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Abstract
We propose an innovative use of the Leiden Rankings (LR) in institutional management. 
Although LR only consider research output of major universities reported in Web of Sci-
ence (WOS) and share the limitations of other existing rankings, we show that they can 
be used as a base of a heuristic approach to identify “outlying” institutions that perform 
significantly below or above expectations. Our approach is a non-rigorous intuitive method 
(“heuristic”) because is affected by all the biases due to the technical choices and incom-
pleteness that affect the LR but offers the possibility to discover interesting findings to be 
systematically verified later. We propose to use LR as a departure base on which to apply 
statistical analysis and network mapping to identify “outlier” institutions to be analyzed 
in detail as case studies. Outliers can inform and guide science policies about alternative 
options. Analyzing the publications of the Politecnico di Bari in more detail, we observe 
that “small teams” led by young and promising scholars can push the performance of a 
university up to the top of the LR. As argued by Moed (Applied evaluative informetrics. 
Springer International Publishing, Berlin, 2017a), supporting “emerging teams”, can pro-
vide an alternative to research support policies, adopted to encourage virtuous behaviours 
and best practices in research. The results obtained by this heuristic approach need further 
verification and systematic analysis but may stimulate further studies and insights on the 
topics of university rankings policy, institutional management, dynamics of teams, good 
research practice and alternative funding methods.
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Introduction

Universities are subject to constant scrutiny by various stakeholders. The “evaluation soci-
ety” (Dahler-Larsen, 2011) in which we live, did not spare universities. Universities must 
be transparent and accountable for the public money invested in their activities. However, 
the evaluation of performance by universities is far from simple. The multiple activities 
that universities carry out, which include teaching, research, and the “third mission”, inter-
act with one another and with the objectives of policy makers and institutional missions.

Rankings have been established as a tool for informing the governance of universi-
ties. Rankings, however, influence institutional behaviour and increase competition in the 
higher education system, asking for policy measures in response to rankings. Even today, 
some twenty years after the introduction of the first rankings, there is still a great deal of 
interest in the theory and methodology of rankings and their impact and influence (see e. 
g., Hazelkorn & Mihut, 2021).

In a number of studies the inconsistencies of rankings have been analyzed from a meth-
odological perspective. For example, Fauzi et al. (2020) analyzed five of the leading world 
rankings which include: Quacquarelli Symonds (QS), Times Higher Education (THE), 
Academic Ranking of World Universities (ARWU), Leiden Rankings (LR), and Webomet-
rics ranking. Similarly, Olcay and Bulu (2017) analyzed the following rankings: University 
Ranking by Academic Performance (URAP), THE, ARWU, QS and LR. Moed (2017b) 
compared the ARWU, LR, THE, QS and U-Multirank rankings. These authors also ana-
lyzed the geographic coverage, the overlap of the institutions across rankings, and how the 
indicators were calculated from the raw data.

Moed (2017b) argued that existing rankings provide purposeful information on a sin-
gle aspect rather than a multidimensional information system. In response to this critique, 
Daraio et al. (2015) proposed a new approach that allows to overcome the four main limita-
tions of university rankings, namely: (1) mono-dimensionality; (2) lack of robustness from 
a statistical point of view; (3) dependence on the scale and subject specialization of uni-
versities; and (4) the absence of considerations of the input–output structure of academic 
activities. These authors proposed to rank universities based on the integration of different 
kinds of information and the use of more robust ranking techniques, based on advanced 
nonparametric efficiency methods. Moed and Halevi (2015) proposed a multidimensional 
matrix of scientific indicators to support the choice of metrics to be applied in a research 
evaluation process depending on the unit of evaluation, the dimension of the research to be 
evaluated, and the aims and policy contexts of a specific evaluation.

On the basis of an analysis of the main problems of existing rankings, Daraio and 
Bonaccorsi (2017), furthermore, proposed to invest in a data infrastructure instead of 
investing heavily in the creation of integrated datasets for specific indicators. Data may 
soon prove obsolete given the need for policy makers to have more and more granular and 
contextualized indicators available. Given the dynamic of the landscape, these authors 
proposed to co-produce indicators within open data platforms “combining heterogeneous 
sources of data to generate indicators that address a variety of user requirements” (Daraio 
& Bonaccorsi, 2017, p. 508). Vernon et  al. (2018) claimed that no single ranking sys-
tem provides a comprehensive assessment of the quality of academic research and stated 
that the measurement of university research performance through standardized rankings 
remains a candidate to be further investigated.

In the next sections, we will analyze the information provided by LR to investigate 
whether it is possible to provide higher education institutions with useful feedback on their 



Scientometrics	

1 3

scientific achievements in order to improve their respective performance. We propose a 
heuristic approach that uses the information included in LR as a base to identify outliers 
that can be further analyzed through case studies. Following Leydesdorff and Bornmann 
(2012) and Leydesdorff et al. (2019), we used the so called “excellence indicator” PPtop-
10%—that is, the proportion of the top-10% most-highly-cited papers assigned to a specific 
unit of analysis (e.g., university; cf. Waltman, et al., 2012)- of LR to cluster universities 
into groups of universities which are not significantly different in terms of relevant sta-
tistics. Universities that are not statistically different in terms of their output can be con-
sidered as belonging to the same group. PPtop-10% is a percentile indicator and therefore 
size-independent. Percentiles can be used as an alternative to normalized citation impact of 
scientific publications (Wagner et al., 2022). Bornmann et al. (2013) reviewed the advan-
tages and limitations of percentile ranks in bibliometrics. Leydesdorff et  al. (2019) thus 
analyzed 902 universities in 54 countries; focusing on the UK, Germany, Brazil, and the 
USA. Applying the same methodology, Leydesdorff et al. (2021) analyzed and compared 
205 Chinese universities with 197 US universities in LR 2020.

Behind the production of the LR there is a huge standardization and data cleaning work 
with regard to the names of the organizations. This activity, pioneered by Henk F. Moed, 
led to the development of an extensive and sophisticated system to identify, register, and 
harmonize organization names (Calero-Medina et al., 2020). In this study, we elaborate on 
LR to identify outlying universities, i.e. those that outperform expected results. Once the 
outliers have been identified, through statistical analysis and mappings, one can carry out 
case studies on individual specific successful institutions. Starting from the bibliometric 
data derived from the LR we download the raw data from WOS of the identified outliers 
which are then used to characterize the topics specialization and the research organization 
of the investigated outliers. We show how this new use of the LR can work in practice by 
elaborating the analysis for the Politecnico di Bari as a case.

The paper is organized as follows. In the next section we describe the main objective of 
the work and its contribution to the literature. Section “Data” describes the data used for 
the analysis carried out, while “Methods” section illustrates the methods used in the empir-
ical analysis. Section “Results” reports the main results. “Discussion and policy implica-
tions” section discusses the obtained results and “Concluding remarks”  section concludes 
the paper. More detailed information and data are reported in the Supplementary Materials 
(SM) available online.

Aims and contribution

In this paper we investigate the following research questions:

1.	 What is the position of Italian universities in the European landscape as it appears in 
the LR?

2.	 What is the position of Italian universities within Italy, shown by LR?
3.	 How can we interpret the obtained results in terms of institutional management that is, 

providing universities useful feedbacks to improve their performance?

The main objective of this work is to propose a heuristic approach to identify outper-
forming higher education institutions (“outliers”) using as a departure base the information 
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provided by LR. Outlier institutions are institutions that outperform expected results, i.e. 
institutions performing significantly different from the expectation.

We are well aware of the limitations associated with using LR as the baseline for our 
analyses. In fact, LR only provide information on outputs from the WOS database, and are 
affected by bias due to underlying technical choices (such as normalizations and weights 
assigned to different disciplines) and incompleteness arising from the selection of institu-
tions to be included for each country. For this reason, we called our approach a “heuristic” 
approach, i.e., not a rigorous one, whose outcomes should subsequently be systematically 
investigated for confirmation. Nevertheless, we will show that analyzing LR through sta-
tistical analysis (Leydesdorff & Bornmann, 2012; Leydesdorff et  al., 2019) and network 
mapping (Blondel et al., 2008; Van Eck & Waltman, 2010), can be useful for delving into 
the complex performance of universities.

We will focus on the position of Italian universities in the European scientific landscape, 
on the basis of their respective values as depicted by the LR. Italy provides an interesting 
international case study as the Italian academic system is primarily a public system, but 
has one of the lowest public funding rates in Europe. Nonetheless, it has levels of scientific 
production (measured in terms of published articles) and scientific impact (measured by 
the number of citations received) comparable to the majority of other countries with a sim-
ilar level of economic development. In Italy, two thirds of the funds are allocated to univer-
sities on the basis of the number of students enrolled at the university and the remainder on 
the basis of scientific production weighted with the quality of research.

Despite the exclusive focus of LR on the output of the research insofar as indexed in 
Web of Science, our heuristic approach uses LR to make a representation of the position-
ing of the different universities from which to identify outlier institutions on which carry 
out in-depth case studies. This will be shown in the case of the Politecnico di Bari which 
is the only polytechnic in the South of Italy and also the youngest polytechnic in Italy. 
Politecnico di Bari ranks first not only in Italy but also in Europe in the Social Science and 
Humanities research field, and it is second worldwide in the LR.

We first provide an interpretation of the characteristics of the clusters of universities 
identified at the European and Italian levels. Surprisingly, we find that the best-perform-
ing Italian universities are located in both the North and the South. Thus, Politecnico di 
Bari represents a special case of Southern development that we would expect instead in the 
North. Using raw data from Politecnico di Bari’s publications downloaded from WOS, we 
try to understand what is behind this outstanding result of Politecnico di Bari, investigating 
in particular the dynamics of “teams”, identified as an expectation on the basis of previous 
common research but also a result of the analysis and analyzed through co-authorships.

Data

Data of LR 2021 were downloaded in Excel format from http://​www.​leide​nrank​ing.​com/​
downl​oads. LR 2021 analyzed 902 universities in 69 countries. The file contains ranks for 
these universities in the preceding years (in intervals of four years). Rankings are counted 
both fractionally and in whole numbers. Data is provided for “All sciences” and five major 
fields: (i) biomedical and health sciences (BIO), (ii) life and earth sciences (LIFE), (iii) 
mathematics and computer science (MAT), (iv) physical sciences and engineering (FIS), 
(v) social sciences and humanities (SSH).

http://www.leidenranking.com/downloads
http://www.leidenranking.com/downloads
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First, we explored “All sciences” (cf. Strotmann & Zhao, 2015), the last available period 
(2016–2019), and fractional counting. Only the fully-covered core journals and not the 
non-core journals are included. Thereafter we analyze also the five major fields of science 
as distinguished in LR. If so wished, the analysis can be repeated analogously with differ-
ently classified data. See SM 1 for additional information and for an available routine to 
extract the data.

Methods

We propose a heuristic approach that uses in an innovative way the information provided 
by LR. We consider the information of the LR as a base to identify “outlying” institutions 
that perform significantly below or above expectations. Our approach is a non-rigorous 
intuitive method (“heuristic”) because may be affected by all the bias, distortions due to 
the technical choices and incompleteness that affect the LR but offers the possibility to dis-
cover interesting findings to be systematically verified later. We use the “excellence indica-
tor” PPtop-10% of the LR as a baseline on which to apply statistical analysis and network 
mapping to identify “outlier” institutions to be analyzed in detail as case studies.

Our approach is based on Leydesdorff and Bornmann (2012) who use LR to group 
universities into clusters characterized by a non-statistically significant difference in their 
research outputs. To test the statistical significance of differences in performance, Leydes-
dorff and Bornmann (2012) propose using the z-test by considering the “excellence indica-
tor” PPtop-10% of LR. The z-test allows us to assess whether an observed proportion dif-
fers significantly from the expectation and whether the proportions of two institutions are 
significantly different. See some examples reported below.

Following Leydesdorff et  al. (2019), we combine the calculation of the z-test on the 
PPtop-10% indicator provided in the LR with network and mapping techniques (Blon-
del et  al., 2008; Van Eck & Waltman, 2010) to analyze and visualize groups and inter-
group relationships by means of network analysis tools. In particular, as we will see in 
the “Results” section, the size of the nodes reported in the maps will be proportional to 
their z-values and the links among universities will be based on significance levels of the 
chi-square: the connections will be then between institutions not statistically different. Ley-
desdorff et al. (2019) compared three methodologies for the identification of homogeneous 
groups vs. statistically significant differences using the PP-top10% as the dependent vari-
able: (1) stability intervals (e.g., Colliander & Ahlgren, 2011, p. 105), (2) the z-test which 
is based on the chi-square distribution (Leydesdorff & Bornmann, 2012), and (iii) power 
analysis (Cohen, 1977). The conclusion of the comparison between the UK and German 
universities was that the first two methods provided comparable and meaningful results, 
but the third one (that is, power analysis) led to very different results, which the authors 
were not able to explain. In order to focus on the substantial research question about Italian 
universities, we limit the discussion to using the z-test for the delineation of groups.

We are aware of the limits of the use of statistical significance tests in research assess-
ment. However, given the exploratory nature of our approach which looks to identify outli-
ers institutions to further analyze by means of in-depth case studies, we are less affected 
by the limits identified in the literature (see e.g. Schneider, 2013). We use the Louvain-
algorithm for community finding (Blondel et al., 2008), because it provides fewer isolates 
than the algorithm of VOSViewer. Note that we use VOSviewer for the visualization (cf. 
Abramo et al., 2016), but not for the decomposition. We complement these methods with 
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descriptive analyses to try to identify and interpret the main features of the identified clus-
ters of universities. In addition, we use co-authorship maps and keywords frequency graphs 
from VOSviewer and the three fields plot performed using the R package bibliometrix 
(Aria & Cuccurullo, 2017) to better explain the outperforming results of Politecnico di 
Bari.

Some examples

The z-test can be used to measure the extent to which an observed proportion differs sig-
nificantly from expectation. In the case of PPtop 10%, the expectation is 10%: without prior 
knowledge, one can expect a randomly selected sample to contain 10% of publications in 
the top 10%. The test statistics can be formulated as follows:

where: n1 and n2 are the numbers of all the papers published by institutions 1 and 2 (under 
the column “P” in LR); and p1 and p2 are the values of PPtop 10% of institutions 1 and 2. The 
pooled estimate for proportion (p) is defined as:

where: t1 and t2 are the numbers of top-10% papers of institutions 1 and 2. These numbers 
can be calculated on the basis of “P” and “PPtop 10%.”. When testing values for a single 
university, n1 = n2, p1 is the value of the PPtop 10%, p2 = 0.1, and t2 = 0.1 * n2 (that is, the 
expected number in the top-10%).

An absolute value of z larger than 1.96 indicates the statistical significance of the differ-
ence between two ratings at the five percent level (p < 0.05). The threshold value for a test 
at the one percent level (p < 0.01) is 2.576; |z|> 3.29 for p < 0.001. In a series of tests for 
many institutions, one may wish to avoid a family-wise accumulation of Type-I errors by 
using the Bonferroni correction; that is, pBonferroni = α/n where α is the original test-statis-
tics and n the number of comparisons.

For example, we shall elaborate below the Politecnico di Bari in Italy. This university 
has 800 publications in the set of universities used in the construction of the LR. Of these 
800, 112 are “excellent” publications in the top-10% layer, whereas one would expect only 
10% of 800; that is, 80. The PPtop10% is thus 112/80 = 1.4 of its expected value.

One can use this figure as an indicator in comparisons within Italy or Europe. When 
compared with Politecnico di Milano, one would expect 10% of 4268 (= 427) publications 
to belong to the top-10% layer in the same year (for stochastic reasons). However, while 
492 of its publications are thus classified, the PP-top10% of Politecnico di Milano is thus 
492/427 = 1.15 of its expected value. Using test-statistics, one can also show that this dif-
ference between the two polytechnics is significant at the 5% level (Leydesdorff & Born-
mann, 2012).

Universities which are not statistically significantly different can be considered as 
belonging to the same performance group. Despite differences in PPtop 10% the performance 
of these universities can be denoted as similar in statistical terms. As noted above, this 
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group membership is represented as links of a network, so that groups can be visualized 
and analyzed using network software.

At http://​www.​leyde​sdorff.​net/​leide​n11/​index.​htm the user can retrieve a file leiden11.
xls which allows for feeding P and PPtop 10% values harvested from the LR for each two 
universities. The spreadsheet provides the significance level of the difference measured as 
z-score. For example, Politecnico di Bari is listed (in the category “All sciences” of LR 
2021) with P = 800 articles of which 112 (14%) participate in the top-10% layer for the 
comparable set worldwide (PPtop 10%); z = 6.29. The Politecnico di Milano has 4268 articles 
with PPtop 10% = 11.5%. For the z-test one needs the pooled estimate:

Using Eq. (1), it follows that z = 2.004. The difference between Politecnico di Bari and 
Politecnico di Milano is thus statistically significant at the 5% level. Figure  1 illustrates 
the Excel sheet cited above (leiden11.xls) that enables the user to perform the test for data 
between two universities (Leydesdorff & Bornmann, 2012, p. 781).

Results

Clusters of European Universities

We analysed 302 European Universities included in the LR of 2021 employing a 
multi-level Louvain Communities detection approach (see Blondel et  al., 2008). Fig-
ure 2 shows the three clusters obtained from the European universities by applying the 
approach of Blondel et al. (2008). We observe a strong presence of Dutch and Belgium 
universities. North-western Europe (including Denmark; part of Germany) are central. 

(3)p̂ =
(112.00 + 490.82)

(800 + 4268)
= 0.1189

z-test for the Leiden Rankings 2021
Comparison of two institutions: Politecnico di Bari and Politecnico di Milano 
ffill out cells C5, C6 and F5, F6 with PP-top10% and P values, respectively.

PP-10% P
p1 = 14.0 n1 = 800 top% = 10
p2 = 11.5 n2 = 4,268

t1 = 112.00 p = 0.1189
t2 = 490.82 p* (1-p) = 0.104798

numerator = 0.0250 (1/n1 + 1/n2) = 0.0014843 z = 2.004

In the above example, Politecnico di Bari is compared with the Politecnico di Milano..
The difference between these two institutions is statistically significant (p > 0.05) .
The user can change cells C5, C6, F5, and F6, using data from the Leiden Rankings at  

http://www.leidenranking.com/ranking.aspx
(One can change the values in C20 and F20 for another university.)

significance levels z-test
|z| > 1.96 p  < 0.05
|z| > 2.576 p  < 0.01
|z| > 3.29 p  < 0.001

Fig. 1   Z-test for the Leiden Rankings 2021.Comparison of two institutions: Politecnico di Bari and Politec-
nico di Milano

http://www.leydesdorff.net/leiden11/index.htm
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We assigned a number to each cluster of Fig. 2: the red cluster is Cluster 1, the green 
cluster is Cluster 2 and the blue cluster is called Cluster 3.

Table 1 shows the description of the average of the main indicators of the LR (P, P 
top 10, total citations and PP top 10%) in the three clusters of European universities 
shown in Fig. 1. Cluster 1 includes the group of universities with the highest average 
of top 10 publications, the highest total citation average (more than 30,000 citations), 
the highest average of publications (more than 3900 publications) and an average PP 
top10% above 11%. Cluster 2 is composed of universities with an average number of 
publications close to 2000, the lowest average number of citations (around 10,000) and 
a PP top 10% below 7%. Cluster 3, is characterized by an average number of publica-
tions close to 3000 and with an average top 10% PP around 10%. Thanks to this char-
acterization, we can identify Cluster 1 as the group of the best performing universities, 
cluster 3 as the medium-performing group while Cluster 2 as the group of the least per-
forming universities.

Table 2 reports the top 50 universities in the EU27 which includes also the Politec-
nico di Bari as one of the best Italian universities in the LR. All these universities are 
in Cluster 1 (the red one in Fig. 1) identified previously as the best performing universi-
ties’ cluster. Interested readers can find the full list of the universities included in the 
three clusters, with their data about P, P top 10 and PP top 10%, in SM 2.

Fig. 2   The 302 European universities: three clusters distinguished by the Louvain algorithm (Cluster 1 in 
red, Cluster 2 in green, Cluster 3 in blue); modularity Q = 0.165; Size of nodes is proportional to their z-val-
ues; links are based on significance levels of the chi-square. Parameters of VOSviewer: scale 1.19; size-
variation 0.38; Normalization = Association Link, attraction = 4; repulsion = 0

Table 1   Average of bibliometric indicators in the 3 clusters of European universities (illustrated in Fig. 2)

Cluster Number of Universi-
ties in the cluster

Mean P Mean Ptop10 Mean total citation Geomet-
ric mean 
PPtop10

1 117 3903 472 30,136 0.115
2 102 1952 142 10,121 0.068
3 83 2971 289 19,656 0.096



Scientometrics	

1 3

Table 2   Top 50 universities in the EU27 (“All sciences” fractionally counted) on the basis of LR 2021

Universities EU27 z Rank P PTOP10% PPTOP10%

Utrecht University 10.472 1 9508 1476 15.5
University of Amsterdam 9.341 2 9237 1380 14.9
Katholieke Universiteit Leuven 7.553 3 10,855 1462 13.5
Vrije Universiteit Amsterdam 7.324 4 6832 984 14.4
Erasmus University Rotterdam 7.217 5 6907 988 14.3
Wageningen University and Research 7.126 6 5000 754 15.1
Radboud University 7.012 7 7069 994 14.1
Delft University of Technology 6.785 8 6094 870 14.3
Université Paris Sciences et Lettres 6.450 9 4395 655 14.9
Leiden University 6.292 10 6825 933 13.7
University of Copenhagen 6.081 11 13,908 1719 12.4
Ludwig-Maximilians-Universitaet Muenchen 5.912 12 7802 1027 13.2
University of Groningen 5.897 13 8220 1074 13.1
Karolinska Institutet 5.804 14 8447 1095 13.0
Technical University of Denmark 5.615 15 6030 817 13.5
Universite de Paris 5.542 16 7724 1005 13.0
Trinity College Dublin, The University of Dublin 4.975 17 3427 488 14.2
Sorbonne University 4.815 18 8755 1087 12.4
Technical University of Munich 4.801 19 8693 1078 12.4
Eindhoven University of Technology 4.710 20 3337 467 14.0
Universite Paris-Saclay 4.452 21 8788 1074 12.2
Heidelberg University 4.023 22 7823 949 12.1
Georg-August-Universitaet Goettingen 4.018 23 4912 624 12.7
University of Muenster 4.005 24 4866 616 12.7
Stockholm University 3.828 25 3904 502 12.9
Ghent University 3.747 26 8145 968 11.9
Maastricht University 3.549 27 4750 589 12.4
University of Bonn 3.429 28 4792 589 12.3
University of Naples Federico II 3.301 29 6341 756 11.9
Universite Toulouse III—Paul Sabatier 3.256 30 4699 574 12.2
University College Cork 3.146 31 2651 343 12.9
University of Freiburg 3.085 32 5014 600 12.0
University of Vienna 3.082 33 4201 512 12.2
University of Bordeaux 2.995 34 3965 483 12.2
Karlsruhe Institute of Technology 2.977 35 5678 668 11.8
University of Gothenburg 2.949 36 5567 654 11.8
University of Catania 2.937 37 2799 351 12.6
Aarhus University 2.885 38 7502 859 11.5
University of Antwerp 2.868 39 3964 479 12.1
University of Montpellier 2.858 40 4323 520 12.0
Universite Catholique de Louvain 2.711 41 3246 395 12.2
Julius-Maximilians-Universitaet Wuerzburg 2.504 42 3644 434 11.9
Aalto University 2.353 43 3542 416 11.8
Politecnico di Bari 2.306 44 800 112 14.0
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Apart from the different scientific performances of the obtained clusters, illustrated 
in Table  1, we note that there is much heterogeneity among the universities included 
in each cluster. Let us try to see if it is possible to identify and explain an institution’s 
membership in a certain cluster by considering size, age and geographic area.

Table 3 shows the distribution of Size and Foundation Year in the 3 clusters. Data 
comes from ETER (European Tertiary Education Register, https://​eter-​proje​ct.​com/). 
Three universities (Institut Polytechnique de Paris, Polytechnic University of Bucharest 
and University of Bucharest) were excluded from Table 3 because didn’t report data in 
ETER. Size is given by the Total number of students enrolled in ISCED (International 
Standard Classification of Education) 5–7, years 2016–2019.

From Table 3, the universities in Cluster 1 appear to be the smallest in terms of num-
ber of students and the relatively youngest in terms of Foundation Year. Those in Clus-
ter 2 appear to be the largest in terms of number of students enrolled, and those in Clus-
ter 3 are intermediate in size. However, a high degree of heterogeneity is present in all 
3 clusters.

Table 4 shows a final characterization of the 3 European university clusters from a 
geographical perspective. EUZONE in Table  4 is given by NORTH EUROPE which 
includes: Denmark, Sweden, Ireland, Finland, Estonia and Lithuania; CENTRAL 
EUROPE which includes: the Netherlands, Belgium, France, Germany, Austria, Lux-
embourg, Poland, Czech Republic, Romania and Hungary; SOUTH EUROPE which 
includes: Italy, Spain, Portugal, Cyprus, Slovenia, Slovakia and Croatia.

Table 2   (continued)

Universities EU27 z Rank P PTOP10% PPTOP10%

Tilburg University 2.261 45 1216 160 13.1
Medical University of Vienna 2.227 46 3970 460 11.6
Vita-Salute San Raffaele University 2.220 47 1317 170 12.9
Politecnico di Milano 2.170 48 4268 492 11.5
Johannes Gutenberg University Mainz 2.088 49 3933 451 11.5
University of Trento 2.072 50 1905 233 12.2

Italian universities are reported in bold

Table 3   Characterization of the 3 Clusters of European universities by Size and Foundation Year

Cluster Number of Uni-
versities

Minimum size Mean size Median size Max size

1 116 438.00 26,245.00 23,975.00 77,077.00
2 100 646.00 23,207.00 19,496.00 139,380.00
3 83 2628.00 28,552.00 24,547.00 107,024.00

Cluster Number of Uni-
versities

Min foundation year Mean foundation 
year

Median founda-
tion year

Max 
foundation 
year

1 116 1175 1832 1932 2020
2 100 1117 1855 1948 2013
3 83 1088 1825 1958 2018

https://eter-project.com/
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As can be seen from Table 4, the universities in the three clusters are spread in all the 
three territorial areas of the EUZONE, with a preponderance of universities from NORTH 
EUROPE and CENTRAL EUROPE in Cluster 1, and a prevalence of those from SOUTH 
EUROPE in Cluster 3, while Cluster 2 is characterized by a low presence of universities 
from NORTH EUROPE.

Overall, the results presented in the previous tables do not give us a clear picture of the 
three groups of European universities shown in Fig. 2. For this reason, we believe that the 
analysis of outliers and the study of small group dynamics can provide further insights. 
This is exactly what we will do in “The case of Politecnico di Bari” after analyzing Italian 
universities in depth in “Clusters of Italian Universities”.

Clusters of Italian Universities

According to the Italian Ministry of Universities and Research (MUR), the Italian univer-
sity system is composed of 97 universities, of which 67 are state universities, 19 legally rec-
ognized non-state universities and 11 legally recognized non-state telematics universities.

The state universities are further distinguished into: 56 universities, 3 polytechnics, 6 
schools of advanced studies, 2 universities for foreigners.

Forty-two Italian universities are included in the Leiden Ranking 2021:

–	 3 state polytechnics (Politecnico di Milano, Politecnico di Torino, Politecnico di Bari);
–	 2 non-state universities (Vita-Salute San Raffaele University, Università Cattolica del 

Sacro Cuore);
–	 37 State Universities.

Figure  3 shows the two clusters on the Italian universities obtained by applying the 
Blondel et  al. (2008) approach, with the following parameters: NCl = 2; Modularity 
Q = 0.081. Cluster 1 includes 22 universities and Cluster 2 contains 20 universities.

In Fig. 3 we have applied the same methodology as in Fig. 2. As described in the “Meth-
ods” section, following Leydesdorff and Bornmann (2012) and Leydesdorff et al. (2019), 

Table 4   Characterization of the 3 
clusters of European universities 
by geographical localization

Cluster Euzone Number of 
universities

% in cluster

1 Central Europe 71 61
1 North Europe 20 17
1 South Europe 26 22

Total 117 100
2 Central Europe 60 59
2 North Europe 3 3
2 South Europe 39 38

Total 102 100
3 Central Europe 34 41
3 North Europe 10 12
3 South Europe 39 47

Total 83 100
Total universities analyzed 302
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the clusters among universities are built considering universities that are not statistically 
significant different as homogeneous sets. The size of the nodes is proportional to their 
z-values and the links are based on the significance levels of the chi-square, meaning that 
only non-statistically different universities are connected.

Table  5 shows the list of the universities included in the two clusters and reports 
the z score, rank in LR, number of Publications (P), number of publications in the top 
10% of most frequently cited (P_top10) and % of publications in the top 10% most cited 
(PP_top10).

We observe that the Italian universities included in the Table 2 of the top 50 European 
universities are all included in Cluster 2.

We did some descriptive analysis to try to characterize and differentiate the two groups 
of Italian universities obtained by applying the Louvain clustering methodology.

Figure  4 shows the linear regressions over the two clusters of Italian universities 
obtained with the Louvain method. The number reported close to the points in Fig. 4 is 
the value of the PP top 10%. It appears that the universities belonging to Cluster 2 have a 
higher percentage of papers in the top 10% of most cited works: the regression line of Clus-
ter 2 dominates—i.e. is over- the regression line of Cluster 1. Using Discriminant Analysis, 
the difference is statistically significant (Wilks Lambda = 0.631; p < 0.010). For example, 
the Politecnico di Bari is located at the beginning of the regression line of Cluster 2, mean-
ing that it has a small number of publications (P), but it has the highest value of PP top 
10%.

Table 6 shows the distribution of Size and Foundation Year in the 2 clusters. Data comes 
from ETER. Size is given by the Total number of students enrolled in ISCED 5–7, years 
2016–2019. Table 6 shows that the distribution of Foundation Year of the two clusters is 

Fig. 3   The 42 Italian universities in LR, 2 clusters, distinguished by the Louvain algorithm (Cluster 1 in 
red, Cluster 2 in green); modularity Q = 0.081; NCl = 2. Size of nodes is proportional to their z-values; links 
are based on significance levels of the chi-square. Parameters of VOS viewer: scale 1.19; size-variation 
0.38; Normalization = Association Link, attraction = 4; repulsion = 0
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Table 5   List of Italian universities in the LR 2021 in the 2 clusters: In the columns: name of the universi-
ties, z score, cluster, rank in LR, number of Publications (P), number of publications in the top 10% of most 
frequently cited (P_top10) and % of publications in the top 10% most cited (PP_top10). All publications are 
in fractional count

All publications are in fractional count.

University z Cluster Rank P P_top10 PP_top10 (%)

University of Naples Federico II 3.30 2 1 6341.14 756.38 11.93
University of Catania 2.94 2 2 2799.00 351.50 12.56
Politecnico di Bari 2.31 2 3 800.32 112.07 14.00
Vita-Salute San Raffaele University 2.22 2 4 1316.51 169.67 12.89
Politecnico di Milano 2.17 2 5 4268.47 491.98 11.53
University of Trento 2.07 2 6 1905.30 232.99 12.23
University of Pavia 1.71 2 7 2628.36 301.24 11.46
Università Politecnica delle Marche 1.43 2 8 1861.15 214.50 11.53
University of Padova 1.42 2 9 7908.22 847.48 10.72
University of Perugia 1.41 2 10 2732.59 305.21 11.17
University of Campania Luigi Vanvitelli 1.36 2 11 1924.54 220.29 11.45
University of Florence 1.17 2 12 5346.47 571.94 10.70
Roma Tre University 0.49 2 18 1284.82 136.13 10.60
University of Messina 0.33 2 20 2309.88 237.51 10.28
University of L’Aquila 0.18 2 21 1445.71 148.15 10.25
Gabriele D’Annunzio University 0.09 2 24 1448.25 146.40 10.11
University of Calabria 0 2 25 1745.92 174.65 10.00
University of Siena − 0.49 2 27 1616.87 152.94 9.46
Università del Salento − 0.58 2 29 1155.96 107.71 9.32
University of Parma − 0.58 2 30 2314.96 219.08 9.46
University of Verona 0.91 1 13 2015.00 220.59 10.95
University of Milano-Bicocca 0.81 1 14 2590.74 276.78 10.68
University of Salerno 0.65 1 15 2256.27 240.23 10.65
Università Cattolica del Sacro Cuore 0.61 1 16 2819.61 296.99 10.53
University of Modena and Reggio Emilia 0.52 1 17 2042.46 213.96 10.48
University of Insubria 0.42 1 19 940.09 99.19 10.55
University of Turin 0.17 1 22 5133.84 520.53 10.14
University of Bari Aldo Moro 0.12 1 23 2605.26 261.90 10.05
University of Pisa − 0.16 1 26 4766.19 471.24 9.89
Politecnico di Torino − 0.54 1 28 3138.77 299.96 9.56
University of Bologna − 0.62 1 31 7517.29 725.48 9.65
University of Milan − 0.82 1 32 7338.59 703.54 9.59
University of Palermo − 0.97 1 33 3214.69 297.80 9.26
University of Rome Tor Vergata − 1.24 1 34 3119.77 283.17 9.08
University of Genoa − 1.26 1 35 3210.20 291.13 9.07
University of Trieste − 1.37 1 36 1496.85 128.23 8.57
University of Ferrara − 1.53 1 37 1880.78 162.34 8.63
Brescia University − 1.53 1 38 1627.63 138.67 8.52
Sapienza University of Rome − 1.63 1 39 9150.33 851.52 9.31
University of Sassari − 1.73 1 40 1148.92 92.03 8.01
University of Udine − 1.89 1 41 1180.23 92.85 7.87
University of Cagliari − 2.43 1 42 1950.52 154.28 7.91
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very similar, while the size in terms of total number of enrolled students at ISCED 5–7 dif-
fers from Cluster 1 which includes the biggest universities compared to Cluster 2.

We pursued the analysis for the Italian universities by fields of science: Biomedical and 
health sciences (BIO), Life and earth sciences (LIFE), Mathematics and computer sci-
ence (MAT), Physical sciences and engineering (FIS) and Social sciences and humanities 
(SSH).Please provide a definition for the significance of underlined values in the Table 7.In 
Table 7 we underline the values of Politecnico di Bari on which we will carry out the case 
study in the following.

Table 7 shows the % of P(top 10%) in All sciences and in each of the five fields consid-
ered in LR 2021 (BIO, LIFE, MAT, FIS and SSH) for each Italian university. For example, 
considering the Politecnico di Bari, the % of publications in the top 10% -PP(top 10%)- in 

Fig. 4   Number of publications in the top 10% -P(top 10%)- as a function of the total number of publications 
(P). The Blu line is the regression line of Louvain Cluster 1, and the red line is the regression line of Lou-
vain Cluster 2)

Table 6   Average of bibliometric 
indicators in the 2 clusters of 
Italian universities (illustrated in 
Fig. 3)

Cluster N Min Mean Median Max

Foundation year
1 22 1088 1714 1914 1998
2 20 1117 1715 1942 1996
Mean students
1 22 10,868.25 38,098.72 32,518.63 107,023.75
2 20 3298.50 29,194.50 24,395.00 77,077.25
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SSH is around 32% while in FIS is around 13% in MAT is around 13% and both in LIFE 
and BIO is below the expected value of 10%, with respectively 8.57% and 7.6%. To visual-
ize immediately the values of the PP(top 10%) that are above or below the expected value 
of 10%, Table 7 shows in green the % above the expected value of 10% and in red the % 
below the expected value of 10%.

Table 8 shows the average of the % of P(top 10%) in All sciences and in each of the 
five fields considered in LR (BIO, LIFE, MAT, FIS and SSH) by each cluster of Italian 
universities. It appears that Cluster 2 shows average values above the expected values in 
All sciences and in each field of science. On the contrary, Cluster 1 displays average values 
of the % of P(top 10%) systematically below Cluster 2 and in most of the cases below the 
expected values of 10%.

We calculated Spearman correlations between LR rank according to PP(top 10%) and 
our z scores for “All fields” and by Fields of Science (FOC): BIO, LIFE, MAT, FIS and 
SSH. We obtain a Spearman correlation of −  0.99 of LR rank with z “All fields”, of 
− 0.68 with z BIO, of − 0.71 with z LIFE, of − 0.56 with z MAT, of − 0.57 with z FIS 
and − 0.46 with z SSH. Interestingly, the two fields most correlated to the LR ranks are 
BIO and LIFE.

Table 9 compares the 2 Clusters of Italian universities by Total Revenue, Educational 
Income, Income from Competitive Research, Income from Commissioned Research, Staff 
for Research and Teaching. Data refer to the years 2016–2018 and come from the balance 
sheets of universities and refer to 39 out of 42 Italian universities in the LR due to the 
non-availability of data for 2 private universities (Università Cattolica del Sacro Cuore and 
Vita-Salute San Raffaele University) and for University of Bari Aldo Moro. By inspecting 
Table 9 we observe that there is high heterogeneity in both clusters. Cluster 2, the cluster of 
most performing universities, compared to Cluster 1 contains universities on average with 
a smaller size (in terms of Staff for Research and Teaching) and with lower Income from 
Competitive Research, lower Educational Income and lower Total Revenue but with higher 
Income from Commissioned Research.

We investigated the geographical localization of Italian universities to check whether 
there is a geographical concentration of the two clusters in specific regions of the country. 
One would expect that universities in Cluster 2, the most productive of publications in the 
top 10%, would be located in the Northern and more developed regions of Italy.

Figure 5 shows a map of the localization of the Italian universities included in the LR. 
Contrary to common wisdom, it appears that the two Louvain groups detected (Cluster 1 
and Cluster 2) are all spread across the country, having many high performing universities 
in the South of Italy and showing that in the same geographical areas coexist universities 

Table 8   The % of P(top 10%) in All sciences and in each of the five fields considered in LR (BIO, LIFE, 
MAT, FIS and SSH): average by cluster of Italian university

The % above the expected value of 10% are reported in italics while the % below the expected 10% are 
reported in bold

Cluster N Mean PP top 
10% All Field

Mean PP top 
10% BIO

Mean PP top 
10% LIFE

Mean PP top 
10% MAT

Mean PP top 
10% FIS

Mean PP 
top 10% 
SSH

1 22 9.497 9.433 10.061 9.848 9.314 8.160
2 20 11.081 10.681 11.396 10.478 10.734 10.514
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from the two groups (for instance in the city of Bari there is the Politecnico di Bari that 
belongs to Cluster 2 and University of Bari Aldo Moro that belongs to Cluster 1).

The case of Politecnico di Bari

All the analyses reported in the previous sections point to the Politecnico di Bari as an 
outlier. We analyzed this in more detail. According to LR, Politecnico di Bari is the top-
ranked Italian university and the 37th in Europe for PP top 10%, with a total of 800 publi-
cations (fractional count) and 14% of them in the top 10%, considering all fields. Politec-
nico di Bari was founded in 1990. It is the only polytechnic in the South of Italy and also 
the youngest polytechnic in Italy. Its disciplinary specialization is in the fields of architec-
ture, engineering, and industrial design.

In the category of Social science and humanities (SSH), the Politecnico di Bari ranks 
first not only in Italy but also in Europe and it is ranked second worldwide. Full details of 
Politecnico di Bari’s results in Leiden Rankings are shown in Table 10 with the values both 
with and without fractional counts.

We analyzed Politecnico di Bari’s publications in social science and humanities (SSH) 
to try to understand the causes behind its Italian, European and even worldwide excellence 

Fig. 5   Geographical map of the 42 Italian universities in the LR. 2 Louvain clusters (Q = 0.081; NCl = 2)
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in this field. It is peculiar for a polytechnic to excel in social science and humanities sub-
jects. To try to understand the reasons behind this success and the kind of research done at 
Politecnico di Bari, we looked in more detail at the total publications of the Apulian uni-
versity. All the publications of Politecnico di Bari, including the 123 publications (integer 
count) in SSH analyzed, were extracted from WOS. The publications identified for these 
analyzes were obtained through the process detailed in SM 3.

Figure  6 shows the keyword frequency graph of the entire Politecnico di Bari from 
which we can observe the prevalence of the keywords of the publications in Physics, the 
research field (FOS) of Politecnico di Bari in which are published more than half of the 
whole publications of Politecnico di Bari, as shown in Table 10. In the central part of the 
graph in Fig. 6 we observe a small cluster in red which includes some keywords related to 
the area of social science such as “open innovation” connected to other more technical key-
words such as “data mining”. To better visualize the main keywords of publications in SSH 

Table 10   Research outputs of the Politecnico di Bari by fields of science in LR 2021

Field P P_top10 PP_top10 P_Fract P_top10_fract PP_top10_fract

All sciences 2051 319 15.572 800 112 14.000
BIO 72 4 5.721 37 3 7.595
LIFE 159 13 8.474 82 7 8.565
MAT 332 48 14.412 195 25 12.894
FIS 1388 222 15.962 422 56 13.331
SSH 101 32 32.244 64 21 32.385

Fig. 6   Keyword frequency graph of all the publications of Politecnico di Bari. The minimum frequency 
number is 2. All nodes were considered. The visualization algorithm is log lin with parameters equal to 2 
for repulsion and − 1 for attraction



Scientometrics	

1 3

of Bari Polytechnic we have illustrated them in Fig. 7. Figure 7 shows the frequency dis-
tribution of keywords in SSH characterized by a mixture of social sciences keywords, such 
as “open innovation” and “innovation” with more technical keywords such as “internet of 
things” and “big data analytics”.

Figure  8 shows the co-authorship analysis performed on the SSH publications of 
Politecnico di Bari using VosViewer.

Figure 8 shows that a prominent role in the Politecnico di Bari’s SSH publication net-
work is played by the green sub-network, located in the eastern part of the graph. This 
sub-network is driven by a young and promising scholar, Antonio Messeni Petruzzelli 

Fig. 7   Keyword frequency graph of publications in SSH of Politecnico di Bari (123 publications, integer 
count). The minimum frequency number is 1. Only connected nodes were considered. The visualization 
algorithm is log lin with parameters equal to 2 for repulsion and 0 for attraction

Fig. 8   Co-authorships map of the publications in SSH of Politecnico di Bari
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and another emerging star that is Lorenzo Ardito. Antonio Messeni Petruzzelli is a 
full professor of Management Engineering. He was born on 10 February 1980 in Bari 
and did his undergraduate studies and post-graduate studies, including his PhD, at the 
Politecnico di Bari. Lorenzo Ardito is an assistant professor of Management Engineer-
ing at the Politecnico di Bari, where he did his studies, including his PhD under the 
supervision of Antonio Messeni Petruzzelli.

Figure 9 confirms what we found in the previous figures providing additional details 
about the relationships of institutions, authors, and author-keywords shown in the so 
called “three fields plot”. Figure 9 shows the three fields plot made using the R package 
bibliometrix (Aria & Cuccurullo, 2017).

The inspection of Fig.  9 shows that most of the scientific production in SSH of 
Politecnico di Bari is driven by Antonio Messeni Petruzzelli and by Lorenzo Ardito as 
already noted in Fig. 8. In addition we have information about the main keywords of the 
scientific production of Politecnico di Bari which include innovation, open innovation, 
simulation, big data analysis, performance evaluation, sustainable development, knowl-
edge maturity, Italy,”servitization”, strategic planning, “ambidexterity”, artificial intelli-
gence, rough set theory, fuzzy logic, optimization, automated valuation model, business 
process management and data envelopment analysis.

We asked a few members of the Politecnico di Bari’s team, namely Vito Albino the 
historical leader of the group, Antonio Messeni Petruzzelli and Rosa Maria Dangelico 
to give us the list of topics in which they are active and to describe us the strategy they 
used in the organization of their research team.

Fig. 9   Three fields plot. From the left to the right: Institutions (AU_UN), authors (AU) and authors key-
words (DE)
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We observe an important overlap between the authors’ keywords shown in Fig. 9 which 
come from our bibliometric analysis based on the publications retrieved from WoS and the 
main topics in which the team declared to be active, which are the following:

–	 knowledge search and recombination;
–	 R&D alliance;
–	 industrial symbiosis;
–	 crowdfunding;
–	 patent analysis;
–	 digital innovation;
–	 sustainability.

We observe that the keywords listed by the team are predominantly economic-social and 
are not typical of polytechnics where there is a prevalence of the more technical-quantita-
tive areas.

This is especially true for Bari polytechnic in which the physics area definitely prevails 
as we showed earlier. The team’s speciality is in management engineering, and thus at the 
intersection of management research and quantitative methods such as those shown in 
Fig. 9, right column.

As stated by the management engineering research group of the Politecnico di Bari, the 
team implemented the following strategies: (i) orientation to social challenges; (ii) creation 
of national and international research networks; (iii) thematic specialization among mem-
bers of the team and (iv) valorization of team members with a high propulsive thrust.

From the analyses carried out, we can derive that Politecnico di Bari ranks first in SSH 
because developed research projects that lead to publications at the intersection between 
social sciences and quantitative methods. This outperforming result seems related also to 
the intuition and research strategy of the management engineering group of Bari Polytech-
nic that has invested before others in hot topics such as “sustainability”, “digital innova-
tion”, “industrial symbiosis”, with an interdisciplinary methodological approach, combin-
ing economics and management with quantitative methods and focusing on Italy.

Discussion and policy implications

Understanding, modelling and evaluating the scientific performance of universities is 
a complex activity. Scientific performance is influenced by various factors and by the 
political-institutional context. Without claiming to be exhaustive, the available funding 
and infrastructures, the complementarity and substitutability of other activities carried 
out -such as teaching and the so-called “third mission”-, the contribution provided by the 
technical and administrative staff of the university (Avenali et al., 2022), are some of the 
factors that influence the performance of research, in addition to scientific merit and indi-
vidual capabilities of academic staff.

The Italian university system is characterized by an “endemic” public underfunding, 
and it is an “undifferentiated” system in which all academics have to do both research and 
teaching. Universities then, having similar institutional incentives, show a certain degree of 
isomorphism (DiMaggio & Powell, 1983) which makes it difficult to discriminate between 
them. In this context, existing university rankings, including LR, can hardly help to under-
stand what lies behind the rank and indicator numbers reported in the university rankings. 
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Moreover, Bruni et al. (2020) studying the heterogeneity of European universities, includ-
ing Italian universities, warned against using one-dimensional approaches to the perfor-
mance of higher education institutions.

Hence, the analyses carried out in this paper using the LR are far from being a compre-
hensive and complete analysis of Italian universities. This is due, in addition to the theoret-
ical problems that were mentioned above on the complexity of the assessment of research, 
also to several potential limitations and biases in the analyses performed, which can be 
attributed to problems with the data and methodologies adopted.

First of all, Leiden Rankings share the main limits of other existing rankings (see e.g. 
Daraio & Bonaccorsi, 2017 and Fauzi et  al., 2020) and consider only the publications 
indexed in the Web of Science database to build the bibliometric indicators proposed. It is 
well known that the coverage of Web of Science differs by discipline, having social science 
and humanities less represented in terms of outputs reported in WoS compared to the total 
production of the considered universities.

Secondly, the coverage of universities in the LR is not complete. Of the 97 Italian uni-
versities, only 42 are included in the LR.

Thirdly, the classification by fields of science proposed in the LR implies technical 
choices, is much aggregated and combines two quite different disciplinary fields such as 
physics and engineering. This may imply, for example, that universities with a solid tradi-
tion of excellence in physics, such as the University of Rome La Sapienza, whose professor 
Giorgio Parisi won the Nobel Prize for Physics in 2021, are not well positioned in the LR.

Fourthly, in this paper, we analyzed only a small number of indicators, focusing mainly 
on the PP(top10%) indicator, i.e., considering the percentage of publications in the top 
10%. Although this is a percentile indicator and therefore “size-independent”, the analyses 
we have carried out show that the Politecnico di Bari outperforms all other Italian univer-
sities with a PP(top10%) equal to 14% and 112 publications in the top 10% out of a total 
of 800 publications (all science disciplines together, fractional counting). If we consider 
larger universities such as Sapienza university, we notice that it shows a PP(top10%) equal 
to 9.3% and 852 publications in the top 10% out of a total of 9150 publications, much 
larger than that of Politecnico di Bari. It seems then more difficult for larger universities 
to have a high PP(top10%). Furthermore, an important role is played by the disciplinary 
specialization of the university which, if generalist, suffers more from the poor coverage of 
social science and humanities research outputs in the WoS database.

Finally, the methodology used in the paper (Leydesdorff & Bornmann, 2012; Leydes-
dorff et  al., 2019) may be subject to the limits of the use of statistical significance tests 
in research assessments that are well known in the existing literature (see e.g. Schneider, 
2013). However, in this paper we use the statistical information with an exploratory pur-
pose, i.e. for starting an activity of further investigation to analyze more in-depth the iden-
tified outlying institutions through case studies. Moreover, to check the robustness of our 
analyses, we provided several rank correlations among the results obtained by applying the 
statistical test procedure proposed by Leydesdorff et al. (2019) and the bibliometric indica-
tors reported in the LR.

The new way of looking at and using LR we propose in this paper could be further 
explored and linked to the “science of science” perspective (Wang & Barabási, 2021) by 
analyzing the performance of “emerging” groups or scholars within their networks. The 
creation and assembly mechanisms of groups influence both the structure of collabora-
tion networks -analysed through co-authorship, and the performance of scientific teams 
(Guimera et  al., 2005). As shown by Wuchty et  al. (2007), there is an increasing domi-
nance of relatively small groups in the production of knowledge. In all disciplines, both 



Scientometrics	

1 3

for scientific production (measured in terms of publications) and for innovative production 
(measured in terms of patents), research is increasingly conducted in teams, which produce 
more cited and high-impact works than individual works.

Although there is a growing trend (Wu et al., 2019) in all scientific fields toward the 
presence of large teams, Wu et al. (2019) showed that alongside large teams there are small 
groups that are responsible for high impact research. Small teams tend to produce disrup-
tive work while large teams are inclined to carry out developing work. According to Wu 
et al. (2019) one major implication is that both small and large teams are essential to scien-
tific development.

The problem of optimal allocation of research funds to researchers, groups, and depart-
ments within a university is a long-standing one to which too few studies have been 
devoted. Despite some notable exceptions, such as Ioannidis (2011) and Stephan (2012), 
the problem of how to best fund individuals and groups within universities is still not thor-
oughly addressed today.

Wu et al. (2019) suggested that research policies should aim to support both large and 
small teams. Along the same lines, Moed (2017a, pp. 150–151) proposed a method of fund-
ing basic research which would be expected to cushion the Matthew effect implied when 
funding is given on the basis of previous performance. He proposed to focus on “emerging 
groups” rather than on the total academic staff of universities. An emerging group is con-
sidered to be a small research group that is expected to have great research potential. The 
director of this group should normally be a young “rising star” with a promising research 
agenda. The assessment of these emerging groups should be based on quantitative mini-
mum standards in terms of bibliometric indicators and peer review. The main idea behind 
this type of research policy, based on the awarding of emerging groups, is to support and 
develop good research practices. As shown by Daraio and Vaccari (2020), reflection on 
good research practices and the role of researchers in them provides important information 
for both individual development and self-assessment and improvement. The results of our 
approach might be useful in helping to identify productive and emerging researchers and 
groups.

Concluding remarks

In this work we proposed a new use of Leiden rankings as a source of information to be 
further elaborated and combined with statistical analysis and mappings to identify groups 
of universities that are not statistically different in terms of their scientific production 
and to highlight outlier institutions that are particularly performing to further investigate 
through case studies. We applied this approach to analyze the position of Italian universi-
ties as it appears in the LR 2021 in the European landscape and within Italy. We provided 
an interpretation of the characteristics of the clusters of universities identified at the Euro-
pean and Italian levels. We found a great heterogeneity within Italian universities. Surpris-
ingly, we found that the best-performing Italian universities are located in both the North 
and the South. Thus, Politecnico di Bari represents a special case of Southern development 
that we would expect instead in the North. Using raw data from Politecnico di Bari’s publi-
cations downloaded from WOS, we try to understand what is behind this outstanding result 
of Politecnico di Bari, investigating in particular the dynamics of “teams”. In particular, we 
identified an “emerging team” led by a young and promising scholar. Thanks to the elabo-
rations carried out on the LR and the case study on the Politecnico di Bari, we were able to 
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identify a small team led by a young and promising scholar who pushes for the highest sci-
entific results in the whole university. This shows that the organization of a research team 
and the choice of the topics of research and journal outlets can affect the positioning of a 
university in the LR. Furthermore, the analyses carried out showed that the disciplinary 
composition of the research of a university can impact the overall position of that univer-
sity in LR. This is a topic that should be further investigated.

Analyzing the publications of the Politecnico di Bari in more detail, we observe that 
“small teams” led by young and promising scholars can push the performance of a univer-
sity up to the top of the LR. As argued by Moed (2017a), supporting “emerging teams”, 
can provide an alternative to research support policies, adopted to encourage virtuous 
behaviours and best practices in research. The results obtained by our heuristic approach 
need further verification and systematic analysis but could stimulate further studies and 
insights on the topics of university rankings policy and institutional management connect-
ing those topics to the research line on teams, good research practices and stimulating dis-
cussion on research policies related to alternative ways to allocate research funds.
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