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Abstract

Research and teaching are the two most characteristic activities of the professional life of
academics. Since the second half of the last century, a plurality of studies focused on the
link between these activities, with often contrasting conclusions. While some studies are in
line with the von-Humboldtian view of research and teaching as synergistic activities, other
studies theorize their uncorrelation or even negative tension. This divergence of views
probably stems from the fact that investigations are often based on heterogeneous, limited
and difficult-to-generalise data, using mainly qualitative metrics. This paper deepens the
study of the research-teaching link, through a survey of 251 academics from Politecnico di
Torino, i.e., one of the major Italian technical universities. From a methodological point of
view, research and teaching are both analysed from the dual perspective of workload and
quality of results obtained, on the basis of data of various kinds, including bibliometric
indicators, teaching satisfaction indexes, number of credits awarded to students, etc. Next,
a correlation analysis investigates possible links between teaching and research, showing
that they tend to be weak and/or statistically insignificant. For instance, the investigation
excludes both (i) the existence of a negative link in terms of workload—contradicting
considerations such as “Those who do more teaching have less time to do research and
vice versa”—and (ii) the existence of a positive link in terms of the quality of the results
obtained—contradicting considerations such as “Those who obtain high quality results in
research are likely to do the same in teaching and vice versa”. The results of this study are
limited to the Italian context and do not necessarily have general validity. Nevertheless,
they enhance previous findings in the scientific literature and may be useful for university
administrators and those involved in the formulation of incentive strategies for academics.

Keywords Research - Teaching - Academics - Workload - Quality of results - Quantitative
indicators - Discipline normalization - Politecnico di Torino - Correlation analysis -
Principal component analysis

Extended author information available on the last page of the article

@ Springer


http://orcid.org/0000-0001-7131-4419
http://crossmark.crossref.org/dialog/?doi=10.1007/s11192-023-04770-x&domain=pdf

4476 Scientometrics (2023) 128:4475-4507

Introduction and literature review

Research and teaching are the two predominant knowledge-dissemination activities in
the working day of academics (Burke-Smalley et al., 2017). Opinions on possible links,
interactions or even interferences between them are extremely varied. Since the time
of von Humboldt, most academic institutions claimed research and teaching among
their pivotal missions, with a close connection, and mutual stimulation (Harland, 2016;
Sinclair, 2013; Teichler, 2017). On the other hand, some academics argue that research
and teaching are sometimes decoupled or even reciprocally interfering (Gendron, 2008;
Moya et al., 2015).

The policies of most higher education institutions promote research at the expense
of teaching. For instance, career advancements (and salaries) are typically linked to
research results and not to teaching results (Cadez et al., 2017), and universities usually
stimulate academic staff to improve in terms of scientific output through internal research
evaluation exercises (Franceschini & Maisano, 2017; Karlsson, 2017). Conversely, the
evaluation of teaching is often limited to checking the fulfilment of a minimum number
of hours per year, without any evaluation of real effectiveness or, even when it is carried
out, not linking the result to any incentive or penalty (Brownell & Tanner, 2012; Moya
et al., 2015). Additionally, academic institutions and mentors generally encourage young
researchers (i.e., future professors) to carry out research activities organically during their
(post-)doctoral studies, but they rarely provide pathways to train them for teaching activity
(Burke-Smalley et al., 2017; Hollywood et al., 2020; Shortlidge & Eddy, 2018). As a result,
academics generally tend to focus more on research, “economising” on teaching and related
activities, such as student tutoring, mentoring, thesis supervision or, more generally, those
activities that may “steal time” from research (Cadez et al., 2017; Teichler, 2017).

The university incentives to focus on research at the expense of teaching are sometimes
more explicit. In some cases, academics who achieve significant results in research are
rewarded with a reduction in the contractual teaching workload. On the other hand, aca-
demics who do not achieve “decent” research results (e.g., a minimum number of publica-
tions in medium-high impact journals, such as those within the SCImago Journal Rank’s
(SJR) Q or Q,) can be “punished” with extra teaching loads (Brownell & Tanner, 2012;
Gonzalez-Pereira et al., 2010). This debatable form of compensation certainly contrasts with
von Humboldt’s synergistic view of the research-teaching duo (Sinclair, 2013).

For more than half a century, the research-teaching relationship in academia has been
the subject of numerous scientific investigations, from the different perspectives of students
and academics. Regarding the perspective of students, the learning benefits of integrating
research and teaching are documented in a variety of studies, some of which show that
students can benefit significantly from activities that allow them to develop their research
skills (Brew, 1999; Elton, 2001). Other studies show that engaging students in research
challenges that are anchored in a real-life context gives them the opportunity to develop
critical thinking and to better absorb/apply what they have learned (Coombs & Elden,
2004). Healey et al. (2010) show that the benefits of linking research and teaching in class
are also visible to students, who feel that having an active researcher as a teacher helps to
improve interest, understanding and enthusiasm for the subject. Furthermore, integrating
research into teaching can foster interdisciplinarity and collaboration between students and
teachers (Le Heron et al., 2006). The scientific literature also includes studies within peda-
gogy and learning sciences, which propose direct experiments of innovative educational
practices and evaluate their effects on student learning (Vermeir et al., 2017).
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Table 1 Four-quadrant scheme -
‘Workload lit
related to the analysis of research orroa onua xd
and feaching (columns), from the results
dual perspective of workload and
quality of results (rows) Research (@) (b)
Teaching (c) (d)

A more anthropological perspective of the research-teaching link is that of academ-
ics, who have to manage teaching and research on a daily basis—with the related syner-
gies, interferences and, not infrequently, ongoing assessments. According to some studies,
there is a positive mutual stimulus (Shortlidge & Eddy, 2018; Trautmann & Krasny, 2006).
While for other studies, the two activities are disconnected and even in conflict (Burke-
Smalley et al., 2017). Cadez et al. (2017) documented a positive correlation concerning
excellent academics, which sounds like: “Best researchers are often best teachers”. On
the other hand, Brennan et al. (2019) showed that good teachers are not necessarily good
researchers and vice versa. Recent research theorises a potential synergy between research
and teaching that should be cultivated and stimulated with appropriate institutional tools/
incentives, in line with a Socratic maieutic perspective (Shortlidge & Eddy, 2018). Other
studies argue that recognising and rewarding teaching and research excellence through
appropriate institutional incentives is a relevant policy lever to foster their development and
integration (Burke-Smalley et al., 2017).

The aforementioned diversity of opinions and (apparent) contradictions are probably the
consequence of inherent analysis limitations, such as the fact that the samples of academ-
ics examined are often restricted to a few dozen subjects, which makes comparisons and
generalizations difficult (Lawson et al., 2015). In addition, analysis methodologies are het-
erogeneous and often adapted to extremely different socio-cultural contexts, which often
evolve dynamically, preventing comparisons and/or generalisations. Lastly, evaluations are
mostly qualitative and based on the results of subjective indicators (Brennan et al., 2019).
Although the implementation of studies of general validity is precluded by the previous
limitations, it remains interesting to monitor the research-teaching relationship in different
contexts, in order to broaden the analysis domain and identify any trends, specificities or
discrepancies. This article takes an in-depth look at the research-teaching link by consider-
ing both of these activities from the dual viewpoint of the workload and quality of results
obtained by individual academics, as illustrated in the four-quadrant scheme in Table 1
(Stack, 2003).

The analysis is carried out using quantitative indicators referring to a sample of several
hundred academics affiliated with Politecnico di Torino, i.e., one of the most important
Italian technical universities with a mixed population of academics, ranging from math-
ematicians to mechanical engineers, chemists, material scientists, physicists, management
engineers, etc. This university provides several tens of study programmes in engineering
and architecture to approximately 35 thousand national/international students (www.polito.
it, last accessed on February 2023). After defining appropriate indicators for the quadrants
in Table 1, a (bivariate and multivariate) correlation analysis is provided to answer two
major research questions:

(RQ#1) “Is there any (direct/inverse) relationship between the research and teaching

workload of individual academics?”. The scholarly literature includes several conflict-
ing arguments in this regard; for example—in line with a form of “scarcity model” that
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postulates scarcity of time and energy—it seems reasonable to assume that those academ-
ics who spend more time in research conceptually tend to spend less time in teaching and
vice versa, leading to a negative relationship. On the other hand, it might be argued (i) that
academics who are more active in research tend to be more organized in teaching, being
able to sustain a high workload in both activities, or (ii) that some academics "economize"
in both activities, perhaps because they are engaged in administrative or non-academic
activities, leading to a positive relationship (Hattie & Marsh, 1996).

RQ#2) “Is there any (direct/inverse) relationship between the quality of research
results and that of teaching results of individual academics?”’. Some arguments suggest
that the abilities underlining successful teaching and those underlining successful research
are similar, leading to a positive relationship that sounds like: “Those who obtain high
quality results in research are likely to do the same in teaching” (Cadez et al., 2017). Other
arguments suggest that research and teaching simply require different, often even “orthogo-
nal”, qualities that may or may not coexist in the same person, leading to a nearly zero
relationship (Barnett, 1992).

Although the scientific literature includes other analyses aimed at developing similar
research questions, the proposed methodology is characterized by the use of strictly quan-
titative indicators constructed on a relatively large dataset. Nevertheless, it remains inter-
esting to compare the results of this study and those of other studies based on different
methodological approaches.

The remainder of this paper is organised into four sections. Section "Methodology"
describes the research methodology, including the procedure to select a sample of
academics, collect data and construct indicators, both for research and teaching.
Section "Empirical results" presents a statistical correlation analysis structured in two
stages: bivariate analysis, using Pearson’s correlation coefficient, and multivariate analysis,
based on Principal Component Analysis. Section "Conclusions" summarises the original
contributions of this research, its implications, limitations and suggestions for future
research. The Appendix section provides additional material for further investigation.

Methodology

The flow chart di Fig. 1 outlines the methodological structure of the research, which is
described in detail in the following four subsections: (2.1) selection of the sample of aca-
demics, (2.2) data collection and indicators relating to research, (2.3) data collection and
indicators relating to teaching, and (2.4) correlation analysis.

Selection of the sample of academics

In Italy, every tenured academic belongs to one-and-only-one specific “Scientific and
Disciplinary Sector”—in Italian “Settore Scientifico Disciplinare” or just “SSD”—of 383
in all (Abramo et al., 2019; Maisano et al., 2020); a complete list is accessible at (Ministero
dell’Istruzione, 2022). For the sake of simplicity, the expression “discipline” will be
used from here on. Although the academics from technical universities—like Politecnico
di Torino, henceforth abbreviated as “PoliTO”—are scientifically more homogeneous
than those from generalist universities, they may belong to disciplines with significant
differences in terms of propensity to publish and cite (Maisano et al., 2020).
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Identification of a sample of (251) academics of interest from PoliTO and individual analysis of each (j-th)
academic among them.

Collection of the bibliometric statistics Determination of the university courses offered in the
(i.e., journal articles published in 2018, three-year period 2017-18, 2018-19, 2019-20.

2019 and 2020 and relevant citations)
concerning the academic of interest
and his/her national counterparts, from

the Scopus database. For each course, the Collection of the
following data are collected: questionnaires
submitted to the

no. of hours taught;
no. of ECTS credits delivered;
no. of students attending.

attending students and
determination of the

indicator e, .
Construction of the aggregate
(normalized) indicators: Construction of the Construction of the
(a) P, (research workload) aggregate indicator: aggregate indicator:
J
(b) C; (research quality) (c) w; (teaching workload) (d) e; (teaching quality)

The previous steps are repeated for all the (251) PoliTO academics of interest.

For each of the (251) PoliTO academics, the four aggregate indicators (P;, Cj, w; and e;) were determined.
A correlation analysis between these indicators is then carried out.

Determination of the Pearson correlation Principal Component Analysis (PCA).
coefficient (R) for all indicator pairs
(and related statistical significance test).

Fig. 1 Flow chart summarising the methodological approach

PoliTO comprises a population of around 900 tenured academics (i.e., assistant, associ-
ate and full professors). Table 2 describes the sample of selected PoliTO academics, who
belong to sixteen disciplines (i.e., A, B, C, ..., O, and P) that are very specific of engi-
neering (Consiglio Universitario Nazionale, 2022). The selection was limited to academics
with a relatively well-established career, both in terms of research and teaching, in order to
avoid possible “outliers”, such as young academics with little teaching experience. There-
fore, only active academics with a permanent contract with PoliTO in the three-year period
2018 to 2020 and, at the same time, with any Italian university (including PoliTO) in the
five-year period 2013 to 2017 were considered. This eight-year permanent contract period
protects against possible changes in the staff number (henceforth abbreviated as N), due to
retirements, new hires, transfers, etc. It is also a form of assurance that the population of
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Table 2 Sample of academics (from PoliTO and all Italian universities) selected for the analysis

Discipline Abbreviation (SSD)  Staff number (V)
PoliTO All Italian
universi-
ties
A. Chemical foundations of technologies CHIM/07 11 140
B. Physics of matter FIS/03 15 292
C. Structural mechanics ICAR/08 14 256
D. Thermal engineering and industrial energy systems ING-IND/10 12 127
E.Applied mechanics ING-IND/13 23 162
F. Mechanical design and machine construction ING-IND/14 22 140
G.Design methods for industrial engineering ING-IND/15 4 75
H.Manufacturing technology and systems ING-IND/16 16 134
L.Industrial mechanical plants ING-IND/17 5 129
J.Materials science and technology ING-IND/22 19 188
K.Excavation engineering and safety ING-IND/28 5 18
L.Electrical engineering ING-IND/31 14 158
M.Business and management engineering ING-IND/35 8 168
N.Telecommunications ING-INF/03 26 291
O.Information processing systems ING-INF/05 43 583
P.Mathematical analysis MAT/05 14 583
Total 251 3444

Academics belong to sixteen disciplines, which are characteristic of the engineering field

academics considered is relatively homogeneous in terms of contractual obligations, incen-
tives, etc.

The second last column of Table 2 reports the N values related to the selected PoliTO
academics, for each of the disciplines of interest. The resulting sample of 251 individuals
covers more than % of the whole population of PoliTO academics. Academics were identi-
fied through the public directory https://cercauniversita.cineca.it/php5/docenti/cerca.php.

Data collection and indicators relating to research

Research data basically concern scientific publications by the academics of interest and
relevant citations obtained. In order to implement a discipline normalization—allowing
comparisons between academics from heterogeneous scientific disciplines (Franceschini &
Maisano, 2014; Moed, 2010)—the sample of PoliTO academics was extended to academ-
ics belonging to the same disciplines but affiliated to all the Italian universities. Consist-
ently with the data regarding PoliTO staff, only academics with a permanent contract in the
period from 2013 to 2020 were considered. The last column of Table 2 shows the resulting
number of academics selected from all (Italian) universities (including PoliTO), which will
simply be referred to as “All”.

For all academics, the corresponding Scopus Author ID was manually determined, in
order to uniquely identify the publication output (Kawashima & Tomizawa, 2015). The
Scopus database was chosen since (i) it provides a higher degree of coverage than Web
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of Science (WoS) for the discipline of interest (Visser et al., 2021), and (ii) at least for
Italian academics, it is generally more accurate than WoS, due to the systematic clean-
ing undergone in the recent national research quality assessment exercises (denominated
“VQRs”) (Franceschini et al., 2016; Franceschini & Maisano, 2017; D’Angelo and van
Eck, 2020).

For each of the academics of interest, the publications produced in the three-year
period from 2018 to 2020 were identified. This period seems reasonably broad to pro-
vide a “taste” of individual research output, absorbing temporary interruptions due to
health problems, maternity leave, sabbaticals, etc. Publications produced later (i.e., from
2021 onwards) were excluded as they are still too “immature” in terms of citation impact
(Bar-Ilan & Halevi, 2018). Only papers in international scientific journals were consid-
ered (De Bellis, 2009). For each j-th academic’s article, the issue year (i.e., 2018, 2019 or
2020), the number of co-authors, and the number of citations obtained by journal papers
up to the time of data collection (i.e., February 2023) were also collected. These data are
used to construct two (normalized) bibliometric indicators for each PoliTO academic, as
described below.

Discipline-normalised total no. of papers, fractionalized by no. of co-authors:

Total no.of fractionalized papers by the academic j (from PoliTO)

P. =
J Avg.tot.no.of fractionalized papers by all Italian academics in the same discipline of j

1
ZVibyj (;)

Zvkean [wak(ﬁ)] 1)

N

Jj being the academic of interest from PoliTO; All = {...,j, ... } being the set of academ-
ics from all Italian universities, in the same discipline of j; k being a generic academic
€ All; N = |All| being the cardinality of the set All (see last column of Table 2); i being the
generic i-th paper by the j-th/k-th academic; a; , being the number of co-authors of the i-th
paper by the j-th/k-th academic (i.e., “*” in the subscript).

The fractionalization by number of co-authors was introduced to make a fair compari-
son between academics with different propensities for co-authorship (Franceschini et al.,
2010; Perianes-Rodriguez et al., 2016). Moreover, given that the propensity to publish
papers may depend on the discipline—i.e., the scientific production of academics belong-
ing to certain disciplines may tend to be higher/lower than that of academics belonging to
other disciplines—P; implements a discipline normalisation (cf. denominator of the last
term of Eq. 1) (Franceschini & Maisano, 2014; Maisano et al., 2020; Moed, 2010; Prathap
et al., 2016).

P; is used as a proxy for the workload spent on research by a certain academic (cf.
quadrant (a) of the scheme in Table 1). In fact, it is assumed a proportionality between
the effort expended in research activities—whether carried out on independent initiative
or financed within the framework of projects, specific funding, etc.—and the dissemina-
tion of the publishing results (De Bellis, 2009). The adoption of this indicator deserves
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further explanation. In principle, publication is a final act (not necessarily due) of a previ-
ous research activity. In other words, it is not an obligation since all research, although
relevant and rigorous, does not necessarily result in publication(s). Extending the reason-
ing, the number of publications is not necessarily proportional to the research workload,
also since the workload required to achieve one publication is not a fixed quantity.' That
said, it is appropriate to make a few remarks on the Italian academic context of the last
10-15 years. Recent national research quality assessment exercises (VQRs) and the per-
vasive use of bibliometric criteria to assess research output have increasingly pushed aca-
demics to “valorize” their research activity in terms of publications on Scopus-indexed or
WoS-indexed scientific journals of a certain relevance (e.g., with relatively high Impact
Factor or SJR values). Whether one likes it or not, academics who do not conform to this
practice are inevitably penalised (Franceschini & Maisano, 2017; Karlsson, 2017); this
applies both to younger academics, who would jeopardise promotions and career advance-
ment, and to senior academics, who would be cut off from participation in scientific com-
mittees of strategic importance in various fields (e.g., projects, public competitions and
selections, institutional positions, etc.). From this perspective, it is improbable that—at
least in the Italian academic context of the last 10 to 15 years—individuals with a rel-
evant research activity (on a quantitative basis) would not have “valorised” it in terms of
scientific publications. In addition, the fact of considering publications in Scopus-indexed
or WoS-indexed journals, excluding non-indexed journals or other types of publications
(such as conference proceedings), constitutes a further guarantee that each publication
reflects substantial workload.

Discipline-normalised average no. of citations per paper:

Z Avg.no.of cites per paper issued in the yeary,for the academicj(from PoliTO)
vy Avg.no.of cites per paperissued in the yeary,for all Italian academics in the same discipline of;j

J no.of issue years

Zvibyjy (CWL\‘)

IR T o)
y Zvibyky (Ciky
Svket| T mem

N

[yl

J being the academic of interest from PoliTO; All = {...,J, ...} being the set of academ-
ics from all Italian universities, in the same discipline of j; k being a generic academic
€ All; N = |All| being the cardinality of the set All (see last column of Table 2); i being
the generic i-th paper by the j-th/k-th academic; c; , , being the total number of citations

! For example, one academic may publish one article per year in a high-quality journal and another may
publish four articles per year in low-quality journals, yet both may spend the same number of hours (i.e.,
workload) for their respective output. It would not be fair to say that the second academic has four times
more research workload than the first one.
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obtained up to the moment of data collection (i.e., February 2023) by the i-th paper of the
J-th/k-th (i.e., “*” in the subscript) academic of interest, issued in the y-th year; |i by *, y|
being the total number of papers, issued in the year y, of the j-th/k-th academic of interest;
y€ {2018, 2019, 2020} being the single issue year (the total issue years are lyl=3).

C; embeds two forms of normalization: by discipline and by age, since both these factors
can affect the propensity to obtain citations (Franceschini & Maisano, 2014; Moed, 2010).
Precisely, the (annual) citations per article of each PoliTO academic (j) are divided by the
average value of the same quantity, with reference to the totality of academics from all uni-
versities, in the same discipline of j (cf. the last term of Eq. 3). Then, the discipline-nor-

malized statistics related to the three issue years are combined with a simple arithmetic
Sy {1}

P;, cf. Eq. 1) i‘sylnot needed here, since C; is not “size dependent” (Prathap et al., 2016).

Describing the average level of diffusion of papers produced by a certain academic, C;
is used as a proxy for the quality of research results (Braun et al., 2010; De Bellis, 2009;
Moed, 2010).

mean (i.e., ). Fractionalization by number of co-authors (which is implemented in

Data collection and indicators relating to teaching

For over twenty-five years, questionnaires have been regularly administered to stu-
dents at the end of each PoliTO’s B.Sc. or M.Sc. course, in order to assess the qual-
ity of teaching. These questionnaires—which have undergone several improvements
over the years—cover various aspects, such as course organization, teacher effec-
tiveness, infrastructure, student’s interest/satisfaction, etc. Table 4 (in the appen-
dix) reports the questionnaire template used in the academic years 2017-2018,
2018-2019 and 2019-2020. Each of the eighteen questions (ql to ql18) is rated on
a four-level ordinal scale, with the following numerical conversions: 1 =“Definitely
not”, 2 =“More no than yes”, 3="“More yes than no”, 4 = “Definitely yes”, express-
ing an increasing level of liking/satisfaction regarding the item of interest. For each
question, the mean value of respondent ratings is determined. The authors are aware
that arithmetically averaging numerical ratings expressed on ordinal scale levels
(i.e., 1, 2, 3 and 4 in this case) is conceptually questionable (Franceschini et al.,
2019, 2022; Roberts, 1979).

The five (k-th) questions from q9 to q13 specifically concern “teaching effectiveness”
(cf. Table 4); the mean values of the relevant respondent ratings can be aggregated through
a further arithmetic mean:

2 (ecy,) .

e, = ——————,

¢ representing every single (B.Sc. or M.Sc.) annual course taught by j in the academic
years 2017-2018, 2018-2019, and 2019-2020. This reference period is consistent with that
used in the research analysis (i.e., 2018, 2019, and 2020, cf. Section "Data collection and
indicators relating to research"). The offset of half a year back (e.g., 2017-2018 versus
2018, etc.) in some ways compensates for the lead time associated with the publication of
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scientific papers, from the moment of their submission (Bjork & Solomon, 2013). €cy,
being the mean value of the respondent ratings related to the g-th question, considering the
c-th course.

The e, values related to all courses taught by any j-th PoliTO academic of interest were
collected from the PoliTO website (www.polito.it). For reasons of confidentiality, the data
are presented at an aggregate level and without making explicit the names of the academics
involved. Other (publicly available) data were collected and used to construct the indicators
related to teaching, precisely s, i.e., number of students attending the c-th course, and
ECTS,, ie., number of ECTS (European Credit Transfer and Accumulation System)
credits” associated with the c-th course.

For the sake of simplicity, each academic is assigned exclusively to the courses of which
he/she is the holder, not just a collaborator. This assumption is justified by the fact that a
course’s organization, content and teaching method, which are decisive for its effective-
ness, are generally the responsibility of the course holder (not collaborators). Moreover,
the selected academics all have a relatively well-established career (i.e., at least eight years
with a permanent university contract) and did most of their teaching work as course hold-
ers rather than collaborators.

Two aggregated indicators are used to describe the teaching activity of each academic.
The first one is a proxy of teaching workload, which depends on the two factors: amount
of teaching delivered to students and number of students attending every course. The first
factor can be expressed in terms of ECTS credits associated with the relevant courses.
Focusing on the Italian university scenario, each academic is usually required to deliver
at least 12 ECTS per year.> Of course, the number of ECTS credits delivered by some
academics may be higher than this lower bound. Focusing on the second factor, several
preparatory/accompanying (teaching) activities tend to increase with the number of stu-
dents: e.g., tutoring/mentoring, practical exercises/workshops, supervision of internships,
theses/dissertations, proofreading of coursework, assistance to undergraduates with appli-
cations for admission to doctoral or postgraduate master’s programmes, etc. In addition,
some courses include laboratory exercises in small groups (e.g., no more than 10-20 units),
which must be replicated several times, significantly increasing the workload of the aca-
demics involved.

These two factors are aggregated into the following indicator:

w; = Z (scj -ECTSC,), 4)

Ve by j

¢ being each course taught by j during the three-year reference period (2017-2018,
2018-2019 and 2019-2020); S, being the number of students in the specific c-th course
held by j;

ECTS. being the number of ECTS credits associated with each c-th course held in the
reference period by j. w; can be interpreted as the total number of credits obtained by
students who attended the course(s) held by j, i.e., a proxy for the quantitative impact of

2 In the Ttalian university system, each credit point corresponds approximately to 25 working hours (Euro-
pean Commission, 2017).

3 Rare exceptions are academics with part-time contracts or enjoying teaching reductions as they serve
important institutional roles (e.g., management of departments, faculties, colleges, graduate schools, etc.).
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these course(s) on the student population. This indicator is currently used in PoliTO as a
proxy for the teaching workload of individual faculty members.

The aggregation through a multiplicative model (cf. Eq. 4) is typical of indicators that
aggregate heterogeneous quantities (e.g., in this case, number of students and number of
ECTS credits) (Franceschini et al., 2019, 2022).

The second aggregated indicator is defined as:

_ ZVbej <ec/ : ECTSLJ>

e.
ZVc by j (ECTSCJ )

J

(&)

e; is actually a weighted average of the e, values (cf. Eq. 3) with respect to the
corresponding ECTS credits; e; is used as a proxy for the quality of teaching, since it
depicts the average teaching effectiveness.

Correlation analysis

The analysis described in Sects. "Data collection and indicators relating to research" and
"Data collection and indicators relating to teaching" makes it possible to determine four
aggregate indicators for each (j-th) of the 251 PoliTO academics of interest: P; and C;
concerning research, and w; and ¢; concerning teaching. Next, the (presumed) link between
research and teaching is studied through a correlation analysis between these indicators,
which is organized in two parts: bivariate analysis and multivariate analysis. Although the
two research questions (RQ#1 and RQ#2, at the end of Section "Introduction and literature
review") basically refer to the relationship between the two indicators of workload (P;
and w)) and those of quality of results (C; and e)), it is useful to study all six potential
correlations between the above four indicators, because they could give extra insights to
the interpretation of the results obtained.

Regarding the bivariate analysis, the potential correlation between pairs of indicators
is assessed through the Pearson’s correlation coefficient (R) (Ross, 2021). The choice of
R is driven by (i) its relative simplicity (Franceschini et al., 2019) and (ii) the absence
of other forms of non-linear relationships between the pairs of datasets, as observed by a
preliminary graphical investigation (cf. Section "Results of correlation analysis").

Regarding the multivariate analysis, it aims to integrate and confirm the results of
the bivariate analysis, providing a complementary analytical perspective. A Principal
Component Analysis (PCA) of the four indicators of interest is performed, being
particularly effective for relatively large datasets with several potentially correlated
variables (Abdi & Williams, 2010; Bro & Smilde, 2014).

Empirical results

Relevance of normalizations

A relatively laborious task of the present study was the construction of bibliometric
indicators for research evaluation (cf. Egs. 1 and 2). A large sample of academics were

involved: i.e., 3,444 at the Italian level (“All Italian universities”), of which 251 from
PoliTO (cf. Table 2). The several normalizations implemented by the indicators in use
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(a) Distributions of P; values
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(b) Distributions of C; values
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Fig.2 Qualitative comparison of P; and C; distributions related to PoliTO academics and those from all the
national universities. Analysis was carried out using Minitab® statistical software

contribute to avoid undue comparisons (cf. Section "Data collection and indicators relating
to research".); Section A.2 (in the appendix) provides some evidence of this.

Indicators resulting from the analysis

For each of the 251 PoliTO academics, both the aggregate indicators relating to research
(.e., P; and Cj) and those relating to teaching (i.e., w; and ej) were determined. Table 5
(in the appendix) collects these indicators for each academic, with additional information
regarding academic position (i.e., assistant, associate, or full professor) and gender (i.e.,
male or female). Figure 9 (in the appendix) contains relevant histograms and descriptive
statistics.

The distributions of P;, C; and w; are right-skewed, while that of e; is left-skewed.
Surprisingly, the ¢; values are polarlsed between a minimum value of 2.64 and a maximum
of 3.86. This may denote a certain homogeneity in the teaching quality of PoliTO
academics, but also a biased use of the four-level scale by respondents (cf. Section "Data
collection and indicators relating to teaching"), resulting in a reduction of its potential
discriminatory power (Franceschini et al., 2019). The fact that the distributions of P;, C;
and w; are right-skewed denotes the presence of so-called "outliers" located in the rlght—
hand tail, with significantly higher performance than the rest of the population (e.g., one
academic with P> 4 and another with Cj> 9 are noted).

It is interesting to note substantial agreement between the P; and C; distributions related
to PoliTO academics and those from all the national universities (see Fig. 2). This indicates
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wj versus Pj
40000

30000

1 2 3 4

Fig.3 Scatter plot of w; versus P; values, for the PoliTO academics of interest (cf. Table 5, in the appendix)

that the overall performance of PoliTO’s population reflects quite well that of the corre-
sponding national counterpart universities.

Results of correlation analysis
Results of bivariate analysis

A preliminary investigation revealed the general absence of non-linear relationships
between the pairs of indicators. For example, there is no non-linear relationship (e.g.,
higher-order polynomial, exponential, logarithmic, etc.) appearing from the scatter plot of
w; versus P; values in Fig. 3. Similar considerations can be extended to the other pairs of
1ndlcat0rs

Table 3 contains the R values for the pairs of indicators of interest, accompanied by the
p-value for the significance test of R being zero (i.e., null hypothesis of absence of correla-
tion) (Ross, 2021). The correlation analysis was carried out considering both academics in
their totality (“Total”) and subsets by “Discipline”, “Academic position” and “Gender”.

From a preliminary analysis of Table 3, statistically significant correlations (i.e.,
p-value <0.05) are very few. Considering the totality of academics (“Total”), there is
only a weak positive correlation (R ~+0.224) between P; and C; values—confirming that
research productivity and impact tend to “go hand in hand” (Sandstrém and van den Bes-
selaar, 2016)—and an even weaker positive correlation (R ~+0.129) between P; and w;
values. Interestingly, these correlations may disappear and new ones may emerge when
considering subsets of academics (e.g., for discipline, academic position or gender). For
example, the correlation between P; and w; is not significant for many subsets, while some
correlations are only present at the level of specific discipline, such as that between C; and
w; for disciplines “A. Chemical foundations of technologies” and “D. Thermal engineering
and industrial energy systems”. At a later stage, we will return to comment more specifi-
cally on these results (cf. Section "Answering to research questions").

Finally, it should be remembered that the R coefficient tends to lose its effective-
ness for subsets with less than 25-30 units (Ross, 2021), with the risk of revealing false
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Table 3 Pearson correlation coefficients (R) for each pair of the indicator series (i.e., P;, C;, w; and ¢)) in
Table 5 (in appendix)

(Sub-)set of academics Pj VSs. C,- Pj VS, W; P/- Vs. €; C/- VS. W; Cj Vvs. €; W; Vs. €;
(@vs.(b) (@vs.(c) (@uvs.(d ((b)vs.(c) ((Db)vs.(d) (c)vs.(d)
Total 0.224" 0.129" 0.105 0.033 0.043 -0.057
(N=251) (0.000) (0.042) (0.102) (0.597) (0.505) (0.373)
Discipline A. CHIM/07 0.327 0.239 —-0.516 0.656" 0.356 0.194
N=11) (0.326) (0.479) (0.104) (0.029) (0.282) (0.568)
B. FIS/03 0.518" -0.163 0.281 0.068 0.078 —0.457
N=15) (0.048) (0.563) (0.310) (0.809) (0.783) (0.087)
C. ICAR/08 0.351 0.077 —0.199 —0.166 —-0.010 0.096
(N=14) (0.219) (0.792) (0.496) (0.570) (0.972) (0.744)
D. ING-IND/10 0.702" 0.310 0.106 0.592" 0.007  —0.639"
N=12) (0.011) (0.326) (0.743) (0.042) (0.983) (0.025)
E. ING-IND/13 0.377 0.338 —0.063 0.304 0.061 0.174
N=23) (0.076) (0.115) (0.787) (0.159) (0.792) (0.451)
F. ING-IND/14 0.270 0.546" —0.191 0.066 —0.264 —0.443"
(N=22) (0.224) (0.009) (0.393) 0.771) (0.235) (0.039)
G. ING-IND/15 0.916 0.965" 0.513 0.927 0.652 0.718
N=4) (0.084) (0.035) (0.487) (0.073) (0.348) (0.282)
H. ING-IND/16 -0.010 -0.139 0.260 —0.223 0.224 0.061
(N=16) (0.972) (0.608) (0.331) (0.407) (0.404) (0.821)
1. ING-IND/17 0.965" 0.716 -0.077 0.692 —0.087 —0.668
(N=5) (0.008) (0.174) (0.902) (0.195) (0.890) (0.218)
J. ING-IND/22 0.469" 0.185 0.345 0.451 —0.144 -0.028
N=19) (0.043) (0.450) (0.161) (0.053) (0.568) (0.911)
K. ING-IND/28 0.381 0.039 —-0.129 —0.556 -0.223 -0.570
(N=5) (0.527) (0.950) (0.836) (0.331) (0.718) (0.316)
L. ING-IND/31 0.673" 0.322 0.527 0.022 0.362 0.261
N=14) (0.008) (0.262) (0.053) (0.940) (0.204) (0.368)
M. ING-IND/35 0.665 —0.426 -0.324 0.253 —0.648 —-0.151
(N=8) (0.072) (0.292) (0.433) (0.545) (0.083) (0.721)
N. ING-INF/03 —0.002 —-0.179 0.126 —0.242 —0.098 —0.303
(N=26) (0.993) (0.381) (0.558) (0.234) (0.648) (0.150)
O. ING-INF/05 0.142 —0.062 0.129 -0.192 -0.389" 0.051
(N=43) (0.362) (0.691) 0.411) 0.217) (0.010) (0.747)
P. MAT/05 0.253 0.114 0.400 —0.044 0.512 - 0431
(N=14) (0.382) (0.698) (0.175) (0.881) (0.074) (0.142)
Acad. position  Full Profs 0.204" 0.064 0.126 0.134 0.172 —0.081
N=112) (0.031) (0.504) (0.185) (0.158) (0.069) (0.395)
Associate Profs 0.132 0.084 0.044 —0.111 —-0.150 -0.110
(N=119) (0.154) (0.363) (0.638) (0.231) (0.110) (0.242)
Assistant Profs 0.463" 0.170 0.199 —0.049 —0.127 0.231
(N=20) (0.040) (0.474) (0.430) (0.836) (0.614) (0.356)
Gender Male 0.299° 0.119 0.120 0.089 0.032 —0.042
(N=189) (0.000) (0.102) (0.103) (0.225) (0.663) (0.574)
Female 0.083 0.174 0.043 —0.075 0.080 —0.103
N=62) (0.521) (0.176) (0.745) (0.560) (0.545) (0.435)
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Table 3 (continued)

In brackets are the corresponding p-values for the significance test of the correlation coefficient being zero
(i.e., null hypothesis of absence of correlation) (Ross, 2021); cases in which p<0.05—i.e., rejection of the
null hypothesis with a 95% confidence level—are those marked with the symbol ™

correlations.* Therefore, almost all correlations concerning disciplinary subsets are of little
relevance (i.e., N <25, cf. Table 3).

Results of multivariate analysis

The PCA was applied to the indicators of interest, which are essentially quantitative vari-
ables with a relatively high sample size (251 units). To facilitate the comparison, the indi-
cators—which have different numerical ranges and variances—were previously stand-
ardised”: this operation was carried out automatically through the Minitab® statistical
software. Figure 4 summarises the PCA results. It is worth noting that (i) any principal
component is a linear combination of the source indicators and (ii) the principal compo-
nents e mutually orthogonal (uncorrelated) variables by construction (Abdi & Williams,
2010; Bro & Smilde, 2014).

The summary table (a) and scree plot (b) show that the first two principal components—
i.e., PC1 and PC2, both with eigenvalue>1 (Bro & Smilde, 2014)—together explain a
significant portion of the total variance, i.e., 0.345+0.265=0.610. Regarding PC1, the
predominant coefficients are those relating to P; (0.669) and G (0.649), while regarding
PC2, the predominant coefficients are those relating to w; (0.653) and ¢; (-0.752). This
confirms the decoupling between research and teaching that emerged from the bivariate
analysis: PC1, which is predominantly linked to research indicators, is uncorrelated to PC2,
which is predominantly linked to teaching indicators. Additionally, the loading plot (c) and
biplot (d) confirm the strong correlation between P; and C; and the weak/absent correlation
between the other pairs of indicators.°

Answering to research questions

Returning to the two research questions (cf. Section "Introduction and literature review"),
we provide punctual answers in the light of the analysis results.

(RQ#1) “Is there any (direct/inverse) relationship between the research and teaching work-
load of individual academics?”. In contrast to the findings of other studies, the present
one shows no negative link between research and teaching workload (Burke-Smalley et al.,

4 Extremizing, for a subset of only two units, the correlation would by definition always be perfect (i.e.,
R=+1or-1).

5 Standardisation was performed through the so-called z-score: z = *=£., being x the observed indicator, x
and o the sample mean and sample standard deviation respectively (Rogs, 2021).

® Precisely, the cosine of the angle between pairs of vectors indicates the correlation between the corre-
sponding indicators. Highly correlated indicators (such as P; and C;) point in similar directions; uncorrelated
indicators (such as w; and ¢;) are nearly perpendicular to each other. Furthermore, the cosine of the angle
between a vector and an axis indicates the importance of the contribution of the corresponding indicator to
the principal component (e.g., P; and C; contribute mainly to PC1, while w; and ¢; contribute mainly to PC2)
(Abdi and Williams, 2010; Bro and Smilde, 2014).
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(a) Principal Component Analysis: P; C;, w;jand e (b) Scree Plot of P;, G, wjand e
144

Eigenanalysis of the Correlation Matrix 134

Eigenvalue 1.3810 1.0592 0.8818 0.6780 124

Proportion 0.345 0.265 0.220 0.169
Cumulative 0.345 0.610 0.831 1.000

0.9

Eigenvalue
5

Variable PC1 PC2 PC3 PC4
P; 0.669 -0.084 -0.157 -0.722 0.8
C; 0.649 0.038 -0.352 0.673 074
w; 0.294 0.653 0.697 0.044 :
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Fig.4 Summary of the results of the PCA application to the P;, C;, w; and ¢; indicators, for the 251 PoliTO
academics of interest. The analysis was conducted using Minitab® statistical software

2017). Therefore, at least in the limited context of PoliTO academics, the basic idea of
the "scarcity model"” (cf. Section "Introduction and literature review") would seem to be
contradicted. On the other hand, a weak positive link seems to emerge, suggesting that
academics who are more productive in terms of research (P;) also tend to deliver more
teaching (w;). This may probably stem from the fact that the more active academics tend
to be equally active in both research and teaching, by virtue of their better ability to organ-
ize their time, while the least active tend to be equally inactive in both contexts. Another
reason might be that those academics who deliver more teaching not infrequently have col-
laborators and a larger pool of students that may also support research—e.g., through the-
ses, dissertations, etc.

(RQ#2) “Is there any (direct/inverse) relationship between the quality of research results
and that of teaching results of individual academics?”. The lack of correlation seems to
explain that those academics who produce research with the highest average impact/dif-
fusion in the scientific community are not necessarily the most didactically effective. This
result is in line with the findings of other studies, including those by Hattie and Marsh
(1996) and Marsh and Hattie (2002), which—while relying on different methodological
approaches and on a meta-analysis of dozens of other heterogeneous studies—conclude
that research and teaching quality are nearly uncorrelated. These authors themselves
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provide a plausible explanation for this result, which can be summarized as follows:
“Those academics who devote more time to research have higher quality results,” but those
who devote more time to teaching do not appear to be more effective teachers.® There-
fore, assuming (but not conceding) that there may be a relationship (positive or negative)
between the workload in teaching and the workload in research, this does not imply the
existence of any relationship in terms of the quality of the respective results”. Considering
the subsets of academics, particularly discipline “O. Information processing systems”, one
can even observe a relatively weak negative correlation. It is not easy to find a plausible
justification for such local behaviour; perhaps those who offer more effective and creative
teaching tend, by contrast, to retreat into more routine research, and vice versa.

The above answers to research questions certainly have practical implications for
funding agencies and university administrators. We believe that some earlier consid-
erations by Marsh and Hattie (2002) fit this framework very well: “Good research-
ers are neither more nor less likely to be effective teachers than are poor researchers.
Good teachers are neither more nor less likely to be productive researchers than are
good teachers. There are roughly equal numbers of academics who—relative to other
academics—are: (a) good at both teaching and research, (b) poor at both teaching
and research, (c) good at teaching but poor at research, and (d) poor at teaching but
good at research. Thus, personnel selection and promotion decisions must be based on
separate measures of teaching and research and on how academics provide evidence
that their research and teaching are mutually supporting”.

Conclusions
Main findings and implications

This article focused on the (presumed) link between research and teaching in aca-
demia, considering each of them from the dual perspective of workload and quality of
results. Partially contrasting with other state-of-art studies and the apparent academic
myth that these two activities are complementary (Harland, 2016; Teichler, 2017), it
revealed some decoupling between them. Firstly, there seems to be no negative link
to support considerations like: “Those who do more teaching tend to neglect research
more”. Only a few weak negative correlations—which are, however, not statistically
significant—are noted at the level of some disciplines (e.g., “O. Information process-
ing systems” and “H. Manufacturing technology and systems”, in Table 3). On the
other hand, the quality of teaching results seems to be unrelated to both (i) research

7 Consider the positive correlation between P; and C; (cf. second column of Table 3) which is also widely
documented in the scientific literature (De Bellis, 2009).

8 Consider the uncorrelation between w; and e; (cf. last column of Table 3) which is also documented in the
scientific literature (Marsh and Hattie, 2002).
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workload and (ii) quality of research results. This to some extent contradicts the find-
ings of other studies, according to which “Those who excel in research are more pro-
pense to excel in teaching” (Cadez et al., 2017). The results of a bivariate analysis
based on Pearson’s correlation coefficient between pairs of indicators (with relevant
significance test) were confirmed by a multivariate analysis based on PCA.

On the other hand, it is surprising to observe that the conclusion that teaching
and research are nearly uncorrelated activities—although carried out in a different
context, period and methodological approach—is fully in line with the results of other
previous studies (Marsh & Hattie, 2002). The results of the study can be taken into
consideration by university administrators and those involved in formulating incentive
strategies for academics. Furthermore, the methodological framework adopted could
be replicated in other universities to observe possible similarities/differences.

A relevant aspect of this research is the use of quantitative indicators built on a
relatively large database. In fact, discipline-normalisations were implemented based
on the bibliometric statistics of more than 3,000 other Italian academics, in order to
ensure a fair comparison among PoliTO academics. Furthermore, the indicator e;,
which depicts the teaching effectiveness, is constructed taking into account several
thousands of student-satisfaction ratings by B.Sc. and M.Sc. students.

Limitations

This research has several limitations, summarised as follows. The indicators in
use—although bibliometrically rigorous—are still proxies for what they are meant to
represent (i.e., workload and quality of results in research and teaching). Since the
study is limited to academics from a single technical university (i.e., PoliTO), results
do not necessarily apply to other technical or—a fortiori—generalist universities.
Moreover, the assessment of the research and teaching workloads could have been
more in-depth by having additional specific data (currently being collected), such
as data on (i) ongoing research projects and (ii) students tutored for internships or
dissertations. Lastly, the comparison between individual academics did not consider
the organizational and managerial tasks that they carried out.

Future research

Regarding the future, several research activities will be undertaken to overcome at
least part of the previous limitations. A factorial plan (Ross, 2021) will be constructed
to assess more precisely the effects and interactions of certain contingent factors on
the link between research and teaching, such as discipline, gender, academic posi-
tion, career stage, contractual obligations, incentives/bonuses of academics. Then, the
study will be extended to other technical and generalist universities, having found a
way to uniformly assess and compare the teaching performance of academics.
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Appendix

Example of teaching-evaluation questionnaire

Insight into normalisations

This section provides some evidence of the relevance of the normalisations introduced for
the construction of bibliometric indicators (cf. Egs. 1 and 2).

Normalisation by number of co-authors

Figure 5 exemplifies the distribution of the average number of co-authors for the papers
examined in the discipline “G. Design methods for industrial engineering” (cf. Table 2).

A certain dispersion of the distribution is noticeable: the average number of co-authors
for the papers of individual academics ranges from a minimum of 1.6 to a maximum of
10.7, which makes the proposed fractionalization reasonable (De Bellis, 2009; Henriksen,
2016). Similar considerations can be made for the other disciplines.

Summary for the distribution of the average no. of co-authors

Mean 4.9264
StDev 1.5462
Variance 2.3906
Skewness 0.67900
Kurtosis 1.57763
N* 74
Minimum 1.5714
1st Quartie 3.7708
Median 4.9018
3rd Quartile 5.8000
[— Maximum 10.6667
T T T T T T T T T T
2 3 4 5 6 7 8 9 10 11

Fig.5 Distribution of the average number of co-authors for papers published by academics within the dis-
cipline “G. Design methods for industrial engineering”, during 2018-2020. One of the initial N=75 aca-
demics was excluded from the analysis as he/she did not produce any research papers in this period (cf.
Table 2). Analysis was carried out using Minitab® statistical software
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Normalization by scientific discipline

The boxplot in Fig. 6 confirms the existence of systematic differences in terms of pro-
pensity to publish between academics from different disciplines. For example, the box
of “O. Information processing systems analysts” is significantly smaller than that of
“J. Material scientists and technologists”, denoting a systematically lower propensity
to publish. This confirms the need to introduce the so-called discipline normalisation,
implemented by P; (cf. Eq. 1).

Similarly, the boxplots in Fig. 7 summarise the distributions of the average citations
per paper for individual academic, referring to papers issued in 2018, 2019 and 2020
respectively, discipline by discipline.

These diagrams show systematic differences between the various disciplines in terms
of propensity to obtain citations. Consider, for example, the largely non-overlapping
boxplots of “J. Materials science and technology” and “P. Mathematical analysis”, for
papers issued in any year. This confirms the need for the normalisation by discipline,
implemented by C; (cf. Eq. 2).

Age normalization

The box plot in Fig. 8 shows that age of a paper significantly influences the “maturation” of
its citation impact (Glénzel & Moed, 2013): older papers tend to obtain more citations on
average than more recent ones. This confirms the appropriateness of the normalisation by

age, implemented by C; (cf. Eq. 2).

Boxplot of the total number of (fractionalized) papers per academic, by discipline
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Fig.6 Boxplot related to the total number of fractionalised papers (cf. Eq. 1) produced by the (Italian) aca-
demics examined, in the three-year period 2018 to 2020. Q; and Q; respectively denote the first and third
quartiles of the distributions; N is the total number of academics examined while N is the number of aca-
demics with at least one article in the reference period
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Boxplot of the average citations per paper for individual academic, discipline by discipline (articles issued in 2018)
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Boxplot of the average citations per paper for individual academic, discipline by discipline (articles issued in 2019)
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Boxplot of the average citations per paper for individual academic, discipline by discipline (articles issued in 2020)
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Fig. 7 Boxplots of the average number of citations per paper, for individual academic and discipline by dis-
cipline; diagrams refer to papers issued in 2018, 2019 and 2020 respectively. Q,; and Qs denote the first and
third quartiles of the relative distributions; N is the total number of academics examined for each discipline

(3,444 in total)
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Boxplot of the average citations per paper for individual academic, referring to discipline J
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Fig. 8 Boxplots of the average number of citations per paper for individual academic, referring to discipline
“J. Materials science and technology”, for papers issued in 2018, 2019 and 2020. A similar behaviour can
be observed for the other disciplines

Resulting indicators

Table 5 contains the indicators (P/-, Cj, w; and ej) pertaining to each (j-th) academic,
while Fig. 9 contains the histograms of the corresponding distributions and related
statistics.

Table 5 Resulting indicators (cf. Section "Methodology") for the 251 PoliTO academics analysed

Discipl Academic Acad. position Gend (a) P; ®) C; ©) w; e
A. CHIM/07 Al Associate M 0.678 1.064 10,016 3.623
A. CHIM/07 A2 Associate F 0.663 0.690 11,244 3.068
A. CHIM/07 A3 Associate F 1.402 1.043 10,496 3.190
A. CHIM/07 A4 Full F 2.294 0.658 10,802 2.769
A. CHIM/07 A5 Full M 1.687 2412 12,616 3.457
A. CHIM/07 A.6 Associate F 1.720 1.552 17,928 3.161
A. CHIM/07 A7 Full M 0.487 1.717 14,860 3.274
A. CHIM/07 A.8 Full M 1.698 4.179 19,664 3.580
A. CHIM/07 A9 Associate F 0.559 1.059 10,394 3.725
A. CHIM/07 A.10 Assistant F 0.438 0.726 10,678 3.566
A. CHIM/07 A1l Full M 1.265 1.255 3768 3.080
B. FIS/03 B.1 Associate F 0.402 0.551 8934 2.875
B. FIS/03 B.2 Associate M 1.300 0.774 5152 3.611
B. FIS/03 B.3 Associate M 0.576 0.960 13,300 3.454
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Table 5 (continued)

Discipl Academic Acad. position Gend (a) P; ®) ¢ ©w; )¢
B. FIS/03 B.4 Associate M 0.954 0.502 2908 3.814
B. FIS/03 B.5 Assistant M 0.789 0.820 14,740 3.480
B. FIS/03 B.6 Full M 0.678 1.207 12,500 3.416
B. FIS/03 B.7 Associate F 0.584 0.133 13,740 2.930
B. FIS/03 B.8 Associate M 0.181 0.382 9642 3.316
B. FIS/03 B.9 Full M 4.304 1.163 8960 3.693
B. FIS/03 B.10 Full M 0.637 0.494 12,590 3.460
B. FIS/03 B.11 Associate M 1.921 1.018 6282 3.463
B. FIS/03 B.12 Full M 1.311 0.313 3970 3.600
B. FIS/03 B.13 Assistant M 0.902 0.772 2880 3.678
B. FIS/03 B.14 Associate M 2.005 1.449 8470 3.000
B. FIS/03 B.15 Associate M 2.141 0.792 12,438 3.372
C. ICAR/08 C.1 Assistant F 0.490 2.285 1410 3.250
C. ICAR/08 C2 Associate M 0.183 0.105 5946 3.351
C. ICAR/08 C3 Associate M 0.230 0.083 11,328 3.284
C. ICAR/08 C4 Full M 3.960 1.143 6820 3.177
C.ICAR/08 C5 Full M 1.226 1.361 9164 3.444
C.ICAR/08 C.6 Associate M 0.639 1.468 7672 3.232
C. ICAR/08 C.7 Associate M 0.687 0.567 1014 3.190
C. ICAR/08 C38 Full M 0.948 0.946 6880 2.777
C. ICAR/08 c9 Associate M 0.213 0.598 6890 2.830
C. ICAR/08 C.10 Associate M 2.693 1.323 4160 2.664
C. ICAR/08 C.11 Assistant M 0.758 0.773 2238 3.082
C.ICAR/08 C.12 Associate F 1.168 1.050 4668 3.492
C. ICAR/08 C.13 Full M 0.260 0.316 2948 3.011
C. ICAR/08 C.14 Full M 0.450 0.499 2514 3.350
D. ING-IND/10 D.1 Full M 1.585 1.815 10,936 3.631
D. ING-IND/10 D.2 Full M 0.382 1.211 22,032 2.861
D. ING-IND/10 D3 Assistant F 0.765 0.217 5944 3.399
D. ING-IND/10 D4 Assistant M 0.000 0.000 1074 3.213
D. ING-IND/10 D.5 Full M 0.421 0.269 10,568 3.107
D. ING-IND/10 D.6 Full M 0.860 2.006 9892 3311
D. ING-IND/10 D.7 Associate M 4.172 1.264 10,756 3.252
D. ING-IND/10 D.8 Full M 0.172 0.108 1648 3.548
D. ING-IND/10 D.9 Full M 3.624 2.045 15,868 3.326
D. ING-IND/10 D.10 Assistant F 0.000 0.000 1360 3.523
D. ING-IND/10 D.11 Associate M 0.127 0.217 4576 3.557
D. ING-IND/10 D.12 Full M 3.677 1.907 5146 3.577
E. ING-IND/13 E.1 Assistant F 0.674 0.795 2090 2.723
E. ING-IND/13 E2 Associate M 0.721 0.541 1020 3.253
E. ING-IND/13 E3 Associate F 0.397 0.671 5544 3.390
E. ING-IND/13 E4 Full M 0.866 3.032 8148 3.614
E. ING-IND/13 ES5 Full M 0.846 0.691 11,714 3.627
E. ING-IND/13 E.6 Associate M 0.656 0.722 6750 3.833
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Table 5 (continued)

Discipl Academic Acad. position Gend (a) P; ®) ¢ ©w; )¢
E. ING-IND/13 E.7 Full M 1.183 1.936 8280 3.193
E. ING-IND/13 E.8 Associate F 1.393 0.926 1110 3.777
E. ING-IND/13 E9 Assistant M 0.000 0.000 0

E. ING-IND/13 E.10 Assistant M 0.555 0.729 0

E. ING-IND/13 E.l11 Associate F 1.114 0.444 2552 3.437
E. ING-IND/13 E.12 Full M 0.674 1.876 11,734 3.721
E. ING-IND/13 E.13 Associate F 1.883 1.904 7320 2.774
E. ING-IND/13 E.14 Associate M 0.638 0.900 4272 3.170
E. ING-IND/13 E.15 Associate M 0.397 0.122 7772 3.101
E. ING-IND/13 E.16 Associate M 1.389 1.346 5944 3.485
E. ING-IND/13 E.17 Full M 0.797 0.792 7448 3.368
E. ING-IND/13 E.18 Full M 1.805 0.461 12,330 3.507
E. ING-IND/13 E.19 Full M 1.018 0.748 12,764 3.209
E. ING-IND/13 E.20 Associate M 0.225 0.720 6180 3.270
E. ING-IND/13 E.21 Full M 0.498 0.786 9978 3.508
E. ING-IND/13 E.22 Associate M 0.839 0.941 5008 3.372
E. ING-IND/13 E.23 Associate F 0.212 0.605 300 3.440
F. ING-IND/14 F.1 Full M 1.287 1.087 6490 3.060
F. ING-IND/14 E2 Full M 2.949 1.160 15,336 3.079
F. ING-IND/14 E3 Associate F 1.511 0.469 7920 3.497
F. ING-IND/14 F4 Associate M 1.072 0.819 6726 2.874
F. ING-IND/14 ES Associate M 1.523 1.309 2240 3.796
F. ING-IND/14 F.6 Full M 1.356 0.517 13,244 3.272
F. ING-IND/14 F.7 Associate F 0.389 0.121 2000 3.736
F. ING-IND/14 F.8 Associate M 0.733 1.248 6940 3.119
F. ING-IND/14 F.9 Associate F 0.672 0.638 7764 3.325
F. ING-IND/14 F.10 Associate M 0.898 0.680 5056 3.530
F. ING-IND/14 F.11 Full F 2.067 1.229 7816 3.213
F. ING-IND/14 F.12 Associate M 0.900 0.690 5264 3.680
F. ING-IND/14 F.13 Full M 0.437 0.841 8182 3.330
F. ING-IND/14 F.14 Associate M 1.598 1.139 6176 3.375
F. ING-IND/14 F.15 Associate M 0.067 0.106 3160 3.581
F. ING-IND/14 E.l6 Full M 0.222 0.275 7812 3.350
F. ING-IND/14 E.17 Full M 0.464 1.574 3196 3.375
F. ING-IND/14 F.18 Associate M 0.726 2.208 6392 3.293
F. ING-IND/14 F.19 Associate F 0.884 0.709 3410 2.991
F. ING-IND/14 F.20 Full M 1.778 0.630 7116 3.547
F. ING-IND/14 F.21 Full M 1.159 1.034 12,254 3.257
F. ING-IND/14 F.22 Full M 1.278 0.956 6132 3.676
G. ING-IND/15 G.1 Associate M 0.489 0.876 5544 2.754
G. ING-IND/15 G2 Full M 0.286 1.014 6500 3.219
G. ING-IND/15 G3 Full M 1.586 1.928 13,413 3.320
G. ING-IND/15 G4 Associate F 0.686 0.865 8304 3.114
H. ING-IND/16 H.1 Full F 0.583 1.122 13,280 3.573
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Table 5 (continued)

Discipl Academic Acad. position Gend (a) P; ®) ¢ ©w; )¢
H. ING-IND/16 H.2 Associate M 0.795 1.147 7960 2.763
H. ING-IND/16 H.3 Associate F 1.100 1.590 12,102 3.550
H. ING-IND/16 H.4 Full M 0.504 0.930 6304 3.500
H. ING-IND/16 H.5 Associate M 0.520 1.013 9574 3.068
H. ING-IND/16 H.6 Assistant F 0.000 0.000 5972 3.051
H. ING-IND/16 H.7 Full M 3.213 1.012 5928 3.182
H. ING-IND/16 H.8 Full M 1.400 1.085 9128 3.293
H. ING-IND/16 H.9 Full M 0.965 3.850 6428 3.464
H. ING-IND/16 H.10 Full M 0.127 0.971 10,290 2.704
H. ING-IND/16 H.11 Associate M 2.025 0.521 9372 3.468
H. ING-IND/16 H.12 Associate M 1.702 0.983 9632 3.459
H. ING-IND/16 H.13 Associate M 1.087 1.842 2780 3.527
H. ING-IND/16 H.14 Associate F 0.954 0.537 10,170 3.581
H. ING-IND/16 H.15 Associate M 0.793 2.275 7196 3.362
H. ING-IND/16 H.16 Full M 0.477 1.668 9198 3.201
1. ING-IND/17 L1 Assistant M 0.298 0.167 6600 3.347
1. ING-IND/17 12 Associate M 0.724 1.019 8568 3.126
1. ING-IND/17 13 Assistant F 0.256 0.281 7470 2.637
1. ING-IND/17 14 Full M 0.298 0.167 5832 3.082
1. ING-IND/17 L5 Associate M 0.256 0.281 4514 3.731
J. ING-IND/22 J.1 Full M 1.251 1.006 3080 3.203
J. ING-IND/22 J2 Full F 1.634 1.833 4234 3.587
J. ING-IND/22 13 Associate F 0.133 0.224 0

J. ING-IND/22 J4 Full F 1.587 0.963 14,556 3.736
J. ING-IND/22 1.5 Full M 1.349 1.981 6208 3.562
J. ING-IND/22 J.6 Associate M 1.751 1.231 3772 3.746
J. ING-IND/22 1.7 Full F 1.340 1.979 16,010 3.393
J. ING-IND/22 1.8 Full M 2.471 1.342 10,304 3.731
J. ING-IND/22 J9 Full F 0.570 1.259 5644 3.485
J. ING-IND/22 J.10 Assistant F 0.244 0.183 4686 3.607
J. ING-IND/22 J.11 Full F 0.972 1.268 7506 3.642
J. ING-IND/22 J.12 Associate M 1.390 1.021 3946 3.246
J. ING-IND/22 J.13 Full F 1.506 0.582 3654 3.492
J. ING-IND/22 J.14 Associate M 2.856 1.219 2330 3.827
J. ING-IND/22 J.15 Associate M 0.894 0.923 2178 3.633
J. ING-IND/22 J.16 Associate F 1.164 1.521 13,716 3.380
J. ING-IND/22 J.17 Associate M 1.665 1.591 3198 3.525
J. ING-IND/22 J.18 Full F 1.789 1.633 12,868 3.425
J. ING-IND/22 J.19 Full F 1.426 1.545 4648 3.203
K. ING-IND/28 K.1 Associate F 0.609 0.654 2026 3.599
K. ING-IND/28 K.2 Associate F 0.526 0.726 3036 3.440
K. ING-IND/28 K.3 Associate M 0.341 1.912 1922 3.255
K. ING-IND/28 K.4 Full M 2.552 1.369 3028 3.169
K. ING-IND/28 K.5 Full M 2.216 1.953 1452 3.623
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Table 5 (continued)

Discipl Academic Acad. position Gend (a) P; ®) ¢ ©w; )¢
L. ING-IND/31 L.1 Associate M 0.379 0.467 6392 3.579
L. ING-IND/31 L2 Full M 1.250 1.671 2924 3.379
L. ING-IND/31 L3 Full M 0.707 0.327 8880 3512
L. ING-IND/31 L4 Full M 0.768 0.957 8964 3.404
L. ING-IND/31 LS5 Associate M 1.416 1.035 13,840 3.730
L. ING-IND/31 L.6 Associate M 1.058 0.583 13,430 3.775
L. ING-IND/31 L.7 Full M 0.126 0.323 1392 3.235
L. ING-IND/31 L.8 Full M 0.505 0.267 4970 2.830
L. ING-IND/31 L9 Full M 0.941 1.238 5280 3.753
L. ING-IND/31 L.10 Associate M 0.474 0.523 11,830 3.470
L. ING-IND/31 L.11 Full M 0.000 0.000 5630 3.090
L. ING-IND/31 L.12 Full M 0.865 0.830 12,694 2.934
L. ING-IND/31 L.13 Full M 1.599 0.627 6590 3.630
L. ING-IND/31 L.14 Full M 1.058 0.841 6574 3.604
M. ING-IND/35 M.1 Full M 0.000 0.000 9378 3.440
M. ING-IND/35 M.2 Associate F 1.426 1.613 14,704 3.062
M. ING-IND/35 M.3 Associate M 1.653 0.595 7458 3.357
M. ING-IND/35 M4 Full M 1.481 1.055 8056 3.283
M. ING-IND/35 M.5 Full M 1.315 1.077 9744 3411
M. ING-IND/35 M.6 Full M 0.792 0.516 13,536 3.563
M. ING-IND/35 M.7 Associate F 1.860 1.199 9080 3.459
M. ING-IND/35 M.8 Full M 0.379 0.896 16,544 3.398
N. ING-INF/03 N.1 Full M 1.211 0.402 2052 3.558
N. ING-INF/03 N.2 Associate M 0.112 0.337 3054 3.462
N. ING-INF/03 N.3 Associate M 0.828 0.497 1920 3.258
N. ING-INF/03 N.4 Full M 0.266 0.185 3056 3413
N. ING-INF/03 N.5 Full F 0.879 1.140 8720 3.425
N. ING-INF/03 N.6 Associate M 0.711 0.925 1716 3.404
N. ING-INF/03 N.7 Full M 0.985 1.106 920 3.760
N. ING-INF/03 N.8 Full F 3.467 0.960 3546 3.503
N. ING-INF/03 N9 Associate M 1.459 2.168 2526 3.332
N. ING-INF/03 N.10 Associate M 2.292 1.189 3278 3.493
N. ING-INF/03 N.11 Associate M 0.224 0.759 9498 3.340
N. ING-INF/03 N.12 Associate M 0.875 0.276 1278 3.857
N. ING-INF/03 N.13 Associate M 0.000 0.000 1896 3.808
N. ING-INF/03 N.14 Full M 0.843 0.675 2388 3.628
N. ING-INF/03 N.15 Associate M 0.950 0.744 0

N. ING-INF/03 N.16 Full M 1.682 0.269 2796 3.246
N. ING-INF/03 N.17 Full M 2.496 1.646 2898 3.427
N. ING-INF/03 N.18 Full M 1.718 1.977 3024 3.579
N. ING-INF/03 N.19 Full F 0.987 0.718 2460 3.627
N. ING-INF/03 N.20 Associate F 0.192 9.042 0

N. ING-INF/03 N.21 Full M 0.262 0.039 6846 3.279
N. ING-INF/03 N.22 Assistant M 0.090 1.064 3864 2.690
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Table 5 (continued)

Discipl Academic Acad. position Gend (a) P; ®) ¢ ©w; )¢
N. ING-INF/03 N.23 Associate F 0.300 0.627 11,808 3.305
N. ING-INF/03 N.24 Full M 0.202 0.559 5210 3.543
N. ING-INF/03 N.25 Full M 1.009 0.504 2666 3.144
N. ING-INF/03 N.26 Associate F 0.224 0.110 2682 3.465
O. ING-INF/05 0.1 Associate M 0.406 0.231 9564 3.350
O. ING-INF/05 0.2 Full F 1.829 0.782 12,176 3.638
O. ING-INF/05 0.3 Associate M 0.932 1.352 10,136 3.307
O. ING-INF/05 04 Associate M 0.504 0.199 10,500 3.550
O. ING-INF/05 0.5 Associate M 0.276 0.889 12,714 3.188
O. ING-INF/05 0.6 Associate M 0.841 1.844 12,728 2.850
O. ING-INF/05 0.7 Associate M 0.528 0.317 33,032 3.582
O. ING-INF/05 0.8 Associate M 1.692 0.306 10,782 3.476
O. ING-INF/05 0.9 Full M 0.528 0.317 19,806 3.476
O. ING-INF/05 0.10 Associate F 1.395 0.757 5496 3.328
O. ING-INF/05 0O.11 Associate F 0.707 0.738 8672 3.408
0. ING-INF/05 0.12 Full M 2.369 0.660 14,902 3.526
O. ING-INF/05 0.13 Full M 0.822 0.701 6116 3.566
O. ING-INF/05 0.14 Full M 0.914 4.055 6904 2.930
O. ING-INF/05 0.15 Associate M 1.377 1.333 8156 3.586
O. ING-INF/05 0.16 Assistant F 0.193 0.370 9300 3.307
O. ING-INF/05 0.17 Associate F 0.739 0.794 10,472 3.267
O. ING-INF/05 0.18 Associate M 1.460 0.316 7328 3.226
O. ING-INF/05 0.19 Associate M 1.238 0.910 8342 3.722
O. ING-INF/05 0.20 Full M 3.386 1.867 12,460 3.327
0. ING-INF/05 0.21 Full M 1.784 0.820 13,560 3.386
0. ING-INF/05 0.22 Full M 0.269 1.079 7488 3.317
O. ING-INF/05 0.23 Full M 3.090 0.882 7520 3.233
O. ING-INF/05 0.24 Assistant M 0.615 0.752 6848 3.610
O. ING-INF/05 0.25 Associate M 1.113 0.630 12,382 3.521
O. ING-INF/05 0.26 Associate M 0.938 1.240 5124 3.443
O. ING-INF/05 0.27 Associate M 1.301 0.658 11,436 3.256
0. ING-INF/05 0.28 Full M 2.226 1.374 10,468 3.387
0. ING-INF/05 0.29 Full M 1.441 1.204 12,470 2.930
O. ING-INF/05 0.30 Full M 2.653 0.601 8404 3.549
O. ING-INF/05 0.31 Full M 0.648 0.382 15,458 2.908
O. ING-INF/05 0.32 Associate M 1.146 0.527 16,296 3372
O. ING-INF/05 0.33 Full M 1.634 0.831 15,084 3.466
O. ING-INF/05 0.34 Associate M 1.978 0.488 7666 3.683
O. ING-INF/05 0.35 Associate M 0.821 0.588 13,886 3.401
O. ING-INF/05 0.36 Associate M 1.470 0.852 14,320 3.706
O. ING-INF/05 0.37 Assistant M 0.483 0411 3574 3.486
O. ING-INF/05 0.38 Full M 1.325 0.383 7194 3.050
O. ING-INF/05 0.39 Full M 1.456 0.709 8550 3.720
O. ING-INF/05 0.40 Associate M 1.421 0.589 13,624 3.385
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Table 5 (continued)

Discipl Academic Acad. position Gend (@) P; b G (©) w; e
O. ING-INF/05 041 Associate M 1.462 0.611 12,562 3.335
O. ING-INF/05 0.42 Associate M 1.407 0.837 16,104 3.509
O. ING-INF/05 0.43 Associate M 1.064 0.663 11,780 3.449
P. MAT/05 P.1 Associate F 0.725 1.037 10,268 3.668
P. MAT/05 P2 Associate M 0.000 0.000 0

P. MAT/05 P3 Associate F 0.414 1.356 11,570 3.477
P. MAT/05 P4 Full F 1.105 0.631 11,570 3.557
P. MAT/05 PS5 Full M 0.690 0.871 6960 3.420
P. MAT/05 P.6 Assistant M 0.207 0.300 7932 3.718
P. MAT/05 P7 Associate F 0.000 0.000 13,244 2.797
P. MAT/05 P8 Full M 2.900 1.365 10,546 3.675
P. MAT/05 P9 Associate M 1.243 0.700 9908 3.519
P. MAT/05 P.10 Full M 0.656 4.755 7536 3.811
P. MAT/05 P.11 Full F 0.863 0.915 8140 3.737
P. MAT/05 P.12 Full M 1.450 2.536 8878 3.715
P. MAT/05 P.13 Associate F 1.001 1.333 11,360 3.683
P. MAT/05 P.14 Associate F 0.345 0.744 17,720 3.500

The academic position conventionally refers to the year 2020
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Fig.9 Histograms and descriptive statistics related to the distributions of the indicators (Pj, C] w; and ej),
for the 251 PoliTO academics of interest. Analysis was carried out using Minitab® statistical software
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