization in each research field. The study aims
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to answer questions related to the efficiency of research organizations in choosing disci-
plines and exploiting their competitive advantages. The Balassa specialization index and
fractional scientific strength indicator are applied to assess relative specialization and
research productivity.

The application of the methodology is demonstrated using the Italian higher education
system' as a case study. The choice of the Italian case is primarily driven by the availability
of input data (cost of labor and capital) and output data (research output disambiguated at
the individual level), which we use to measure the research performance of universities.
In Italy, 98 universities have the authority to issue legally recognized degrees, with over
90% of faculty employed in public universities largely funded by the government (around
56% of total income). All professors are required to engage in both research and teach-
ing. During the period under investigation, Italy ranked 8th globally in both the number of
publications and citations. Italian scholars contributed 15.9% of total EU publications and
received 19.3% of total EU citations. Despite a decrease in the number of academics, there
has been significant growth in both the number of publications and their scholarly impact
(Abramo & D’Angelo, 2023).

The results aim to reveal the efficiency of the discipline portfolio choices at both the
organizational and system levels. The methodology can be extended to other countries con-
tingent on data availability, providing valuable insights for university leaders and policy-
makers responsible for research system efficiency.

While existing literature explores scientific performance and research specialization
separately, this study represents a novel attempt to examine the link between the two. The
subsequent sections present the methodology and data, showcase the analysis results, and
conclude with considerations for future work.

Data and methods

To evaluate the efficacy of organizations in selecting research fields for focused research
activities, it is essential to quantify competitive advantage and specialization indexes in
each field. These metrics facilitate the ranking of fields based on both indicators at each
university, and the degree of similarity between the two rankings can be assessed using the
tau-b Kendall correlation statistics (Conover, 1999; Kendall, 1938). This correlation coef-
ficient attains a value of 1 when there is perfect agreement between the two rankings, sig-
nifying maximum efficiency in the research organization’s selection of scientific domains
for investigation. A correlation coefficient of 0 indicates no correlation between rankings,
while a value of — 1 signifies maximum inefficiency, with one ranking being the exact
reverse of the other.

To gauge the competitive advantage of a research organization in each field, we com-
pare its research productivity with that of all other observed organizations in that field.
We define the productivity of researchers in a field as the output value per euro spent on
research. Additionally, we assess relative research field specialization by comparing the
organization’s share of research expenditures in the field with that of all organizations.

To conduct these assessments, access to the following information is required: (i) the
research staff in each organization; (ii) their classification per research field; (iii) their

! For further insights into the Ttalian higher education system, refer to Abramo et al. (2012).
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individual cost; (iv) the cost of resources other than labor devoted to research in each field,
and (v) the research output in each field.

In Italy, the MUR maintains a database of university personnel, providing detailed infor-
mation on each professor, including name, gender, affiliation, field classification, and aca-
demic rank at the end of each year.? Professors are classified into 370 scientific disciplinary
sectors (SDS) grouped into 14 university disciplinary areas (UDAs).®> Data on salary costs
for research personnel are available from the DALIA database* maintained by the MUR.
However, the cost of resources other than labor at the discipline level is scarcely available
globally. Still, for this study, we assume it to be similar to data available in Norway> and
invariant across professors.°

Publications indexed in the Web of Sciences (WoS) serve as a proxy for the total output
of research activities. The bibliometric dataset is obtained from the Italian Observatory of
Public Research (ORP), a database developed and maintained by the authors. This dataset
is derived under license from WoS, utilizing a complex algorithm for affiliation reconcilia-
tion and author disambiguation.”

Due to the limited coverage of bibliometric repertories in the arts and humanities and
several social science fields, the analysis is confined to STEM disciplines, encompassing
205 SDSs in 10 UDAs. To ensure statistical significance at the field level, only university-
SDS pairs with a minimum of five observations (i.e., five professors in the SDS of the
university) are considered. For each university-SDS pair, two indicators are calculated: a
proxy of research productivity, the Fractional Scientific Strength (FSS), representing rela-
tive competitive advantage, and the research field specialization index (SI), which is eluci-
dated in the subsequent subsections. To ensure accuracy in impact measurement, a mini-
mum two-year citation window is allowed, and the observation period spans from 2015 to
2019, with citations counted as of December 31, 2021.

Measuring the competitive advantage of universities

We consider research laboratories as productive entities with production factors consist-
ing of i) researchers (L); tangible resources (such as scientific instruments, materials, etc.),
and intangible resources (like prior knowledge, social networks, etc.) (K). Researchers gen-
erate knowledge, which is documented in publications (Q) to facilitate its dissemination.
The value of publications varies based on their impact on future scientific advancements,
commonly referred to by bibliometricians as scholarly impact, measured through citation-
based metrics. Productivity, a key indicator of the efficiency of any production system, is

2 http://cercauniversita.cineca.it/php5/docenti/cerca.php, last accessed on 15 July 2024.

3 The complete list is accessible on attiministeriali.miur.it/UserFiles/115.htm, last accessed on 15 July
2024.

4 https://dalia.cineca.it/php4/inizio_access_cnvsu.php, last accessed on 15 July 2024.

5 http://www.foustatistikkbanken.no/nifu/?language=en, last accessed on 15 July 2024.

© Any variances do not exert a substantial impact on the ultimate outcomes since all comparisons are exe-
cuted at the field level. An alternative approach would involve overlooking the parameter k, as is common
in many studies. However, this would be tantamount to assuming k=0. Such a scenario is further from real-
ity than assuming equivalent values of k in both Italy and Norway.

7 The F-measure, representing the harmonic average of precision and recall for authorship disambiguation
performed by the algorithm, stands at approximately 97%, with a margin of error of 2% and a 98% confi-
dence interval.

@ Springer


http://cercauniversita.cineca.it/php5/docenti/cerca.php
https://dalia.cineca.it/php4/inizio_access_cnvsu.php
http://www.foustatistikkbanken.no/nifu/?language=en

Scientometrics

operationalized through several simplifications and assumptions. Initially, scientific pro-
ductivity is measured at the individual level using the FSS,? defined as:

N

FSS;F@‘%ZCJS (1)

i=1

where:

w=average yearly salary of the professor (we halve labor costs, assuming that 50 per-
cent of professors’ time is allocated to activities other than research).

k=average yearly capital available for research to the professor.

t=number of years of work by the professor in the period under observation.

N=number of publications by the professor in the period under observation.

¢;= impact of publication i (weighted average of the field-normalized citations received
by publication i and the field-normalized impact factor of the hosting journal)’;

f;= fractional contribution of professor to publication i.

As for the cost of labor, w, data concerning salary for research personnel were obtained
from the DALIA database,'® which is also maintained by the MUR. As for the cost of capi-
tal, k, we relied on Abramo et al. (2020).11

The productivity of universities, which are heterogeneous in the research fields of their
staff, cannot be directly measured at the aggregate level. So, after measuring the productiv-
ity of individual professors (Eq. 1) we normalize individual productivity by the average of
the relevant field (SDS). At the aggregate level then, the yearly productivity FSS, for the
aggregate unit A (SDS, UDA, Department, etc.) is:

| &8 Fss,
FSS, = —
RS = Fss,

2

where:
RS= number of professors in the unit, in the observed period;
F. SSP’_= productivity of professor j in the unit;

FSSp= average productivity of all productive professors under observation in the same
SDSs of professor j.

A value of FSS, = 1.20 means that the university’s unit A employs researchers with
average productivity of 20% higher than expected.

8 For a comprehensive explanation of the methodology, underlying theory, assumptions and limitations,
as well as the data source, we direct the reader to Abramo and D’Angelo (2014) and Abramo et al. (2020).

® This combination serves as the most accurate projection of future long-term citations for a publication
(Abramo et al., 2019). Citations are adjusted to the mean of the distribution concerning all referenced pub-
lications from the same year and the Web of Science subject category (SC) of publication i. The journal’s
impact factor (IF), corresponding to the year of publication, is normalized relative to the average of the IF
distribution of all journals in the same SC of publication i.

10" https://dalia.cineca.it/php4/inizio_access_cnvsu.php, last accessed on 15 July 2024.

1 Table 4 in Abramo et al. (2020) compiles information on the cost of capital (k), the total cost of produc-
tion factors (w/2+ k), and normalization factors for total cost across academic ranks and disciplines. The
normalization factor utilized in Eq. (1) corresponds to the lowest recorded total cost, observed for assistant
professors in Psychology (54,081 Euro). In the subsequent analysis, we will employ these total cost nor-
malization factors to present measures of productivity.
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In this way, we can measure the productivity of the university at SDS, UDA, and the
overall level.

Measuring the research field specialization of universities

We draw from international trade theory, adapting the concept and measure of production
specialization to our context. To assess the universities’ degrees of specialization in each
field, we use the Balassa index (Balassa, 1965). It shows whether a university specializes in
a specific field relative to other universities. Named PFTC the total cost of the production
factors L and K, employed by the university i in SDS j, in the observation period:

]\lj
w,
PFTC; = Y t( 5 +k.) 3)
z=1

where M; is the number of professors of university i in SDS j; and 7, the number of years on
staff of professor z in the observation period, the specialization index S1; of university i, in
the SDS j is:
o PFTC;  ¥,PFIC;
Ji =
> PFIC;" ¥, 3,PFTC;

“4)

The higher the value of SI; compared to one, the more specialized the university i is in
SDS j. If SI;; is less than one, it means that no specialization is involved in j for university
i. At a more aggregate level of UDA, the index can be easily calculated by applying Eq. 4
with j referring to UDA instead of SDS.

Results

In order to answer the research questions, we measure for each university the degree of
similarity of the SDS rankings where the university does research for the two indicators
just described. For instance, we present the case of the University of Rome “Sapienza,” the
largest nationally (and in Europe) with over 3500 professors on staff on 31/12/2021. In this
study, the analysis dataset is limited to STEMs, where we count 2905 professors on staff
during the observation period, in 180 different SDSs.

Figure 1 shows the scatterplot of the 147 SDSs with at least five professors on staff. The
two indicators show values greater than unity in only 22 SDSs (accounting for 15 percent
of the total). In 48 SDSs (32.7 percent), both indicators are below 1, but the most crowded
quadrant is the second one, with 60 SDSs showing values of FSS less than unity and SI
greater than unity simultaneously. The two rankings show virtually zero correlation (Ken-
dall’s tau-b=— 0.025), allowing us to state that at the overall level, this university does not
specialize in research fields where it holds a competitive advantage.

Repeating the analysis for all universities in the dataset, we obtain what is shown in
Table 1. Kendall’s correlation coefficient is positive and significant only for the Univer-
sity of Sannio (tau-b=0.800, calculated for only 5 SDSs). In particular, this university
shows very high productivity (FSS) in ING-INF/05 (Information processing systems),
ranking at 86th national percentile, and very low in FIS/01 (Experimental Physics)
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Fig. 1 FSS and SI distributions for 147 SDSs of University of Rome “Sapienza”

ranking at 17th national percentile. At the same time, the specialisation index recorded
for the first SDS is the highest among the five active in the university, while for the sec-
ond it is the lowest.

At the bottom of the list of Table 1, we find the University of Urbino “Carlo Bo™: the
correlation recorded for the values of the two variables measured on its 13 SDSs is nega-
tive and significant (tau-b=— 0.487). In this University, FIS/01 (Experimental Physics) is
the top ranked SDS by productivity (top at national level by FSS) but the bottom ranked,
among the 13 active SDSs in the university, by SI. Conversely, the University registers the
worst FSS performance in GEO/05 (Applied geology), an SDS with the second highest SI
(7.261), immediately after GEO/02 (Stratigraphic and sedimentary geology) registering a
value of SI equal to 8.057.

Overall, 30 universities show positive correlation coefficients (in no case significant,
apart from Sannio) against the 31 universities that show a negative value. However, in
no case it is significant apart from the University of Urbino, the University of Calabria
(tau-b=— 0.200), and Cattolica del Sacro Cuore (tau-b=— 0.208). In these three cases, we
can say that these universities concentrate their research activity in fields with relatively
modest performance. The middle zone of the distribution is very dense, with 35 universities
(almost half of the total 63), and a correlation coefficient within the range (— 0.1;+40.1).
We deduce that, apart from a single university, Italian universities do not specialize in
fields where they hold a competitive advantage. Scrolling the top of Table 1, we notice the
presence of “Scuole Superiori” which are known to be exceptionally brilliant in terms of
scientific performance. We then ask whether there is a correlation between “selection effi-
ciency” and research productivity. In other words, whether the best-performing universities
are also the most efficient in choosing fields in which to focus their research activities. The
scatterplot in Fig. 2 reports the position of each university by overall productivity (FSS)
and degree of similarity for ranking (FSS-SI Kendall correlation). To assess the FSS-
degree of similarity ranking correlation, we apply the Somers’ D statistics, which reveal no
correlation (Somers’ D index =0.0036, P>1z1=0.972).
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Table 1 FSS and SI correlation, at university-level

University Obs Kendall’'s Prob>lfl University Obs Kendall’'s Prob>ll
tau-b tau-b
del Sannio 5 0.800* 0.086 Palermo 102 —-0.006  0.931
del Molise 7 0.429 0.230 Bari 77 —-0.014  0.864
“Campus Bio-medico” 6 0.333 0.452 Insubria 17 -0.015 0.967
Bergamo 6 0.333 0.452 Torino 114 -0.023 0.721
Magna Grecia 7 0.333 0.368 Perugia 70  —-0.024 0.777
Scuola Normale Supe- 5 0.200 0.807 Roma “La Sapienza” 147 -0.025 0.649
riore
Scuola Superiore 5 0.200 0.807 Brescia 42 -0.029 0.795
S.Anna
Trieste 29 0.197 0.138 Firenze 102 —0.038 0.579
Verona 36 0.175 0.138 Messina 61 —0.040 0.650
Siena 39  0.169 0.134 Roma Tre 32 -0.057 0.662
SISSA—Trieste 7 0.143 0.764 Napoli “Federico II” 154 —-0.060 0.274
Modena e Reggio 55 0.111 0.234 Bolzano 8 —-0.071 0.902
Emilia
Teramo 9 0.111 0.755 Ferrara 43 -0.074 0.490
Basilicata 18 0.085 0.649 Camerino 19 —-0.088 0.624
Udine 28 0.085 0.540 Milano Bicocca 47  —0.090 0.379
Politecnico di Bari 29 0.079 0.561 Milano 107 —0.097 0.142
Politecnico di Torino 60  0.062 0.487 Pavia 59 -0.101 0.261
dell’Aquila 37  0.060 0.610 Cagliari 62 —-0.106 0.224
Tuscia 14 0.055 0.827 Universita di Catania 76 —=0.110 0.163
Roma “Tor Vergata” 79  0.052 0.498 Mediterr.—R. Calabria 13 —0.128 0.583
Politecnica delle 41  0.046 0.678 Seconda Napoli 57 -0.132 0.150
Marche
Politecnico di Milano 63  0.042 0.635 Ca’ Foscari Venezia 8 —0.143 0.711
Padova 145 0.026 0.651 Salento 19 -0.146 0401
Bologna 141 0.013 0.815 Piemonte Orientale 17 -0.177 0.343
Salerno 38  0.013 0.920 Calabria 41 —-0.200% 0.067
Pisa 102 0.012 0.858 Cattolica del S. Cuore 57  —0.208** 0.023
Gabriele D’ Annunzio 38  0.007 0.960 Foggia 8 -0.214 0.536
Genova 89  0.006 0.935 Vita—Salute S. Raf- 9 —-0.222  0.466
faele
Sassari 39  0.004 0.981 Napoli “Parthenope” 7 —0.333 0.368
Parma 61 0.002 0.985 IUAV—Venezia 8 —0.357 0.266
Cassino 9 0.000 1.000 Urbino “Carlo Bo” 13 —0.487** 0.024
Trento 28  0.000 1.000

It would thus seem that not even the most productive universities are particularly care-
ful in choosing those research fields in which they can exploit their competitive advantage.
Except for only one university, among others characterized by a low number of observa-
tions (5 SDSs only), there is no correlation between the fields in which universities special-
ize and the relative research productivity; indeed, in some cases there is an inverse correla-
tion. However, there may “locally” be fields in which this occurs. To test it, we consider
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Fig.2 Scatterplot of overall productivity vs FSS-SI correlation for universities in the dataset

fields rather than universities as the unit of analysis. The question we then ask is: which
fields are characterized by greater (lesser) selection efficiency?

At the operational level, for each university, we sort the SDSs in which it is active by
FSS and SI and measure the respective percentiles (100=top).'> An SDS with a 90 per-
centile by FSS means that only 10% of the SDSs in which the university is active perform
better. Similarly, an SDS with the 90 percentile by SI means that it is more specialized in
only 10% of the SDSs in which the university is active. At this point, for each SDS, we can
construct a scatterplot by the above two percentile rankings of all universities active in that
SDS and apply correlation statistics.

For instance, we report the case of Applied Technological Pharmaceutics (CHIM/09),
in which 24 universities (with at least 5 professors) conduct research. Figure 3 reports the
scatterplot of the data and shows a weak but significant correlation, with Kendall’s tau-b
values of 0.294 (Prob>1fI=0.0471). There are eleven universities in the first quadrant, with
both FSS and SI percentiles at least equal to 50. In the third quadrant, there are six univer-
sities with both indicators below the 50th percentile. In the second quadrant, the position
of the University of Salerno stands out, showing an FSS percentile of 24.3 compared with
an SI percentile of 73.0. In the fourth quadrant, on the other hand, we have the opposite
anomaly, that of the University of Florence, which in this SDS shows relative productivity
at the top 3 percentile (FSS percentile of 97.0) against, however, a very low specialization
percentile of 13.9. Conversely, in Biochemistry (BIO/10) the correspondence between the
two dimensions is much less evident. As shown in Fig. 4, in this SDS, only four out of 44
universities are positioned in the first quadrant. The set of universities (16 in all) is far more
numerous in the third quadrant. Of the remaining 24, 21 universities are in the fourth quad-
rant, characterized by a high relative value of performance (FSS percentile greater than 50)

12° Again, for the sake of significance we will only consider universities with at least five SDSs, each with at
least five professors.
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Fig.4 FSS and SI percentiles distribution for 44 universities in BIO/10, Biochemistry

and low relative value of specialization (FSS percentile greater than 50), resulting in an
overall correlation value close to zero in fact (Kendall’ tau-b=—0.074).

Repeating the analysis for all SDSs under observation yields the data shown in Table 2.
For the sake of significance, we limit the analysis to SDSs (173 out of the total 205) with
at least five observations, i.e., at least five national universities with at least five professors
in the SDS under consideration from time to time. Overall, in only 12 SDSs (accounting
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for 7% of the total), we obtain positive and significant correlation values (Kendall tau-b): 4
SDSs are in the Agricultural and veterinary sciences and 3 in Chemistry. At the same time,
the data indicate 7 SDSs in which the correlation is significant but negative, mainly in the
Medicine area.

Discussion and conclusions

Because of its abstract nature, knowledge evaluation is challenging for scholars, practition-
ers, research managers, and policymakers. Over time, bibliometricians have tried to pro-
pose, apply, validate and improve indicators and approaches to identify the strengths and
weaknesses of research systems at macro (country), meso (institutions), and micro (indi-
viduals) levels. There is a particular interest in how institutions and countries perform in
scientific disciplines and what determinants explain why a country presents a specific com-
petitive advantage in one field over another (Braun et al., 1995; Horta & Veloso, 2007;
King, 2004; Kozlowski et al., 1999).

In this study, we investigated a complementary aspect of the microeconomic efficiency
of research organizations and the macroeconomic efficiency of research systems i.e.,
whether research institutions specialize in scientific domains where they hold a competi-
tive advantage. We measured the scientific specialization index of each Italian university
and their research productivity in each field. Measuring research productivity (defined as
an output-to-input ratio) is a formidable task because of the lack of input data. Benefiting
from Italian structural advantages concerning input metadata availability, we have opera-
tionalized the measurement of a proxy of productivity unparalleled worldwide.

We applied Kendall’s statistics to assess the degree of similarity between the rankings
by research productivity and specialization index of Italian universities in each research
field. Findings reveal that, with only one exception, Italian universities do not specialize in
fields where they hold a competitive advantage. In particular, the data show the presence
of three universities that concentrate research activity in fields where they even have a rela-
tively modest performance.

This result, in part, anticipates the answer to the second research question we initially
posed, whether the organizations best at doing research were the ones best at selecting the
fields to concentrate their research activities. The answer is negative: the analysis finds a
complete absence of correlation between the overall productivity of universities and their
ability to concentrate in the fields in which they are best at doing research.

The final in-depth study to answer the third research question aimed to identify the
fields in which the most productive organizations concentrate their research activities.
As was to be expected, even in this case, few positive exceptions emerged from a rather
apparent general phenomenon: in only 12 fields out of the 173 analyzed, there is, in fact,
a significant positive correlation between the productivity of universities and their degree
of specialization in the field. These fields fall mainly in two disciplines, Agricultural, and
veterinary sciences and Chemistry. In seven other fields, the correlation is significant but
negative, indicating the paradox of a greater concentration of research by lower-performing
universities.

In interpreting the main findings of the analysis, it should not be forgotten that uni-
versities play the primary role in higher education in addition to research. This aspect
implies a necessary diversification in research activity. Delivering degrees in, e.g., engi-
neering implies giving courses and hiring relevant professors in mathematics, physics,
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and others. In an efficient research system, one expects that universities excelling in
engineering research, while performing low in mathematics, deliver degrees in engi-
neering, leaving to others those in mathematics, but not the other way around. The evi-
dence from the analysis is both suggestive and counterintuitive. However, this evidence
may find an explanation considering the peculiarities of the Italian academe, which was
for years a scarcely competitive higher education system.

It was only in 2009, following the first national research evaluation exercise, that Italy
began allocating a small portion of its public funding to universities based on research
performance. Initially, this was around 7%, but law 98/2013 set a minimum share of
16% for 2014, with a mandated annual increase of 2% up to a maximum of 30%. Despite
this, the system remains somewhat erratic. While the funding is awarded based on the
average research performance of individual professors, the financial rewards are given
to the universities, which are not required to distribute the money according to individ-
ual performance, that is not communicated to them. This lack of obligation or specific
incentives allows universities to hire or promote professors in fields where they may not
necessarily excel.

The reasons underlying the revealed low efficiency in the choice of disciplines to
concentrate research in, are partly to be found in the interplay of the management cul-
ture that has dominated for years in the academia, and Italian labor laws. Universities
have developed in a non-competitive environment, whereby public funds were allocated
to them on the basis of size and type of disciplines, and professors’ salaries were (and
still are) not linked to performance. Rectors are elected by both academic and non-aca-
demic staff, fostering please-all management practices to assure re-election. Resources
for recruitment have been allocated internally to the various departments more on the
basis of their negotiation power than inspired by the principle of efficiency (Civera,
D’Adda, Meoli, Paleari, 2022). Furthermore, the effectiveness of recruitment and career
progress has been undermined by amply diffused favoritism practices which often pre-
vail on merit-based selection (Abramo et al., 2014a, 2014b, 2015; Durante, Labartino,
Perotti, 2011; Gerosa, 2001; Zagaria, 2007). In general, non-competitive environments
do not favor the application of management science theory in running organizations. We
then doubt the mastering of business portfolio management techniques among the gov-
ernment bodies of Italian universities.

Even where the willingness to change the bad practices of the past where there, fol-
lowing the university performance-based funding recently introduced by the government,
good-willing rectors find the current labor law a formidable obstacle to dismissing inef-
ficient professors, and pursuing discipline portfolio efficiency. While possible in theory it
reveals hardly realizable in practice.

Inefficient diversification strategies by universities translate into inefficient research
systems at national level. The recent introduction of performance-based funding linked to
the national research assessment exercises has been an important initial step by the gov-
ernment toward the strengthening of a competitive environment, a harbinger of continu-
ous improvement along the knowledge production dimension. Additional incentives are
needed to stimulate efficiency also along the discipline portfolio management dimension.
We interpret the recent introduction of extra-financial rewarding for “excellent” university
departments as assessed by the national research assessment exercises, an important step
by the government toward this direction. The government’s direct allocation of resources to
the best performing disciplinary departments in each university, might counterbalance the
internal political power influence in determining the disciplinary areas in which to recruit
scientific personnel. A concern remains though about the VQR methodological failures in
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assessing research performance and, consequently, about the correct ranking of university
departments (Abramo & D’Angelo, 2015).

An additional intervention that we deem effective would be the communication to each
university of their diversification strategy efficiency, and recommend that the government
allocation of resources be based not only on the efficiency of production but also of disci-
pline portfolio management.

We conclude the work by reminding the usual limits and assumptions embedded in all
bibliometric approaches. Firstly, the knowledge generated may not always be reflected in
publications, and bibliographic databases like WoS, utilized in this study, may not encom-
pass all published works. Secondly, assessing the impact of publications through citation-
based metrics is a predictive rather than definitive measure, and citations only verify
scholarly impact while overlooking other forms of impact. Thirdly, we do not account
for variations in capital available to individual researchers. Finally, the results could be
impacted by the classification schemes used for publications and professors. These con-
straints highlight the necessity for caution when interpreting data obtained from sciento-
metric methods. However, we do not expect these limitations to disproportionately affect
any particular Italian university, thereby preserving the reliability of the study’s findings.

Author contributions The contribution of each author is specified as follows: Conceptualization: GA, CAD.
Methodology: GA, CAD. Investigation: GA, FA, CAD. Data curation: FA, CAD. Visualization: FA, CAD.
Supervision: GA, CAD. Writing—original draft: GA, FA, CAD. Writing—review and editing: GA, CAD.

Funding Open access funding provided by Universita degli Studi di Roma Tor Vergata within the CRUI-
CARE Agreement. The authors received no funding for the work discussed in the manuscript.

Declarations

Conflict of interest Giovanni Abramo and Ciriaco Andrea D’Angelo are members of the Distinguished Re-
viewers Board of Scientometrics. The authors declare that they have no further conflicts of interest.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Com-
mons licence, and indicate if changes were made. The images or other third party material in this article
are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Abramo, G. (2024). The forced battle between peer-review and scientometric research assessment: Why
the CoARA initiative is unsound. Research Evaluation. https://doi.org/10.1093/reseval/rvae021
Abramo, G., Aksnes, D. W., & D’Angelo, C. A. (2020). Comparison of research productivity of Italian

and Norwegian professors and universities. Journal of Informetrics, 14(2), 101023.

Abramo, G., Cicero, T., & D’Angelo, C. A. (2012). The dispersion of research performance within and
between universities as a potential indicator of the competitive intensity in higher education sys-
tems. Journal of Informetrics, 6(2), 155-168.

Abramo, G., & D’Angelo, C. A. (2023). Warnings of declining research productivity: Does Italy buck
the trend? Research Evaluation, 32(3), 557-565.

Abramo, G., & D’Angelo, C. A. (2015). The VQR, Italy’s second national research assessment: Meth-
odological failures and ranking distortions. Journal of the Association for Information Science and
Technology, 66(11), 2202-2214.

@ Springer


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1093/reseval/rvae021

Scientometrics

Abramo, G., & D’Angelo, C. A. (2014). How do you define and measure research productivity? Sciento-
metrics, 101(2), 1129-1144.

Abramo, G., D’Angelo, C. A., & Di Costa, F. (2014a). Investigating returns to scope of research fields in
universities. Higher Education, 68(1), 69-85.

Abramo, G., D’Angelo, C. A., & Felici, G. (2019). Predicting long-term publication impact through a
combination of early citations and journal impact factor. Journal of Informetrics, 13(1), 32—49.
Abramo, G., D’Angelo, C. A., & Rosati, F. (2015). The determinants of academic career advancement:

Evidence from Italy. Science and Public Policy, 42(6), 761-774.

Abramo, G., D’Angelo, C. A., & Rosati, F. (2014b). Career advancement and scientific performance in
universities. Scientometrics, 98(2), 891-907.

Aghion, P., & Howitt, P. W. (2008). The economics of growth. MIT press.

Aksnes, D. W., Sivertsen, G., van Leeuwen, T. N., & Wendt, K. K. (2017). Measuring the productivity
of national R&D systems: Challenges in cross-national comparisons of R&D input and publication
output indicators. Science and Public Policy, 44(2), 246-258.

Allik, J., Realo, A., & Lauk, K. (2020). The scientific impact derived from the disciplinary profiles.
Frontiers in Research Metrics and Analytics. https://doi.org/10.3389/frma.2020.569268

Balassa, B. (1965). Trade liberalization and revealed comparative advantage. The Manchester School of
Economic and Social Studies, 33, 99-123.

Billaut, J.-C., Bouyssou, D., & Vincke, P. (2010). Should you believe in the Shanghai ranking? An
MCDM View. Scientometrics, 84(1), 237-263.

Bornmann, L., & Leydesdorff, L. (2011). Which cities produce more excellent papers than can be
expected? A new mapping approach—using Google Maps—based on statistical significance test-
ing. Journal of the American Society of Information Science and Technology, 62(10), 1954-1962.

Braun, T., Glidnzel, W., & Grupp, H. (1995). The scientometric weight of 50 nations in 27 science areas,
1989-1993. Part 1. All fields combined, mathematics, engineering, chemistry and physics. Sciento-
metrics, 33(3), 263-293.

Civera, A., D’Adda, D., Meoli, M., & Paleari, S. (2022). The political power of the Italian rectors: An
analysis of recruitments in the period 2001-2021. 26th International Conference on Science, Tech-
nology and Innovation Indicators (STI 2022), Granada, Spain, 7-9 September 2022.

Conover, W. J. (1999). Practical nonparametric statistics (3rd ed.). Wiley.

Dehon, C., McCathie, A., & Verardi, V. (2010). Uncovering excellence in academic rankings: a closer
look at the Shanghai ranking. Scientometrics, 83(2), 515-524.

Durante, R., Labartino, G., & Perotti, R. (2011). Academic dynasties: decentralization and familism in
the Italian academia”. NBER Working Paper 17572.

Gerosa, M. (2001). Competition for academic promotion in Italy. Lancet, 357(9263), 1208.

Griliches, Z. (1998). R&D and productivity. Chicago University Press.

Harzing, A. W., & Giroud, A. (2014). The competitive advantage of nations: An application to aca-
demia. Journal of Informetrics, 8(1), 29—-42.

Horta, H., & Veloso, F. M. (2007). Opening the box: Comparing EU and US scientific output by scien-
tific field. Technological Forecasting and Social Change, 74, 1334—1356.

Ioannidis, J. P. A., & Maniadis, Z. (2023). In defense of quantitative metrics in researcher assessments.
PLoS Biology, 21(12), €3002408.

Kendall, M. G. (1938). A new measure of rank correlation. Biometrika, 30, 81-93.

King, D. A. (2004). The scientific impact of nations. Nature, 430, 311-316.

Kozlowski, J., Radosevic, S., & Ircha, D. (1999). History matters: The inherited disciplinary structure of
the post-communist science in countries of central and eastern Europe and its restructuring. Scien-
tometrics, 45, 137-166.

Li, N. (2017). Evolutionary patterns of national disciplinary profiles in research: 1996-2015. Sciento-
metrics, 111(1), 493-520.

Liu, N. C., & Cheng, Y. (2005). “Academic ranking of world universities: Methodologies and problems.
Higher Education in Europe, 30(2), 127-136.

Lucas, R. E., Jr. (1988). On the mechanics of economic development. Journal of Monetary Economics,
22(1), 3-42.

May, R. M. (1997). The scientific wealth of nations. Science, 275(5301), 793-796.

Perotti, R. (2008). L’universita truccata. Einaudi. ISBN: 978-8-8061-9360-7.

Romer, P. (1990). Endogenous technological change. Journal of Political Economy, 98(5), 71-102.

Salmi, J. (2009). The challenge of establishing world-class universities. The World Bank. ISBN:
978-0-8213-7865-6.

Sauder, M., & Espeland, W. N. (2009). The discipline of ranking: Tight coupling and organizational
change. American Sociological Review, 74(1), 63-82.

@ Springer


https://doi.org/10.3389/frma.2020.569268

Scientometrics

Tijssen, R. J. W., Visser, M. S., & Van Leeuwen, T. N. (2002). Benchmarking international scientific
excellence: Are highly cited research papers an appropriate frame of reference? Scientometrics,
54(3), 381-397.

Torres-Salinas, D., Arroyo-Machado, W., & Robinson-Garcia, N. (2023). Scientometric denialism. Sci-
entometrics, 28(8), 5357-5359.

van Raan, A. F. J. (2005). Fatal attraction: Conceptual and methodological problems in the ranking of
universities by bibliometric methods. Scientometrics, 62(1), 133-143.

Zagaria, C. (2007). Processo all’universita. Cronache dagli atenei italiani tra inefficienze e malcostume.
Dedalo.

Publisher’s Note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

@ Springer



	Do research universities specialize in disciplines where they hold a competitive advantage?
	Abstract
	Introduction
	Data and methods
	Measuring the competitive advantage of universities
	Measuring the research field specialization of universities

	Results
	Discussion and conclusions
	References


