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Abstract: University rankings play a crucial role in shaping the perceptions of academic institutions and
influencing decisions made by stakeholders. The Academic Ranking of World Universities (ARWU), known
as the Shanghai Ranking, is one of the most influential global university rankings currently published. Due to
that, the methodology behind this ranking often comes under scrutiny. Two methodological steps of the
ARWU ranking that attract researchers’ attention are the weighting scheme and indicator selection process.
In this paper, we conduct a sensitivity analysis of the ARWU ranking by systematically removing individual
indicators and distributing their weight to the remaining indicators. Our results show that the ranking is
sensitive to the removal of the indicator related to the number of staff of an institution winning Nobel Prizes
and Fields Medals (Award). At the same time, removing the indicator related to the institution's per capita
academic performance (PCP) led to slight or no changes in the ranks.

Keywords: University rankings, ARWU, weighting scheme, indicator selection process, sensitivity analysis

1. INTRODUCTION

It is inherent in human nature to rank and be ranked (Marginson & Van der Wende, 2007). Therefore,
rankings in fields such as sustainability, well-being, safety, and ease of doing business were created to rank
institutions, cities, regions, and countries. One specific group of rankings which intrigues different
stakeholders are the university rankings (Anowar et al., 2015). University rankings evaluate and rank higher
education institutions based on various quantitative and qualitative criteria. University rankings offer a lens
through which institutions and stakeholders can assess academic quality and reputation.

When it comes to university rankings, four main stakeholder groups can be identified (Goglio, 2016). The first
group of stakeholders comprises students and their families, who often rely on university rankings as a
criterion when selecting their academic pursuits. The reputation of a university is indisputably a crucial factor
in making decisions about joining the academic community, and ranking lists certainly contribute to this
reputation (Wut et al., 2022). The second stakeholder group involves universities, where top executives like
vice chancellors and presidents are the main users of university rankings. These institutions anticipate
advantages such as improved prestige, heightened student interest, and increased financial support,
especially if they achieve high rankings. Universities also receive rankings as tools for self-assessment and
improvement, allowing them to identify strengths and weaknesses. The problem that can arise when
universities strive to position themselves higher on certain lists and achieve better rankings is that they may
focus primarily on publishing research papers and engaging in external activities, neglecting the quality of
teaching and student interaction in the process (Shin & Toutkoushian, 2011). The governmental sector
constitutes the third stakeholder group. Governments derive benefits from university rankings through
benchmarking for international comparisons and informed policy-making. Similar to universities,
governments prioritise institutional autonomy and the use of reliable and transparent data rankings.
Additionally, they consider broader university outcomes beyond research, such as graduate employability
and technology transfer (Goglio, 2016). The fourth group of stakeholders includes ranking providers, such as
companies or research centres, who are heavily invested in this domain. They benefit from the popularity
and success of their rankings regarding business growth and revenue. However, they also prioritise
maintaining independence and ensuring the transparency and reliability of their data to uphold their
reputation. Recently, there has been increasing concern regarding the potential threat to institutions that
create and publish rankings due to the varying nature of the relationship between them and the companies
collecting, providing and analysing data for them (Chen & Chan, 2021). While dominant ranking providers
currently set the standards, there is a need for critical oversight to address methodological shortcomings and
misleading information. A large number of institutions developed methodologies for global university
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rankings. In terms of relevance and public interest, three methodologies stand out: Academic Ranking of
World Universities (ARWU), The Times Higher Education (THE) World University Rankings, and the QS
World University Rankings (Johnes, 2018).

The ranking methodology we scrutinise in this paper is the ARWU ranking. In addition to ranking a large
number of renowned universities, its popularity stems from being the first global methodology for ranking
world universities. The ARWU ranking is calculated as the weighted sum of six indicators, taking into account
the quality of education, quality of faculty, research output, and per capita performance. Besides attracting
the attention of students, academia, and policy-makers, the ARWU ranking is captivating the attention of
experts in the field of ranking. So far, numerous studies were written on the topic of ARWU methodology
scrutinisation. The mentioned criticisms are fundamentally rooted in issues that generally arise with all
composite indices (Greco et al., 2018), however, issues related to the weighting scheme and indicator
selection are the ones which attract the most attention (Jeremic et al., 2011). One key problem is how the
ARWU ranking (or any composite indicator) is calculated. The question arises about the transparency and
comprehensibility of the methodology, which can impact its credibility. Additionally, since university rankings
describe complex phenomena, it is important to appropriately select sub-indicators and determine their
weighting coefficients. The weighting scheme should reflect the significance of each indicator within the
ranking but approaches to its determination can often be subjective (Greco et al., 2018). The current AWRU
methodological appendix does not provide any detail on the weighting scheme determination approach or
the indicator selection process (ShanghaiRanking, 2024).

The analysis conducted in this paper focuses on the examination of the stability of ARWU rankings. The
ARWU methodology should be insensitive to weight coefficient changes to ensure the rankings' reliability
and credibility. Therefore, we strived to explore will and how the rankings change if an indicator is removed
from the ranking and its weight distrubited among the remaining indicators. After the introduction, we outline
the ARWU ranking methodology and its criticism. Next, we describe the research methodology and the
sensitivity analysis that was conducted. In section four, we present the research results, while we finish the
paper with the discussion and concluding remarks.

2. SHANGHAI RANKING'S ACADEMIC RANKING OF WORLD UNIVERSITIES (ARWU)

The Academic Ranking of World Universities, known as ShanghaiRanking or ARWU ranking, represents a
ranking or a composite indicator developed by researchers at Shanghai Jiao Tong University. The first
edition of the ARWU ranking was published in 2003, and since then, it has captured and attracted the
attention of students, researchers, academics, and policymakers. Another proof is that despite more or less
similar methodologies published, the ARWU Ranking remains among the most relevant. At first, the
institution published just one ranking, the Academic Ranking of World Universities. In the years that came,
they extended the scope and are currently providing four rankings: Academic Ranking of World Universities,
Best Chinese Universities Ranking, Global Ranking of Sport Science Schools and Departments, and Global
ranking of Academic subjects (ShanghaiRanking, 2024). As this paper focuses on ARWU ranking, we outline
the structure and methodology in the following paragraphs.

For the year 2023, for which the data was collected, the ARWU ranked more than 2500 universities and the
results for the best 1000 were published. Within its ranking, ARWU considers universities with notable
achievements, such as Nobel Laureates, Fields Medalists, Highly Cited Researchers, and papers published
in prestigious journals like Nature & Science. Additionally, institutions with a significant number of papers
indexed by major citation databases are also included. Data for the ranking is sourced from reputable
institutions and organisations, including Nobel Prize records, the Web of Science database, and national or
regional agencies providing staff data (ShanghaiRanking, 2024).

The Shanghai Ranking (ARWU) evaluates academic performance using six criteria to provide a
comprehensive assessment. Each criterion is assigned a benchmark score of 100 based on the best-
performing university in that category. Universities are ranked according to their overall score, which is a
weighted sum of their performance across these categories. The criteria include measures Alumni and
Award, which track the number of Nobel prizes and Field medals awarded to a university's alumni or faculty
members. The next there indicators (HiCi, N&S, and PUB) gauge research output, observing the number of
highly cited researchers, publications in top journals (Nature and Science), and the number of articles
published in the Science Citation Index Expanded and the Social Science Citation Index journals. The final
indicator, PCP, calculates a weighted average of scores from the previous categories, divided by the number
of full-time academic staff members. Each indicator contributes to the overall score according to the
predefined weight (Jeremic et al., 2011). Award, HiCi, N&S, and PUB are weighted by 20%, while Alumni
and PCP have slightly less importance with the weight of 10% (ShanghaiRanking, 2024).
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2.1. Methodological issues with the ARWU ranking

Although the ARWU ranking is reputable and often cited in the media, its methodology has been criticised in
the academic literature. Within this section, we provide a literature review of the papers which tackled the
ARWU methodology, especially its weighting scheme. Maricic and co-authors (2017), in their study on the
ARWU ranking, provide a useful timeline of research on the ARWU methodology. The first study they
identified was the paper by Florian (2007), who pointed out that the results of the ARWU ranking were
irreproducible and that reproduction attempts did not lead to the same results as official. Several years later,
Jeremic and co-authors (2012) applied the I-distance to the ARWU ranking indicators to propose an
alternative ranking and data-driven indicator weights. In their paper, Dobrota and Dobrota (2016) strived to
assess the rank sensitivity of ARWU and proposed an alternative ARWU ranking using the Composite I-
distance Indicator (CIDI). They concluded that the ARWU ranking is more sensitive to weight alterations than
the alternative ranking. Maricic and co-authors (2019) applied the Hybrid Enhanced Scatter Search—
Composite I-Distance Indicator (eSS-CIDI) methodology to the ARWU ranking. Their results showed that the
weighting scheme of the ARWU ranking can be altered while improving the stability of the metric. Recently,
Safon and Docampo (2020) considered the impact of reputation bias on the ARWU ranking and showed that
bias exists in N&S but not in HiCi. Fernandez-Cano and associates (2018) did a comprehensive literature
review on the ARWU methodological issues and grouped them into the following segments: Omitted
indicators, Supposed validity of the indicators used, Anomalous reliability, Questionable weighting of
indicators, Confusing indicators, Over-emphasized citation indicator, Simplistic standardisation, as well as
Selection bias or sample threat.

In conclusion, research on the ARWU ranking methodology has been ongoing throughout the years, with
studies highlighting its issues with irreproducibility, sensitivity to weight alterations, and the impact of
reputation bias. Various alternative approaches have been proposed, showing potential for improving the
stability and accuracy of the ranking, signalling the ongoing need for critical evaluation and refinement in this
domain.

3. RESEARCH METHODOLOGY

The JRC handbook on composite indicator creation states that there is no straightforward answer to the
composite indicator methodology and that each of the ten methodological steps can be done by taking
different approaches (Joint Research Centre, 2005). Therefore, the methodological frameworks of composite
indicators are very often the subject of debate and discussion, as there is a whole series of choices to be
made during their formation (Saltelli et al., 2007). Accordingly, it is necessary to determine the level of
confidence in the formed methodological framework, representativeness and stability. The reliability of a
composite indicator is measured through the analysis of the effects of changes in the methodological
framework on the final ranks (Maricic et al., 2019). Regarding robustness analysis, uncertainty and sensitivity
analysis are the most commonly applied (Paruolo et al.,, 2013). The uncertainty analysis includes the
assessment of the impact of alternative methodological frameworks of the composite indicator on the ranking
of the entity. Each alternative methodological framework is, in fact, a different composite indicator in which
some of the methodological steps are changed within the defined scope and range (Dobrota, 2015). The
uncertainty analysis can be done for just one methodological step (Dobrota et al., 2016) or several steps
simultaneously (Cherchye et al., 2008). On the other hand, sensitivity analysis looks at how the uncertainty in
the input factors affects the uncertainty in the output factors of the model (Saltelli et al., 2007).

The research methodology we employed in this paper is as follows. We wanted to explore whether and how
ARWU university rankings change if an indicator is removed from the ranking methodology while the
associated weight is distributed among the remaining indicators. For example, if the indicator Awards is
removed from the ranking, its weight of 10% will be evenly distributed among the five remaining indicators.
The precise distribution of weights for each run iteration is presented in Table 1. Within each iteration, new
ARWU values and ranks were calculated. Spearman’s correlation between the new and official ranks was
calculated to assess the effects of indicator removal.

Table 1: Weights assigned to ARWU indicators within each iteration

Weight assigned to a particular indicator

Iteration Alumni Award HiCi N&S PUB PCP
Sin Alumni 0 0.22 0.22 0.22 0.22 0.12
Sin Award 0.14 0 0.24 0.24 0.24 0.14
Sin HiCi 0.14 0.24 0 0.24 0.24 0.14
Sin N&S 0.14 0.24 0.24 0 0.24 0.14
Sin PUB 0.14 0.24 0.24 0.24 0 0.14
Sin PCP 0.12 0.22 0.22 0.22 0.22 0
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4. RESULTS

The approach presented in the section above was repeated six times for each ARWU indicator removal. We
observed the top 100 universities ranked by ARWU for the year 2023. After each iteration, we calculated the
new ARWU values and ranking and compared them with the official ARWU results. In Table 2, we present
the top 10 universities on the original ARWU list and the rankings of these universities when individual
indicators are removed. The label "Sin" in the column name indicates that the ranking shown in that column
is calculated without that specific indicator, which was assigned a weight coefficient of 0, and its original
weight is evenly distributed among the other indicators.

Table 2: Ranks for top 10 universities — original ranks and ranks after each indicator removal iteration
University ARWU Sin Sin Sin Sin Sin  Sin
rank Alumni Award HiCi N&S PUB PCP

Harvard University
Stanford University
Massachusetts Institute of Technology
University of Cambridge
University of California, Berkeley
Princeton University
University of Oxford
Columbia University
California Institute of Technology
University of Chicago

©®OONOAWN =

NGO A WN =
—_—
S®O U AWN =
©oOO~NUWAN=

©CSONDUIWAN-
—_—
w

SOVOXNOUI A WN
-
)
O©O~Ng OO WAN=

N
o
-—
[(e]
© N
[(e]

The same university occupied the first position on the original list and throughout six iterations: Harvard
University. This university's performance can also represent an outlier as the indicator values of Harvard
University are much higher than those of the next best university. The second-ranked university, Stanford
University, was also stable in all six iterations. Looking down the list, the largest change compared to the
original rank is observed in the case of the University of Chicago, whose rank drops to nineteenth place
when the indicator Award is removed, compared to its original 10" place on the list. This occurred because
this university has a high value for Award indicator, while it has considerably lower values for other indicators
than the neighbouring universities on the original ranking list. Similarly, a visible change in rank is observed
for Princeton University (from the original 6™ to 12 without the Award criterion).

We encounter a similar situation in the table below (Table 3) where we present the bottom 10 universities on
the original ARWU list and the rankings of these universities when individual indicators are removed.
However, we can notice that the oscillations are visibly larger, and the rankings of all ten universities differ
after each iteration. The reasons for rank change are similar to those for the top ten, but we can conclude
that the sensitivity is more pronounced. This is expected as the bottom ranked entities are more sensitive to
methodological changes (Saisana et al., 2011). The values of individual indicators (criteria) in this part of the
list vary among universities, which can be considered the cause of the mentioned oscillations. The largest
change in rank is observed for McMaster University when the indicator PUB is removed. This university
moved from its original last position to within the top 80 universities on the list. We can also see a big rank
improvement for Stockholm University, which moved from rank 98 to 74 when the indicator PUB is excluded.

Table 3: Ranks for bottom 10 universities — original ranks and ranks after each indicator removal iteration

University ARWU Sin Sin Sin Sin Sin Sin

rank Alumni Award HiCi N&S PUB PCP

University of Alberta 91 90 91 86 82 91 85
Huazhong University of Science and Technology 92 81 69 89 87 99 81
Nanyang Technological University 93 82 68 100 90 88 95
Seoul National University 94 95 67 82 94 96 86
Central South University 95 87 73 98 80 100 94
Nanjing University 96 86 72 93 100 97 97
Purdue University - West Lafayette 97 96 98 84 96 86 91
Stockholm University 98 99 99 79 97 74 96
Brown University 99 100 94 76 93 78 99
McMaster University 100 97 95 96 81 79 98
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Another way to analyse the effect of indicator removal is to calculate the correlations between official and
newly obtained ranks. In Table 4, we provide the values of Spearman’s correlation coefficient between ranks
after each iteration and the official ARWU ranks.

Table 4: Correlation analysis between official ranks and ranks after each iteration

Sin Alumni | Sin Award Sin HiCi Sin N&S | Sin PCP | Sin PUB ARWU

Sin Alumni 1
Sin Award 0.896** 1

Sin HiCi 0.878™* 0.738* 1

Sin N&S 0.924** 0.835* 0.929** 1

Sin PCP 0.951** 0.866™* 0.946** 0.968** 1

Sin PUB 0.818** 0.636™* 0.911* 0.848** 0.855** 1

ARWU 0.967** 0.866™* 0.951** 0.970** 0.989** 0.888** 1

Note: **p<0.001

The table indicates that all obtained coefficients are positive, statistically significant, and above 0.83. Looking
at the correlation between official ARWU ranks and alternative ranks, it can be noted that the smallest
correlation is observed between the original rankings and those calculated without the Award indicator,
0.866. This might indicate that the ranking is highly dependent on the Award indicator. On the other hand,
the highest correlation is measured between the original rankings and those calculated without the PCP
indicator, 0.989. According to our analysis, removing this indicator would not significantly change or distort
the rankings.

5. DISCUSSION AND CONCLUSION

The ARWU methodology has been extensively analysed and criticised since its first publication in 2003.
Analyses and critiques can serve as assistance in refining the methodology and enabling more objective
ranking. The aim of this paper was to closely observe how the university rankings change if an ARWU
indicator is removed from the methodological framework.

The analysis showed that the rankings (especially the top-ranked universities) depend marginally on the
chosen weights and indicators. Rolland and Cugliari (2019) came to the same conclusion by employing
Ranking Sensitivity Index (RSI) analysis. However, more rank distortions can be seen in the lower part of the
ranking, which can be expected (Saisana et al., 2011). The measured Spearmans’ correlation coefficient
between the official ARWU and alternative rankings indicated that removing the indicator Award leads to the
largest rank changes. Previous studies signalled that if the indicator Award is removed, the ranking becomes
more stable (Dobrota & Dobrota, 2016). Besides observing the impact of the indicator Award on the
rankings, the measurement aspect should also be taken into account. For example, how accessible are the
awards calculated within the Award and Alumni indicators to all university staff worldwide, are there certain
barriers for university staff and alumni to receive them, do the received awards belong to the universities the
winner completed or to the university the winner is affiliated to (Zornic et al., 2014).

Future directions of the study could be defined. First, the number of observed universities can be enlarged,
having in mind that the ARWU ranking provides ranking for 1000 institutions. Such analysis would be useful,
having in mind the results of a previous study which signaled that methodological differences should be
implemented for different rank groups (Maricic et al., 2017). Within the presented sensitivity analysis only two
methodological aspects were taken into account. Therefore, a more comprehensive sensitivity analysis
should be conducted in the future to more comprehensively encapsulate the effect of methodological
changes on the ARWU rankings. Nevertheless, it is hoped that the conducted analysis could help
researchers as a starting point for deeper analysis on the ARWU uncertainty and sensitivity analysis.
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