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Abstract The aim of this article is to present new ideas in evaluating Shanghai Uni-
versity’s Academic Ranking of World Universities (ARWU). One issue frequently put
forth in various publications is that the Shanghai rankings are sensitive to the relative
weight they attribute to each variable. As a possible remedy to this issue, the statistical
I-distance method is proposed to be used. Based on a sample containing the top 100 ranked
universities, the results show a significant correlation with the official ARWU list. How-
ever, some inconsistencies concerning European universities have been noticed and
elaborated upon.

Keywords Ranking of universities - The I-distance method - ARWU -
Statistical methods - Classification

Introduction

The issue of ranking higher education institutions (HEI) has drawn a lot of attention as of
late. Many different stakeholders, especially students, use rankings as an indicator of a
university’s reputation and performance (Agasisti and Perez-Esparrells 2010; Bowman and
Bastedo 2010; Hien 2010; Stolz et al. 2010). Moreover, projects dealing with the trans-
formation of higher education systems often rely on HEI ranking results. For instance, the
present French Minister of Research and Higher Education was delegated by the French
President ‘‘to have two institutions among the world’s top 20 and ten among the world’s
top 100”” (Billaut et al. 2010). “This is putting huge pressure on schools to better meet the
criteria relevant to rankings in order to attract both students and funds. However, despite
growing popularity, the ranking of universities remains a controversial issue and has been
widely debated” (Dehon et al. 2010). Probably the most cited ranking list is Academic
Ranking of World Universities (ARWU) which has been the focus of researchers since its
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creation in 2003 (Aguillo et al. 2010; Docampo 2008, 2011; Florian 2007; Lukman et al.
2010).

The Shanghai (ARWU) ranking is based on six different criteria and aims to measure
academic performance. Within each category, the best performing university is given a
score of 100 and becomes the benchmark against which the scores of all other universities
are measured. Universities are then ranked according to the overall score they obtain,
which is simply a weighted average of their individual category scores (Dehon et al. 2010).
The variables ‘‘Alumni’’ and ‘‘Award’’ measure the number of Nobel prizes and Field
medals won by a university’s alumni (‘‘Alumni’’) or current faculty members (‘‘Award’’).
The next three variables, ‘‘HiCi”’, ‘“N&S’’ and ‘‘PUB’’ reflect the researchers output.
“HiCi’’ is the number of highly cited researchers, ‘‘N&S’’ is the number of articles
published in “Nature” and “Science” journals, and ‘‘PUB’’ is the number of articles
indexed in the Science Citation Index Expanded and the Social Science Citation Index. The
sixth and final variable, ‘‘PCP’’, is a weighted average of scores obtained from the pre-
vious five categories, divided by the number of current full-time equivalent academic staff
members. The variables ‘‘Award’’, “‘HiCi’’, ““N&S’’, and ‘‘PUB’’ each make up 20% of
the final score, while ‘‘Alumni’’ and ‘‘PCP’’ are each given a slightly lower weight of 10%
(Dehon et al. 2010).

Yet, almost immediately after the release of its first ranking, ARWU attracted a lot of
criticism. One of its first detractors was van Raan (2005a), whose comments started a
vigorous debate with the authors of the Shanghai ranking (Liu and Cheng 2005; Liu et al.
2005; van Raan 2005b). Since then the attacks of the rankings in academic circles have
been both widespread and strong. Some problems regarding the choice of ranking variables
are able to be discussed upon. For instance, the criteria Award and Alumni consider only
two subjectively chosen awards. As pointed out by a referee, these two criteria are based on
prizes and medals that far from cover all important scientific fields. Distinctions such as the
““A. M. Turing Award’’ in the area of computer science or the ‘‘Bruce Gold Medal’’ in the
area of astronomy, are among the many examples of highly prestigious awards that are
ignored in the Shanghai ranking (Billaut et al. 2010). The criteria N&S also consider only
two subjectively chosen journals. Moreover, a paper signed by several co-authors will have
greater weight than a paper only signed by a single person which seems to be paradoxical
(Billaut et al. 2010).

In addition, the relative weight attributed by the ARWU ranking to each variable has
been show to be one of its potential weaknesses (Dehon et al. 2010). In this article, this
potential weakness shall be examined by applying the statistical I-distance method.

I-distance method

Quite often the ranking of specific marks is done in a way that can seriously affect the
process of taking exams, entering competitions, UN participation, medicine selection, and
many others (Ivanovic 1973; Ivanovic and Fanchette 1973; Jeremic and Radojicic 2010).

I-distance is a metric distance in an n-dimensional space. It was proposed and defined
by B. Ivanovic (Ivanovic 1977) in various publications that have appeared since 1963.
Ivanovic devised this method to rank countries according to their level of development on
the basis of several indicators. Many socio-economic development indicators were con-
sidered and the problem was how to use all of them in order to calculate a single synthetic
indicator which will thereafter represent the rank.
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For a selected set of variables X’ = (X},X»,...X;) chosen to characterize the entities,
the I-distance between the two entities e, = (X1,,X2,,...,.X,,) and e, = (X15,X25,...,Xks) 18
defined as
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where di(r, s) is the distance between the values of variable X; for e, and e, e.g., the
discriminate effect,

di(r,s) = x;p —xi5, i€ {1,...,k} (2)

o; the standard deviation of X;, and 1j5.1»._j_ is a partial coefficient of the correlation
between X; and X;, (j < i) (Ivanovic 1973).

The construction of the I-distance is iterative; it is calculated through the following
steps:

e Calculate the value of the discriminate effect of the variable X; (the most significant
variable, that which provides the largest amount of information on the phenomena that
are to be ranked).

e Add the value of the discriminate effect of X, which is not covered by X;.

e Add the value of the discriminate effect of X3 which is not covered by X; and X,.

e Repeat the procedure for all variables (Mihailovic et al. 2009).

This I-distance fulfils all 13 conditions for defining the measures of distances. It is
essential to point out that the I-distance method requires a standardization of all data, as it
proves useful in overcoming the differences in measures.

Sometimes, it is not possible to achieve the same sign mark for all variables in all sets,
and, as a result, a negative correlation coefficient and a negative coefficient of partial
correlation may occur. This makes the use of the square I-distance even more desirable.
The square I-distance is given as:

(r.5) zk:dlz ﬁ( Tt 1) (3)

i=1 j=1

In order to rank the entities (in this case, universities), it is necessary to have one entity
fixed as a referent in the observing set using the I-distance methodology. The entity with
the minimal value for each indicator or a fictive maximal or average values entity can be
set up as the referent entity. The ranking of entities in the set is based on the calculated
distance from the referent entity.

Results of the I-distance method

The results achieved by means of the I-distance method are shown in Table 1.

As can be seen from Table 1, Harvard University tops the I-distance method list as well.
The correlation between the calculated I-distance values and the ARWU total score is
significant, r = 0.921, p < 0.01. Interestingly, the members of the top 12 HEI’s are the
same for both methods. Overall, if the I-distance ranking is compared with the ARWU
ranking, it can be concluded that the ranks are quite similar. As a matter of fact, the
Spearman’s rho statistic was calculated and correlation is significant with r, = 0.772,
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Table 1 Results of the I-distance method, the I-distance value and rank for the year 2008

ARWU  HEI Country I-distance  I-distance  Difference
rank value rank I-distance
rank versus
ARWU rank
1 Harvard Univ. USA 9.907 1 0
4 Univ. of Cambridge UK 7.818 2 2
3 Univ. of California, Berkeley USA 6.793 3 0
5 Massachusetts Inst Tech (MIT) USA 6.780 4 1
7 Columbia Univ. USA 6.462 5 2
6 California Inst. Tech USA 5.840 6 0
9 Univ. of Chicago USA 5.839 7 2
10 Univ. of Oxford UK 5.551 8 2
8 Princeton Univ. USA 5.507 9 -1
2 Stanford Univ. USA 5.467 10 -8
11 Yale Univ. USA 4.896 11 0
12 Cornell Univ. USA 4.510 12 0
20 Johns Hopkins Univ. USA 4.288 13 7
17 Univ. of Wisconsin, Madison USA 3.937 14 3
19 Tokyo Univ. Japan 3.769 15 4
21 Univ. of Michigan, Ann Arbor USA 3.743 16 5
24 Swiss Fed Inst. Tech, Zurich Switzerland ~ 3.723 17 7
15 Univ. of Pennsylvania USA 3.698 18 -3
73 Ecole Normale Super Paris France 3.689 19 54
23 Kyoto Univ. Japan 3.674 20 3
26 Univ. of Illinois, Urbana Champaign =~ USA 3.634 21 5
13 Univ. of California, Los Angeles USA 3.592 22 -9
70 Moscow State Univ. Russia 3.587 23 47
22 Univ. College London UK 3.532 24 -2
16 Univ. of Washington, Seattle USA 3.433 25 -9
25 Univ. of Toronto Canada 3.242 26 -1
28 Univ. of Minnesota, Twin Cities USA 3.232 27 1
31 New York Univ. USA 3.184 28 3
57 Tech Univ. Munich Germany 3.160 29 28
43 Univ. of Paris 06 France 3.158 30 13
14 Univ. of California, San Diego USA 3.075 31 —17
49 Univ. of Paris 11 France 2.950 32 17
56 Univ. of Munich Germany 2.922 33 23
29 Washington Univ., St. Louis USA 2.877 34 -5
27 Imperial College London UK 2.810 35 -8
45 Univ. of Copenhagen Denmark 2.713 36 9
84 Case Western Reserve Univ. USA 2.664 37 47
47 Univ. of Utrecht Netherlands ~ 2.653 38 9
40 Univ. of Manchester UK 2.608 39 1
90 Univ. Goettingen Germany 2.578 40 50
33 Rockefeller Univ. USA 2.558 41 -8
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Table 1 continued

ARWU HEI Country I-distance I-distance Difference

rank value rank I-distance
rank versus
ARWU rank

65 Hebrew Univ., Jerusalem Israel 2.539 42 23

51 Karolinska Inst.-Stockholm Sweden 2.529 43 8

30 Northwestern Univ. USA 2.526 44 —14

35 Univ. of British Columbia Canada 2.518 45 —10

62 Carnegie Mellon Univ. USA 2.518 46 16

32 Duke Univ. USA 2.504 47 —15

37 Univ. of Maryland, College Park USA 2.488 48 —11

75 Univ. of Rochester USA 2.470 49 26

60 McGill Univ. Canada 2.426 50 10

41 Univ. of Texas South-western Med Center USA 2.393 51 —10

64 Univ. of Oslo Norway 2.279 52 12

52 Univ. of Pittsburgh, Pittsburgh USA 2.279 53 -1

44 Vanderbilt Univ. USA 2.252 54 —10

55 Univ. of Edinburgh UK 2.251 55 0

72 Uppsala Univ. Sweden 2.243 56 16

34 Univ. of Colorado, Boulder USA 2.230 57 —-23

39 Univ. of Texas, Austin USA 2.193 58 —19

86 Stockholm Univ. Sweden 2.189 59 27

58 Univ. of Florida USA 2.152 60 -2

18 Univ. of California, San Francisco USA 2.137 61 —43

76 Univ. of Leiden Netherlands  2.095 62 14

78 Univ. of Sheffield UK 2.093 63 15

97 Lund Univ. Sweden 2.089 64 33

87 Univ. of Basel Switzerland  2.049 65 22

67 Univ. of Heidelberg Germany 2.007 66 1

91 Univ. of Birmingham UK 1.973 67 24

69 Univ. of Helsinki Finland 1.951 68 1

96 Univ. of Freiburg Germany 1.949 69 27

38 Univ. of North Carolina, Chapel Hill USA 1.937 70 -32

79 Tohoku Univ. Japan 1.922 71 8

42 Pennsylvania State Univ., Univ. Park USA 1913 72 -30

59 Australian Natl. Univ. Australia 1.908 73 —14

66 Purdue Univ., West Lafayette USA 1.894 74 -8

53 Univ. of Zurich Switzerland  1.837 75 —-22

71 Brown Univ. USA 1.832 76 -5

63 Ohio State Univ., Columbus USA 1.810 77 —14

54 Rutgers State Univ., New Brunswick USA 1.793 78 —24

74 Univ. of Melbourne Australia 1.763 79 -5

100 Univ. of Sydney Australia 1.754 80 20

99 Univ. of Bonn Germany 1.751 81 18

98 Rice Univ. USA 1.751 82 16
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Table 1 continued

ARWU HEI Country I-distance I-distance Difference
rank value rank I-distance
rank versus
ARWU rank
81 King’s College London UK 1.731 83 -2
68 Osaka Univ. Japan 1.714 84 —16
93 Aarhus Univ. Denmark 1.685 85 8
61 Univ. of Bristol UK 1.654 86 —25
82 Univ. of Nottingham UK 1.646 87 =5
89 McMaster Univ. Canada 1.616 88 1
83 Boston Univ. USA 1.577 89 —6
36 Univ. of California, Santa Barbara USA 1.448 90 —54
92 Indiana Univ., Bloomington USA 1.427 91 1
85 Michigan State Univ. USA 1.396 92 -7
46 Univ. of California, Irvine USA 1.315 93 —47
48 Univ. of California, Davis USA 1.264 94 —46
50 Univ. of Southern California USA 1.243 95 —45
77 Univ. of Arizona USA 1.101 96 —19
80 Univ. Utah USA 1.029 97 -17
88 Texas A and M Univ., Coll Station USA 0.894 98 —10
94 Arizona State Univ., Tempe USA 0.884 99 -5
95 Univ. of Virginia USA 0.847 100 -5

p < 0.01. When observing only the European HEI, the correlation is also significant, with
rg = 0.689, p < 0.01. On the other hand, when examining only the USA’s HEI, the cor-
relation was highly significant with r; = 0.879, p < 0.01. The statistically significant
difference between the correlation coefficients of the European and USA HEIs was also
determined (p = 0.0235).

However, the alternative rankings for some of the European universities are quite
different from the official ARWU list. For instance, Ecole Normale Super Paris and
Moscow State University are the most drastic examples. They are ranked quite lowly in the
ARWU list (73rd and 70th place), whereas the I-distance method puts them in 19th and
23rd place, respectively. It is quite interesting to note that this inconsistency was also
mentioned by Dehon et al. (2010). If this analysis is analyzed further, the “weakest link”
for these two HEISs is the variable “HiCi” the number of highly cited researchers. Indeed,
almost all European universities are “suffering from the same illness”. Conversely, US
universities have no such problems at all. As a matter of fact, US universities have
significantly higher “HiCi” values than their European counterparts (p < 0.01). The same
conclusion applies for the variables “PUB” and “N&S”, in both of these cases, US
universities obtain significantly higher values (p < 0.01).

This data set has been further examined and a correlation coefficient of each variable
with an I-distance value and ARWU total score has been determined. This is crucial as it
provides information on how significant each of the six input variables is. The results are
shown in Table 2.
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Table 2 The correlation between input variables and I-distance and the ARWU total score

Correlations Differences between
correlations

I-distance ARWU total score p value

Score on Alumni 0.948 0.751 0.0000

Score on Award 0.840 0.832 0.8534

Score on N&S 0.778 0.931 0.0000

Score on PCP 0.748 0.780 0.5925

Score on HiCi 0.679 0.875 0.0003

Score on PUB 0.508 0.633 0.1958

Table 2 shows that the most significant variable for the calculated I-distance value, that
which provides the largest amount of information, is the score on alumni. It correlates
highly with the I-distance value (r = 0.948). As can be seen, there is a reasonable amount
of concern as to whether the current weighting factors for each of the six variables are
appropriate. There is a huge inconsistency between the variables; for instance the score on
PUB has a barely significant correlation with » = 0.508. This is precisely the reason why
the relative weight attributed to each variable must be very carefully determined.

On the other hand, the score on alumni is far less significant when determining the
ARWU total score. As a matter of fact, the difference between the correlation coefficients
is significant between the I-distance and ARWU total score for the indicator score on
alumni, p = 0.000. This essentially means that the score on alumni differently affects the
final rankings for the two classification methods. The I-distance method regards alumni to
be the most significant (correlated) variable, while the ARWU method puts it in fifth
place.

In addition, when the ranking is done according to the ARWU methods, the score on
N&S correlates most to the ARWU total score. In line with this, N&S is a crucial variable
for determining the rankings according to official ARWU methodology. Nonetheless,
according to the I-distance methodology, “N&S” is the third most significant. Another
interesting finding is that “Alumni”, “N&S” and “HiCi”, which are the most controversial
criteria in contemporary literature on this matter (Billaut et al. 2010), are those variables
which differently affect the final results obtained by either the I-distance or ARWU
methodology. The other three variables are equally significant for calculating the final
results whether done by the I-distance or ARWU method.

Further, attention needs to be focused on the most drastic inconsistencies between the
ARWU and I-distance ranking. Table 3 presents an overview of three European and three
US HEI which have shown a great disparity in their rankings.

As can be seen, the three mentioned US universities (all from California) come in at the
bottom of the I-distance method ranking list. On the other hand, according to the official
ARWU list, they belong to the “golden mean”. As can also be seen, the above-mentioned
US universities have no score for the variable “Alumni”. This is precisely the reason why
the I-distance method awarded these three Californian universities with quite low rankings.
According to the I-distance method, the variable “Alumni” is the most significant and the
fact that a particular university has no score for this variable is reflected in its bottom list
rankings. Conversely, the three mentioned European universities have a high score for the
same variable; as a consequence, the I-distance method awarded them with far better
rankings rather than those obtained by the official ARWU list.
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Nonetheless, the US universities have significantly higher values of the variables
“N&S” and “HiCi”. Therefore, the difference in the ARWU rankings between the US and
European universities is mostly associated with these two variables. It appears to be that
the academic staff of these US universities have been far more successful in publishing
their papers in “N&S”, compared to their European colleagues. This disparity is the most
obvious in terms of the variable “HiCi”, where a vast majority of highly cited authors
come from US universities. These two variables are entirely crucial for the relatively high
rank of the above-mentioned Californian universities.

Conclusions

With a growing worldwide interest in university rankings, the academic world is becoming
even more concerned with the assessment of higher education. These rankings are very
often used as a marketing tool for universities to show their educational or research
excellence. This is precisely the reason why it is exceptionally important to provide
rankings as accurate as possible. The aim of this study has been to point out that the
ordering of the world’s universities is subject to continuous improvement. As a remedy to
this issue, the analysis presented here has stressed potential weaknesses in the ARWU
rankings in regard to the fact that changing the relative weight placed upon each of the six
factors significantly alters the ranking.

As a way to overcome this issue, the use of the statistical I-distance method has been
here proposed. The results from Table 1 suggest that the I-distance ranking is quite similar
to the official ARWU list. However, it is essential to emphasize that European universities
are, on average, lower ranked in official rather than in alternative rankings. As one of the
identified reasons, the variables “N&S” and “HiCi” can be singled out. On the other hand,
the I-distance method clearly has shown that certain variables are far more important than
others for the ranking process. Table 2 presents the essential underlying differences in
dynamics for I-distance and ARWU methodology. These findings should be incorporated
into future research as being weight placed on each variable is crucial for the ranking
process. It is hoped that this shall encourage debate on how to determine the criteria to best
conduct and analyse universities’ rankings.
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