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Abstract. I discuss the difficulties that I encountered in reproducing the results of the 
Shanghai ranking of world universities. In the Shanghai ranking the dependence 
between the score for the SCI indicator and the weighted number of considered articles 
obeys a power law, instead of the proportional dependence that is suggested by the 
official methodology of the ranking. Discrepancies from proportionality are also found 
in some of the scores for the N&S and Size indicators. 

 
 
 
 
 

1 Introduction 
 
The Shanghai academic ranking of world universities1 has been published in the last few years by the 
Institute of Higher Education of Shanghai Jiao Tong University, and rapidly gained international 
recognition. I attempted to estimate the score that Romanian universities would obtain in this ranking, as 
none of them entered the top 500 of world universities2. An unexpected result of this study was that the 
results of the Shanghai ranking cannot be reproduced by following the official methodology of the 
ranking. I present here the inconsistencies that I found between the scores obtained by universities in the 
ranking, on one side, and data processed according the official methodology, on the other side. 

 

2 The SCI indicator 
 
The methodology of the 2005 Shanghai ranking is presented on the ranking website3. According to it, one 
of the indicators used in the ranking is the SCI indicator, measuring the “total number of articles indexed 
in Science Citation Index-expanded, Social Science Citation Index, and Arts & Humanities Citation Index 
                                                           
1 http://ed.sjtu.edu.cn/rank/2005/ARWU2005Main.htm  
2 R. Florian, Universităţile din România şi clasamentul Shanghai [Romanian universities and the Shanghai ranking; in 
Romanian], Ad Astra 5, 2006 (this issue), http://www.ad-astra.ro/journal/8/. 
3 http://ed.sjtu.edu.cn/rank/2005/ARWU2005Methodology.htm; another document presenting a slightly different 
methodology is also linked from the ranking homepage and is available at http://ed.sjtu.edu.cn/rank/file/ARWU-
M&P.pdf, but this latter one presents the methodology of the 2004 ranking, not of concern to us. 
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Fig. 1. The dependence between the score for the SCI indicator from the Shanghai ranking and the
weighted total number of articles. The official methodology suggests that the points should lie on a line
passing through origin. In reality, the relationship is nonlinear, and is fitted well by a power law (the line
in the first graph; see text for details). 

in 2004. Only publications of article type are considered. When calculating the total number of articles of 
an institution, a special weight of two was introduced for articles indexed in Social Science Citation Index 
and Arts & Humanities Citation Index.” These indexes are commercial databases maintained by Thomson 
ISI4. It is also said that “for each indicator, the highest scoring institution is assigned a score of 100, and 
other institutions are calculated as a percentage of the top score. The distribution of data for each indicator 
is examined for any significant distorting effect; standard statistical techniques are used to adjust the 
indicator if necessary.” 
 The scores obtained by the top 500 universities for each of the indicators, including the SCI one, 
are provided in an Excel file on the ranking website5. I noted with sISI  this score. The number of articles 
indexed in 2004 in Science Citation Index-expanded (SCIE), Social Science Citation Index (SSCI), and 
Arts & Humanities Citation Index (AHCI), and in either of all these 3 indexes (SCI), with authors from 
the top 500 universities, was extracted from the ISI database by a Slovenian group from Institute Jozef 
Stefan, and made available on the internet6. I noted with nSCIE, nSSCI, nAHCI and nSCI  these numbers of 
articles. Some of the data of the Slovenian study is wrong, for example the number of articles for 
Pennsylvania State Univ. – Univ. Park, Univ. Libre Bruxelles, Polytechnic Inst. Milan, Univ. Minnesota - 
Twin Cities, Univ. Paris 06, Univ. Koeln, Univ. Mississippi – Oxford, where the queries that the 
Slovenian group used do not include all common denominations of these universities. I excluded in this 
work the data from the Slovenian study corresponding to these universities. However, the numbers of 
articles extracted by the Slovenian group is in general correct, as I randomly verified them for a few other 
universities directly in the ISI database. The queries used by the Slovenian group for searching in the ISI 
database are made available on their website and thus their data can be easily reproduced. 
 I noted with nISI  the total number of articles of an institution, as used in the calculation of the 
Shanghai score for the SCI indicator. The three indexes (SCIE, SSCI, AHCI) are not disjoint (currently, 
304 journals are indexed in both SCIE and SSCI; 37 journals in both SCIE and AHCI; 53 journals in both 
SSCI and AHCI – data computed from the ISI journal lists available online7). Hence, it is not clear from 
the stated methodology how nISI  is computed from nSCIE, nSSCI, nAHCI and / or nSCI . I considered the 
alternatives nISI,1=nSCI+nSSCI +nAHCI  and nISI,2=nSCIE+2(nSSCI +nAHCI). I did not consider the possible 
alternative nISI,3=nSCI+nSSCI, AHCI , where nSSCI, AHCI  is the number of articles in either SSCI or AHCI, for 
lack of data, but the discrepancy between the results obtained with this option and the results expected 

                                                           
4 http://www.isinet.com/  
5 http://ed.sjtu.edu.cn/rank/2005/ARWU2005.xls  
6 http://ai.ijs.si/mezi/iassatena/shanghai-relative.html  
7 http://scientific.thomson.com/mjl/  
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from the Shanghai official methodology would be even greater than with the other options (as nISI, 3 <nISI, 

1), as will be apparent below.  
 When plotting nISI, 1 and nISI, 2, computed from the data of the Slovenian group, against sISI, the 
score used in the Shanghai ranking (Fig. 1), it is immediately clear that the relationship between the two 
variables is not one of proportionality, as the official methodology suggests, but a nonlinear one. For 
example, the relationship between sISI and nISI, 1 is fitted well by the power law sISI=1,119 nISI, 1

 0,47 (Fig. 1), 
a function that passes through the data point corresponding to Harvard university, the institution with the 
highest performance for this indicator. The difference between the two alternatives, nISI, 1 and nISI, 2, is very 
small. The fact that this power law fits so well the distribution of the data points suggests that the 
discrepancy with regard to proportionality is not due by errors in extracting the numbers of articles, but 
appears because the dependence used in the Shanghai ranking is actually nonlinear. The discrepancy with 
regard to proportionality can be explained only by a mention in the methodology, “the distribution of data 
for each indicator is examined for any significant distorting effect; standard statistical techniques are used 
to adjust the indicator if necessary”. The authors of the Shanghai ranking cofirmed, indirectly, in 
correspondence through email, that they have used such a nonlinear dependence (see Annex). It is 
however unclear why the authors of the Shanghai ranking considered that there was a “significant 
distorting effect” in the original data, and why they chose to distort the data in this particular nonlinear 
fashion. 
 

3 The N&S indicator 
 
This indicator is made up by „the number of articles published in Nature and Science between 2000 and 
2004. To distinguish the order of author affiliation, a weight of 100% is assigned for corresponding author 
affiliation, 50% for first author affiliation (second author affiliation if the first author affiliation is the 
same as corresponding author affiliation), 25% for the next author affiliation, and 10% for other author 
affiliations. Only publications of article type are considered.” I computed the value of this indicator, nN&S, 
by searching in the ISI database (the source also used by the producers of the Shanghai ranking) the 
articles published in Nature and Science by authors from several universities with relatively low numbers 
of such articles. The low number of articles permitted an easier computation of the indicator. I chose the 
following universities: Temple, Akron, Memphis and Auburn (USA). I searched in the ISI Web of Science 
database by choosing the interval 2000-2004 and using the queries ad=NAME and ad=univ* and 
(so=science or so=nature), where NAME was one of Temple, Akron, Memphis or Auburn. I then 
manually processed the results, selected only the records with authors from the targeted universities (for 
example, the queries also returned articles from Auburn University in Scotland, etc.), records of article 
type, and counted the value of the indicators according to the position of the target universities’ authors in 
the authors list. The results are listed in the following table, together with the total number of retrieved 
publications (not limited to article type) with authors from the target universities, the value of the actual 
score for the N&S indicator in the Shanghai ranking for the target universities, noted with sN&S , and the 
ratio sN&S/nN&S.. I also included in the table the total number of publications in Nature and Science for 
Harvard and Stanford universities, from 2000-2004, retrieved with the queries ad=NAME univ* and 
(so=science or so=nature), where NAME was one of Harvard or Stanford. 
  

University Nature and Science publications of article type nN&S sN&S sN&S/nN&S

Temple 2 0.6 3.8 6.33
Akron 2 1.1 4.9 4.45
Memphis 4 2.25 6.5 2.89
Auburn (USA) 4 0.95 5.2 5.47
Harvard 623 100.0
Stanford 300 70.9

 
It can be seen that the ratio sN&S/nN&S is not a constant. Its average is 4.79, which seems much too high to 
be the value used in the Shanghai ranking. Given this ratio, and the value of 100 for the score of Harvard 
University at this indicator, it results that the value of the nN&S indicator for Harvard is 20.88. Harvard has 
623 publications of article type in Nature and Science in the given time interval, so its value for the nN&S 
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indicator should be at least 62.3, given that the minimum weigth is 10%. This suggests another 
discrepancy from proportionality in the computation of Shanghai ranking scores. 
 

4 The Size indicator 
 
This indicator is given by “the weighted scores of the above five indicators [Alumni, Award, HiCi, N&S, 
SCI] divided by the number of full-time equivalent academic staff. If the number of academic staff for 
institutions of a country cannot be obtained, the weighted scores of the above five indicators is used. For 
ranking 2005, the numbers of full-time equivalent academic staff are obtained for institutions in USA, 
Japan, China, Italy, Australia, Netherlands, Sweden, Switzerland, Belgium, Slovenia, etc.” I assumed that 
the weights used for computing this indicator, which are not specified, are the same used in computing the 
final score of the ranking. I thus computed the weighted sum of the five indicators as 

sp= (0.1 sAlumni + 0.2 sAward + 0.2 sHiCi + 0.2 sN&S + 0.2 sISI)/0,9, 
using the data for the top 500 universities from the Shanghai ranking. I then computed the size r of the 
universities relative to the size of Harvard University, as it was used in the Shanghai ranking, using the 
formula  

r=0.724 sp/sSize, 
where sSize is the score for the Size indicator. This is because Harvard University has sp=100 and 
sSize=72.4, and because ssize is proportional to sp / nSize, according to the methodology, where nSize is the 
number of full-time equivalent (FTE) academic staff. I then tried to obtain the coefficient of 
proportionality between r and nSize, using data for the FTE academic staff obtained from the internet, for a 
few universities. 
 Reproducing this indicator is much harder than the previous two ones, as the definition of „full 
time academic staff” is ambiguous – does this include researchers, visitors, etc. or not? Moreover, 
available data is scarce and inconsistent – many universities report the headcount of faculty, but few report 
the FTE; and when reporting the academic staff, the included categories of personnel vary from case to 
case. However, there is at least a consistent source that permits verifying the data of the Shanghai ranking 
in a consistent manner. The University of California (UC) publishes on the internet detailed data on the 
FTE academic staff of its composing Universities8, of which many are included in the Shanghai top 500. I 
present below data corresponding to the situation of UC personnel in October 2004. I presumed that the 
authors of the Shanghai ranking used the same data, if they made the ranking in the first months of 2005, 
as the next available data is for April 2005. The results obtained with the two data sets are, however, 
similar.  
 The following table lists the size r of several UC branches relative to the size of Harvard 
University, as it was used in the Shanghai ranking, together with several values for its FTE academic staff 
(obtained by including various categories of staff included in the academic staff, as listed on the cited 
website presenting the data on UC personnel), and the ratios of these values to r. If the Shanghai ranking 
used the same data for counting the FTE academic staff for UC branches (and it should have done so as 
this information can be easily found on the internet), and the values of the Size indicator were computed 
according to the official methodology that I also followed, these ratios should have been constant. 
However, it can be seen from the table below that the ratios vary considerably, with a relative standard 
deviation of about 24%. 
 

                                                           
8 http://www.ucop.edu/ucophome/uwnews/stat/  
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University Size relative 
to Harvard 
(according 
to Shanghai 
ranking) 

Regular 
teaching 
faculty 
(ladder 
ranks, 
acting 
ranks), 
lecturers, 
other 
teaching 
faculty 

Ratio Regular 
teaching 
faculty 
(ladder 
ranks, acting 
ranks), 
lecturers, 
other 
teaching 
faculty, 
researchers 

Ratio Regular 
teaching 
faculty 
(ladder 
ranks, acting 
ranks), 
lecturers, 
other 
teaching 
faculty, 
researchers, 
student 
assistants 

Ratio All 
academic 
staff 

Ratio 

UC Berkeley 0.999526 1630 1630.7729 2786 2787.3211 4697 4699.2273 5041 5043.3904
UC San Diego 0.7745799 1614 2083.7102 2691 3474.1414 4355 5622.4027 4525 5841.8765
UC Los Angeles 1.0734525 3029 2821.7363 4194 3907.0195 6811 6344.9475 7121 6633.7353
UC San Francisco 0.7471367 1789 2394.4749 3063 4099.6515 4177 5590.6772 4243 5679.0145
UC Santa Barbara 0.7253482 976 1345.5606 1433 1975.6028 2265 3122.6381 2361 3254.9883
UC Irvine 0.7196027 1532 2128.9525 2182 3032.2287 3635 5051.3984 3741 5198.7019
UC Davis 0.7828486 2027 2589.2618 3583 4576.8746 5636 7199.3484 5793 7399.8981
Relative standard deviation 24.30% 25.91% 24.03%  23.53%
 
 

5 Conclusions 
 
The data presented here suggests that the results of the Shanghai ranking are irreproducible. At least the 
data concerning the SCI indicator suggests that the authors of the Shanghai ranking deviated from the 
official published methodology when computing the scores of the universities. It is understandable that the 
values of some of the indicators used are hard to reproduce, as in the case of the Size indicator, where data 
about universities’ personnel are hard to obtain and inconsistent, and sometimes requires using educated 
guesses, or as in the case of the N&S indicator, where the necessity of weigthing as a function of author 
importance may require an error-prone automated counting method. It is less acceptable that the values for 
an objective indicator such as SCI cannot be reproduced using the published methodology. These findings 
undermine the relevance of the Shanghai ranking, and adds to other critiques of its methodology and 
results9.  
 In correspondence through email with the authors of the Shanghai ranking, they insist (in 
response to a draft version of this paper) that the results found here do not mean that the ranking results 
are irreproducible, since “any two institutions having the same amount of SCI articles,  they should get the 
same scores in our ranking”. I believe that reproducibility means that, given correct raw data for one 
university inside top 500, one should be able to compute its score according to the published 
methodology, and this score should be equal to the score used in Shanghai ranking. This has practical 
importance, since, for example, it also permits computing scores for universities that are not in top 500, 
and permits devising strategies that these universities may use for entering the top 500. Since I have 
shown that this is not possible, and one has instead to get the distribution of data for most of the 
universities in top 500 in order to infer the dependencies used in the ranking, which are not the ones in the 
published methodology, I consider that the results are irreproducible, given the currently published 
methodology. The inconsistencies found here may be clarified if the authors of the Shanghai ranking will 
publish also the un-normalized values that they used for the indicators, and the actual transformations they 
performed on data. It would be useful if they would insure the transparency of their results, or at least 

                                                           
9 Van Raan, A.F.J. (2005), Fatal Attraction: Conceptual and methodological problems in the ranking of universities 
by bibliometric methods. Scientometrics, 62(1), 133-143. http://www.cwts.nl/TvR/documents/AvR-
RankingScientom.pdf 
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implement on their website the possibility that the public compute automatically the score of any 
university, given raw data. 
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7 Annex: Correspondence with the authors of the Shanghai ranking 
 
From: Razvan Florian <florian@ad-astra.ro> 
To: <ranking@sjtu.edu.cn> 
Sent: Saturday, November 26, 2005  
 
Hello, 
 
Could you please provide the highest scores for each of the indicators used in the last ranking? We could  
provide in exchange figures regarding the number of staff of universities in Romania. 
 
More particularly, we would like to know: 
- the highest number of alumni of an institution winning Nobel Prizes and Fields Medals 
- the highest number of staff of an institution winning Nobel Prizes and Fields Medals 
- the highest number of highly cited researchers in 21 broad subject categories belonging to one 
university 
- the highest number of articles published in Nature and Science by one university, between 2000 and 
2004 
- the highest number of articles in Science Citation Index-expanded, Social Science Citation Index, and 
Arts & Humanities Citation Index belonging to one university, in 2004 
- the highest number for academic performance with respect to the size of an institution 
 
Thank you in advance. 
 
With best regards, 
Razvan Florian 
Ad Astra association of Romanian scientists 
www.ad-astra.ro 
 
 
 
From: ranking <ranking@sjtu.edu.cn> 
To: Razvan Florian <florian@ad-astra.ro> 
Date: 27/11/2005 05:13 
 
Thank you very much for your interests in our ranking. 
Sorry, we do not provide raw data. 
 
 
 
 
 
From: Razvan Florian <florian@ad-astra.ro> 
To: <ranking@sjtu.edu.cn> 
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Sent: Wednesday, February 08, 2006 
 
Hello, 
 
I am sending you attached a paper that I wrote about the impossibility 
of reproducing the results of the Shanghai ranking. I intend to publish 
it in the Ad Astra online journal, http://www.ad-astra.ro/journal/?lang=en 
 
We invite you to write a reply, that we will publish in the same journal. 
 
With best regards, 
Razvan Florian 
Ad Astra association of Romanian scientists 
www.ad-astra.ro 
 
 
 
From: ranking <ranking@sjtu.edu.cn> 
To: Razvan Florian <florian@ad-astra.ro> 
Date: 08/02/2006 08:31 
 
Dear Razvan Florian, 
Thank you very much for sending us your paper. 
As you have mentioned in your paper, the data is fitted well with some non-linear power-law relations, 
which indicates that our data is reproducible. As you have already noticed, distribution of data has been 
examined for distorting effect and statistical treatment has been applied. You should question why the 
non-linear treatment is done, not the reproducibility itself. Therefore, I strongly urge you to change the 
title and conclusion of your paper10. 
The best way to verify the data of an institution in our ranking is to compare its scores and raw data on a 
particular indicator with its peer institutions. That is to say, if any two institutions having the same amount 
of SCI articles,  they should get the same scores in our ranking. In fact, numerous institutions have done 
that and clarified with us. In any case, our data is reproducible. Again,  I strongly urge you to revise 
your paper focusing on the methodology question of treatment methods, since that has nothing to do 
with reproducibility. 
Sincerely yours, 
  
The Ranking Team 
Institute of Higher Education 
Shanghai Jiao Tong University 
Shanghai, China    
  
  

                                                           
10 Original formatting from the message. 


