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Abstract

Monetary rewards granted on a per-publication basis to individual authors are an important
policy instrument to stimulate scientific research. An inconsistent feature of many article
reward schemes is that they use journal-level citation metrics. In this paper we assess the
actual article-level citation impact of about 10,000 articles whose authors received finan-
cial rewards within the Romanian Program for Rewarding Research Results (PR3), an
exemplary money-per-publication program that uses journal metrics to allocate rewards.
We present PR3, offer a comprehensive empirical analysis of its results and a scientometric
critique of its methodology. We first use a reference dataset of 1.9 million articles to com-
pare the impact of each rewarded article from five consecutive PR3 editions to the impact
of all the other articles published in the same journal and year. To determine the wider
global impact of PR3 papers we then further benchmark their citation performance against
the worldwide field baselines and percentile rank classes from the Clarivate Analytics
Essential Science Indicators. We find that within their journals PR3 articles span the full
range of citation impact almost uniformly. In the larger context of global broad fields of
science almost two thirds of the rewarded papers are below the world average in their field
and more than a third lie below the world median. Although desired by policymakers to
exemplify excellence many PR3 articles are characterized by a rather commonplace indi-
vidual citation performance and have not achieved the impact presumed and rewarded after
publication based on journal metrics. Furthermore, identical rewards have been offered to
articles with markedly different impact. Direct monetary incentives for articles may sup-
port productivity but they cannot guarantee impact.
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Introduction

Performance-based research funding systems implemented in many countries since the
1980s with a view towards increasing the quantity and quality of scientific research have
been a recurring topic of interest in the scholarly literature on higher education institu-
tions and science policy (see for example Geuna & Martin, 2003; Hammarfelt & de Rijcke,
2015; Hicks, 2012; Sandstrom and Van den Besselaar, 2018). Such systems typically con-
sist in comprehensive national evaluations whose outcomes guide the differential alloca-
tion of research funding in a way that institutions (or collective entities such as depart-
ments) with a proven track record for excellence receive more funding to further their work
than similar entities with weaker performance. The United Kingdom’s peer-review-based
Research Excellence Framework is probably the best known and it epitomizes the so-called
“hard” version of managerialism (Trow, 1994) which consists in the core idea of linking
funding to performance, as measured against certain government-mandated criteria. A
bibliometric-based alternative approach is embodied in the Norwegian model (Schneider,
2009; Sivertsen, 2016) that relies on a point system within which publications are weighed
by type and by the prestige of their publication channel. Though explicitly designed for
aggregated use at the national level the model’s constituent elements were reported
(Aagaard, 2015) to have found local use at the department level in universities, for example
in staff monitoring and in recruitment decisions. Furthermore, since 2016 the model has
been adapted in the form of an Output-Based Research Support Scheme at University Col-
lege Dublin where monetary incentives for research are given to individual scholars based
on their publications and on PhD supervision (Cleere & Ma, 2018).

Within the broader literature on performance-based research funding over the past few
years a growing number of studies have drawn attention to the specific issue of direct mon-
etary rewards allocated in some countries to individual researchers, rather than to collec-
tive units of assessment, with the specific aim of fostering an increase in the number of
publications in highly visible and impactful international journals. The extent of per-pub-
lication rewards in China has received increased attention in studies which suggest that the
practice of giving additional money to scholars for top publications is widespread in this
country, while nonetheless varying in practical application from university to university
(Quan et al., 2017; Shu et al., 2020). Abritis and McCook (2017) list no fewer than 13
countries where per-publication awards are reported to range from 754 US dollars in South
Africa to as much as 165,000 US dollars in China. Direct per-publication rewards granted
to individuals are distinct from other incentives to increase research publications, such
as the fixed salary bonuses that have been implemented in Spain’s “sexenio” (Jiménez-
Contreras et al., 2003; Osuna et al., 2011), in Mexico’s National System of Researchers
(Neft, 2018; Sandoval-Romero & Lariviere, 2020) or in Paraguay’s National Programme of
Research Support (Aboal & Tacsir, 2017).

In this paper we contribute to the ongoing debate on financial incentives awarded
directly to individual scholars on a per-publication basis by presenting and critically evalu-
ating the Romanian Program for Rewarding Research Results—abbreviated in this paper
as PR3—which is a national money-per-publication policy that has been in operation since
2007 with the aim of improving the quality, impact and visibility of Romanian research.
PR3 essentially consists in offering Romanian authors one time monetary rewards for each
paper they publish in journals indexed in the Clarivate Analytics Web of Science, still
often referred to colloquially as “ISI papers”. Although in continuous operation for over a
decade and well-known to Romanian academics and researchers this program has not been
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the subject of any systematic work aiming to document its development, nor has it been
the object of any kind of appraisal seeking to determine whether or not it has achieved its
stated goals of promoting internationally visible and impactful research. We believe PR3 is
an interesting case study for scholars and policymakers concerned with science policy and
we have three specific aims for the current paper:

(1) to provide a factual account of the context and technical underpinnings of the program;
(2) to determine the actual, empirical citation impact of PR3 papers;
(3) to offer an appraisal of the PR3 methodology from a scientometric perspective.

The three aims are naturally interlinked and we believe the empirical one is an espe-
cially important topic because of the journal-centered (in particular journal impact fac-
tor-centered) approach adopted as a basis for allocating rewards: PR3 is an exemplary
money-per-publication program that essentially uses journal metrics to evaluate individ-
ual articles. However, this top-down mechanism—which is common in the other national
contexts mentioned above—is at odds with the technical features of citation distributions,
especially their well-documented skewness (Albarran et al., 2011; Ruiz-Castillo & Costas,
2018; Seglen, 1992) which prohibits generalizing from journal to paper impact. Therefore,
as we explain in greater detail below, in this paper we are concerned strictly with determin-
ing the article-level citation impact of individual PR3 papers. Journal-level metrics play no
part in our analyses and we emphasize that such collective indicators (especially the jour-
nal impact factor) should not be confounded with article-level citation impact.

There is a mixed tableau of negative and positive effects of the per-publication mon-
etary rewards within which we may broadly contextualize the present work. In a study of
paper submissions to Science Franzoni et al. (2011) found that cash bonuses awarded on an
individual per-publication basis (introduced in Turkey, China and South Korea) only aug-
ment the number of papers being submitted (i.e. productivity), not their actual acceptance
rate, and that it is primarily career incentives that correlate with actual publications. That
cash rewards significantly increase aggregate output is also attested to in the case of South
Africa where “publications listed in the Scopus database each year more than doubled in
the decade after the payout programme began” (Hedding, 2019, p. 267). However, based
on the comprehensive experience of the Turkish cash bonus system Tonta (2018) makes
the point that such mechanisms do not have significant effects in increasing researchers’
productivity. Demir (2018) on the other hand arguest that monetary rewards do have the
effect of increasing output, but cautions that they also inadvertently stimulate publications
in potentially fake journals and attendance to questionable conferences. Somewhat closer
to our own intent—although only in very broad terms and adopting an altogether different
methodological apparatus—Tonta and Akbulut (2020) use a sample of papers published
between 2006 and 2015 to investigate the differences between the citation impact of papers
included in the Turkish reward program and the impact of papers that were not rewarded.
Their analyses do not include field-level distinctions (only a rough division between sci-
ence and social science) but their results concerning citations to individual papers indicate
only a moderate advantage for papers that were rewarded compared to papers that were not,
a trend that is more pronounced for science papers.

In contrast to the rather negative or neutral effects noted above, favorable effects of
cash bonuses have also been reported in narrower institutional settings. For example,
analyses of the support policies in a South Korean university (Bak & Kim, 2019; Kim
& Bak, 2016) indicate that financial bonuses can be effective tools in academia, that
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the performance of professors is proportional to the incentives, and that such incen-
tives can motivate even unproductive researchers to improve the quality and quan-
tity of papers in their portfolios. A general positive reception of monetary incentives
among scholars is also reported in a qualitative investigation of the effects of the Out-
put-Based Research Support Scheme at University College Dublin by Ma (2019) who
nonetheless also mentions important negative outcomes: a more competitive, individu-
alistic approach to research, the emergence of gaming strategies, a shift in the focus
of staff from teaching to research activities and a very uneven distribution of benefits,
typically skewed toward senior research staff. The point that monetary rewards lead
to a highly stratified increase in productivity that mainly comes from senior profes-
sors has also been made in the Chinese context (Heywood et al., 2011). Such findings
ultimately echo problems of goal displacement and task reduction (see for example
Miiller & de Rijcke, 2017) generally associated with the use of performance indicators
in evaluation.

At this point we note that the literature specifically addressing the effects of national
or institutional policies involving per-publication monetary rewards given to scholars
individually is still underdeveloped. To date it has largely been overshadowed by stud-
ies dealing with performance-based research funding systems (likely due to the greater
prevalence and public character of such systems relative to direct monetary rewards).
However, even previous studies on individual monetary rewards mostly address their
effects from the perspective of scholars and institutions, focusing for example on
changes in publication strategies, mentalities and attitudes towards research, or on
changes in aggregate publication output. Article-level analysis of the citation impact of
rewarded papers is still an area of scientometric research marked by deep knowledge
gaps. The present work aims to contribute in charting this as yet insufficiently explored
territory by discussing a representative national reward program addressing individual
scholars. Importantly, we explicitly focus on the core objects of the program, the actual
articles and their impact, years after the moment of reward, when impact can actually
be measured and contextualized individually rather than be presumed based on past
(collective) journal metrics. Future studies might of course address the distinct topic of
effects on scholars and institutions.

Our paper is structured as follows: “The output-oriented nature of research evalu-
ation in Eastern Europe” section contextualizes the Romanian PR3 in the broader
landscape of research evaluation policies implemented in other East European coun-
tries, highlighting its specific status. “The Romanian Program for Rewarding Research
Results” section addresses the first of our three aims by presenting PR3 and briefly
describing its integration with other national policies. Two subsequent sections—
“Toward an empirical assessment of the citation impact of PR3 papers” and “Data and
methods for the comprehensive evaluation of PR3 articles”—begin to address our sec-
ond aim and lay the foundations for the presentation of our empirical investigation,
encompassing about 10,000 articles whose authors received monetary rewards in the
2011-2015 editions of PR3. Our research results are then reported in three distinct
sections—*“The citations of PR3 articles relative to those of all articles from the pub-
lishing journals”, “The citation impact of PR3 articles within global scientific fields”
and “A dual view of citation impact within journals and broad fields”. The presentation
of our results is followed by the section “Discussion: a methodological critique of PR3
from a scientometric perspective”, wherein the third aim of our paper is addressed. A
final section presents our “Summary and concluding remarks”.
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The output-oriented nature of research evaluation in Eastern Europe

The global output of scientific publications over the past two decades is dominated by
Europe, which in 2016 accounted for 27.1% of outputs indexed in the Web of Science
(WoS), and by the United States (with 19.5%), while Chinese contributions have surged
to 16.7% (from 2.7% in 2000) as a result of significant recent investment in science (Euro-
pean Commission 2018). Despite its overall leadership (also visible in the proportion of
highly cited papers) European scientific research has been marked by significant disparities
when considering constituent countries. East European (EE) countries in particular have
been shown to display lower levels of scientific output and impact, features which may be
explained by their weaker economies which sustain significantly lower research and devel-
opment expenditure compared to older European Union members (Must, 2006; Vinkler,
2008).

Owing, among others, to historical resource deficits, the development of science in EE
countries over the past decades has also been marked by divergent patterns regarding inter-
national cooperation. For example, whereas Poland and Hungary had already benefited
from collaboration with more developed countries since the early 1980s, for Romania and
others this did not occur until the 1990s (Braun & Glénzel, 1996), i.e. following the col-
lapse of the communist regime. In the next two decades, in a broader context in which
international collaboration between EE countries and Western nations increased substan-
tially, Romania also benefited from improved co-authorship, albeit quite unequally since
collaboration was stronger for sciences than for social sciences and humanities (Teodor-
escu & Andrei, 2011). Overall, it took well over a decade for Romanian international col-
laboration and publication output to noticeably increase relative to pre-1990 levels, mark-
ing delayed effects of political and societal changes on the scientific system (Kozak et al.,
2014).

In an effort to improve their scientific standing EE countries have resorted to a variety of
policies which have sought in one form or another to increase their publication counts, with
international publication being stressed against outputs in national outlets which are usu-
ally deemed to be less prestigious. The Czech Republic implemented what has been argued
to be a uniquely radical performance-based research funding system focused, since 2009,
exclusively on research outputs which were converted into concrete funding in accordance
with a preset point system that strongly favored articles in journals indexed by WoS, espe-
cially those in Nature or Science (Good et al., 2015). Though it considered organizations
as units of analysis the Czech evaluation is also reported (Pisar et al., 2019) to have trick-
led down to the level of individuals as academic salaries in universities changed based on
the points collected for publications, further incentivizing publication quantity in lieu of
quality. However, comparing the Czech Republic to a handful of other European countries
with regard to WoS-indexed articles Vanecek (2014, p. 670) noted that “the growth of the
publication impact has lagged behind the growth of the output”. In its distinct effort of
enhancing scientific research Slovakia has also implemented a performance-based system
emphasizing publications in Scopus and WoS since 2011 and more recent methodologi-
cal constraints entail the explicit use of journal impact factors to distinguish between six
categories that correspond to different levels of funding (Pisar & §ipikal, 2017). A com-
prehensive evaluation aimed at categorizing all research units in four performance classes
based mainly on bibliometric indicators is also in operation in Poland where the highest
number of points-per-evaluation item can be obtained for articles from journals indexed
in the Journal Citation Reports (JCR) having an impact factor (Korytkowski & Kulczycki,

@ Springer



4946 Scientometrics (2021) 126:4941-4974

2019; Kulczycki, 2017). Noting that most EE states have focused their national scientific
evaluation policies on international, commercial bibliometric data from either Scopus or
WoS, with preference in evaluation typically being given to the latter, Paji¢ (2015) also
reports that in Serbian evaluations a paper from a JCR journal can be worth as much as
eight papers from a national journal.

Without endeavoring to construct an exhaustive list of European practices it is obvi-
ous from the preceding examples that international publications, especially WoS-indexed
articles, play a critical role in the evaluation of research in EE countries and that a linkage
between institutional funding and such publications is common, although methodologically
diverse. Romanian research evaluation practice is also heavily reliant on WoS and JCR, as
we explain in more detail below, but the peculiar feature that seems to set Romania apart is
that it appears to be the only EE country where a distinct practice of rewarding individual
authors for their WoS papers has been implemented on a national scale for more than a
decade. Since no systematic work has been carried out either to document or to assess this
distinguishing characteristic of Romanian science policy from a technical, scientometric
perspective, we undertake this process in the subsequent sections.

The Romanian program for rewarding research results

Romania is a remarkable epitome for appealing to international databases for research eval-
uation as it essentially built most of its assessment policies primarily around WoS and JCR
standards on which it continues to rely heavily. It should in fact first be emphasized that
the PR3 we discuss below is part of a much broader set of national policies and practices
regarding the evaluation of research. These policies converge toward the idea that interna-
tional publications, especially in WoS-indexed journals, are a highly desirable academic
product. First, in a shift from “in-breeding localism and academic gerontocracy” to a meri-
tocratic mode of career advancement (Vlidsceanu & Héncean, 2015, p. 188), WoS publica-
tions (and in some cases JCR metrics such as the journal impact factor or article influ-
ence score) have played a prominent role in the national standards for associate and full
professors since 2005 when the Ministry of Education issued orders explicitly identifying
international visibility and impact with ISI papers or papers from other field-relevant inter-
national databases. Second, in a broader effort of relating quality with funding in higher
education (Miroiu & Vlidsceanu, 2012), the introduction of so-called quality indicators that
determined a part of each institution’s annual revenues addressed, among others, the rele-
vance and visibility of research and favored WoS papers against those from other databases
and against national outputs. Third, in what to date remains a singular and still contested
national exercise carried out in 2011 to classify universities and rank their study programs,
the largely research-driven process (Viiu et al., 2016) also emphasized WoS publications
and article influence scores. Finally, WoS publications have also played an important role
in the project-based competitive allocation of national research grants where project prin-
cipal investigators are typically required to have a minimum number of publications and/
or publication-based points for which article influence scores are taken into consideration.
Within the broader policy context sketched above the idea of providing direct mon-
etary rewards for research outputs produced by Romanian scholars took shape under
the 2007-2013 National Plan for Research, Development and Innovation. Within the
Human Resources component outlined by the National Plan a specific program was set
up to reward “excellent research results”, namely the Program for Rewarding Research
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Results—abbreviated as PR3 in this paper. Unlike other policies designed to support the
national research system, PR3 was (and continues to remain) the only program within
which direct monetary rewards are given to individual Romanian scholars for their research
outputs. The rewards are given for each possible output that is submitted and eligible and
no formal limit exists on the number of submissions that an author can make to PR3. The
use of the reward funds is at the full discretion of the recipient, exempt from any reporting
or audit, unlike some other support schemes wherein monetary incentives can be allocated
to individuals strictly for use in their research activities and subject to subsequent scru-
tiny." The officially declared objective of PR3 (constantly repeated in all yearly information
packages) has always been that of “increasing the quality, impact and international visibil-
ity of Romanian research”. The program is managed by the Executive Agency for Higher
Education, Research, Development and Innovation Funding (UEFISCDI) under the direc-
tion of the Ministry of Education and Research.

PR3 is voluntary and WoS-centric. On one hand, the only eligible research outputs that
may be submitted to PR3 to claim a reward are articles and reviews published in jour-
nals that are indexed in the main citation indexes currently managed by Clarivate Analyt-
ics: Science Citation Index Expanded (SCIE), Social Sciences Citation Index (SSCI) and
the Arts and Humanities Citation Index (AHCI). On the other hand, PR3 is fundamentally
driven by the Clarivate Analytics journal-level metrics presented in the annual JCR. Spe-
cifically, the journal impact factor (JIF) or/and the article influence score (AIS) are used
to rank journals—within their specific WoS subject category—in two main classes: a so-
called “red” class (with higher monetary rewards) and a so-called “yellow” class (with
smaller rewards). The red class is made up of the top 25% journals within each WoS sub-
ject category, as ranked by the JIF/AIS, and the yellow class is made up of the top 50% of
journals (excluding the ones already in the top 25%). Readers familiar with JCR will rec-
ognize that the two regions correspond to the 1st (Q1) and 2nd (Q2) JIF/AIS quartiles that
can be selected in the JCR online platform within any of approximately 230 WoS subject
categories. For articles published in journals attributed to multiple subject categories the
most favorable ranking is taken into consideration so if an article is marked as yellow in
one category but red in another, the reward that authors can claim for it is that correspond-
ing to the red class. Throughout the 14 consecutive years in which it has been implemented
either the JIF, the AIS or both have been used to determine the two main ranking classes.
Since 2013 (with the exception of 2016) all PR3 editions to date have allowed both JIF
and AIS rankings, again with the provision that the more favorable of the two may be used
when submitting a published paper for a reward in PR3.

In addition to the red and yellow classes, which make up the bulk of research publica-
tions submitted to PR3, the program delineates papers published in the journals Nature or
Science—which are considered the most prestigious and are attributed the highest possible
rewards—and AHCI papers. AHCI papers were initially (in 2009) separated in two classes
based on the length of the period during which the publishing journal had been indexed but
since 2011 only papers from journals indexed in AHCI for at least five years are accepted.
Since 2016 an additional reward class has been established for papers that are published in
the top ranked journal in a WoS category. These are valued above the red class but greatly
below a Nature or Science paper. Papers from some Nature group journals (e.g. Nature

! Note also that the per-publication nature of PR3 precludes the necessity of translating the publications to
any intermediate system of points that would then determine rewards.
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Communications) have been attributed to the same reward class as those from Nature or
Science.

Table 1 offers a summary of the evolution and main components of PR3 since its incep-
tion in 2007. Throughout the past 14 years the authors of 38,425 publications have been
rewarded. Overall, there seems to be a visible difference in the total number of articles
rewarded considering the eligibility criterion used: in the three years in which only the AIS
was used there are fewer rewarded articles than in the others.” Note also that for 2007 and
2008 no specific indicator was used to distinguish the articles and rewards: outputs were
accepted if they were simply published in any WoS indexed journal. Only one criterion
was used to differentiate rewards: the number of Romanian authors listed for each article.
In fact, the only firm provision that has not changed under any PR3 edition is that the
reward corresponding to an article is divided, equally, among all the Romanian authors
of the article, in line with the PR3 objective of increasing the international visibility and
impact of Romanian research. Being a Romanian author is technically assimilated with
the declared affiliation to a Romanian research entity in the WoS record of the indexed
paper. The very lax initial provision regarding eligible documents was changed from 2010
onwards, with only articles, reviews and proceedings papers being considered valid sub-
missions to PR3. Furthermore, from 2011 proceedings papers were only allowed for social
sciences and from 2015 they have been removed entirely, with only articles and reviews
now being accepted.’

The size of the monetary rewards within PR3 has oscillated considerably for the papers
in journals indexed in AHCI, which have also been the smallest, whereas those for papers
in the red and yellow region, as well as those from Nature or Science have been largely
stable, with two distinct periods discernible with regard to the monetary values of the arti-
cles: 2009-2015 and 2016—present. Due to currency fluctuations as well as to increases in
the reward amounts (since 2016) a single-author paper in a red group journal could gain a
researcher an amount between about $998 in 2015 and $1522 in 2018, while a paper in a
yellow group journal (setting aside 2016 which was an atypical year when the yellow class
rewards were halved compared to all the other years) could gain the author somewhere
between $472 in 2019 and $656 in 2009. A paper in Nature or Science could be worth as
“little” as $4993 in 2015 and as much as $10,148 in 2018. For completeness it should be
mentioned that all the values presented are subject to the (generally volatile) national fis-
cal policies but to our knowledge only the standard 10% income tax has been applied to
the monetary rewards in recent years. Nonetheless, it should be stated explicitly that the
rewards are not negligible in a still developing post-communist country in which the net
average salary has ranged between about $427/month in 2007 (the year of the 1st PR3) and
about $670/month in 2018.*

2 We considered whether this might also be due to financial constraints in the respective years but cross-
referencing budget specifications from the information packages with figures on the total amounts disbursed
for the articles indicates that in fact the initially allocated budget was not exhausted in any of the three
years. For 2011 and 2012 the exclusion of proceedings papers from eligible documents (except for social
sciences which are, however, poorly represented) might also explain the decrease.

3 As is known to WoS users some documents can have multiple attribution. Those listed as “article; pro-
ceedings paper”, “article; book chapter”, etc. are not eligible submissions in PR3.

4 These figures are based on calculations considering the annual exchange rate from the National Bank of
Romania (listed in Table 1) and net income data from the Romanian National Institute of Statistics (https://
insse.ro/cms/ro/content/c%C3 % A2%C8%99tiguri-salariale-din-1938-serie-anual %C4 %83-0).
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Without delving into unessential aspects, two additional notes are necessary: within
each PR3 edition since 2011 both articles published in the actual PR3 year and articles
published in the previous year—which had not been rewarded, subject to the PR3 regula-
tions specific to that preceding year—could be submitted to the program. Finally, it must
also be stressed that rewards are granted following the chronological order in which the
articles are submitted to PR3 (i.e. a first come, first served basis) and strictly upon com-
pletion of administrative checks rather than based on any substantive evaluation, either in
the form of peer review or grounded in any article-level metrics. All submissions are sim-
ply checked to verify their existence in WoS and the reward class based on the journal
metrics, the (eligible) document type recorded in the database, the explicit affiliation of
the author(s) to a Romanian organization and to confirm the number of Romanian authors
reported during the submission to PR3 in order to divide the reward.

Toward an empirical assessment of the citation impact of PR3 papers

Based on the above factual description it is readily seen that in its entirety PR3 rests on the
implicit assumption that prospective evaluation based on journal-level metrics is adequate
in determining what constitutes “quality”, “impactful”, “internationally visible” research.
No consideration is given to retrospective, article-level assessment, based for example
on actual citation counts. For comparison, Quan et al. (2017) report that in China some
universities reward scholars based on actual paper citations, either by setting a minimum
threshold themselves or by using the WoS Essential Science Indicators citation thresholds
for hot (i.e. top 0.1%) or highly cited papers (top 1%). In PR3 however, being published in
a top journal, regardless of the further history of the actual paper, is considered sufficient to
warrant a monetary reward. Though we agree that being published is a mark of quality to
the extent it shows successful navigation of the rigorous editorial and referee process one
expects to find in a top journal, we also believe that publication is only a necessary condi-
tion for achieving visibility and impact, not a guarantee for either, especially for the latter,
no matter the publishing journal.

There are strong scientometric caveats against the practice of evaluating articles via
journal metrics, as conducted in PR3. We believe these caveats® create a legitimate need
for an ex post empirical assessment of the articles whose authors benefited from monetary
rewards across the years. The question that remains is how to conduct such an appraisal
and we believe that a reasonable answer must fundamentally take stock of the citations
accrued by the individual articles themselves. We remark that this approach is in fact in the
very spirit of the underlying PR3 methodology which operates with the implicit accept-
ance of the critical relevance of citations in research evaluation (since the JIF and AIS
heavily emphasized in PR3 are nothing more than citation-based indicators). There is, of
course, ample support for our citation-based assessment in the scientometric literature. For
example, writing with regard to the (then) Research Assessment Exercise in the United
Kingdom Moed (2007, p. 581) highlighted the need to use “indicators measuring actual
citation impact”, further emphasizing that “journal-impact factors should not play an
important role, and probably no role at all.” More recently the evaluation of papers in the

5 Knowledgeable readers of the journal are undoubtedly familiar with at least some and we therefore rel-
egate their exposition to the part of the paper where we discuss our results.

@ Springer



Scientometrics (2021) 126:4941-4974 4951

context of the full citation distribution of all the other articles from the same journal has
been advocated by Lariviere et al. (2016) and the case has also explicitly been made that
“if one wants to measure the quality or visibility® of a particular item, one must look at the
citations actually received in the years following its publication” (Gingras, 2016, p. 48). In
what follows we subscribe to the view that the retrospective, citation-based evaluation of
papers is a reasonable way to gauge their actual, achieved impact. The general question that
informs our empirical investigation is therefore concerned with determining the actual cita-
tion impact of the papers that were rewarded in PR3.

For a comprehensive evaluation we consider two distinct reference sets for each PR3
paper: journals and broad fields of science. We are motivated by the underlying idea of
comparing focal PR3 articles with homogeneous reference sets of papers. Our approach
implicitly mitigates the problem of disciplinary differences that typically place limitations
on the comparative analysis of citation impact.

Journals remain the first legitimate reference standard when assessing an individual
paper because—with the exception of multidisciplinary journals, including Nature and
Science—they tend to contain coherent sets of publications (Schubert & Braun, 1996).
Because the PR3 evaluation is also conducted having journals in the foreground we find it
reasonable, at a first analytical level, to assess the ex post citation impact of the rewarded
articles in the specific context of their publishing journals, i.e. by comparing the citations
of a PR3 paper to the citations received by all the other papers published in the same year
and journal. This allows a fine-grained analysis as it compares PR3 papers to their nearest
peers.’

In spite of its obvious advantages an assessment which takes as reference only the pub-
lishing journal does not account for the global international impact of a paper, which is
ultimately what PR3 aims to support. For this reason, at a second analytical level, we also
study the citation performance of each PR3 paper relative to the worldwide citation per-
formance of all the comparable items in the same broad scientific field and publication
year. To this end we consider the position of each PR3 paper within its relevant Essential
Science Indicators (ESI) category. There are 22 distinct ESI categories, a paper is uniquely
assigned to only one of them and Clarivate Analytics regularly computes citation baselines
(i.e. the “Citation Rate” table) which represent “the average performance of a global set of
publications with the same subject area, document type, and year” (Clarivate Analytics,
2018, p. 11). These baselines offer the possibility of determining whether a specific paper
has had a citation impact above or below the worldwide average in a specific field and are
better suited for measuring the actual impact of individual papers than JIFs (Bornmann
& Pudovkin, 2017). In addition to the citation rate baselines—and considering the same
worldwide sets of WoS-indexed publications—distinct ESI tables also present selected per-
centile baselines which can provide a more nuanced appraisal as they allow the inclusion
of a paper in one of six (explicit) rank classes: top 50%, top 20%, 10%, 1%, 0.1% and top
0.01% within each distinct category. Having the citation count of a given paper, its ESI cat-
egory and the citation thresholds for the six classes above for that category and publication
year, one can determine to what class a focal paper of interest belongs to (Bornmann et al.,
2013). This allows a more nuanced appraisal compared to a benchmark against worldwide

® Note that together with impact these are exactly the aspects PR3 states that it is rewarding.

7 Tt also has the benefit of avoiding the problems associated with the classification of journals in the WoS
categories, especially the issue of multiple assignment of papers to more than one category, with which we
engage in the discussion section.
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averages. We note that in the calculation of ESI citation baselines only articles and reviews
are taken into consideration.

Data and methods for the comprehensive evaluation of PR3 articles

Our investigation starts from the approximately 11,000 articles rewarded in PR3 in the
2011-2015 editions. We opted to limit our analysis to this five-year period owing to several
considerations. First, since our main effort is that of determining the actual impact of the
articles via citation counts we need to allow a reasonable window of several years within
which citations can accumulate; this naturally excludes the analysis of articles rewarded in
the more recent PR3 editions. For the specific window we have selected each article has
at least four years to be cited (in the case of articles published in 2015) and as much as
eight years (in the case of articles published in 2011). We emphasize that our main con-
cern is that of comparing each of these articles with publications from the same year (and
journal/ESI category) and the difference in citation window is therefore not fundamentally
relevant. A second reason for opting for the 2011-2015 PR3 articles is that the earlier edi-
tions (especially the first two) were more permissive regarding eligible document types that
could be submitted, a feature which subsided since 2011 when the eligibility criteria and
general PR3 framework increasingly stabilized. Finally, 2011 was the first year in which
the submission and evaluation processes were conducted online, with each article submis-
sion receiving a unique identification code.

We only analyze articles rewarded in the 2011-2015 PR3 editions and explicitly pub-
lished in one of these years. We exclude other document types,® items published in 2010
that were rewarded in the 2011 PR3 edition’ and publications indexed only in AHCI. Our
main dataset comprises the remaining 10,281 papers and contains the essential identifica-
tion information published by UEFISCDI for the articles that were admitted to PR3 in the
2011-2015 editions'’: the unique ID internally allocated to each article upon submission,
the article title, the name of the publishing journal, the total number of Romanian authors
as well as the sum of money requested for payment. Based on this last item of information
we derived the reward category of each article. For each of the articles in our main data-
set we retrieved the information contained in the Web of Science (Core Collection) “full
record”, most notably the total citation counts.

With a view towards the fine-grained, relative assessment of the impact and visibility
of the articles accepted in the 2011-2015 PR3 editions (i.e. for our first analytical level)
we constructed, separately, a second dataset with the 1,871,212 articles published by all

8 These mostly include proceedings papers and reviews but also two retracted publications, both included
in the red reward class, published in 2014 (one in the International Journal of Obesity, the other in Diabe-
tes) and rewarded in the 2015 PR3. The PR3 information packages do not mention the unlikely eventuality
of article retraction and any steps that might be taken in such cases.

% Similarly, our investigation does not include articles published in 2015 but rewarded in the 2016 PR3.

10 The information was published (and is still published for recent PR3 editions) in multiple pdf files made
public as submissions are processed. In total, 36 such files contain the information for the 2011-2015 com-
petitions considered in our investigation. They are available (under the heading for each year) at the follow-
ing link: http://old.uefiscdi.ro/articole/1722/Articole.html. There is a notable inconsistency in the way infor-
mation was published in the lists from one year to another and sometimes even between the lists belonging
to the same year. We opted to keep only the minimal set of variables that were reported consistently across
the entire five-year window and only for the articles that were accepted for a reward.
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the journals relevant to PR3, i.e. every journal in which at least one PR3 article was pub-
lished in any of the five relevant years (2011-2015). Our 10,281 focal articles were pub-
lished in 2098 unique journals and there are 4323 unique relevant journal-year combina-
tions as some journals contain more PR3 articles, sometimes published in the same year.
With regard to the main variables of interest (publishing journals, article titles and citation
counts) the second dataset with about 1.9 million records is an effective superset'! of the
initial 10,281 articles that allows us to compare the citation performance of each rewarded
article to the performance of all the similar articles, published by the same journal and in
the same year. When constructing the secondary dataset we also limited its extent to items
indexed as articles and we explicitly excluded retracted publications. The final citation data
for our two datasets were retrieved from WoS on the 20th and 21st of August 2020 and
were then further augmented with the most up-to-date ESI field baselines for citation rates
and percentile rank classes.'?

For each PR3 article, considering its own citations and the citations achieved by all its
peer publications from the same journal and year, we determine whether it is above or
below the mean, whether it is above or below the median and whether or not it belongs to
the top 10% most cited papers, a threshold typically associated with high impact. Although
these benchmarks are very informative they have the disadvantage of ultimately sacrific-
ing important information since they convert numerical data to a categorical, dichoto-
mous assessment. We therefore also appeal to a more information-inclusive indicator—the
CP-EX—very recently proposed in the ongoing discussion of percentiles as state-of-the-
art instruments for cross-time and cross-field comparisons of bibliometric data. Starting
from the citation count of a selected, focal paper, “CP-EX reveals exactly the percentage
of papers with lower citation impact” (Bornmann & Williams, 2020, p. 1464). For exam-
ple, in a reference set with 100 papers, supposing each to have distinct citation counts and
sorting them from low to high, the paper on the 10th rank position would have a CP-EX
of 9—the cumulative percent of papers with strictly fewer citations—, the one on the 50th
rank a CP-EX of 49 and the one on the 90th rank a value of 89.'* The CP-EX can take val-
ues between 0 and 100 (though technically never exactly 100) as it determines the cumula-
tive frequencies, in percentages, of the papers that have fewer citations than a chosen focal
paper. In our study the focal papers are, of course, PR3 papers.

Though CP-EX has been proposed for combinations of subject categories and publica-
tion years it is sufficiently flexible to be adapted in our investigation to combinations of
journals and publication years. One complication we must address in this adaptation is that

11 Note that this superset does not include all WoS-indexed publications from 2011-2015 since many of the
thousands of indexed journals did not publish any PR3 article or were not eligible for submission in PR3.

12 Qur assignment of PR3 papers to ESI categories was based on the mapping of their publishing journals
to the broad categories most recently updated in the June 2020 ESI master journal list. A limitation we must
acknowledge is that papers assigned to the multidisciplinary category in our datasets are not necessarily
assigned to this particular category in the ESI where information on the cited references is used to attribute
the papers to the other categories. Of the 10,281 PR3 papers 229 have been attributed to the multidiscipli-
nary category.

13 Bornmann and Williams also propose the alternative CP-IN indicator which has a different interpreta-
tion: it represents the cumulative percentage of papers having a citation impact lower than or equivalent
to a focal paper. For the three examples above the CP-IN values for the three focal papers would be exactly
10, 50 and 90. A disadvantage of CP-IN is that in reference sets with uncited items the papers with no cita-
tions would appear to have some sort of citation impact as a consequence of the or equivalent to clause. In
CP-EX the percentile corresponding to the first empirical citation count in the reference distribution is 0
and this value can be expected to be overrepresented compared to the others.

@ Springer



4954 Scientometrics (2021) 126:4941-4974

when considering journals as reference sets it is likely to find journal-year combinations
with a very small number of papers. For example, no fewer than 1495 articles from the
10,281 in our primary dataset were published in journals that, in the respective years, had
less than 100 publications. Since we are reluctant to remove such a large share of publica-
tions but also recognize that undesirable numeric artefacts may emerge from very small
sets we opt for a compromise: in our journal-level analysis we further restrict our attention
to articles published in journals that had at least 50 publications in the year in which a
PR3 paper was present. Since only 469 papers fail to meet this criterion we are left with a
final subset of 9812 PR3 papers to analyze and a slightly diminished corresponding journal
papers superset of 1,858,944 articles.

At the broader level of ESI categories (i.e. at our second level of analysis) we retain
all the 10,281 papers since the problem of very small publishing journals is no longer rel-
evant in a global field comparison. At this second analytical level we compute the ratio of
each PR3 papers’ citations to the worldwide citation rate in the corresponding category and
year. This reveals whether, independent from the “local” performance in the context of its
publishing journal, a PR3 paper performed better or worse than the world average.'* Since
high citation skewness and its effects on global averages are a cause for concern in this
context we also determine the selected ESI percentile rank class to which each PR3 paper
belongs to. This permits a more nuanced appraisal and is arguably more relevant for policy
discussions.

The citations of PR3 articles relative to those of all articles
from the publishing journals

Looking to our empirical data and considering the set or 9812 PR3 papers described above
we find that since their publication they have accumulated a total of about 206,000 cita-
tions, while the approximately 1.9 million papers in the journals superset have amassed
about 47.5 million citations. Only 35.5% (3480) of PR3 papers turn out to have a citation
impact greater than the mean for their corresponding journal and year, 50% (4901) have an
impact above the median and 10.6% (1035) belong in the top 10% of the most cited papers.

To make our journal-level analysis tractable and also offer a more meaningful context
Table 2 presents the citations-based comparison of PR3 papers with all the similar papers
in their relevant journals and years by further grouping the articles in the 22 broad fields
of science (the ESI categories) which we later also use for the global analysis. In addi-
tion to the distribution of PR3 papers across the ESI categories the table also offers the
distribution of the articles in the journal papers superset as well as total and per item cita-
tion counts. The last three columns show the share of PR3 papers within each field above
the mean, above the median and within the top 10% in their distinct reference journals
and publication years. We may note that three of the 22 broad fields—chemistry, materi-
als science and physics—account for slightly more than half of PR3 papers and that by
adding those from engineering, mathematics and clinical medicine more than % of the
2011-2015 rewarded articles are accounted for. In contrast, in each of six other broad fields
(for instance immunology and microbiology) we find fewer than 100 PR3 papers. It is not

14 The averages for broad fields—and the percentile rank class thresholds—are calculated from all articles
and reviews indexed in WoS and therefore reflect the complete citation performance in a broad field. Our
journal superset data capture only a part of this performance.
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surprising to find many papers in chemistry and physics since post-communist Romanian
science inherited a disciplinary structure largely focused precisely on these two disciplines,
similar to other Central and East European countries (Kozlowski et al., 1999). This inher-
ited disciplinary focus also helps to explain the high prevalence of papers from materials
science, engineering and mathematics.

Moving to the actual citation performance within journal-year reference sets, we note
that within 20 of the 22 broad scientific fields the majority of PR3 papers (i.e. more than
50%) do not meet the average of their peer items; in particular, for the five categories that
pool the most numerous PR3 papers (chemistry, materials science, physics, engineering,
mathematics) only about a third of the rewarded papers exceed the average citation per-
formance of the articles published in the same journal and year. In the case of chemis-
try, for example, of 2221 rewarded papers only 31% had an above-average performance
compared to their journal peers. The highest share of PR3 papers with above-average cita-
tion counts (about 49%) is found in the case of clinical medicine. The outlook on cita-
tion impact improves if one considers the median thresholds which are less affected by the
skewness of the distributions of journal citations'®: in most of the 22 fields—though not for
the dense chemistry, materials science and physics—more than half of PR3 papers achieve
an above-median impact. With regard to the papers whose citation counts place them in
the top 10% in their journal, noticeably higher shares than 10% are more commonly found
in fields where PR3 papers are fewer in number. For example, a quarter of the 74 papers
in the psychiatry/psychology category and a fifth of the 223 in environment/ecology meet
the more demanding thresholds required to place them in the top 10% most cited articles
in their journals. However, in the three best represented broad categories at most 9% of the
papers are found in the top 10% articles.

To offer a comprehensive picture of the within-journal performance of all PR3 papers
we present the values of the CP-EX indicator for the 9812 articles. Recall we use the indi-
cator to show the cumulative percent of papers with strictly fewer citations than a focal
PR3 paper of interest in a relevant journal-year combination. As CP-EX is a time and field
(in our case journal) normalized indicator it permits comparison of all the different papers
in our dataset. Figure 1 reveals an almost uniform distribution of the rewarded papers
across the range of CP-EX values, save for an over-representation of articles in the O per-
centile and an under-representation of those in the 100th. On the whole, it seems that if one
were to select a PR3 paper at random the empirical probability of it being, for example,
better than 90% of its journal peers with regard to citation impact is essentially the same as
the probability of it being better than only 10% of its journal peers.

As discussed in the previous paragraphs, PR3 papers are not evenly distributed across
fields of science and we may expect variation of CP-EX values for each field. We show in
Fig. 2 that there is indeed some noticeable between field variation especially for fields with
fewer papers compared to those with more PR3 papers: for larger fields (physics, math-
ematics, materials science, engineering but less for chemistry) the distribution of CP-EX
values is typically centered close to 50 (i.e. the median CP-EX value is about 50) and sym-
metric. For fields with fewer PR3 articles, although the papers also tend to span the entire
range of citation impact the distribution is shifted away from the center, either towards

15 A routine statistical analysis for the citation counts of all articles in all the 3971 journal-year combina-
tions from the superset corresponding to the 9812 PR3 papers shows skewness coefficients above 1 for all
but 28 cases, above 2 for all but 784 and above 3 for no fewer than 1978.
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Fig. 1 Histogram of CP-EX values for 9812 PR3 articles (the bin width used in the figure is 1). All figures
in the paper were created in R (R Core Team, 2020) with the ggplot2 package (Wickham, 2016)
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Fig.2 Distribution of CP-EX values of PR3 articles within each broad field of science. The width of the
boxplots reflects the number of papers in each field. Percentages in parentheses on the y axis indicate the
share of papers with CP-EX over 50
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Fig.3 Scatterplots of the CP-EX values of PR3 papers and the total number of articles in the publishing
journals within each of the three main reward classes used in PR3

lower values (e.g.: space sciences, economics & business) or towards higher ones (e.g.:
psychiatry/psychology, microbiology).

Finally, if one takes into account the number of papers published in the reference jour-
nal as well as the distinction between the main PR3 reward classes, a virtually uniform
distribution of PR3 papers across the range of CP-EX values (similar to the findings in
Fig. 1) seems to emerge once more. We document these aspects in Fig. 3 which also high-
lights the fact that PR3 articles in the red class (which represent about 56% of the total)
are more numerous than those in the yellow class (about 44% of the total). Points further
to the right in each subplot indicate higher citation performance and higher positions on
the y-axis indicate larger journals. The figure clearly shows that there are many more red
class PR3 articles in larger journals (more than 1000 items), whereas the articles from the
yellow class typically appear in journals with fewer than 1000 publications in a given year.

The citation impact of PR3 articles within global scientific fields

The previous comparison of PR3 articles with all their similar journals articles provides a
useful but nonetheless restricted image of citation performance since the journal articles
supersets do not represent the entire, worldwide sets of comparable articles published in
international journals indexed in WoS. However, citation performance in the global sets is
captured in the ESI baselines described in previous paragraphs. By comparing the citation
counts of PR3 articles to the global baselines in their broad scientific fields and by further
determining their placement in the percentile rank classes in those fields we move beyond
the confines of single journals and obtain a better representation of the worldwide citation
impact of the rewarded articles.
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Fig.4 General view of the distribution of PR3 articles by the ratio of their citations to the average in their
broad field of science and publication year. The bin width used is 0.1 and the figure is truncated for legibil-
ity at 5; 359 sparsely distributed cases above 5 are not shown
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Fig.5 Field view of the distribution of PR3 articles by the ratio of their citations to the average in their
broad field of science. The x axis is truncated for legibility at 5 and does not show all outliers in each field.
Percentages in parentheses on the y axis indicate the exact share of papers above the field average (and
implicitly show the share below)
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Figure 4 presents the overall performance of all PR3 papers relative to the global aver-
ages in their distinct fields. The figure represents the ratio of the PR3 articles’ total cita-
tions to the average citations in their field and publication year and it reveals that the better
part of the rewarded articles, 63.8% of the 10,281, have a below-average performance in
a global context, whereas only the remaining 36.2% have an above-average performance.
Variation from this overall result are of course common considering each distinct broad
field and Fig. 5 documents this in more detail: in the fields with the highest shares of
papers, chemistry and materials science, only about a quarter of PR3 articles have above-
average performance, in physics only about a third and in mathematics 44%. In the only
other field with more than 1000 PR3 articles, engineering, 53.72% of the articles have
above-average impact. The highest shares of papers with above-average citation perfor-
mance are in agricultural sciences (58% out of 207) and in clinical medicine (58% of 448
articles). In contrast, in some fields with few PR3 papers (economics & business, space sci-
ence) there is an overwhelming share (close to 90%) of articles with below-average impact.

As a more comprehensive rendition of the global international impact of PR3 papers
we present in Table 3 their distribution in each broad field across the ESI percentile rank
classes. We present both the shares of PR3 papers from the six explicit classes as well as
the share in the implicit rank class of papers with citation performance below the world
median in the field (labelled “Lower 50%” in our table). This helps to create a general pro-
file of citation performance for the rewarded papers in each field and is especially useful
for identifying papers in the higher echelons. For example, the table shows that in agricul-
tural sciences, psychiatry/psychology, clinical medicine, computer science and engineering
more than 20% of PR3 papers are in the top 10% class. Furthermore, in psychiatry/psy-
chology and in clinical medicine about 6% of the papers are in the top 1% class. With the
exception of mathematics, engineering, clinical medicine and pharmacology & toxicology
there are no PR papers in the top 0.1% in their field and there is only a single article in the
top 0.01% rank class, in clinical medicine.

One additional aspect that deserves attention is whether or not visible differences in
global impact may be found when considering the distinction between the main rewards
classes used in PR3. Since the red class articles have been published in journals in the top
quartile of (at least) a WoS subject category, while the yellow ones have been published
in journals from the second quartile, we would expect to see contrasting distributions of
the papers from these distinct reward groups across the ESI percentile rank classes. In par-
ticular, we would expect better performance from the papers in the red class. We present
a comprehensive comparison of red and yellow PR3 articles in Fig. 6. Although in most
of the 22 broad fields at least 20% of all the red class rewarded papers turn out to have
a below world median impact, the papers in the red group are typically found above this
threshold and, in many fields, a substantial share of them belong to the top percentile rank
classes. For example, about 34% of the 137 PR3 papers in the red group in agricultural sci-
ences belong to the top 10% of all papers published in this broad field. Similarly, between
about 25% and 30% of the papers in the red group in clinical medicine, computer science,
engineering, environment/ecology, psychiatry/psychology and immunology also belong to
the top 10% in their fields. For the fields just mentioned higher shares of red papers in the
top 1% class are also noticeable.

In contrast to PR3 papers in the red group, for those from the yellow group it is typical
to see the greater part—i.e. between about 70% and 80% of the articles in each field—
below the world median or in the lowest explicit percentile rank class of top 50% (which
effectively means above the world median impact but not in the top 20%). Furthermore, it
is rather uncommon to find yellow group papers in the top 10% or top 1% classes, although
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Fig.6 Distribution of PR3 articles across the percentile rank classes for each broad field of science within
the red and yellow PR3 reward groups. Numbers in parentheses on the y axis indicate the papers in the
red/yellow reward groups (in this order) for each field. The very few papers (12) in the Top 0.1% and Top
0.01% classes are omitted for legibility, as are the 18 papers in the Nature/Science group which, with one
exception, are all in the top 10% or top 1% ranking classes

some notable exceptions occur in a few fields (e.g.: engineering, mathematics, psychiatry/
psychology, neurosciences & behavior).

A dual view of citation impact within journals and broad fields

As a corollary to the distinct appraisals of PR3 papers presented in the previous two sec-
tions a natural question to ask is how within-journal performance is connected to the over-
all citation performance in the global context of broad fields of science. As a final analysis
we therefore present in Fig. 7 a combined view of the citation performance of PR3 arti-
cles within journals (as captured by the CP-EX indicator) and of their performance within
global fields (captured by the ratio of their citations to broad field averages and by their
placement in global percentile rank classes), separately for the red and yellow PR3 reward
groups. We also present the results for the six broad fields with the most PR3 papers (dis-
counting the distinction between red and yellow reward groups) in Fig. 8.

There is a positive overall association between the journal performance of articles and
their wider performance in broad fields of science. In the yellow group most articles that
outperform at least 85% of their journal peers are in the top 10% ranking class in their
global field; for the red group papers that outperform at least 70% of their journal peers
typically find themselves in the top 10% articles in their global field. Similarly, articles
from the yellow group that have a citation performance that is better than that of at least
70% of papers in their journal tend to be present in the global top 20% in their field, while
articles from the red group that outperform at least 50% of the articles in their journal
tend to be present in the same global top 20% class for their category. Articles that have
midrange CP-EX values (between about 30 and 70) are mostly found in the top 50% class
in their field but are also common in the class with below world-median citation impact in
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Fig.7 The citation performance of 9812 PR3 articles within their journals plotted against their global per-
formance in broad fields of science within the two main reward classes used in PR3. The y axis is truncated
at 5 for legibility. Papers from the top 1%, 0.1% and 0.01% classes do not appear in the plot
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Fig.8 The journal and global citation performance of PR3 articles for the six densest PR3 fields. The y axis
is truncated at 5 for legibility. Papers from the top 1%, 0.1% and 0.01% classes do not appear in the plot

both PR3 reward groups. Finally, most of the PR3 articles that have a below median perfor-
mance in their individual journals (CP-EX less than 50) also have a below median perfor-
mance in their global fields (i.e. they belong to the lower 50% ranking class).
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Although infrequent, there are some papers that perform well in their broad field but
which seem very modest in the context of their journal. These are typically articles pub-
lished in highly prestigious journals with a strong position in their field. For example, the
article in the global top 10% and cited three times above its global field average in clinical
medicine that has a CP-EX of only 22 (see Figs. 7a and 8f) is from the New England Jour-
nal of Medicine. Similar examples are found for articles published in Lancet Oncology,
Nature Genetics or Nature Physics.

Discussion: a methodological critique of PR3 from a scientometric
perspective

In the preceding sections we have presented PR3 and we have shown—based on an exten-
sive empirical analysis of the citation counts of the individual papers—that the wholesale
application of journal metrics to guide the rewards has not guaranteed for all papers the
impact which the program means to support. Indeed, this could not have been reasona-
bly expected, if one considers the breadth of empirical and theoretical knowledge that has
accumulated in the field of scientometrics over the years. We will now comment a few
selected issues that have greater salience, especially in relation to our own empirical analy-
ses, thus offering a (necessarily partial) critique of the methodological underpinnings of
PR3.

We must begin with the fundamental aspect which is at the very core of the PR3 pro-
cess (but which also underlies output-oriented evaluation systems mentioned in previous
sections), namely the questionable idea that journal-level metrics are adequate devices
for the appraisal of individual articles and, by extension, of the scholars creating them.
There is an abundant and still growing literature stretching across decades that specifically
and repeatedly warns against this very practice, especially when JIFs are involved (Curry,
2018; Hicks et al., 2015; Lariviere & Sugimoto, 2019; Lariviere et al., 2016; Lozano et al.,
2012; Moed, 2010; Osterloh & Frey, 2020; Pendlebury, 2009; Seglen, 1992, 1997; Wils-
don et al., 2015). Inter alia this literature—and much further work referred to therein—
explicitly draws attention to the following essential fact often completely overlooked in
the actual process of research evaluation policymaking: citation distributions, including
those in distinct journals, are very skewed, with only a reduced number of papers receiv-
ing a disproportionately high number of citations, while the rest receive far less and many
none at all. For instance, using data on the papers published in 2014 and 2015 by four bio-
chemistry and molecular biology journals Lariviére and Sugimoto (2019) noted that only a
third obtain the number of citations described by the JIF values. In earlier work Lariviere
et al. (2016) found that even for the very influential Nature and Science about % of the
published papers achieve an actual citation impact below the JIF. The clear implication
of these facts is that there is only a very weak relation between JIFs and actual citations
of individual papers and that it is completely inadequate to ascribe to any single paper the
average impact captured by the publishing journal’s JIF. Such a practice has been argued
(Leydesdortt et al., 2016) to represent a clear example of an ecological fallacy, i.e. an error
which essentially consists in misattributing the property of a collective entity to its constit-
uent parts. This fallacy is the very cornerstone of the PR3 methodology. Our own findings
regarding the achieved citation impact of rewarded papers further confirm that evaluations
based on journal metrics do not unequivocally and universally yield an increased impact of
individual research publications.
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The known skewness of citation distributions is the most important argument against the
use of JIF-based evaluation—and, more generally, any journal metrics-based evaluation—
for individual papers. There are many other widely-recognized deficiencies specifically
attributed to the JIF, including'® (1) the arbitrary restriction of the JIF citation window to a
narrow period of only two years, a choice that favors rapidly moving fields especially in the
sciences against those from the social sciences and humanities, (2) the inclusion of jour-
nal self-citations in the JIF calculation, a choice which creates opportunities for manipula-
tion, (3) the equal consideration given to each citation, regardless of its origin. The article
influence score or AIS (Bergstrom, 2007; Bergstrom et al., 2008), which is also typically
used in PR3, is an improvement on the JIF as it addresses the three previous issues by
considering a longer citation window of five years, by excluding self-citations and, most
importantly, by weighting citations differently in accordance with the prestige of the cit-
ing journal. Prestige is essentially equated with network centrality: citations from larger,
more central journals are weighed more than those from outlying journals. Though it is
much more complicated than the JIF Franceschet (2010) offers some additional arguments
in favor of the AIS, including some good axiomatic and mathematical foundations. How-
ever, in a much more analytical work Waltman and van Eck (2010) point out that the AIS is
a parameterized indicator whose properties and outcomes can be fundamentally altered by
the specific choice for the parameter (@) embedded in its calculations.

Without delving into technicalities we must stress the essential issue that the AIS is
also an average, per-publication indicator describing journals. Therefore, using it as a sub-
stitute for the individual citation performance and impact of an article is, in principle, no
more justified than the use of the JIF towards the same end. In essence the evaluation of an
article in accordance with the overall AIS of its publishing journal is also an ecological fal-
lacy. Though a considerably more sophisticated indicator is used, the fundamental problem
is the same.

An additional topic that we must devote attention to due to its central importance in the
PR3 process concerns the subject category assignment of journals and papers in WoS. As
explained above, PR3 typically makes use of both the JIF and AIS quartile classification
of journals within each WoS subject category to distinguish between the red (JCR Q1) and
yellow (JCR Q2) regions corresponding to different rewards. The most favorable ranking
by either indicator, in any category is taken into account. There are four aspects we wish to
note in connection to this issue.

First, the WoS subject categories are known to be very problematic as a contextual ref-
erence for research evaluation, especially at low levels of aggregation, with publication-
level classifications based on algorithmic procedures (e.g.: Perianes-Rodriguez & Ruiz-
Castillo, 2017; Ruiz-Castillo & Waltman, 2015) increasingly advocated as an alternative.
The essential problem is that the WoS categories are not always internally coherent, homo-
geneous reflections of scientific fields. The following remarks are quite revealing in this
regard: “Journals are assigned to categories by subjective, heuristic methods. In many
fields these categories are sufficient but in many areas of research these ‘classifications’ are
crude” (Pudovkin & Garfield, 2002, p. 1113). A recent discussion of the problems plagu-
ing the WoS subject categories is available in Milojevi¢ (2020) who mentions that a known

16 We will not address all of them here as this would itself be a very lengthy undertaking. Bullet point
accounts—each noting more than a dozen aspects—can be found, for example, in Pendlebury (2009, p. 3)
and Seglen (1997, p. 499).
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problem with the WoS system is its “erroneous lumping of unconnected journals into a
single category” (p. 194).

A second remark we deem necessary in connection to the WoS category assignment
of journals and papers starts from the fact that about 40% of all WoS-indexed journals
are assigned to more than one category (Wang & Waltman, 2016) which means that all
their corresponding articles also have non-unique assignment. In this context the PR3
methodological choices of allowing both JIF and AIS rankings and of considering the most
favorable standing in any indicator—category combination artificially enlarge the scope of
research excellence meant to be rewarded: more journals are effectively allowed to count as
being in the top quartiles and authors publishing in journals with multiple category assign-
ment have better chances of receiving rewards.

Third, work focusing on the JIF quartile classification of journals has found a very une-
qual share of actual publications across the quartile classes: Liu et al. (2016, p. 1273) note
that “at least one-third of Web of Science publications are actually published in the first
quartile (high impact factor journals)” and Miranda and Garcia-Carpintero (2019) show
that on average across the largest 25 WoS categories in SCIE Q1 journals actually publish
38.4% of articles and reviews, while Q2 journals publish 27.5% of these items. Though
variation is present across the fields, the fundamental empirical fact is that Q1 and Q2 pub-
lications are in fact the most typical publications in any WoS category. If the ultimate aim
of PR3 is that of rewarding excellence—which, by definition, is not common—then using
the WoS quartile classification is an inadequate methodological choice. Recall that our
findings show that articles in the red reward group are the most numerous of PR3 papers
(56%).

Finally, as we show in a very recent comprehensive analysis presented in a distinct work
(Viiu & Pidunescu, 2021), the quartile classification of journals based on JIFs is problem-
atic for research assessment at the micro level due to the non-meaningful impact differ-
ences which can separate journals from different quartile classes. In the context of PR3
this means that the differences underlying the yellow/red class distinction might not always
justify the disparity between the rewards corresponding to the two groups.

There are additional issues worthy of critical reflection in the PR3 regulations for the
allocation of monetary rewards which we do not touch upon in detail as they manifest in
specific fields or journals and cannot be generalized to the entire set of articles. Nonethe-
less, noting that the per-publication, per-Romanian author approach stipulated in PR3 dis-
regards important disciplinary differences, for instance discipline-specific productivity and
collaborative practices, we point out the complex issue of multiple authorship and proper
credit allocation between authors. This is very problematic in some fields, especially in
intensively collaborative research areas such as high-energy physics and clinical medicine.
Thelwall (2020) has recently shown that collaborative publishing consortia usually yield
research with very significant citation impact but has also argued that the large number of
authors can make individual credit assignment very difficult. On the other hand, in high-
energy and particle physics “all participants are listed as authors as a mark of membership
of the team, not for writing or revising the papers” (Ioannidis et al., 2018, p. 167). Since in
the case of papers with hundreds of authors “one wonders if these reports are really attrib-
utable to any scientists or any institutions” (Pendlebury, 2009, p. 7) we must also won-
der if a single Romanian author in such a group should be entitled the full PR3 reward
for each collaborative paper. Our data show for instance 387 papers that have at least ten
authors in total but a single Romanian one, including 32 produced in the large CMS Col-
laboration at CERN and three in the Nature/Science reward category with more than 60
authors each. We would debate that these papers substantively reflect Romanian research.
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Furthermore, the true contribution to the core of such works is ultimately only know to the
authors themselves. These considerations also apply in circumstances in which supervisors
act as coauthors for young scholars who “lack the negotiating power and freedom to influ-
ence decisions about co-authorship” (Cutas & Shaw, 2015, p. 1322): there is no guarantee
of the supervisors’ substantive contribution. More generally, it is reasonable to presume
that unethical publication practices such as gift or ghost authorship are strongly encouraged
when specific financial rewards are involved.

The previous points raise the larger issue of the overall advantages and disadvantages
of rewarding individual researchers for their research output. The advantages include clear
incentives for quality research articles (as these are typically found in prestigious journals)
and increased objectivity and procedural efficiency in assessment (in contrast to subjec-
tive and time-consuming peer review). On the other hand, we believe that cash-per-pub-
lication systems like PR3 are likely to engender unintended deleterious outcomes similar
to (and, probably more so than) general performance based funding systems for research.
These include (Geuna & Martin, 2003): discouraging innovative research in favor of main-
stream research, publication inflation or “salami publication”, incentivizing research at the
expense of teaching, reinforcing the status quo in which current research elites accrue the
resources needed by others to achieve their own potential. Aside from these issues it is
clear from the aforementioned PR3 regulations that collegiality is also inherently under-
mined, at least (ironically) among Romanian scholars. A purely rational researcher seeking
to maximize his/her rewards has every incentive to publish single-author papers or to selec-
tively engage in publication with coauthors outside of Romanian institutions who would
therefore not count toward the division of rewards. In this latter case there are obvious
reasons to debate the fairness and morality of fully rewarding only one or some Romanian
individual researchers for the joint results produced in an international collaboration.

Summary and concluding remarks

In this paper we have presented the Romanian Program for Rewarding Research Results, a
national cash-per-publication policy directed at individual scholars now implemented for
14 consecutive years. To measure the impact of papers (rewarded in the program based
solely on journal metrics) we have studied the actual citation performance of about 10,000
articles from five consecutive PR3 editions. We have studied the citations of PR3 articles
relative to all the articles from their relevant publishing journals but also relative to world
citation standards in broad scientific fields. We have found that six broad fields—chemis-
try, materials science, physics, engineering, mathematics and clinical medicine—account
for almost 80% of the rewarded articles and that more papers were attributed to the higher
(red) reward class than to the lower (yellow) one, possibly as a consequence of the inclu-
sive regulations that mandate the use of the most favorable ranking in any combination of
journal indicator and WoS subject category. We have shown that rewards based on journal
metrics do not seem to increase the impact of research.

The analysis of the citation impact of PR3 papers relative to their publishing journals
offers a kaleidoscopic picture. If one looks at the overall population of PR3 papers they are
almost similarly distributed across the various citation percentiles as the larger population
of all articles published in the same journals and years. Thus, with regard to their citation
impact, one can consider PR3 papers to be a representative sample of the whole population
of articles in the publishing journals. PR3 papers are not essentially better or worse than

@ Springer



Scientometrics (2021) 126:4941-4974 4969

the population they are extracted from. They also exhibit the same skewness as the larger
reference population and this leads to a very important conclusion policymakers in par-
ticular should contemplate: PR3 has essentially offered the same reward for articles with
markedly different impact. For instance, the rough division of PR3 reward groups notwith-
standing, articles with a CP-EX close to 100 made their authors eligible for the exact same
reward as articles with a CP-EX close to 0. On the other hand, if one looks at PR3 papers
relative to their publishing journals but grouped by ESI categories, then there is consid-
erable variation with regard to the articles’ impact between these categories. For exam-
ple, psychology, ecology and clinical medicine appear to be fields where Romanian PR3
articles fare considerably better than their counterparts in the same publishing journals.
In contrast, PR3 articles in chemistry, space science or economics seem to have a weaker
impact compared to their journal peers.

Moving beyond the reference set of journals and considering the position within global
broad fields of science we find that the performance of PR3 articles is quite mixed: there
are fields where the Romanian PR3 articles manage to pass the higher benchmark levels
(top 20%, 10%, 1%, 0.1%) in significantly higher proportions but also fields where a sig-
nificantly lower proportion of PR3 articles is found in each class. However, just as it is
insensitive to the “local”, within-journal performance, the PR3 reward mechanism is also
indifferent to the merits of the articles in the global fields of science: within the red or yel-
low reward groups a worldwide top 1% article is valued identically to one that is not even
in the top 50% class. In the aggregated PR3 set about 13% of the articles are in the world-
wide top 10% class—which is now routinely acknowledged in scientometrics as represent-
ing highly cited research—or even in the higher classes. This overall positive share of top
performing papers masks the important variation among the articles in the main scientific
fields but it makes clear that PR3 has overwhelmingly rewarded articles characterized by
a rather commonplace performance relative to worldwide benchmarks. Recently Leydes-
dorff et al. (2019) have suggested that top 1% and top 10% papers be considered excellence
indicators, while top 50% and bottom 50% be considered output indicators. By the top 10%
token, PR3 may be viewed as having mainly rewarded a certain type of productivity, rather
than only research excellence.

The preceding remarks seem to indicate that article-level citation-based appraisal may
be preferable to the current journal-based PR3 methodology. However, citations to arti-
cles may also not be universally appropriate proxies for impact. Profound and credible
objections against the use of citations for evaluating individual articles have existed for
a long time, formulated for example from a social constructivist perspective on science
(MacRoberts & MacRoberts, 1996). Without delving into the subtle limitations of citation
analysis we wish to point out that there is a more pragmatic restriction of citations which
manifests especially in the case of very recently published research: the reliability of cita-
tions and their viability as a proxy for impact require the passage of considerable spans
of time. This creates an important weakness for the article citations approach (and a cor-
responding strength of the journal-based approach) in the arena of science policy because
practical decisions cannot typically afford to wait years upon years for the proper circula-
tion and maturation of scholarly records, visible in multi-annual citation histories. Real-
time “actionable” information, although not at the ideal level of detail, will likely be pre-
ferred by decision makers for practical matters of policy concerning current research. Even
though a retrospective assessments based on article citations may be fairer, it comes at
the cost of infeasible time lags, unlike prospective evaluations based on journals. An addi-
tional advantage of the latter approach is that it nonetheless typically incentivizes scholars
to submit their work to high quality outlets. These points make the overall PR3 philosophy
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defendable. They do not, however, legitimize all of the particular methodological choices
of the program.

With regard to the operation of PR3 a break from inertia—if not a comprehensive revi-
sion and/or discontinuation—seems appropriate. At the very least the information package
should be amended to acknowledge that the aim of the program is to increase productiv-
ity in top international outlets, rather than to reward research impact. Our findings clearly
show that rewarding impact is not what the program has achieved. In addition, assuming
the likely further recourse to journal metrics on grounds of convenience and efficiency in
future PR3 editions, it might be preferable to resort only to metrics that encompass longer
journal performance histories that signal the continued relevance and maturity of a journal
within a field. The AIS relies on five years of data and also has additional strengths relative
to the standard two-year JIF; unfortunately, its complexity makes it an irreproducible black-
box and this might inherently undermine its trust and acceptance. The current discrimina-
tory fractional approach to the allocation of rewards should also be revised: the fact that it
completely ignores the contribution of (sometimes many) non-Romanian coauthors in the
case of internationally-produced multi-author papers is morally dubious, to say the least. A
simple remedy would be to consistently apply the same provisions directed towards papers
authored exclusively by Romanian scholars, i.e. divide the reward by the full number of
authors and grant the Romanian one(s) only the resulting fraction of a reward.

We conclude by reiterating that taking the publishing journal as the sole reference for
appraising a publication’s impact is highly problematic. As one shifts the reference from
the journal to the broader scientific field, the lens of the kaleidoscope shows a different
picture of the same article’s influence. While citation counts change in time and any form
of citation analysis offers only a snapshot of performance at a certain moment, we believe
the main trends uncovered in this paper are unlikely to change fundamentally. Our results
ultimately show that direct monetary incentives for articles may support productivity but
they cannot guarantee impact. Administrators and policymakers employing journal-level
metrics for research evaluation should consider more nuanced forms of appraisal if their
intention is to reward excellence. Important aspects of such an appraisal might include the
collaborative nature of research in some scientific fields and the career stage of the authors
making the submissions. Furthermore, the appraisal should involve peer review rather than
rely exclusively on simple administrative checks. Decision makers should ultimately be
mindful that any form of citation impact (even at the level of individual articles considered
in relevant reference sets) is only a facet of the wider array of influences that research arti-
cles can have in academia and in society.
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