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Abstract

International academic rankings of research universities are widely applied and
heavily criticised. Amongst the many international rankings, the Shanghai ranking
has been particularly influential. Although this ranking’s primary data are gener-
ally accessible and its methods are published in outline format, it does not follow
that its outputs are predictable or straightforward. In practice, the annual and time
series Shanghai rankings rely on data and rules that are complex, variable, and not
fully revealed. Patterns and changes in the ranking may be misinterpreted as intrin-
sic properties of institutions or systems when they are actually beyond the influence
of any university or nation. This article dissects the rules that connect raw institu-
tional data to the published ranking, using the 2020 edition as a reference. Analys-
ing an ARWU review of ranking changes over 2004-2016, we show how exogenous
or methodological changes have often driven changes in ranking. Stakeholders can
be misled if they believe that changes are intrinsic to institutions’ performance. We
hope to inform and warn the media, governments, and institutions about the mer-
its and risks of using the Shanghai ranking to evaluate relative institutional perfor-
mance and its evolution.

Keywords University ranking - World-class universities - Reproducibility -
Academic ranking of world universities - Shanghai ranking

< L. Cram
Lawrence.Cram @anu.edu.au

AtlanTTic Research Centre for Information and Communication Technologies, Universidad de
Vigo, Campus Universitario, 36310 Vigo, Spain
2 Observatoire de Paris, Université PSL, 92190 Meudon, France

Research School of Physics and Engineering, Australian National University, Acton, ACT 0200,
Australia

College of Engineering, IT and Environment, Charles Darwin University, Darwin, NT 0815,
Australia

SN Social Sciences
A SPRINGERNATURE journal


http://orcid.org/0000-0001-6864-1232
http://orcid.org/0000-0003-1605-7047
http://orcid.org/0000-0002-8096-447X
http://crossmark.crossref.org/dialog/?doi=10.1007/s43545-022-00443-3&domain=pdf

146 Page2of 17 SN Soc Sci (2022) 2:146

Introduction

Around 2500 universities worldwide conduct research on a scale that supports
institution-level comparative evaluation.' Stakeholders use these comparative eval-
uations to help inform judgements and choices about universities and university
systems. One subclass of comparative evaluation—the global academic ranking of
research universities—has been both an instrument for transformation and the tar-
get of substantial criticism (e.g. Marginson and Van der Wende 2007; Salmi 2009;
Rauhvargers 2011; 2013; Hazelkorn 2017; Vernon et al. 2018).

The International Observatory on Academic Ranking and Excellence’ (IREG)
lists approximately two-dozen ‘“global university rankings.” The earliest of these
(Siwinski et al. 2021) and the subject of this paper is the Academic Ranking of
Universities (ARWU, also known as the ShanghaiRanking, Shanghai Ranking or
Shanghai Jiao Tong Ranking, Liu and Cheng 2005). Published annually since 2003,
ARWU gathers its raw data from the public domain or paywalled sources and applies
incompletely documented procedures to produce indicator scores and the overall
ranking (ARWU 2021). From its inception, ARWU has attracted worldwide atten-
tion from media, governments, academia, alumni, prospective students, and other
stakeholders, and it remains widely referenced both inside and outside academia.

We have searched for scholarly literature about ARWU (using Elsevier’s Scopus
database for convenience), finding over 400 articles with titles, abstracts, or key-
words similar to “ARWU” or “Shanghai Ranking” or which list amongst their refer-
ences a citation to its initial description (Liu and Cheng 2005; Liu et al. 2005) or the
early critique by Florian (2007). Guided by the use of Latent Dirichlet Allocation
on article abstracts (Blei et al. 2003), co-citations (Small 1978) and bibliographic
coupling (Yan and Ding 2012), we identify six to eight overlapping themes that
fall into three clusters. The largest cluster of themes and articles relates to different
aspects of the application of ARWU in studies of disciplines, regions, nations, insti-
tutions, researchers, and journals, or for administrative purposes such as planning,
strategy, budgeting, faculty promotion or grant allocation. Examples include stud-
ies of university corporate governance based on the websites of public universities
selected from the ARWU top 100 (Garde Sanchez et al. 2020) and how some institu-
tions’ strategies have influenced and responded to ARWU over 15 years (Dowsett
2020). We have ourselves released applications as (unreviewed) articles that apply
ARWU methods to regional university systems at ResearchGate.>

A second cluster discusses the social, economic, geographical, cultural and politi-
cal consequences of ARWU and other university rankings. These works often cite
Marginson and Van der Wende (2007) or Marginson (2014). Examples include a

! The University Ranking by Academic Performance (URAP) project aims for comprehensive coverage
of academic (research-related) performance, publishing data on 2500 universities; Times Higher Educa-
tion World University Rankings include 1500 universities; QS Top Universities and Shanghai ARWU list
1000; CWTS Leiden Ranking lists around 1200.

2 https://ireg-observatory.org/en/initiatives/ireg-inventory-of-international-rankings/ (accessed
2020/11/10).

3 https://www.researchgate.net/project/Shanghai-Ranking-beyond-ARWU-500.
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monograph about rankings as engines of anxiety (Espeland et al. 2016), a report
on elite-making higher education policies of China since the 1990s (Allen 2017)
and observations about the place of ARWU in Chinese diplomacy and the projec-
tion of soft power (Lo 2011; Charroin, 2015). The third cluster of works relates to
the methodology of ARWU, including discussions and criticisms of its reproduc-
ibility (Florian 2007; Docampo 2013), measurement error (Ioannidis et al. 2007),
believability (Billaut et al. 2010), robustness (Saisana et al. 2011), consistency (Jer-
emic et al. 2011), validity (Selten et al. 2020), and discriminatory power (Claassen
2015) as well as the non-linear transformation of raw scores (Alasehir et al. 2014;
Docampo and Cram 2014). Most of these works cite or are cited by the reviews by
Moed (2017) or Fernandez-Cano et al. (2018).

In practice, the widespread recognition and influence of ARWU arise not from
such academic studies but rather from its treatment by traditional and social media.
Barats and her co-workers (Barats and Leblanc 2013; Barats 2017, 2019, 2020) pro-
vide an illuminating account of the importance of media actions for ARWU by ana-
lysing French media “occurrences” about ARWU taken from articles, dispatches,
interviews and forums between 2003 and 2014, supplemented by interviews with
reporters and media users. The analysis shows how French media amplified and con-
solidated the ARWU ranking due to (i) the simplicity, regularity, familiarity, inde-
pendence and plasticity of ARWU’s ranking reports and (ii) the “électrochoc” of
putative low rankings of French institutions. Barats notes how the media and other
commentators often use an argumentative concession that acknowledges problems
with the ARWU ranking whilst also using it without examination to report or advo-
cate a position or proposition. One scholarly example is the extensive and critical
review of rankings by Fernandez-Cano et al. (2018), which summarises many short-
comings and potential improvements of university rankings, whilst observing (per-
haps paradoxically) that due to its black-box approach and consideration of only a
few indicators, the ARWU ranking “receives widespread critical acceptance”.

As noted by Fernandez-Cano et al. (2018), “ARWU does not give any contextual
consideration, only cold classifications”. Under this policy, it is unsurprising that the
authors of ARWU have themselves used the argumentative concession. For exam-
ple, Wu and Liu (2017) claim that “ARWU has been providing trustworthy perfor-
mance information on universities in different countries for 14 years” yet caution in
the same article that “people should pay more attention to the methodologies and
indicators of rankings to understand and apply their results more accurately”. By
dissecting ARWU’s methodology we show how the ranking of institutions described
as improving or declining by Wu and Liu (2017) may change due to exogenous or
methodological factors that are not inherent to the institution, although their article
is indifferent to this distinction.

ARWU and other global university rankings now span over 15 years, and sys-
tematic time series studies have become feasible. However, whilst ARWU does
not display the volatility of some other rankings (Holmes 2013; Hou and Jacob
2017; Sayed 2019), reliable time series of any ranking requires either stability or
well-explained variations to the methodology. ARWU methodology does vary (cf.
ARWU12 2012; ARWU20 2020), but the consequences are not well understood. In
practice, stakeholders often accept a ranking as an indicator of relative institutional
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performance and a ranking change as an indicator of improvement or decline, ignor-
ing the warnings of the argumentative concession. Our paper aims to assist ARWU’s
users appreciate its limitations and extend its results through an independent assess-
ment of the ARWU methodology.

The paper dissects the Shanghai ranking to reveal undocumented rules and
choices that affect the results. Because ARWU results cannot be re-generated ab ini-
tio, we rely on the 2020 edition (hereinafter ARWU20) as the reference point; we
cannot know whether further changes will occur. We first present the computational
procedures that connect raw scores with the final ranking and then detail the steps
from data sets to raw scores, including uncertainties and data cleaning activities.
We then explain how ARWU outcomes may be due to drivers that are exogenous to
both rankers and institutions, or methodological, or inherent to institutions. We con-
clude by discussing specific issues an institution may encounter when using ARWU
to benchmark research performance.

ARWU data and methods

The Academic Ranking of World Universities (ARWU or Shanghai ranking) has
been published annually since 2003, first by the Center for World-Class Universities
(CWCU), Graduate School of Education (formerly the Institute of Higher Educa-
tion) of Shanghai Jiao Tong University and after 2009 by the independent higher
education intelligence organisation ShanghaiRanking Consultancy. Initially con-
structed as a public policy instrument to track the relative performance of Chinese
universities as the Chinese university system grew and modernised (Liu and Cheng
2005; Liu et al. 2005; Liu 2009), the ARWU attracts worldwide attention from uni-
versity stakeholders.

ARWU data cleaning

The passage from raw to cleaned ARWU data is subject to many alternatives and
choices, many having been described in Liu and Cheng (2005), Van Raan (2005),
and Liu et al. (2005). Liu et al. (2005) estimate that uncertainties due to attribution
or human error are around 1-2% in the raw indicators. We emphasise here some
additional considerations that may be undocumented or overlooked, particularly in
the context of ARWU20.

Nobel Prizes and Fields Medals

Alumni is the count of graduates with a bachelor, master, or doctoral degree (or multiple
degrees) from an institution who have won a Nobel Prize or a Fields Medal (ARWU20
includes awards in 2019 and earlier years). The indicator is discounted according to the
year of graduation. In ARWU20, 100% of the score goes to recipients who graduated
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after 2010, 90% to graduates between 2001 and 2010, and so on, down to 10% to grad-
uates between 1921 and 1930.

Award is the fractional count of staff employed at an institution when they were
awarded a Nobel Prize in Chemistry, Economic Sciences, Physiology, and Medicine
or Physics or a Fields Medal in Mathematics (ARWU20 includes awards in 2019 and
earlier years). The indicator is discounted according to the year of award: in ARWU20,
100% of the score goes to recipients of the prize after 2010, 90% to laureates between
2001 and 2010, and so on, down to 10% to laureates between 1921 and 1930.

Nobel Prize Laureate information is usually available at https://nobelprize.org/ and
Fields Medalist information is usually available at http://www.mathunion.org/. The
2020 Alumni and Award scores span awards made between 1920 and 2019. Table 1
sets out (for 2018, the most recent year with Fields Medal awards) the data cleaning
applied to raw scores for university affiliations.

For Alumni, data cleaning includes identification of the contemporary ARWU name
of alma maters and verification of the year of graduation so that the decadal ageing
algorithm can be applied. Some institutions have been restructured over the century
spanned by this indicator and Alumni points may be allocated to the relevant parts if
they can be identified (e.g. University of Vienna and Medical University of Vienna)
or descendent institutions may be excluded from ARWU (e.g. Berlin University). For
Award data, cleaning includes identifying valid affiliation(s) at the time of the award,
apportioning affiliations for shared and joint awards, and managing the year of an award
to apply the decadal ageing algorithm. For convenience in treating shared awards, we
have allocated three (3) points for a full Nobel Prize or a Fields Medal in Table 1.

Highly cited researchers

HiCi is the number of affiliated Highly Cited Researchers (HCR) in the HCR list
released by Clarivate Analytics (ARWU20 uses the December 2019 release). Clari-
vate’s methods for identifying HCRs and recording their affiliations have changed in
material ways since the inception of ARWU rankings. Docampo and Cram (2019)
trace the changes, including replacing lifetime awards with annual awards based on
the previous decade of work, recalibration of the number of awards available in dif-
ferent research fields, and in the 2018 HCR list the introduction of a new cross-field
category.

ARWU has also changed its HiCi methodology in material ways since 2003. For
the HiCi indicator, previously complicated weightings now entail straightforward
mapping of primary affiliated institutional names to ARWU names, noting that some
HCRs are listed in more than one research category and counted multiple times.

Nature and Science
N&S is the weighted count of affiliations listed in articles published in the jour-
nals Nature and Science over the previous 5 years (for ARWU20, the years are

2015-2019). Nature and Science bibliographic data are publicly available on the
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journal websites or by subscription to Clarivate Analytics’ Web of Science (WoS).
ARWU N&S raw data are the sequence of authors and their affiliations in the cat-
egories of corresponding authors (CA) and other authors (OA) for each N&S article.
Each publication yields a list of unique universities* built up from all the affiliations
of the first CA (and then any subsequent CAs taken in order) and then for all OAs in
taken order. Each listed university’s raw points are accumulated according to their
position in each publication in this ordered list, reflecting author status and order.

Articles may have more than one corresponding author, and corresponding
authors may have more than one university affiliation. There are also articles with
dozens of authors and articles where the authors are listed under a consortium name
rather than as individuals. As with the Publication indicator, institutional names
must be disambiguated, and the validity of associated entities such as medical
research institutions must be established.

Publications

PUB is the weighted count of affiliated articles indexed by Science Citation Index-
Expanded (SCI-E) and Social Science Citation Index (SSCI) in the previous year
(for ARWU20, the year is 2019). Bibliographic data for the PUB indicator can be
accessed by subscription to WoS. An article is weighted more highly if indexed in
SSCI, with a weight of 2 if indexed only in the SSCI and 1.5 if indexed in both the
SSCI and the SCI-E.

Data cleaning for the PUB indicator focuses on identifying the valid institu-
tional components and name variants selected by ARWU for each institution listed
in ARWU20. The WoS organisation-enhanced (OG) field tag proves to be a use-
ful starting point. However, some of the variants assembled into the OG concord-
ance are components that ARWU may not include (e.g. associated hospitals). On the
other hand, a WoS single organisation (OO) field tag will often miss name variants
included in ARWU’s unpublished list of name variants and institutional components.

PCP and FTE

ARWU intends that PCP is a per capita indicator derived by normalising the
weighted total of the five (raw) indicators to the number of full-time equivalents
(FTE) academic staff (Liu and Cheng 2005). Where ARWU identifies a reliable
source, they take FTE values from national data. In other cases, they use a “weighted
score” with a nominal or dummy value of FTE derived from the median value of the
reliable FTE values in the corresponding year.

For countries where ARWU takes FTEs from national lists, the validity of FTE
requires completeness, reliable concordance between institutions in the national
list and ARWU’s list, and amongst faculty levels, tenure status, and employment

4 ARWU does not allocate N&S$ points to non-university institutions.
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contract classifications across and between different higher education systems.
Anomalies are common. Senior faculties with untenured or grant-funded status are
sometimes but not always counted (cf. ANU and Caltech). Distinctive institutions
may sometimes be omitted from national lists, distorting their ranking and within-
country comparisons (e.g. Mines ParisTech in France).

ARWU sometimes discovers or revises national FTE lists so that most insti-
tutions in an entire country undergo undocumented changes in PCP and total
score. For example, ARWU included institutional FTE values for Polish institu-
tions in ARWU20: FTE for Jagiellonian University and the University of Warsaw
increased from the nominal value (950) in 2019 to 3375 and 2960, respectively,
in 2020 (approximate FTE values). Jagiellonian moved from the 301400 band to
the 401-500 band, whilst Warsaw moved in the opposite direction. Warsaw’s rise
was due to ARWU’s recognition of the delayed 2018 Nobel Prize of alumna Olga
Tokarczuk slightly outweighing the significant decline in PCP.

Significant and sometimes irregular changes in FTE/PCP have occurred in Aus-
tralia (2006, 2010), Austria (2010), Brazil (2010 concerning only the University of
Sao Paulo), Canada (2009), Switzerland (2010), the USA (2010), China (irregu-
lar), the Czech Republic (2017), Spain (2010), France (2008, 2017), Great Britain
(2005, 2010), Sweden (2010), Italy (2012), Japan (2011), Korea (2005), Norway
(2010), New Zealand (2005, 2017), and the USA (2010). Germany, Israel, Finland,
Denmark, Ireland, and South Africa are countries where ARWU uses the dummy
value. In ARWU20, the dummy FTE value changed substantially, from around
950 to 1500, reflecting the difference in the median of the known FTE values. PCP
decreased accordingly for institutions where ARWU uses the dummy FTE.

Computation of the indicator scores

The raw indicators Alumni, Award, HiCi, N&S, and PUB have disparate scales and
distribution functions that are adjusted before combining in the total score. Raw
indicator values are normalised by dividing by the corresponding raw value of the
best performer (to date, always Harvard University) and compressed by taking the
square root. Let H be the raw score of Harvard on any of the five indicators and X
the raw score of another institution on that same indicator. The ARWU-published
indicator score S is computed by Eq. (1) rounded to one significant digit:

X
S= 100\/;. ey

ARWU publishes S rather than raw scores X or H. Provided many values of X
and S are known, the H value used in ARWU20 can be verified or estimated by fit-
ting Eq. (1). Our estimations of Harvard’s raw indicator scores for ARWU20 are
exhibited in Table 2.

The PCP indicator is derived from the five fundamental indicators, adjusted
to include the effect of institutional size on the amount of output. A convenient
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Table 2 Raw indicator scores

Indicat Al i Award HiCi N&S PUB
for Harvard in ARWU20 Nicicator umn war !

Harvard value =~ 33.91 36.29 204 4717.85 19,041

way to compute PCP is first to define WSS as the weighted sum of the squares
of the five indicator scores (in effect, reversing Eq. 1), denoted by self-evident
names:

WSS = 0.1 Alumni® + 0.2[Award® + HiCi* + N&S? + PUB?| . )

If WSS is the weighted sum of squares for Caltech (the university with the
highest score in the indicator PCP) and FTE. is the FTE faculty of Caltech, the
PCP indicator of any university N with a weighted sum of squares WSS, and
FTE faculty FTE,, is then

WSS, FTE,

PCP = 100 .
FTE, WSS

3)

By fitting raw scores, we estimate that in ARWU20, FTE; =294.5 and
WSS =2617.9 so that

FTE( WSSy
=03409 and PCP = 34.09 : @
WSS¢ FTEy

ARWU ranks universities individually or into bands based on a total score
Sr computed as the weighted sum of individual indicator scores computed and
assembled as described below:

Sy = K(0.1[Alumni + PCP] + 0.2[Award + HiCi + N&S + PUB])). 5)

The factor K sets Sy = 100 for the top performer (Harvard) since the value of
PCPy is not 100:

K = [0.940.1PCP,;/100] . ©6)

ARWU modifies (1) and (5) for a small number of institutions whose social
science and humanities mission means that Nature or Science are used only
infrequently by their researchers. The N&S indicator is null for these institu-
tions, with other indicators appropriately re-weighted. For ARWU20, the institu-
tions are London School of Economics and Political Science, Université Tou-
louse 1 Capitole, Stockholm School of Economics, Bocconi University, Tilburg
University, Renmin University of China, Copenhagen Business School, London
Business School, School for Advanced Studies in the Social Sciences, and the
WU Vienna University of Economics and Business.
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Fig.1 Time series of raw scores scaled to Harvard or Caltech for institutions selected for their rapid
improvement in the ranking. Three enter the top 100 and one (King Saud) enters the ranking. The range
is normalised to the maximum value in each panel

Application

In 2017, two ARWU authors published a review of trends in ARWU between 2004
and 2016 (Wu and Liu 2017). The review mentioned twenty-seven institutions
showing “great improvements” and around forty institutions that exhibited “major
declines” in ARWU ranking. We have applied the procedures described above to
link ARWU’s reported ranking movements (excluding 2004 due to an abundance
of irregularities compared with later years and updating the series to include
2017-2020) to the underlying changes in raw scores of four institutions in each cat-
egory. In the “improvement” category, we selected the earliest Saudi university that
entered the top 500 (King Saud) and three of the four universities that entered the
top 100 (Peking, Monash, and Technion, omitting the second Chinese institution
Tsinghua). In the “decline” category, we select the first institutions that moved out
of the top 100 in four different countries (Rochester, Tohoku, Vienna, and Sheffield).

Figures 1 and 2 display the time series of raw scores for the chosen institu-
tions, scaling raw scores to the reference institution (Harvard or Caltech) at each
time step. For each indicator, the time series plot is normalised to the maximum
value of the scaled raw score over the period 2005-2020. The time series thus
reveals changes relative to the changes of the reference institution.
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Fig.2 Time series of raw scores scaled to Harvard or Caltech for institutions selected for their rapid
decline out of the top 100. The range is normalised to the maximum value in each panel

Figures 1 and 2 exhibit considerable temporal variability. Table 3 describes the
drivers of the variability using three categories guided by the “precautionary princi-
ples” (Cheng and Liu 2008) of the Berlin Principles on Ranking of Higher Educa-
tion Institutions (IREG 2021). “Exogenous” change arises when factors other than
the routine application of existing ARWU ranking rules are involved in a change.
“Methodological” changes arise when ARWU adjusts its existing data sets or rank-
ing rules. “Inherent” changes occur when changes in an institution’s raw score are
not due to either of the other two categories. The categories are not mutually exclu-
sive and are often entangled. Note also that an institution’s ranking (but not indicator
scores) is exogenously responsive to the insertion or removal of other institutions
lying above it between one annual ranking and the next.

Discussion and conclusion

By successfully reproducing ARWU20, we confirm that ARWU relies on non-sub-
jective raw data (cf. Vernon et al. 2018). It is, however, not possible to reproduce
ARWU results ab initio. There are ambiguities and undocumented choices made
in producing indicator scores that must be understood and resolved by post-facto
iteration to match published scores. It is a significant challenge to discover, clean,
and manipulate the entire data set to arrive at the published ranking. It is an even
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more complex challenge to infer what a presently un-ranked institution might need
to do to enter the ranking because this requires forecasting the scores and ranks of
an unknown number of other institutions. Our paper assists the process by exhibiting
the steps that lead to final scores and ranks. Siniksaran and Satman (2020) published
simulation software for performing ranking studies, which could be valuable once
the connections between published ARWU data and the underlying raw scores are
addressed.

Each ARWU indicator poses significant hurdles for users. Although they affect
only a small number of institutions, the affiliations arising from new Award and
Alumni announcements may take a few years to be resolved (cf. Table 1). Recognis-
ing the contrast between the interests of older and rising universities concerning the
long-term anchoring effect of the Alumni and Award indicators, in 2014 and 2015
ARWU published an alternative ranking> that omitted the Award and Alumni indi-
cators. The above methods will allow institutions to produce alternative versions of
the ARWU ranking that may be more appropriate to their mission and strategy.

The category HCR that underlies the HiCi indicator has been adjusted several
times since the inception of ARWU (Docampo and Cram 2019). Moreover, HiCi is
the sole indicator that continues to be subject to year-to-year variations due to the
inward or outward redirection of affiliations by researchers. The redirection of an
HCR affiliation is particularly potent when there are only a few HCRs in an institu-
tion, potentially leading to a change of more than 100 places in the rank order.

The N&S and PUB indicators both raise issues of ambiguity in affiliation names.
Institutions can reduce the leakage of affiliations by monitoring the format of sub-
mitted articles and, perhaps, avoiding journals and group publication practices that
lead to the omission of affiliation information in the bibliometric indexes. The N&S
indicator is further subject to considerable complexity owing to the ARWU rules for
weighting affiliations according to authorship order. Whether or not an institution
attracts the raw score premium for corresponding, first or second author depends on
quite complex rules that might not be evident to researchers when they agree on the
layout of the article affiliation by-line.

ARWU developed the PCP indicator (named “size” in early editions of ARWU)
to respond to commentary about the trend for other indicators to be automatically
larger in larger institutions, other things being equal. If this is a concern, a substan-
tial additional weighting for PCP could be contemplated (Liu and Cheng 2005). The
price of including PCP is the difficulty of finding national data on FTE and har-
monising how reported FTE are related to academic employment conditions across
national systems. Size-independent research evaluation metrics are available in other
rankings (e.g. the CWTS Leiden Ranking: Waltman et al. 2011, 2012) and can be
compared with the size-dependent ARWU total score and rank and the size-adjusted
ARWU PCP score and rank.

Our study of ARWU’s report on examples of long-term “improvement” and
“decline” (Wu and Liu 2017) reveals complex developments that entail exogenous,

s http://www.shanghairanking.com/Alternative_Ranking_Excluding_Award_Factor/Excluding_Award_
Factor2015.html.
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methodological, and inherent changes, perhaps entangled. Wu and Liu’s report
is indifferent to explaining the underlying drivers of the actual ranking outcomes
(see also Holmes 2013; Lim 2018 regarding indifference of other global rankers), a
position that might be inconsistent with some of the Berlin Principles (Cheng and
Liu 2008). Perhaps an annotation schema building on Table 3 could be adopted by
ARWU as a contribution to the improvement and evaluation of its ranking, as envis-
aged by the Berlin Principles.

Many of the complications described in this paper are challenges typical of bib-
liometric practice and occur alongside mistakes, errors, and uncertainties in the
data that underpins the ARWU (or any other) ranking. For this reason, as well as
concerns about the usefulness of quantitative, low-dimensional evaluation (e.g.
Moed 2017), like many others, we strongly encourage readers to (1) understand the
changes reported by ARWU in terms of exogenous, methodological, and inherent
drivers and (2) explore and use institutional evaluation methods beyond the ARWU.
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