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University rankings are used to judge about the performance 

of  university systems 

Motivation & Objective 
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• These rankings are relevant to today’s discourse on 

Higher Education reform in the EU   

• Also academics use ARWU 

P. Aghion, M. Dewatripont, C. Hoxby, A. 

Sapir, A., “Higher aspirations: An agenda 

for reforming European universities” 

(Bruegel Blueprint Series N.5, 2008). 

 

Motivation & Objective 

http://www.bruegel.org/Public/
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Question: 

Can we say something about the quality of the 

university rankings and the reliability of the results?   

University rankings- yearly published 

+ Very appealing for capturing a university’s multiple missions 

in a single number 

+ Allow one to situate a given university in the worldwide 

context  

-  Can lead to misleading and/or simplistic policy conclusions 

 

Motivation & Objective 
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Criteria Indicator Weight 

Quality of 

Education 

Alumni of an institution winning Nobel 

Prizes and Fields Medals 

10% 

Staff of an institution winning Nobel 

Prizes and Fields Medals 

20% 

Quality of  

Faculty Highly cited researchers in 21 broad 

subject categories 

20% 

Articles published in Nature and Science 20% 
Research  

Output Articles in Science Citation Index-

expanded, Social Science Citation Index 

20% 

Academic 

performance 

Academic performance with respect to 

the size of an institution 

10% 

 

PROS and CONS 

 6 « objective » indicators 

 Focus on research performance, overlooks other U. missions. 

 Biased towards hard sciences intensive institutions 

 Favours large institutions  

METHODOLOGY 

 

 6 indicators 

 

 Best performing institution 

=100; score of  other 

institutions calculated as a 

percentage 

 

 Weighting scheme chosen by 

rankers 

 

Linear aggregation of  the 6 

indicators 

Overview - ARWU ranking 
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PROS and CONS 

 Attempt to take into account teaching quality 

 Two expert-based indicators: 50% of  total  (Subjective indicators, lack 

of  transparency) 

 yearly changes in methodology 

 Measures research quantity 

METHODOLOGY 

 6 indicators 

 z-score calculated for each 

indicator; best performing 

institution =100; other 

institutions are calculated as a 

percentage 

Weighting scheme: chosen by 

rankers 

 Linear aggregation of  the 6 

indicators 

 

Criteria Indicator Weight 

Academic Opinion: Peer review, 6,354 academics 40% 

Research Quality 
Citations per Faculty: Total citation/ Full Time Equivalent 

faculty 
20% 

Graduate 
Employability 

Recruiter Review: Employers’ opinion, 2,339  recruiters 10% 

International Faculty: Percentage of international staff 5% 
International Outlook 

International Students: Percentage of international students 5% 

Teaching Quality Student Faculty: Full Time Equivalent faculty/student ratio 20% 

 

Overview - THES ranking 
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1 – Same top10: Harvard, 

Cambridge, Princeton, Cal-

tech, MIT and Columbia 

2 - Greater variations in 

the middle to lower end 

of  the rankings 

3 - Europe is lagging 

behind: both ARWU (else  

SJTU) and THES rankings 

Overview- Comparison (2007) 

4 – THES favours UK 

universities: all UK 

universities below the line 

(in red) 
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Question: 

Can we say something about the quality of the 

university rankings and the reliability of the results?   

Overview – Past results 
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Seoul National University

University of Frankfurt

University of Hamburg

University of California-Davis

University of Alaska-

Fairbanks

Hanyang University

54 universities outside the interval (total of 503) 

[43 universities in the Top 100]
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250 universities outside the interval (total of 400) 

[61 universities in the Top 100]

University of California, Santa 

Barbara

Stockholm School of Economics

University of st. 

Gallen

University of Tokyo

University of 

Leichester
University La Sapienza, 

Roma

Source: Saisana, D’Hombres, Saltelli, 2011, Research 

Policy 40, 165–177 

ARWU THES 
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Question: 

Can we say something about the quality of the 

university rankings and the reliability of the results?   

Statistical coherence 

We suggest to use as a measure of   

Importance of  a variable in an overall  

index what is known as: 

 

‐ Pearson’s correlation ratio 

‐ First order effect 

‐ Top marginal variance 

- Main effect 

… 

Source: Paruolo, Saisana, Saltelli, 2013, J.Royal Stat. Society A 
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Pearson’s correlation ratio 
 

 

 

 

 

Features: 
• it offers a precise definition of importance, that is ‘the expected reduction in 

variance of the CI that would be obtained if a variable could be fixed’; 

• it can be used regardless of the degree of correlation between variables; 

• it is model-free, in that it can be applied also in non-linear aggregations;  

• it is not invasive, in that no changes are made to the CI or to the correlation 

structure of the indicators (unlike what we will see next on uncertainty analysis). 

Statistical coherence 
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Using these points we can compute a statistics that tells us: 

How much (on average) would the variance of the ARWU scores be 

reduced if I could fix the variable ‘Papers in Nature & Science’? 

This measure Si shall be our ruler 

for ‘importance’; example: 

Si =0.6  I could reduce the 

variation of  the ARWU score by 

60% by fixing ‘Papers in Nature 

& Science’. 

Statistical coherence 

ARWU score 
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Kernel regression 
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One can hence compare the importance of an 

indicator as given by the nominal weight 

(assigned by developers) with the importance as 

measured by the first order effect (Si) to test the 

index for coherence.  

Statistical coherence 
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Statistical coherence - ARWU 

1) Hypothesis of  linearity is not rejected for 

two indicators for the ARWU (when 

evaluating the tests at hDPI and hCV) 

 

2) Si’s are more similar to each other than 

the nominal weights, i.e. ranging between 0.14 

and 0.19 (normalized Si’s to unit sum; CV 

estimates) when weights should either be 0.10 

or 0.20. 
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Statistical coherence - THES 

1) Hypothesis of  linearity not rejected for four 

indicators for the THES (when evaluating the 

tests at hDPI and hCV) 

 

2) In THES, the combined importance of  peer-

review variables (recruiters and academia) appears 

larger than stipulated by developers, indirectly 

supporting the hypothesis of  linguistic bias at 

times addressed to this measure. Further, the 

teacher/student ratio, a key variable aimed at 

capturing the teaching dimension, is much less 

important than it should be (normalized Si is 0.09, 

nominal weight is 0.20). 
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Two statistical tools developed by the JRC to test the 

quality of composite indicators 

 

• Conceptual & Statistical coherence (non invasive) 

• Uncertainty modeling and propagations (invasive) 

Conclusions 

More at: 

http://composite-indicators.jrc.ec.europa.eu 

(first Google hit on “composite indicators” over the last 

10 years!) 
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