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Abstract It is now generally accepted that institutions of higher education and research,
largely publicly funded, need to be subjected to some benchmarking process or performance
evaluation. Currently there are several international ranking exercises that rank institutions at
the global level, using a variety of performance criteria such as research publication data,
citations, awards and reputation surveys etc. In these ranking exercises, the data are combined
in specified ways to create an index which is then used to rank the institutions. These lists are
generally limited to the top 500-1000 institutions in the world. Further, some criteria (e.g., the
Nobel Prize), used in some of the ranking exercises, are not relevant for the large number of
institutions that are in the medium range. In this paper we propose a multidimensional
‘Quality—Quantity’ Composite Index for a group of institutions using bibliometric data, that
can be used for ranking and for decision making or policy purposes at the national or regional
level. The index is applied here to rank Central Universities in India. The ranks obtained
compare well with those obtained with the h-index and partially with the size-dependent
Leiden ranking and University Ranking by Academic Performance. A generalized model for
the index using other variables and variable weights is proposed.

Keywords National ranking - Research competitiveness - Research ranking -
Scientometrics - University Ranking - India

Introduction
Scientific performance is a multidimensional process with several different facets.

However for purposes of evaluation it is sometimes required by administrators or
directors of institutions that the institutions be arranged in order of merit in a ranked list.
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This requires the creation of composite indicators based on measurable parameters
(Vinkler 2006; Torres Salinas et al. 2011) which reflect merit in accordance with human
judgement.

At present there are several global performance ranking exercises of universities and
higher education and research institutes based on a variety of variables. The ranked lists
published cover the top 500-750 or so top institutions in the world. In the case of a
particular region or country, for instance a developing country, these lists may not cover a
meaningful section of total institutions, and are useful only in so far as one can celebrate
the status of the few top performing institutions in the country that make it to the inter-
national rank lists. While it may be considered important to aspire to these ranked lists or
work towards inclusion, it may be more meaningful to design simpler indices based on
local data that can rank institutions within the country or region for local decision making
or policy purposes.

Bibliometric indicators measure the volume and quality of research output in terms of
published papers and citations, and these and derived indicators are now routinely used in
evaluation. We propose to do the same using basic and some derived indicators to obtain a
‘Quality—Quantity’ Composite Index (QQCI) for the set of 39 Central Universities in India.
Access to a citation database is required, and we have chosen to work with the Web of
Science (WoS) which is an acceptable standard in bibliometric work. The objective of this
kind of national ranking exercise is to show where each university stands, which can lead
to a kind of self assessment, and course correction if need be, at the level of national
institutions. It may also assist national policy and funding decisions. The attempt is also to
keep the methodology simple to ensure easy replication of results, possibly as an annual
exercise.

International ranking exercises and related work

Our position is that global ranking exercises are not suitable for developing countries or
institutions in the mid-range for reasons listed above. The Academic Ranking of World
Universities (ARWU)' considers number of Nobel prizes, Fields medals, highly cited
researchers—variables which are relevant mainly for some prestigious universities. In
fact in the ARWU ranking, the top 500 institutions are found in only 35 countries. The
USA has a dominant position, with 85 percent of the top 20 institutions, 51 percent of
the top 100 institutions, and 45 percent of the top 200 institutions (Liu and Cheng 2005;
Liu et al. 2005). The US bias has been noted by others such as Van Raan (2005), who
also points out pitfalls in ranking institutions. For example, the cleaning and merging of
institution names can be difficult due to numerous alternative versions of an institu-
tion’s name as it appears in the citation database. While this would be a problem
common to any ranking exercise, in ARWU there is also the major question of dis-
ambiguation of names of scientists (to find highly cited researchers) which continues to
be a crucial problem in bibliometrics. In the initial exercise of the Shanghai ranking,
only 3 institutions from India found a place in the list (Liu et al. 2005). ARWU
considers over 1000 institutions and produces a list of 500. Another difficulty in this
ranking is the problem of awards—should the current institution or affiliation of the

! http://www.shanghairanking.com/.
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awardee be considered, or the institution at the time of the award, or the institution
where the award winning work was done? Similar problems can be envisaged for
allocation of credit for alumni.

The Leiden Ranking” based exclusively on bibliometric indicators uses field normal-
ization and normalization with respect to year. While this is desirable, it is difficult to
perform if one is working exclusively with national data, and would require processing of
citation data at the global scale. The Leiden Ranking uses papers, citations and collabo-
ration, and offers separate ranked lists for each of these. It offers both size-dependent and
size independent ranking based on different criteria (Waltman and Van Eck 2012; Walt-
man et al. 2012). When it comes to Indian institutions, only four institutions appear in the
recent Leiden ranking.

The Webometrics or Web Ranking® is based entirely on Web visibility and is
not related to our objective of research performance based ranking (Aguillo et al.
2008).

Since 2009, SCIMago Institution Ranking (SIR)* has been publishing ranks for worl-
wide institutes based on different research indicators such as research output, international
collaboration and impact etc. from the SCOPUS database. This ranking is published by a
group of researchers in a Spain-based research organization, consisting of researchers from
different institutions such as University of Granada, Spanish National Research Council
(CSIC), Charles III University of Madrid. At present SCIMago ranks over 5000 institu-
tions. However access to the results are password controlled.

The Times® and QS° Ranking use other data on internationalization and reputation
surveys as part of the ranking exercise, which would need time-consuming and expensive
surveys. They both use perceptual scores, which in addition to being highly subjective are
not necessarily representative of demographic and cultural variations of responders. Fur-
thermore, while evaluation of teaching—a key function of a university—is important,
objective measures of teaching that can be quantified have not been developed. It is
unrealistic at present to include teaching appraisals as part of quantified ranking exercises,
particularly in Indian context.

A relatively recent entrant into the global ranking exercises is URAP,” which was
started in 2009 in Turkey. University Ranking by Academic Performance (URAP)
Research Laboratory was established at Informatics Institute of Middle East Technical
University in 2009. The main objective of URAP was to develop a ranking system for the
world universities based on academic performance determined by quality and quantity of
scholarly publications. Yearly World Ranking of 2000 Higher Education Institutions have
been released since 2010. Its coverage is much larger than the earlier ranking exercises. We
have found some overlap of institutions between the URAP list for India and the set of
Indian Central Universities, and URAP has been included in our comparison for validating
our results.

Apart from the standard global ranking exercises, there are other sites where institutions
are rated in different disciplines. The website—Mapping Scientific Excellence (www.

http://www.leidenranking.com/methodology/indicator.
http://www.webometrics.info/en/Methodology.
http://www.scimagoir.com/methodology.php.
https://www.timeshighereducation.co.uk/.

© http://www.topuniversities.com/.

7 http://www.urapcenter.org/2014/index.php.
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excellencemapping.net) has a tool that rates global higher education and research insti-
tutions in different disciplines in terms of ‘best paper rate’ and ‘best journal rate’ (Born-
mann et al. 2015). In addition, country specific characteristics like GDP, population and
perceived corruption can be introduced as co-variates (Bornmann et al. 2014). Both
ranking lists and geographical maps are given, indicating whether the performance is
below average or above average. Starting with year 2005, the website is currently in its
fourth version covering the publication years 2008-2012. We found 10-20 Indian insti-
tutions in these lists, but since they were subject specific and did not include many Central
Universities, we were unable to compare them directly with our results.

Other published works try to assess the ranking systems and also suggest alternative
methods and improvements for ranking research competence of institutions. Jeremic
et al. (2011) present ideas for evaluating the Shanghai University’s Academic Ranking
of World Universities (ARWU) and propose the I-distance method for ranking.
Molinari and Molinari (2008) tried to provide a metric which removes the size
dependence and proposed an index as a complement to the h-index, to compare the
scientific production of institutions of different sizes. Garcia et al. (2012) introduced
ranking of research output of universities based on the multidimensional prestige of
influential fields, with flexibility to reset different thresholds and obtain different levels
of ranking. In Matthews (2012), different ranking methods were accessed to look at the
positions of a set of South African Universities. In a similar study, Geraci and Esposti
(2011) presented and compared different rankings used, to evaluate the prestige and
merit of Italian universities, and also proposed a new approach that combines both
national and international standing of Italian universities. Lazaridis (2010) presented a
study to evaluate the research performance of departments of universities using the
mean h-index. Liu and Liu (2005) reported methodologies used in rankings proposed
by different Chinese Universities and addressed the characteristics inherent to those
rankings. Billaut et al. (2010) take a critical approach and present a criticism of ARWU
by attempting to show that the criteria used in ARWU are not relevant and that the
aggregation methodology suffers from major problems. Torres Salinas et al. (2011)
have developed a bidimensional Quality—Quantity index and used it to rank Spanish
universities in two fields of science.

Despite the abovementioned and other studies, the problem of developing countries
whose Universities do not find representation in the global ranking exercises has not been
given enough attention. This provides the motivation for the current study, where we
have adopted a methodology somewhat similar to Torres Salinas (Torres Salinas et al.
2011).

Need for regional or national ranking exercises

As stated before, it is felt that for countries or regions that are not at the core of the global
science system or are on its periphery, there is a need for regional or national level ranking
exercises based on data that is readily available and can be processed without undue
difficulty. A Quality—Quantity ranking was done recently by us for Computer Science
departments in India (Uddin and Singh 2015; Singh et al. 2015). On the other hand, some
developed countries like Italy have more than one single ranking exercise, both govern-
ment initiated and private (Geraci and Esposti 2011). This kind of situation leads to a
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problem of too much ranking information, as the criteria and objectives of the exercises are
different and can lead to very different ranked lists, requiring further consolidation.

In India, an early start in this direction was made with the project National Mapping of
Science at NISTADS, New Delhi in the late 90 s, funded by the Department of Scientific
and Industrial Research (Basu and Nagpaul 1998). Ranked lists of Indian institutions in 12
broad subject areas were produced and 5000 copies distributed as a booklet at the Indian
Science Congress held in the first week of January each year, in order for the results to be
accessible to a large number of scientists and administrators (Basu et al. 2000). Absolute
numbers of papers from the Science Citation Index were used and journal impact factors
used as a proxy for quality, as was the practice at the time. The objective was to reach
scientists, administrators, principals and vice-chancellors in India and elicit interest among
them in using bibliometric evidence for policy formulation. The other motive was to reach
the scientists and institutions who could then assess where they stood, and it was hoped that
this exercise would lead to a virtuous cycle of introspection and non-pecuniary incentives.
The exercise was continued for 3 years before being discontinued. While ongoing, it
generated a lot of interest in individuals, professors and heads of institutions, at a time
when global rankings were few in number. Since then there have been sporadic national
assessment exercises (Gupta 2011), but without a single established methodology.
Recently the Government of India has defined a new framework for ranking Universities
and colleges (NIRF 2015) which will take into account parameters such as faculty-student
ratio, faculty qualification (e.g., Ph.D. degree), library and other facilities, sports and extra-
curricular facilities, publications, citations, patents, performance in examinations, outreach
and inclusivity (for women, socially disadvantaged, disabled etc.), peer evaluation and
application-to-seat ratio. However, the ranking exercise is yet to be initiated.

Our objective here is to propose a single QQCI and to demonstrate its utility by using it to
rank a given set of institutions in India. As a test case we have taken 39 Central Universities in
India. The Composite Index is calculated for each University and the ranking is done on this
basis. To validate our methodology we have tested it against ranks obtained from an accepted
indicator, the h-index. A scientist has index h if h of his/her Np papers have at least h citations
each, and the other (Np-h) papers have fewer than h citations each (Hirsch 2005). Although
defined initially for individual scientists, it can be used in an analogous way for institutions
(Huang 2012). The reason for using the h-index for validation is that it is also a ‘Quality—
Quantity’ indicator. We neither expect nor demand total agreement, but expect the h-index to
act as a rough guide to check that our ranking is not totally out of line. In addition, we check
our ranking against the Leiden ranking which is also based exclusively on bibliometric
indicators as ours is, and URAP which has more institutions from India as well as the same
sort of bibliometric indicator based ranking system.

The Central Universities in India

The Central Universities in India have been instituted with the specific mandates of aca-
demic excellence and inclusion with central government support. Some of them were
existing reputed universities given the status of Central Universities, while others are
newly founded universities located in each state to give an equitable geographical spread to
institutes of higher education in the country. They are funded by the University Grants
Commission (UGC)® set up in 1953 by the Government of India to initiate a planned

8 www.ugc.ac.in.
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development of higher education in the country. The UGC worked with a stated mandate to
promote quality education, but with regard to the concerns of access, equity, quality,
excellence, relevance and value based education.” Under the UGC’s oversight and advisory
framework, higher education institutions are divided into different categories: Central
Universities, deemed-to-be Universities, State Universities, Colleges and Distance Edu-
cation Centres. Each Central University is established by an individual Act of Parliament
and exercises autonomy in its academic and administrative affairs in keeping with the
provisions of the relevant Act. Their entire maintenance and development expenditure is
met by the Central Government. Given their special status, it is important to see how the
Central Universities have been performing.

The Central Universities were set up in various stages. At the time of the 11th 5-year
plan in 2009, there were 19 (4-4) Central Universities. It was recommended by the Par-
liamentary Standing Committee on Human Resource Development that Central Univer-
sities be set up in all the remaining states, including the Northeastern states and Sikkim. At
present there are 39 Central Universities spread out all over India (see Fig. 1) in addition to
some other central institutions of a different nature. The Indira Gandhi National Open
University (IGNOU) (an institution devoted to distance education), the Indian Maritime
University, and the South Asian University (internationally administered by the South
Asian SAARC countries), have not been included in the study as they follow different
models.

Data and methodology

The data on research publications has been taken from the Web of Science (Science
Citation Index-Expanded) for the years 1990-2014 (Table 1). Data on faculty size for the
year 2014 is obtained from the University Grants Commission note on vacant positions'®
(UGC 2014). A total of 59,339 papers (58,781 unique, after eliminating duplicates) with
590,227 citations were downloaded for the study. As can be seen from Table 1 (sorted by
number of papers), the Central Universities vary significantly both in size and date of
inception. Out of 39 Universities, 16 were established as recently as 2009, while 7 more
were established earlier but given Central University status between 1988 and 2009. The
older Universities are the University of Allahabad, established in 1887 and given Central
University status in 2005, Banaras Hindu University established in 1916, Aligarh Muslim
University and Jamia Milia Islamia in 1920 and Vishwa Bharati in 1939. We have taken a
25 year time period for evaluating the Universities. We will try to explain our choice in the
following way. These Central Universities have never been evaluated together as India
does not have a regular ranking exercise in place as yet. So, there is interest in the question
of what has been the contribution of the Universities over their lifetime. We took a period
for which bibliometric data was available (in SCI-expanded)—though of course the older
Universities are very much older than this period. The last year of data should have been
left out as per guidelines suggested in the literature (Bornmann 2014).

The older Central Universities have had a longer period to establish themselves and gain
in reputation. Is the reputation upheld in a research assessment? To assess the Universities
we take bibliometric measures of research productivity and citation and combine them into
a Composite Index as explained in the next section. Data used are shown in Table 1 where

? https://en.wikipedia.org/wiki/University_Grants_Commission_(India).
19 http://www.ugc.ac.in/pdfnews/0342004_vacant-position-CU-as-on-01-01-2014.pdf.
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Fig. 1 39 Indian Central Universities on a geographical map of India

all the Central Universities are sorted on the basis of their Total Papers (TP) in descending
order. Further, in this table Total Citations (TC), Number of highly cited papers in the top
1 % of cited papers (HiCP)!"! and International Collaborative Papers (ICP) are shown. Here
ICP refers to papers having at least one author from a different country (as seen from
author affiliation field). Along with these statistics some calculated values are also shown,
these are Average Citations Per Paper (ACPP), Citations Per Capita (CPC) and the well
known index h-index. Here, ACPP is the direct ratio of TC to TP and CPC is the ratio of
TC to Faculty Size.

"' No. of papers of an institution in top 1 % of cited papers, or HiCP, where cited papers includes only
papers from the current set of institutions.
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Quality-quantity Composite Index: design

The Composite Index proposed here is based on bibliometric indicators, specifically,
number of papers, citations, highly cited papers (relative, i.e., top 1 % cited within the set
of papers considered) and internationally collaborative papers, with at least one author
located outside India. The variables chosen represent quantity of research output as one
component of research performance. Citations are used as a proxy for quality. Highly cited
papers are a reliable indicator of qualitative performance as they derive from citations.
Internationally collaborative papers, while not directly a measure of research excellence,
have been found to attract higher number of citations (Glidnzel 2001). These are size-
dependent or extensive variables. In other words, larger institutions are expected to have
larger values of the extensive variables.

For each university there are four size-dependent or extensive variables, TP, TC, HiCP
and ICP. Then we have two size-independent or intensive variables, ACPP and CPC, which
are taken as quality indicators. These are of the form output/input. CPC is not included as a
variable simply because yearwise figures for faculty size were not available. Numbers were
available only for the year 2014 (though faculty size did not change very significantly
during last 5 years), and have been used in the variable CPC as an estimate. As will be
indicated later, this last entity is used as a measure of quality to create a modified version
of the Composite Index.

To obtain the Quality—Quantity Composite Index (QQCI) we first reduce the values of
each variable to a score lying between 0 and 1 by taking the ratio of the value to the
maximum value of each corresponding field in the dataset. We take the average Qgcore Of
the scores of the four extensive variables, and then take the product of Q... individally
with the scores of the intensive variables ACPP and CPC.

Each Composite Index QQCI is therefore related to two independent quality parameters
Average Citations Per Paper and Citations Per Capita (Faculty).

QSCOre = Mean(TPscorea TCscorm HiCPscorev ICPscore) (1)
QQCI(I) = Oscore * ACPPycore (2)
QQCI(z) = Oscore * CPCicore (3)

QOscore 1n Eq. (1) can in principle be generalized by using different weights for the
extensive variables, viz., papers, citations, highly-cited papers and international collabo-
ration, depending on the stated objectives of the rating agency. The formula for the index
contains a linear combination of extensive variables, here specifically with coefficients
equal to unity. According to our formulation, the coefficients of the extensive or size-
dependent variables can be varied by a user (weights or coefficients being fractions with a
total of 1) depending on the objectives, i.e., are they interested in an evaluation based
primarily on total output or total citations? For smaller Universities, international collab-
oration may be too small to be relevant. Based on these considerations a rating agency may
choose to give appropriate weights to the different extensive variables (weights would be
fractions adding up to unity; of course the weights must not be altered across Universities
or time for several consecutive assessments if they are to be compared). The weights used
would need to specified when anyone wants to undertake the ranking. We believe this
feature to be a strength of the model, making it more general and flexible for a variety of
applications and contexts. This was part of our objective. The intensive or size-independent
variables cannot be aggregated and are not weighted in this way.
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The generalized model can be useful when, for example, more emphasis is desired to be
given to say publications over citation or vice versa. In general to keep the rank order
stable or consistent these weights should not be changed too frequently. In our case we
have decided to give equal weightage to publication, citation, highly cited papers and
foreign collaboration. Flexibility is important for national or regional ranking where some
institutions may have very small values for some variables. For example, foreign collab-
oration may be given less weight if it is desired that smaller institutions are not penalized
for absence of foreign collaboration. We suggest using equal weights initially, unless there
are well argued, convincing reasons for adopting other weights.

To summarize, the mean value of a set of extensive variables relating to quantity is
multiplied by an intensive quality variable to obtain the Quality—Quantity Composite
Index. To provide a rationale for this procedure we suggest an analogy, the procedure may
be interpreted as being analogous to taking a basket of goods (the extensive variables) and
multiplying the quantity with the price (the intensive variables) to obtain total value
(Quantity * Quality ~ Value). The procedure adopted to obtain the Composite Index
provides a better rationale than simply summing over the effect of all the variables.

The design has some similarity to the work of Torres Salinas et al. (2011) who have also
considered a bidimensional ‘Quality—Quantity’ index. However, they use the geometric
means of three ‘quantity’ indicators and 3 ‘quality’ indicators, viz. Total papers, Total
citations and h-index and the ratio of papers in the top JCR'* quartile, citations per paper,
and proportion of papers that belong to the top 10 % most cited (highly cited) papers.
A Composite Index is finally created as the product of the quality and quantity indices.

Our approach differs from international rankings that use awards like the Nobel prize,
internationalization of student and faculty, alumni, etc., variables that may not be imme-
diately relevant for many of the universities in our set.

Since the quality variable can be either ACPP or CPC, the two possible values for the
product are QQCI(1) which is obtained by taking the product of Q.o With ACPP, and
QQCI(2) obtained from taking a similar product with CPC. Since yearwise data on faculty
size was not available, QQCI(2) has not been explored in detail, although it has been
computed (for a shorter period of 5 years) with limited data to demonstrate the method-
ology. Wherever Composite Index or QQCI is mentioned without specifying which one, it
is to be understood as QQCI(1).

Validation

To validate our results we have ranked the institutions by the Composite Index and
compared with ranks obtained from the h-index (Hirsch 2005), which is an accepted
measure of quality and quantity. Although defined originally for comparing the perfor-
mance of individuals, the h-index has been used at the level of institutions as well (Huang
2012; Huang and Lin 2011; Huang and Chi 2010). The h-index is known to have several
shortcomings (Costas and Bordons 2007), but it was thought to be a suitable comparison
since both are ‘Quality—Quantity’ indices with respect to papers and citations, albeit cal-
culated differently. We assume that if the new index produces a rank list that is approx-
imately the same as that produced by the h-index, its validity is established.

We propose that RACPP depicts the rank of an institution calculated from the multi-
plication of Qg.ore and ACPPg., for all the institutions as in Eq. (2). Similarly, RCPC

12 Journal Citation Reports-Thompson Reuters, https:/jcr.incites.thomsonreuters.com/.
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depicts the rank calculated from the multiplication of Q.oe and CPCg.,,. as in Eq. (3).
RCPC is calculated for the time period of 2010-2014 as the QQCI (2) is calculated for the
same period. Further, Rh-index depicts the rank calculated from the h-index.

Results
Correlation

We first test for correlation between the variables. The variables, both extensive and
intensive, are well correlated. A cross correlation across the 6 data variables shows high
correlation between them indicating that high productivity (measure of research output)
and high citation go hand in hand in this data set (Table 2). According to Liu in his paper
on the Shanghai Ranking, good correlation in their dataset apparently showed that they
were using a cohesive data set (Liu et al. 2005).

Composite Index

In the interest of completeness, intermediate values of Qg ore and other scores leading up to
the index values are given in Table 3. In this table the data is shown for two time periods
i.e., one is full time period: 1990-2014 and another is 2010-2014. The two periods will
indicate performance in the entire time span and also in the recent past. The data in this
table is sorted according to the Q.. of 1990-2014 period in descending order. As
mentioned earlier the faculty size is available for the year of 2014, so it would not be
correct to calculate CPCge for 1990-2014 with the faculty strength of 2014. But it has
been used as an estimated value for the last 5 years i.e., 2010-2014, since faculty size is
not expected to change too much in 5 years. Thus, QQCI(2) is designed for the period of
the last 5 years (2010-2014) only. The QQCI(1) is computed for both, the whole time
period (1990-2014) and the recent 5 year block (2010-2014).

The Composite Index QQCI(1) is compared to the h-index of the Universities and found
to vary as a cubic polynomial in h (R* = 0.9996) as seen in Fig. 2 for the full time period
i.e., 1990-2014. This relationship has also been observed by others (Nishy et al. 2012).
However it is not immediately clear as to what is the significance of a cubic relationship.

Ranks

Ranks are assigned for the full period (1990-2014) on the basis of the Composite Index
using both Average Citations Per Paper (ACPP) and Citations Per Capita (CPC) in turn to

Table 2 Cross correlation

between the extensive and inten- TP TC ICP HiCP CPC ACPP
sive variables
TP 1 0.977 0.980 0.841 0.969 0.873
TC 0.977 1 0.960 0.868 0.970 0.918
ICP 0.980 0.960 1 0.832 0.950 0.821
HiCP 0.841 0.868 0.832 1 0.899 0.817
CPC 0.969 0.970 0.950 0.899 1 0.898

ACPP 0.873 0.918 0.821 0.817 0.898 1
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Table 3 Values of the scores leading to Composite Indices QQCI(1) and QQCI(2) with two time periods

Institution Time period: 1990-2014 Time period: 2010-2014
abbreviation

Oscore ACPPyore QQCI(1)  QOscore ACPPycore  CPCicore  QQCI(1)  QQCI(2)
DU 1 0.652 0.652 1 0.826 1 0.826 1
BHU 0.83975 0.635 0.533241 0.815 0.881 0.57 0.71802  0.4646
UOH 0.523 0.892 0.466516  0.415 0.829 0.822 0.34404  0.3411
AMU 0.4305  0.527 0.226874  0.579 0.789 0.352 0.45683  0.2038
INU 0.29625 0.626 0.185453 026  0.735 0.408 0.1911 0.1061
IMI 0.1565  0.48 0.07512 0.281 0.816 0.323 0.2293 0.0908
PDU 0.11425 0.538 0.061467  0.158 0.665 0.299 0.10507  0.0472
NEHU 0.10925 0.515 0.056264  0.065 0.438 0.122 0.02847  0.0079
UOA 0.10675 0.407 0.043447  0.123  0.796 0.378 0.09791  0.0465
VB 0.0895  0.447 0.040007  0.113 0.656 0.168 0.07413  0.019
TZU 0.074 0.418 0.030932  0.157 0.674 0.55 0.10582  0.0864
MNU 0.02875 0.318 0.009143  0.045 0.546 0.165 0.02457  0.0074
ASU 0.023 0.312 0.007176  0.047 0.46 0.106 0.02162  0.005
TPU 0.016 0.405 0.00648 0.014 0.265 0.05 0.00371  0.0007
GGV 0.01425 0.232 0.003306  0.03  0.408 0.064 0.01224  0.0019
BBAU 0.01225 0.318 0.003896  0.034 0.76 0.293 0.02584  0.01
MZU 0.012 0.308 0.003696  0.024 0.5 0.049 0.012 0.0012
CUR 0.00575 0.102 0.000587  0.015 0.268 0.044 0.00402  0.0007
HGV 0.00575 1 0.00575 0.002 0.217 0.002 0.00043  4E—06
NLU 0.00525 0.318 0.00167 0.005 0.23 0.013 0.00115  7E—05
CUP 0.005 0.214 0.00107 0.014 0.561 0.129 0.00785  0.0018
CUTN 0.005 0.179 0.000895 0.014 0.469 0.19 0.00657  0.0027
RGU 0.005 0.216 0.00108 0.011 0.394 0.05 0.00433  0.0006
CUKe 0.00475 0.097 0.000461  0.012 0.253 0.079 0.00304  0.0009
CUG 0.00375 0.141 0.000529 0.01  0.37 0.06 0.0037 0.0006
SKU 0.00375 0.217 0.000814  0.01  0.426 0.039 0.00426  0.0004
CUJh 0.003 0.105 0.000315  0.009 0.275 0.039 0.00248  0.0004
CUB 0.00275 0.149 0.00041 0.008 0.389 0.035 0.00311  0.0003
EFLU 0.001 0.082 0.000082  0.002 0.08 0.001 0.00016  2E—06
HNBGU 0.001 0.365 0.000365 0.003 1 0.013 0.003 4E—05
CUHP 0.00075 0.072 0.000054  0.002 0.189 0.012 0.00038  2E—05
CuUO 0.00025 0.077 1.93E-05 0.001 0.2 0.015 0.0002 2E—-05
IGNTU 0.00025 0.037 9.25E—-06 0.001 0.096 0.002 9.6E—05 2E—06
MANUU 0.00025 0.238 595E-05 0 0.08 0 0 0
CUH 0 0 0 0 0 0 0 0
CcuJ 0 0.041 0 0 0.107 0.001 0 0
CUK 0 0 0 0 0 0 0 0
CUKa 0 0 0 0.001 0 0 0 0
MGAHV 0 0 0 0 0 0 0 0
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Composite Index (1) vs h-index
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Fig. 2 Composite Index QQCI(1) (y-axis) versus h-index (x-axis) shows a cubic relationship
(R* = 0.9996)

obtain ranks RACPP and RCPC. The relationship between the Composite Index and ranks
are shown in Fig. 3 for RACPP. For high values of Composite Index (high rank) the curve
falls rapidly, and levels off later. This shows that there will be better discrimination of
ranks at the higher levels and the results will be less accurate at lower ranks. We conclude
from Fig. 3 that about 15 of the top performing Universities can be assessed, while the
remaining have too small a value of the Composite Index (<0.005) to be distinguished well
using the Composite Index.
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Fig. 3 Composite Index (1) QQCI(1) versus rank by Composite Index (1)-RACPP: Note that QQCI(1)
cannot distinguish between ranks when value falls below 0.005. (15 universities satisfy QQCI(1) > 0.005)
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It is also seen in Fig. 4 that the relationship between the cumulative value of the
Composite Index QQCI(1) (1990-2014) and the corresponding rank RACPP is Bradfor-
dian in nature (Bradford 1934). This indicates that the Composite Index(1) incorporates the
skew distribution properties of a scientometric variable. As mentioned earlier, QQCI(2) has
data on faculty size for only 1 year, and so this analysis is omitted for QQCI(2).

RACPP and RCPC are then compared to ranks obtained from the h-index (the Rh-
index). As seen in Fig. 5, RACPP is very well correlated with Rh-index. Note that up to
about rank 15 the ranks are identical. (Beyond this the method does not yield reliable
results).

RCPC is less well correlated with Rh-index, which is to be expected since the additional
factor of faculty size has been included in RCPC which does not feature in h-index. Note
that the ranks RCPC and Rh-index rarely match, either for the first 15 universities or the
rest.

The exercise is repeated for short term data, 2010-2014. It is found that the Spearman
rank correlation is less for the short term data (Table 4). This was done to ascertain
whether ranking can be done at frequent intervals of time, and if the results would be
stable. We find that the correlation is better for longer time intervals.

Normalization by field and by year

In this paper, rank is calculated based on the scores QQCI(1) and QQCI(2) where the first
score is the product of the average Q... and the score of ACPP, while the second is where
the product of Q.o is taken with the score of Citations Per Capita. Raw citation counts
have been used. It is known that citation levels vary across disciplines, and also by age of
publication, and it is generally accepted that some form of normalization is needed to
obtain parity across disciplines (Waltman et al. 2011; Leydesdorff and Opthof 2010).
However, normalization requires analyzing citations of all papers in the field (for a given
year) at the world level, to obtain average citation levels and to calculate expected citation
rates of papers. This is beyond the scope of this exercise, as we are only dealing with
national data, while field normalization would require using world papers in a given field.

Comparison with h-index

In order to compare our index with a standard, accepted measure of quality we have chosen
the h-index for the period of 1990-2014. It depends on both quality (citations) and quantity
(papers) and increases with time (Hirsch 2005). The h-index, though defined initially by
Hirsch for individual authors, has also been used at the level of institutions (Huang 2012;
Huang and Lin 2011; Huang and Chi 2010). Huang found that the ranking of Universities
based on h-index alone compare favourably with the ARWU ranking by the Shanghai Jiao

Table 4 Spearman rank corre-

lation coefficient Rank compared Spearmgn rank
correlation
RACPP versus Rh-index (2010-2014) 0.979478
RCPC versus Rh-index (2010-2014) 0.969318
RACPP versus Rh-index (1990-2014) 0.991886
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Tong University based on a number factors such as awards and international character, in
addition to citations (ARWU Methodology 2011).

The Composite Index(1) has a good correlation with the h-index, increasing our con-
fidence in the new index, as seen earlier from Figs. 2 and 5. What are the advantages if any
of using this indicator over the h-index? Firstly, one can work with aggregated numbers
such as total papers and citations, and one does not have to know the citations of individual
papers as would be required to assign h-index to an institution. (The procedure for finding
h-index cannot be easily automated for a large number of institutions. It is available as a
built-in function in the WoS.) Our Quality—Quantity Index QQCI includes quantities like
percentage of highly cited papers and number of internationally collaborative papers,
bringing other dimensions into the performance assessment. Another problem with the
h-index is that it increases with time and would have very different numbers for older
institutions, i.e., give them an advantage. To eliminate this advantage, one could suggest
that h-index be computed over shorter more recent intervals in time. However, this is not
easy to implement as citations take several years to accumulate. The h-index also penalizes
institutions that are not prolific but have high citations, whereas our method takes the
average citation per paper into account. In summary we have tried to argue that our method
may be computationally simpler than the h-index, while it gives a ranking that does not
differ too much from the h-index ranking and does not suffer from some of the latter’s
deficiencies.

Comparison with international rankings

Next we compare our results with international rankings in a limited way since most of the
Indian Universities do not get included in the top 500 or so institutions as rated by different
ranking agencies. Comparisons are made for the short period 2010-2014 since most of the
global rankings fall in nearby time periods. The ranking for 1990-2014 is shown in the last
column of Table 5. As the Leiden rankings are entirely based on bibliometric research
indicators, we chose to compare our results QQCI(1) and QQCI(2) with the Leiden
ranking, both size-dependent and size-independent (Table 5). Of course the Leiden ranking
is based on 2014 data while our ranking is based on 1990-2014 data. The default values for
Leiden indicators P (10 %) and PP (10 %) have been taken.

The ranks given by the Composite Index(1), i.e., QQCI(1) for the longer time period,
are reasonably consistent with ranks based on the h-index. If we compare with the 2015
Leiden ranking we are closer to the size-dependent than the size-independent ranking. Only
four Indian Central Universities are in the Leiden list. We note that they are also the top
four Universities according to our Composite Index ranks QQCI(1) and QQCI(2) but not in
the same order. Considering the time period, the Leiden 2015 ranking needs to be com-
pared with the 2010-2014 ranking. We have included just 25 Universities in our list as
many of the smaller or very recently established universities have very small outputs and
variables in the calculation of the Composite Index can be zero. In Table 5 we show URAP
ranks for 2010-2011 and 2015. There are 9 Indian institutions in 2010-2011 and 10 in
2015. The URAP ranks in 2010-2011 are generally comparable with those for QQCI(1) in
2010-2014, except for one notable exception, the Central University of Kerala, which we
rank at 25 for 2010-2014, while URAP ranks it at 8. The top 5 Universities in both time
periods based on Composite Index are University of Delhi, Banaras Hindu University,
University of Hyderabad, Aligarh Muslim University and Jawaharlal Nehru University.
Small changes in rank position are seen between the longer time period and the more
recent period.
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Conclusions

In summary, the Composite Index takes into account not only aggregate papers and
citations, but also the distribution in the top cited papers, and internationally collaborative
papers. It has been shown that international collaboration raises impact of organizations
(see for example, Basu and Aggarwal 2001). These are the extensive variables representing
both quantity and quality, while Average Citations Per Paper (ACPP) and Citations Per
Capita (CPC) are the intensive variables representing quality. It would have been desirable
to include a financial variable as a further measure of efficiency, but the data are not readily
available and often not available on time.

Our main conclusion in this study is that it is possible to design simple Composite
Indices that can be used to rank institutions on a national, regional or local basis (say state
level), when institutions need to be ranked for purposes where only a local relative position
is required, and such a scheme is useful, e.g., when these institutions are not covered by
global rankings. The Composite Index includes more factors than the h-index does, such as
international collaboration. It incorporates both quantity of research output (papers) and
quality (citations). Another quality factor is also introduced through the faculty size in the
rank RCPC. Other factors both extensive and intensive (e.g., funding, awards) can also be
introduced in a natural extension of the formulation. An index obtained as demonstrated
may be useful for funding and policy decisions, but more importantly in our opinion to
inform the scholar or bench level scientist where an institution stands in its own context.

It appears from our study that the older, more established universities are still per-
forming at the highest levels, and occupy the highest ranks among the Central Universities.
A university which is relatively new but occupies a high rank is the University of
Hyderabad.

The QQCI rank lists for Central Universities in the two time periods, a long period
(1990-2014) and a short and recent one (2010-2014), are found to be fairly stable. The first
four Universities correspond to the ones identified in the Leiden 2015 Ranking. Three out
of the four Central Universities that made it to the top Indian Universities in India (as rated
by Leiden University) are old, well established Universities: University of Delhi estab-
lished in 1922, Banaras Hindu University in 1916 and Aligarh Muslim University in 1920.
The Composite Index ranks the older and larger Universities, the University of Delhi and
Banaras Hindu universities the highest, but also includes the more recent and smaller
University of Hyderabad (which has the highest citation rate), indicating that both quality
and quantity are incorporated. Other rank positions of the Central Universities can be seen
from Table 5.

We conclude that the more recently established Central Universities have still some way
to go before they can all be included in ranking exercises. In a study of Italian Universities,
Geraci and Esposti (2011) observed that the older universities there have had time to
establish themselves and are now considered among the reputed institutions. This is also
largely the case in India. Looking at the ranks for the longer and shorter time intervals, we
identify the top Universities that have improved their ranks in the recent period (Table 5,
columns 7 and 9), namely Aligarh Muslim University (rank 4-3), Jamia Milia Islamia
(rank 6-5) and Tezpur University (rank 11-7). Universities that have fallen in rank among
the top Central Universities are University of Hyderabad (rank 3-4), Jawaharlal Nehru
University (rank 5-6) and Pondicherry University (rank 7-8). Universities that have fallen
by over 3 rank positions are North Eastern Hill University (NEHU) (rank 8-11), Tripura
University (rank 14-22) and Dr. Harisingh Gour Vishwavidyalaya (HGV) (rank 15-29)

@ Springer



Scientometrics (2016) 107:1171-1193 1191

and Nagaland University (NLU) (rank 19-28). Other universities that have improved their
ranks by at least 3 rank positions are Babasaheb Bhimrao Ambedkar University, Lucknow
(BBAU) (rank 16-12), Central University of Tamil Nadu (CUTN) (rank 22-18) and
Sikkim University (SKU) (rank 23-20).

A shortcoming in the study is that field and year based normalization have not been
attempted. It was assumed that in our case of the Central Universities, the broad base of
disciplines covered by each one of them may lessen the requirement for normalization. The
statement cannot be proved. It is based on the idea that if Universities were highly spe-
cialised in terms of discipline, the need for normalization would be more than if all were
broadly general and covered a large number of disciplines. This assumption needs to be
verified in future by a more detailed study. One way to address this issue is to produce
subject-based rank lists (as was done earlier by Basu et al. (2000) and currently being done
by URAP and some others) or a fine-grained thematic area-based ranking (Uddin et al.
2016). It is useful as it identifies the strengths of the Universities in different disciplines
rather than try to achieve parity through normalization. Another shortcoming is that due to
non-availability of the full data on faculty size, the quality factor CPC could not be
properly developed. However, the method has been indicated and can be used if data are
available.

In summary, our study identifies institutions with high performance in research by
defining a Composite Index which addresses both quality and quantity of research output,
as well as output quality as a function of faculty size. The Index is easily generalizable to
include weights for different output measures, or even include other outputs (e.g., awards,
patents) not included here. We compare ranks obtained using the Composite Index (based
on Average Citations Per Paper) with ranks using h-index, and show that the ranks are well
correlated (almost identical) in the higher rank range (0-15). (For lower ranks, the
Composite Index falls below 0.005 and fails to differentiate sufficiently between the ranks,
see Fig. 3).The rank list also correctly identifies the first four Central Universities in the
size-dependent Leiden ranking, though the rank order is different. The agreement with
URAP, which includes 10 Central Universities, is reasonably good. The ranks were not
compared with other global rankings as they include awards and reputation surveys, apart
from the fact that very few, if any, Indian or Central Universities appear in their lists.

One problem with publication and citation data is that they are highly skewed. This
means that citation statistics can be dominated by a few highly cited papers. This can be
avoided by using percentiles or percentile rank classes. Regarding future studies, authors
will consider using percentiles and percentile-based indicators to rank Universities
(Bornmann 2013; Bornmann and Marx 2014).

We conclude that the Composite Index, as it is defined, is able to reproduce accepted
rank lists. It incorporates variables like international collaboration, which the h-index does
not. As explained, the formulation can be generalized to include additional relevant
variables, and weights of the terms adjusted, for flexibility in assigning priority to different
factors in the assessment exercise. (The above statement is made with the caveat that ranks
obtained with Composite Index as defined here, with equal weights for the factors, has
been validated by comparison with the h-index and Leiden ranking. A similar validation
may be necessary once the Index is generalized.) We suggest that the Composite Index can
be usefully considered as a multidimensional research performance ranking tool, requiring
bibliometric data, that can easily be adopted in national or regional contexts for perfor-
mance evaluation of research institutions which do not find a place in global and well-
known ranking lists.
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