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Abstract

In the last fifteen years, the process of ranking Higher Education Institutions has catalyzed the
development of higher education, nationally and internationally. Starting with the holistic rankings
of world universities in 2003, it has crossed the milestone of subject-specific rankings. Currently,
various ranking systems are gauging and publishing the HEI rankings, including the three well-
known international academic rankings — ARWU, THE, and QS. Nevertheless, academic rankings
are facing criticism, because of various issues including the transparency and validity of ranking

methodologies, limited coverage of HEISs, and linguistic and regional biases.

This research work is aimed at enhancing the creditability of the ranking process, through the fine-
grained analysis of the objective ranking indicators extracted from publicly verifiable data sources.
To achieve the objective, it proposed two ranking methodologies — OpenRank, and ResRank.
These methodologies generate HEIs rankings by employing the objective indicators extracted from
publicly verifiable data sources including Scopus, Google Scholar Citations, ArnetMiner, and
DBpedia data repositories. The research work also demonstrated the effectiveness of the fine-
grained analysis of the ranking indicators, by producing the subject-specific rankings of Global
HEIs in four scientific disciplines. The analysis highlights the position of the top 100 global HEIs
for their research productivity, research impact, and research contribution of the researchers
affiliated with them. The sub-discipline-specific rankings in the Computing discipline are also a

significant outcome of the analysis.

Evaluation of the proposed OpenRank methodology advocates its effectiveness, transparency, and
quick reproducibility. The fine-grained analysis approach makes the ranking results more
representative. The sub-discipline-specific rankings are more decision-supportive as they expand
the limited picture of the global HEIs and provide a better insight into their performance in various

subdisciplines of Computing.

Keywords: Entity Ranking; Academic Rankings; Subject Specific Rankings of HEls; Sub-
Discipline-Specific Rankings; Bibliometrics; Scopus; Google Scholar Citations; Linked Data.
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Chapter 1

Introduction



1. Introduction

Educational institutions, especially those that deal with higher education, are considered
among the catalysts of the national and global development process. Governments of
developed countries nurture research, innovation, and commercialization through the HEIs.
Moreover, they also have adopted systematic ways to gauge and evaluate the academic
performance of their HEIs. Various public and private ranking systems are gauging and
publishing the HEI’s rankings, including the Academic Rankings of World Universities
(ARWU) from China, Quacquarelli Symonds (QS) from the United Kingdom, Times
Higher Education (THE) from the United States, CWTS Leiden Ranking from the
Netherlands, University Ranking by Academic Performance (URAP) from Turkey, and the
Jeddah Ranking from Saudi Arabia. Usually, these evaluation efforts declare their results
in terms of the HEIs ranking scores. The first ranking of the global HEIs was produced by
ARWU in 2003 [1].

The ranking process has gained substantial acceptance among the major stakeholders [1,
2]. It has changed settings of the higher education and is likely to cause further
development, nationally and internationally. Being a catalyst for global competition,
rankings have gained attention in major countries of the world. Now, the rank of an HEI is

assumed a vital image-builder of an HE], in the academic sector.

The interest of academic experts in the rankings process also has increased in the last ten
years. According to a study, there were only five international university ranking systems
before 2010. Nevertheless, today the number has increased to seventeen. Similarly, in the
year 2009, academic experts published fewer than twenty articles on the topic, in research
journals; while in the year 2019, they published more than 100 articles, according to the
Scopus database [2].

1.1. The Academic Performance Evaluation Process
The process of academic ranking usually involves a complex ranking methodology that is
realized in terms of ranking indicators. The ranking indicators reflect the aims and

objectives of the ranking entity.

Muhammad Sajid Qureshi — 99-FBAS/PHDCS/F13 Page 1
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Figure 1.1 Steps of the Academic Ranking Process

The indicators determine the effectiveness of a ranking system and differentiate it from
other methodologies. An indicator represents and gauges a particular dimension of a
ranking methodology. Academic ranking indicators may be Objective or Subjective. For
example, the “Faculty/Student Ratio” is an objective indicator. Whereas the “Employer
Reputation” is an example of the Subjective parameters [3]. An effective academic ranking
methodology assists potential students and faculty in choosing an HEI that is outstanding
in a particular scientific discipline. The methodology also helps the academic managers in
the better management of their areas of interest and provides decision-supporting analytics
to the sponsors of the HEIs [24]. An effective academic ranking methodology employs
comprehensive ranking indicators and prefers quantitative measures over qualitative
measures. It exploits publicly verifiable data and provides a fine-grained analysis to the
users. Scopus, DBpedia, GSC, and ArnetMiner repositories are examples of publicly

verifiable data sources.

1.2. The Rationale for the Academic Rankings

Performance evaluation is essential for all businesses and productive organizations,
irrespective of the domain and nature of the activity. Major stakeholders including the
business owners, technical professionals, business regulatory authorities, etc. develop
various regulatory authorities and quality management systems, to define, evaluate and
control the desired quality. These systems help to maintain and improve the quality

standard, hence performance and productivity.

The academic world is also developing and implementing various performance and quality
control systems. These systems have a vital role in the academic improvement of any

academic unit, irrespective of the size, such as an academician, department, faculty, or
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institution. Moving the scale further, modern academic performance evaluation systems
are gauging the national, regional, and global performance of HEIs [4]. Being a catalyst
for the growth of the national economies, the higher education sector is vibrant globally.
The ranking systems have become an effective tool to gauge the performance of the
education sector. Usually, the ranking systems measure research productivity and teaching

quality. Some other rationales for the ranking process are listed below.

i)  Academic performance evaluation helps the HEIs in comparing their performance
with those of similar institutions at local, regional, and global levels. Identifying their
strengths and weaknesses requires them to decide the important factors, in
determining academic quality and research productivity. The comparison helps them,

in leveraging their comparative advantage in the education sector [5].

ii) - A better ranking score of an HEI advocates its performance, thereby helping it, win
performance-based funding, accreditation reviews, academic program reviews, and

national benchmarking process.

iii) Academic managers employ the ranking results in the academic policy and decision-

making process.

iv) The subject-specific academic rankings substantially support the university-major
selection by the prospective students, employers, and policymakers of the
professional training programs [6].

v)  Academic rankings also indicate the HEIs’ performance to the Non-Governmental

Organizations (NGOs) interested in educational funding.

1.3. The Need for Objective and Transparent Rankings

Academic rankings have gained overwhelming popularity in academia and their influence
is yet increasing. Nevertheless, academic experts have shown considerable controversies
regarding the validity and transparency of the rankings. They pointed out various debatable

issues of the reputed rankings including the following:

* Controversial ranking methodologies [7, 3]
» Use of the “subjective” ranking indicators [7].

* Validity and transparency of the ranking results [5]
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» Misinterpretation of academic performance [8, 9]

= Limited coverage of the global HEIs [10]
A sample of HEIs’ rankings in the year 2017, having significant differences, by the three
reputed international academic ranking systems is presented in chapter 3 ( please consult
section 3.2). The significant differences in ranking results of various ranking entities

support reservations of the academic experts.

1.4. Open Research Issues

In Section 1.7, some well-known academic ranking systems were discussed. Table 3.1 also
highlighted the significant differences among the results of their rankings. Academic
experts have highlighted various issues of the ranking process, as in {5, 7, 8, 4]. Here is a

brief description of the research issues.

a) Controversial Ranking Criteria

Usually, the HEIs ranking lists are based on weighted combinations of scores generated by
academic performance evaluation indicators. Such a holistic single-valued score hides
many aspects of the performance of an HEI. Moreover, setting the weights of the indicators
is controversial [8, 4]. The unfair comparisons of HEIs having very different sizes, budgets,
locations, etc. also weaken the validity of the ranking process. Similarly, the nomenclature
issues of HEIs and the availability of their data required data, make the ranking indicators

and their weights a debatable issue.

b) Validity and Transparency of the ranking results

Research output and quality should be assessed using verifiable and quantifiable criteria.
Academic rankings being a transparency tool, are expected to be highly transparent and
comprehensive as usually required to research publications. Nevertheless, certain academic
rankings are not transparent enough in explaining the calculation of the holistic final score

obtained by an HEI [8].

c) Limited coverage of the HEIs
The current academic rankings do not cover the diversity of higher education, and, in
practice, their lists contain about 5-8 percent of HEIs worldwide. Originally, the rankings

were intended to highlight the performance of global HEIs; therefore, they have intrinsic
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limitations in accurately representing the regional and national HEIs. Institutions having a
better presence on the Internet get more favor. Similarly, some disciplines such as
Engineering, and Computer Science are getting better representation (resulting in a
drawback for generalist universities over applied ones) [4]. The ARWU academic ranking
system employs ranking indicators like “Alumni as Nobel laureates & Fields Medalists”
and “The staff as Nobel Laureates & Fields Medalists”. Such outstanding contributions are
rare and not applicable to many global HEIs. These parameters exclude many HEIs with

outstanding academic performance, from the list of top-scoring institutions.

d) Unavailability of the data

The scale of a ranking project also affects the feasibility of a ranking methodology. In a
large-scale project, comparing the performances of universities worldwide, difficulties lie
in accessing certain university data and ensuring the validity of the comparisons. Not all
university data is publicly available, and some universities may reject requests of the

evaluator, for the required information [10].

e) Misinterpretation of the academic performance

Even when data are available, comparing university performances of different countries or
regions can be problematic. University performance is affected by the larger socio-cultural
and politico-economic context. For example, reputation-based evaluation can be highly
biased toward famous universities or universities in reviewers' home countries. Another
major criticism faced by the rankings is that some indicator names do not generally refer
to what they measure. For example, the ARWU ranking methodology employs a ranking
indicator “research quality” by only measuring some research results. Furthermore, when
referring to research excellence regarding publications, the selection of publications in just
Science and Nature raises controversy. Similarly, the justification of the indicator’s

weighting is debatable [5, 7].

f) Subjective Ranking Indicators

Currently, rankings methodologies employ a combination of “objective indicators” (i.c.,
staff, library, budget) and “subjective indicators” (opinions on institutional prestige,
Academic Peer Review, Employer Reputa;cion, etc.). The use of subjective indicators

significantly affects the final score of an HEI [3].
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Table 1.1 Baseline Academic Ranking Methodologies

Ranking System Publisher R:x:(sitng
1 Academic Ranking of World Universities | Shanghai Jiao Tong University 2003
2 THE University Ranking Times Higher Education 2007
3 QS World University Rankings Quacquarelli Symonds Limited 2004

Academic ranking is not a new phenomenon, as various international academic ranking
systems are gauging the performance of the HEIs and publishing their results regularly.
The ranking methodologies of the following well-known academic ranking systems shall
be used as the baseline measures, to compare the results of the proposed ranking

methodology.

The listed benchmark academic ranking systems are widely used and well-known in the
academic world. For a reliable evaluation of the proposed methodology, its results shall be
compared with those, produced by the baseline ranking systems. The benchmark ranking
systems have been discussed in the first part of the literature review (Section 2). Detail of

their ranking methodologies and indicators can be consulted there.

1.5. The Research Problem

After a discussion on the ranking methodologies of some well-known academic ranking
systems and pointing out various issues of the ranking process, the following research

questions are posed.

1. To what extent, the less controversial academic rankings of global HEIs would be
produced, using the objective parameters extracted from publicly verifiable data
repositories?

2. Isit feasible employing publicly verifiable data sources to increase coverage of the
global HEIs, in the ranking process?

3. Does the fine-grained analysis of academic ranking parameters provide more valid
and representative academic rankings of global HEIs?

4. Can the existing electronic repositories be exploited for producing the sub-

discipline-specific rankings of global HEIs?
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Although the listed research issues are recognized by academic experts in the literature.
Nevertheless, information technology professionals having sound technical knowledge and
familiarity with the academic ranking domain, are in a better position to provide a

functional solution.

1.6. Proposed Solution
To achieve the desired research objectives, the research analysis is divided into three
modules. Each module or part is described in detail, in the upcoming chapters after the

description of the related work. Here is a brief introduction to the modules.

a) Ranking HEIs Using Objective & Publicly Verifiable Data Sources

As per the research objectives, this research module was intended to enhance the
creditability of the ranking process, by using quantitative indicators based on publicly
verifiable data sources. A new ranking methodology— OpenRank was developed, which
ranks the global HEIs using the objective indicators extracted from two well-known
publicly verifiable data repositories — the ArnetMiner and DBpedia. The resultant
academic ranking reflects common tendencies of the international academic rankings
published by THE, QS, and SRC. Evaluation of the proposed methodology advocates its
effectiveness, transparency, and quick reproducibility. A comprehensive description of the
research module, its objectives, contributions, and research methodology, is provided in
Chapter 3. The chapter also presents the results and analysis and suggests practical

implications.

b) Heading Towards the Fine-Grained Academic Rankings

This research module focuses on enhancing the credibility of the ranking process through
amore fine-grained analysis of the academic ranking indicators. The proposed fine-grained
analysis drives the objective indicators from two well-known publicly verifiable data
repositories — Google Scholar Citations and DBpedia. The resultant academic rankings
w.r.t the Research Faculty, Research Productivity, and Research Impact make the ranking
process more transparent and fine-grained. The analysis also helps in understanding the
areas of interest focused on by the reputed international academic rankings by ARUW,

THE, and QS. The results of the fine-grained analysis advocate its effectiveness, in terms
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of transparency and validity. The research work is reported completely in Chapter 4, with
a description of the research objectives and the research contributions. The research
methodology and the data sources employed in the analysis are also discussed there. The
chapter also presents the results and discussion along with the conclusions and future

implications.

¢) Heading Towards the Sub-Discipline Specific Rankings

This research module focused on the fine-grained analysis of the academic rankings in the
Computing discipline. It analyzed the subject-specific rankings for the research
productivity, research impact, and research contribution of the researchers affiliated with
the top-ranked HEIs. The fine-grained analysis employs the highly curated data produced
and published by the three well-known international academic rankings — ARWU, THE,
and QS in the years 2018, 2019, and 2020. The researchers’ profiles are obtained from the
Scopus repository, while the DBpedia repository is employed for the information about
HEIs and countries. For a stable comparison of the subject-specific rankings of global
HEls, by the three ranking systems, the Grand Average Rank (GAR) was employed.
Whereas for finding the influential computing researcher the ResRank measure is used in
the analysis. The sub-discipline-specific academic rankings provide a better insight into
the academic performance of the global HEIs in various subdisciplines of Computing. So,
they would be more decision-supportive due to the expansion in the limited picture of the
global HEIs. The analysis focused on sub-discipline-specific rankings is among the first
few such efforts. A comprehensive description of the research module, its objectives,
contributions, and research methodology, is provided in Chapter S. The chapter also

presents the results and analysis and suggests practical implications.

1.7. The Research Contributions

Keeping in mind the research problem, the research works were divided into three modules
that are reported in detail, in their respective chapters. The three research modules have
multiple research contributions. Some of the contributions are common in the research
modules as they share common research objectives. For a quick overview, the research

contributions are listed here, in brief.
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a) Ranking the Global HEIs Using Objective & Publicly Verifiable Data Sources

This research module was intended to make the following contributions:
* Enhancing the creditability of the ranking results by employing the quantitative
performance indicators extracted from publicly verifiable data sources.
» Developing an academic ranking methodology based on quantitative indicators
using two well-known data repositories, DBpedia and AmetMiner.

* Demonstrating the effectiveness of the methodology on real data sources.

b) Heading Towards the Fine-Grained Academic Rankings

The research contributions of the second module, are summarized below:

* A fine-grained analysis of the academic data w.r.t the research-productivity, and
research-impact of the HEIs, using publicly verifiable data sources.

* Producing the subject-specific rankings of the global HEIs, by mapping the
affiliation of the influential researchers with the top-performing HEIs, to explore
their research productivity and research impact.

* Demonstrating the effectiveness of the fine-grained data analysis strategy, using

publicly verifiable data repositories i.e., DBpedia and Google Scholar’s Citations.

¢) Heading Towards the Sub-Discipline Specific Rankings

This research module was intended to make the following contributions:

* Enhancing the creditability of the academic ranking process, by fine-grained
analysis of the research productivity, and research impact of the HEIs, using
publicly verifiable data sources.

* Producing the subject-specific rankings of HEIs, by mapping the affiliation of the
influential researchers with the top-performing HEIs, to explore their research
productivity and research impact.

* Demonstrating the effectiveness of the fine-grained data analysis strategy, using

publicly verifiable data repositories i.e., DBpedia and Google Scholar’s Citations.

rem
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1.8. Some Well-Known Global HEIs Ranking Systems — A Review

Rankings are not a new phenomenon, although their recent proliferation is, especially in
the domain of HEIs. Historically, the credit for publishing the first academic rankings is
given to the US News and World Report magazine, which published the “American
Colleges Ranking” in 1983 [7]. It was the first institution-based effort, to evaluate and rank
academic institutions. Nevertheless, the first ranking of the global HEIs was produced by
ARWU in 2003 [1]. Today, dozens of national and global academic ranking systems have
emerged, been established, and recognized. After 2006, ARWU used the following

academic areas, while assessing hundreds of HEIs worldwide.

Table 1.2 provides a list of some well-known academic ranking systems, their publishers,
and the base countries. The ranking systems have diverse criteria or ranking methodologies
to measure the performance of the HEIs. Having an in-depth review of all the ranking
systems, along with their ranking methodologies, is beyond scope of this research work.
Nevertheless, a brief but comprehensive introduction to some well-known global HEI

ranking systems is following.

a) Academic Rankings of World Universities (ARWU)

ARWU Rankings (or Shanghai Rankings) is an annual publication of HEIs rankings by
Shanghai Ranking Consultancy, based in China. The Chinese government-funded
academic ranking system was initially developed to measure the gap between Chinese and
the "world-class" universities. Today, ARWU rankings are comparable with the OS World
University Rankings, Leiden Rankings, and Times Higher Education World University
Rankings. These academic rankings are widely observed and considered influential
internationally. The first ARWU global academic ranking, having diverse indicators, was
compiled, and issued by Shanghai Jiao Tong University (SJTU), in June 2003. After 2006,

ARWU used the following academic areas, while assessing hundreds of HEIs worldwide.
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Table 1.2 Some Well-Known Global Academic Ranking Systems

ing S Publish Country | - anking
Ranking System ublisher ountry Year
Academic Ranking of World - N Chi 2003
1] Universities (Shanghai Ranking) | S"2nghai Jiao Tong University na
2 | QS World University Rankings Quacquarelli Symonds Ltd. England 2004
3 | Leiden Ranking Leiden University, Netherland Netherland 2007
4 We_bom.et_ncs Ranking of World Cybermetrics Research Group Spain 2009
Universities
5 | SCImago Institutions Rankings SCImago Research Group Spain 2009
6 | THE World University Rankings Times Higher Education England 2010
7 University Ranking by Academic Middle East University of Turkey 2011
Performance (URAP) Technology (METU), Turkey
8 | Round University Rankings RUR Ranking Agency Russia 2010
. . . Center for World University
9 20
CWUR University Rankings Rankings, Jeddah UAE 12
10 | 4icu.org University Web Ranking 4 Intemational Colleges Australia 2005
' &Universities

In 2009, ARWU ranked a hundred HEIs, for the subject categories, including Mathematics,
Computing, Business, Physics, and Chemistry. Currently, the ARWU is following the
ranking methodology [11], based on the indicators listed in Table 1.2.. The ranking system
has an objective ranking methodology, although it pays more attention to research
productivity in the scientific disciplines. Social science disciplines, academia-industry
interaction, and teaching quality get less coverage in the ARWU methodology.

b) The Quacquarelli Symonds (OS) World University Rankings

The QS academic rankings is an annual publication of university rankings by Quacquarelli
Symonds Limited. Before 2009, it was known as THE-QS (Times Higher Education and
Quacquarelli Symonds) rankings, as it collaborated with Times Higher Education (THE)
magazine to produce the rankings from 2004 to 2009. THE is a United Kingdom-based
weekly magazine that covers issues related to higher education. QS is an independent
international organization focused on academia. It is the only influential worldwide

academic ranking, published by a private company [10].
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In 2009, QS published the academic ranking as the QS World University Ranking. Now, it
covers the global-overall and subject-specific rankings, alongside the regional ranking lists
for Asia, Latin America, and the BRICS countries (Brazil, Russia, India, China, and South
Africa) with explicitly defined ranking methodologies. The QS ranking methodology
groups its ranking indicators into four categories — Research Quality, Teaching Quality,

Graduate Employability, and International Outlook.

The QS rankings published in 2009, covered the Arts & Humanities, Life Sciences &
Biomedicine, Natural sciences, social sciences, and Technology. The rankings contained
600 global HEIs according to the final scores and assessed 300 HEIs for their subject
categories. Currently, the QS is employing the ranking methodology [12] based on the
indicators listed in Table 1.3. The QS World University Rankings are among the most
widely read university rankings; Nevertheless, it faces criticism for giving undue weight to
subjective indicators like ‘Academic Peer Review’ and ‘Employer Reputation’ etc. Being
an independent organization, it is also blamed as commercially influenced [7].

¢) Times Higher Education (THE) Academic Rankings

The Times Higher Education magazine has been publishing the academic rankings under
the title, THE World University Rankings on annual basis, since 2009. Earlier, the magazine
had a joint venture with the QS corporation to produce THE-QS World University
Rankings from 2004 to 2009. THE current ranking methodology employs the well-known

academic repositories Thomson Reuters and Elsevier.

The magazine annually publishes, the world-overall, subject-specific, and reputation-based
rankings along with the regional league tables for Asia, BRICS countries, and Emerging
Economies. The ranking announced in 2010-2011, employed the following ranking
indicators clustered under five categories — Teaching, Research, Citations (research
impact), International Mix, and Industry Income. Table 1.4 summarizes the ranking

indicators [13].
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Table 1.3 ARWU Ranking Methodology

Criterion Indicator Code | Weight Data Source
official websites of Nobel
Medalists
The staff as Nobel Laureates & zgii;?tc:eisgf;gsf Nobel
Quality of Fields Medalists . — Award |- 20% Medalists
Faeulty | Highty cled resarchersin 21 |- BICT 1= 20% | Thomgon Reuterssurvey of
highly cited researchers
Papers publisHed in Nature and
Research Science.* . . — N&S |~ 20% T
Output Papers indexed in Science _PUB |- 20% Citation index
Citation Index-expanded and
Social Science Citation Index
National Agencies such as
Per Capita Per capita academic performance . the National Minstry of
Performance | of an institution - PCP - 10% Education, National Rector's
Conference, etc.

* Not applicable to institutions specialized in humanities and social sciences whose N&S scores are
relocated to other indicators.

Table 1.4 QS Ranking Methodology

Indicator Weight Elaboration
Academic Peer Review 40% Based on an internal global academic survey
Faculty/Student Ratio 20% A measurement of teaching commitment
Citations Per Faculty 20% A measurement of research impact
Employer Reputation 10% Based on a survey of graduate employers
International Student Ratio 59 ?0 mrﬁsz;ltr}::ment of the diversity of the student
International Staff Ratio 5% A measurement of the diversity of the academic staff

THE academic rankings are widely observed and enjoy international recognition. It has a

vigorous academic ranking methodology, inclining science-based institutions with

relatively few undergraduates. HEIs that have more comprehensive study programs and

undergraduates are less favored by the methodology. THE ranking methodology faces

criticism for favoring the English HEIs and for the commercialization of the ranking

process [7, 8]. Overall, it is an improved version of the QS raking methodology.
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Table 1.5 THE Ranking Methodology

. Weight
Indicator Elaboration (Yeage)
Industry Income — ) . .
. Research income from industry (per academic staff) 25
Innovation
International The ratio of international to domestic staff 3
Diversity The ratio of international to domestic students 2
. Reputational survey (teaching) 15
Teaching — The PhDs awards per academic 6
Learning Undergrad. admitted per academic. 4.5
Environment Income per academic 2.25
PhDs/undergraduate degrees awarded 2.25
Research — Reputational survey (research) 19.5
Volume, Income, Research income (scaled) . 5.25
d Reputation Papers per research and academic staff 4.5
an P Public research income/ total research income 0.75
Citations - Citation impact lized itati 325
Research Influence | ~ itation impact (normalized average citation per paper) - .

d) The Academic Ranking Methodologies and Indicators

The academic ranking of HEIs is a complex process that involves six steps [4] as illustrated
in Figure 1.1. The process employs a ranking methodology that is realized in terms of
ranking indicators that reflect the aims and objectives of the ranking entity [10]. An

effective ranking methodology:

a) Employs comprehensive parameters

b) Prefers quantitative measures over qualitative measures

c) Uses the publicly verifiable data sources

d) Enables the users to “Drill Down and Roll Up” the indicator’s detail.
Presently, there exist dozens of national (regional) and international academic ranking
systems. Their diversity itself is evident in the fact that none of them has global
acceptability, because of their limitations. The ranking systems use various ranking
dimensions. For example, the Overall Performance, Research Productivity, Education
Quality, Average Performance, and Internationalization Factor. Some ranking systems

dynamically rank the HEIs, based on user-defined criteria [4, 7]. Nevertheless, a separate
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Table 1.6 Major Categories of the Academic Ranking Indicators

Category | Indicator Description
Publication Count (Research articles) | Research Productivity
Publication Per faculty L ..
(Per Capita Output) Scientific Productivity
Research Highly Cited Publications Research Quality
Activities | Citations Count Research Quality
Citation Per Faculty Current Scientific Productivity
Total Scientific Publications Scientific Productivity
Total Publications Per Faculty Faculty Research Productivity
Patent's Value Invention & Innovation Effort Assessment
Faculty Count Number of permanent faculty members
Student-Faculty Ratio Assessing Faculty Per Student
Academic Facilities Research Laboratories, Technology Incubation
Education Centers, etc;. ) it
! The ratio of the Ph.D. faculty and full-time
Quality Ph.D. Faculty faculty
Highly Cited Researchers Count of the renowned research scholars
Faculty H-Index Average H-Index of researchers in an HEI
Nobel Laureates Nobel prize winner research scholars
Total Students Number of the students currently enrolled
Ph.D. Graduates (Count or % age) The ratio of the Ph.D. students to the total
Student students
Body Award Holders & Entrepreneurs Award Holders & Entrepreneurs Alumni
Graduate Employability Assessment of acceptability of graduates
Alumni Strength Count of number of graduates of an HEI
Peer Institutional Review Assessment of performance of an HEI by another
HEI of the same domain and area
. .. Assessment of academic experts
Public Academic Expert Opinion about an HEI
Opinion Student’s Opinion Assessment of the student’s judgments
Student Attraction Assessing the student’s favorite HEIs
Employer’s Opinion The reputation of an HEIs among the employers
Annual Budget Assessment of available financial resources
Financial | Ayailable R&D Grants Assessment of available financial resources for
Strength the research and development activities
Assessment of reticent sources of income for an
Endowment Funds
HEI
. The ratio of the faculty of international repute to
International Faculty the total permanent faculty of an HEI
Internatio International Students The ratio of the international students to the total
nal Factor full-time (regular) students of an HEI
. Assessment of international repute based on
International Repute .
various HEIs
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discussion on the ranking dimensions and indicators of every ranking system is beyond
scope of this research effort. Commonly used ranking dimensions and ranking indicators
are listed in Table 1.6. The ranking results are represented for a specific cumulative

measure and, then by different categories like the following [9]:

a) Based on the commonly available indicators

b) Cumulative points, global rank, top 100, etc.

c) Categorical score based on specific indicators — Subject-specific rankings, regional
comparison.

d) Available budget & research grants, endowment funds

e) Resourcefulness i.e., faculty quality and size, research laboratories, campus size

1.9. Related Data Sources

A major criticism faced by existing academic ranking methodologies is the use of data
sources that are not publicly verifiable [7, 14]. As there is no purposely-built public data
repository that would serve the intended academic ranking methodology. Consequently, it
was decided to employ different data sources that stratify the necessary conditions. A brief

description of the data sources is given below.

a) The DBpedia Dataset in Linked Data Cloud

DBpedia is a structured data repository maintained according to the Resource Description
Framework (RDF) semantic ontology. It is one of the largest constituents of the Linked
Open Data (LOD) Cloud. The dataset is owned by Wikipedia — the well-known Internet-
based electronic Encyclopedia that has become one of the fundamental knowledge sources
of mankind. The Cloud enables access to many semantically described and digitally linked
representations of objects and entities. The English version of the DBpedia describes 4.0
million “things”, having 470 million affiliated "facts". These things are classified with a
consistent ontology. This information can be used in improving existing data-hungry

applications as well as in innovative data products.

The OpenRank methodology employed the DBpedia dataset! (using its SPARQL-Endpoint
through SPARQL queries) to measure the values of the ranking indicators [15] for the

ranking categories Academic Sustainability (AS) and International Factor (IF). Two
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sample SPARQL queries are given below to retrieve the HEIs’ information available in the
DBPedia. Other related queries (SPARQL queries? for DBpedia and SQL queries® for the
ArnetMiner dataset) are uploaded to the repositories at GitHub*.

1
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Figure 1.2 An Instance of the LOD Cloud

Sample SPARQL queries to retrieve the HEIs’ information available in the DBpedia.

PREFIX dbr:<http://dbpedia.org/resource/>
PREFIX dbo:<http://dbpedia.org/ontology/>
PREFIX foaf:<http://xmlns.com/foaf/0.1/>
SELECT *
WHERE
{
dbr:Harvard_University
dbo:numberOfStudents ?TotalStudents;
foaf:homepage ?URL;
dbo:facultySize ?Faculty;
dbo:endowment ?Endowment;
dbo:numberOfUndergraduateStudents
2UGStudents;
dbo:numberOfPostgraduateStudents
?7PGStudents.

3

PREFIX dbr:<http://dbpedia.org/resource/>
PREFIX dbo:<http://dbpedia.org/ontology/>
PREFIX rdfs:<http://www.w3.0rg/2000/01/rdf-schema#>

SELECT *

WHERE

{
dbr:Australia dbo:areaTotal ?Area;
dbo:language ?Language ;
dbo:populationCensus ?Population;
dbo:currency ?Currency ;
dbo:hdi ?HumanDevelopmentindex ;
dbp:gdpNominal ?GDP .

A SPARQL data-retrieval query for extracting
information related to HEIs from the DBpedia.

A SPARQL query for extracting information
related to Countries from DBpedia.

https://github.com/muhammadsajidqureshi82/DBpedia
https://github com/muhammadsajidqureshi82/OpenRank

W N -

https://wiki.dbpedia.org/services-resources/datasets/data-set-39
https://github.com/muhammadsajidqureshi82/AmetMiner
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B Elsevier
B Sprmger Nature
3 Taylor & Francn

1 Health Scrences
W Physical Scrences

B Wiley-Blackwell B Soctal Sciences
- SAGE .- Life Scrences
B Others

a)

Figure 1.3 Share of the a) Publishers and b) Serial titles indexed in the Scopus
b) The ArnetMiner data repository

The AmetMiner dataset was created by Professor Jie Tang [16], from Tsinghua University
China, in the year 2006, as a research project in social influence analysis in academia. The
dataset was built to search and perform data mining operations on academic entities. For
instance, the existence of connections between authors, research articles, publication
venues, and research trends prevailing in the social networks of the researchers.
AmetMiner computing servers automatically extract the researchers’ profiles and
publications from online digital libraries using pre-defined heuristic rules. The citation data

is extracted from different scholarly sources including DBLP and ACM.

AmetMiner is considered a widely used and one of the best-curated databases for computer
science articles [16]. The ACM-Citation-Network (version 8, covering data entries up to
July 2016) includes 2,381,688 research articles, published by 1,712,433 researchers, and
10,476,564 citation relationships ranging from 1936 to 2016 [17]. The collaboration
relationships constructed by the interaction of these authors, allow us to study the
interaction, scientific collaboration, and influence among scientists. AmetMiner has

published several datasets for academic research purposes, including [17, 18, 19, 20].

¢) Google Scholar Citation (GSC) data repository
GSC repository was created and is currently owned by Google incorporation. It was
launched on November 20, 2004. GSC allows its users to search for academic resources

whether online or in digital libraries. Google Scholar index includes most peer-reviewed
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online academic journals and books. It also maintains a record of conference papers,
research theses, technical reports, and other scholarly literature, including court
opinions and patents. Dominantly, GSC is about research publications representing papers

published by research scholars.

d) Official Ranking Results by the Reputed Rankings Systems

As per the research objective, for fine-grained analysis of the academic ranking statistics,
the existing ranking results by the three well-known ranking systems — ARWU', THE?,
and QS? were reused. These ranking results are publicly available on their official websites.

Some of them also provide a limited amount of data in spreadsheets or flat files.

e) The Scopus Repository

The profiles of the influential researchers are extracted from the Scopus repository. Scopus
is a reliable and comprehensive data source for large-scale analyses in research
assessments. The Elsevier-led subscription-based data repository, is among the world's
largest curated abstract and citation databases, with a wide global and regional coverage of
scientific journals, conference proceedings, and books. Its data are indexed through
rigorous content selection and re-evaluation. Along with the data about scientific articles,
Scopus also maintains the author and institution profiles. Since its launch in the year 2004,
the content of the database has grown to over 76 million records, covering publications
from 1788-2019. Elsevier itself as a scientific publisher is a considerable contributor
(about 10 percent) to the content of Scopus. Scopus provides the publication output,
citation, and international collaboration data to various academic ranking systems
including THE, Shanghai Ranking Consultancy (since 2015), and QS. The data is also
employed by the Frankfurter Allgemeine Zeitung Economists Ranking in Germany and the
National Institutional Ranking Framework (NIRF) in India {21] The statistics about Scopus

summarized in Figure 1.3, are based on the work reported in [22]. The authors’ data in the

! http://www shanghairanking.com/ARWU-Methodology-2020.html. [Accessed on Dec 2020]

2 hitps://www.timeshighereducation.com/world-university-rankings/world-university-rankings-2020-methodology
3 https://www.topuniversities.com/subject-rankings/methodology. [Accessed on Dec 2020]
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Scopus repository are clustered into publication histories known as the Scopus Author-
Profiles. Elsevier claims to have a service of about 12,000 credible authors to assess the
quality of the data in Scopus. The author profiles are maintained to reflect the complete

publication history of the researchers [23].

In our data analysis, the researchers’ information was extracted from a derivative dataset
of the Scopus repository. The dataset is published by a well-known researcher at Stanford

University, United States [24] in the year 2020.

The rest of the document is organized in this way. A summary of the literature review is
presented in chapter 2. The research activities and their outcome related to the newly
developed academic ranking methodology OpenRank, are reported in chapter 3. The
fine-grained analysis of the ranking data, subject-specific rankings HEls in four disciplines,
and the results of mapping affiliation of the influential researchers with the top-ranked
HEISs are presented in chapter 4. The sub-discipline-specific rankings of the global HEIs in
the computing discipline are reported in chapter 5. While chapter 6 concludes the thesis

with a description of the research findings and their future implications.
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This chapter summarizes the research work related to the research thesis. For ease of
understanding, the description is divided into three sections that represent the different
dimensions analyzed and reported during this research effort. The first section describes
the previous research efforts focusing on the ranking of the global HEIs using open data
sources. The second section presents the research work focusing on the fine-grained
analysis of the academic rankings. The third section describes the research efforts that

analyzed subject-specific academic rankings by the three reputed rankings entities.

2.1. Ranking HEIs Using Objective and Publicly Verifiable Data Sources
This section describes the previous research efforts describing the ranking of the global
HEIs using open data sources. Keeping in view the OpenRank methodology, the review of
the related work is divided into two categories. The first category covers the conventional
academic ranking systems i.e., ARWU, QS, and THE, academic rankings. While, the
second category covers the academic ranking efforts, based on public data sources i.e., the
academic ranking by “Webometrics” [25] and the use of Linked Open Data in ranking
global HEIs [15]. It also overviews the recently proposed academic ranking methodologies

by the knowledge workers and experts.

Most of the conventional academic ranking methodologies employ a combination of
objective and subjective ranking indicators that reflect their predefined ranking objectives
and scope. ARWU by SRC [11], World University Rankings by QS [12], THE World
University Rankings, and the University Ranking by Academic Performance (URAP) by
Middle East Technology University (METU) [13], belong to this category. Since our
research methodology emphasizes the use of public data sources and quantitative
parameters so the process of these ranking entities has limited relevance for us.
Nevertheless, these methodologies collectively give a good idea of the ranking indicators
and their significance or weights. Commonly used ranking indicators by these
methodologies can be categorized as Research Productivity or Quality, Academic Quality,

Academic Strength or Sustainability, and International Factors.

Usually, the conventional ranking methodologies employ data sources that are not publicly

verifiable. Moreover, they use subjective ranking indicators like ‘Academic Peer Review’
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and ‘Employer Reputation’ by QS and THE academic rankings. The use of controversial
data sources and subjective indicators makes their rankings controversial [7]. When a
ranking entity employs a ranking indicator that is either based on non-quantifiable
opinion(s) or its value(s) is not publicly accessible, then the ranking results become

controversial, especially for the competing HEIs.

G. Boulton in [10] and Mu-Hsuan Huang in [3], discussed the issue in detail. For example,
the QS academic ranking methodology employs the qualitative indicator “Academic Peer
Review” based on an internal global academic survey. Moreover, the methodology assigns
a decisive weight (40 % of the overall score) to the indicator. A properly designed and
carefully executed peer review would provide invaluable information. Nevertheless, the
indicator faces criticism for its subjectivity. The definition of the “peer” and then its
selection during the evaluation process involves substantial human interaction. The

soundness of the judgments by the peers also faces criticism for its fairness.

Similarly, the methodologies assign significantly different weights to the ranking
indicators. These differences affect the ranking results, and an HEI gets a different rank by
different ranking entities even in the same year. A sample of differences among the reputed
rankings for the year 2017, is presented in Table 1. Various stakeholders in the higher
education sector have shown their concerns, about the strength of the connection between
education quality and the ranking indicators employed by the ranking systems. These
academic ranking methodologies are reviewed and analyzed by various experts, as in [5,

7, 8, 4].

Mu-Hsuan Huang especially focused on THE-QS and HEEACT and ARWU in his analysis
of various academic ranking systems [3]. According to his findings, the results of different
ranking systems vary, sometimes dramatically, due to their different methodologies and
emphases of various ranking criteria. Subjective or qualitative parameters
impressionistically favor certain universities and produce results drastically different from

quantitative data-based rankings.

The second category of academic rankings bases its academic performance analysis, on
web-based or public data sources and employs objective indicators. For instance, [26]

ranked the global HEIs using the career outcomes of their graduates. They employed the
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LinkedIn* repository containing the career information of millions of professionals across
the world. Instead of combining multiple ranking dimensions in a single ranking statistic,
the methodology focused on a single ranking criterion, exclusively. Although the dataset
employed in the ranking methodology is not publicly accessible, nevertheless its data
source — the LinkedIn data repository® qualifies for the condition of objectivity. The
graduate’s career outcome is of great significance in gauging the performance of an HEI,
therefore incorporation of the ranking dimension is highly desirable in future academic

rankings.

Rouzbeh M. et al. [15], ranked the HEIs using the structured data available in the Linked
Data Cloud, through the Partial Information Content (PIC) measure. The Information
Content (IC) based methodology ranks the HEIs using their PIC scores that are computed
from the Linked data. Although the data source is publicly verifiable, nevertheless the PIC
score 1s a crude measure to gauge HED’s performance, especially where the underlying data

1s not purposely curated.

Koen Frenken et al. [27] suggested that a holistic score computed by a benchmark system
can be misleading in the academic decision-making process as the academic performance
is influenced by the structural variables including HEI’s size, age, location, disciplinary
orientation, and country location. The authors explored three performance dimensions
namely, Research Excellence, Internationalization, and Innovation using the data
employed by CWTS Leiden Ranking. Based on their analysis, they argue that research
performance differences among universities mainly stem from size, disciplinary

orientation, and country location.

Therefore, HEIs’ comparison is meaningful among universities of a similar size

supplemented with contextual information. Their analysis also highlighted the need for

4

https://www linkedin.com [ Accessed in July 2020 ]
S

https-//university.linkedin conmy
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employing more fine-grained research benchmarking to obtain better support in the

academic decision-making process.

The Webometrics ranking of world universities proposed by Aguillo et al. is another
ranking that quantitatively analyses the Internet and Web contents related to the HEIs i.e.,
rich files (.doc, .pdf, .ps, etc.), external links, Web pages, and articles on Google Scholar
repository [25]. Although the statistics employed by the methodology are peripheral, they

can serve as a publicly verifiable, and objective ranking methodology.

Peter Haddaway et al. [28] proposed a new Global Research Benchmarking System
(GBRS) for uncovering the fine-grained research excellence using quantitative and
publicly verifiable academic performance indicators. According to the authors, the GBRS
enables academic decision-makers to obtain sufficiently-processed benchmarking data
showing variation among specific research disciplines and identify academic areas of
strategic investment. Such fine-grained and publicly accessible data would enable

meaningful insights into the performance of HEIs.

In [29], Yuxiao Dong et al. argued that over 90% of modern world-leading innovations are
the result of perpetually increasing international research collaborations. It means, that
HEIs with a substantial number of international faculty and post-graduate students are
enhancing international research collaborations, thereby technology innovation. The
argument is based on the exploration of the large-scale scholarly dataset sourced from
Microsoft Academic Services — the Microsoft Academic Graph (MAG). Such public data

sources would provide multiple key-performance indicators for the HEIs’ ranking.

José Luis analyzed the collaboration behavior of associated researchers in research work
and its impact on their research outcomes [30]. For this analysis, the author employed the
emerging bibliographic source — Microsoft Academic Graph. According to him,
researchers being part of sparse and thin networks have a higher research impact. Usually,
these thin networks involve a limited number of isolated researchers with very effective
collaboration. The analysis helps us infer the fact that the HEIs with better facilitation for

dedicated researchers are producing high-impact research.
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In [31] Arnab Sinha et al. employed the Microsoft Academic Search (MAS) dataset having
at its core a heterogeneous entity graph comprised of six types of entities that model the
scholarly activities: field of study, author, institution, paper, venue, and event. This data
source is highly relevant to the intended research work. Like Google Scholar’s Citations

database, the academic graph contains abundant information about the researchers.

Table 2.1. Summary of the literature review for the research module I

Article Title Author(s) Venue Year Contribution (s)
Highlighted the limitations of
What drives university the holistic ranking scores.
research performance? Koen The academic performance is

S ’ Journal of influenced by structural
An analysis using Frenken et . 2017 - ' . ,
CWTS Leiden al Informetrics variables including HEI's size,
Ranking data ’ age, location, disciplinary

§ orientation, and country
location.
Proposed a new Global Research
Uncovering fine- Benchmarking System (GBRS)
grained research Peter J lof for uncovering the fine-grained
excellence: The Haddway et I::furna to. 2017 research excellence.
Global research al. ormetrics They used quantitative and
Benchmarking System publicly verifiable academic
performance indicators.
éloclf:ltiila-l}tligi ic;lence: The employed the Microsoft
Scientific Yuxiao Academic Service data
Collaborations Dong et al KDD’17 2017 repository to extract the
Citations. and ’ g ' research collaboration among
Innovatic:ns researchers of the HEIs.
Ranked the HEIs using the
Ranking Universities Rouzbeh M Linked Data Cloud
Using Linked Open etal " LDOW'13 2013 They employed the Partial
Data ‘ Information Content (PIC)
measure.

. They pointed out the use of
nAqaszTf:;cliseﬁizf three Journal of subjective indicators and
rankings for world Mu-Hsuan  Library & }mt}sual welghts' for the

A . 2011 indicators [6]. Like the QS
universities: From a Huang et al.  Information
. ; methodology employs
research evaluation Studies

perspective

“Academic Peer Review” with a
weight of 40 %
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The work presented in [32] by Sheeja N.K. et al. emphasized the role of the scholarly output
of an HEI in scoring rank in various ranking schemes. They analyzed the case of Indian
HEIs with a high score in ranking based on the National Institutional Ranking Framework
(NIRF) of India. The author employed the quantitative parameters extracted from publicly
verifiable data sources including the official websites of NIRF, THE World University
Rankings, and QS World University rankings. A summary of the literature review for the

research module I i1s presented in Table 2.1.

Overall, the academic ranking efforts, covered in the second category, emphasize the need
for a more fine-grain analysis of the key performance indicators of an HEIL Such a fine-
grain analysis would better help the academic managers in the focusing area of their
interest. At the same time, the analysis would support the stakeholders in the selection of

the areas for strategic investment, which also offers them a competitive advantage.

2.2. Heading Towards the Fine-Grained Academic Rankings

This section presents the research work focusing on the fine-grained analysis of the
academic rankings. Keeping in mind the research objectives — fine-grained analysis of the
ranking parameters and use of the publicly verifiable data sources, the research efforts of
two types are focused. First, that was aimed at the fine-grained analysis of the academic
ranking dimensions. Second, the academic rankings efforts employed publicly verifiable

data sources. An abridged review of the research efforts is following.

José Luis analyzed the relationship between research impact and the organizational
structure of co-author networks using the evolving bibliographic data source, Microsoft
Academics [30]. According to the analysis, the dedicated researchers who are part of the
sparse and small research networks, have higher research productivity and better research
impact. In other words, the HEIs with better facilitation for the dedicated researchers, attain

high research productivity and high-impact research.

Bo Yang et al. [33], explored the relationship between leading scientists and top-
performing organizations. They argued that up to 80% of the world's highly influential
researchers work at top-performing organizations, especially in large fields such as

materials science, physics, chemistry, neuroscience, and health sciences. In general, top-
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performing institutions have the competitive advantage of having excellent researchers;

only a few exceptions diverge the trend.

Giovanni Abramo et. al. [34] argued that ranking organizations or countries based on either
the total number of Highly Cited Articles (HCAs) or by the ratio of HCAs to total
publications, is not a substantial way to assess their productivity. The authors proposed a
single influential indicator HCA Per Scientist, to gauge the research productivity of HEIs.
They applied the bibliometric measure HCA, in finding research excellence of Italian
universities in each field and discipline of the hard sciences. According to them, the

indicator is more effective, time-saving, and less costly.

The research work reported in [35] by M. S. Qureshi et. al. emphasized the need of
employing objective and publicly verifiable data sources in the academic ranking process.
The researchers highlighted a few of the causes of the differences among the ranking scores
published by the reputed rankings entities, for similar global HEIs in the years 2017—
2019. According to their findings, the use of objective ranking parameters and transparent
data sources would result in more consistent rankings and thereby enhance the credibility
of the academic ranking process. The authors also proposed a new academic ranking
methodology — OpenRank to demonstrate the feasibility of the objective and publicly
verifiable data sources. The intended fined-grained analysis and the sub-discipline-specific

rankings of HEIs are an extension of the research effort.

John Mingers et al. examined 130 HEIs in the UK by using Google Scholar Citations
(GSC) data. They used citation-based statistics to produce the HEIs’ rankings [36]. For the
same HEIs, the authors made a comparison between resultant rankings and those produced

by the UK Research Excellence Framework.

The authors claimed more credible results as compared to the ranking results by REF, with
additional benefits of cost-effectiveness and efficiency. The ranking-indicator-oriented

analysis provided better insight into the performance evaluation.

The analysis presented in [37], explored the influence of wealth, transparency, and
democracy on the number of universities per million people ranked among the top 300 and
500. the analysis revealed that countries with top-ranked universities had higher Gross

Domestic Product (GDP) Per Capita, better transparency, and democracy levels than
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countries with no top-ranked universities. The author highlighted the fact that university
management, like the management of any other organization, is influenced by
environmental factors including political and economic factors. The analysis emphasized
the need of considering the context while ranking and comparing global HEIs. This
Context-sensitive analysis is another supportive voice for the proposed fine-grained

analysis strategy.

The work presented in [18] by Sheeja N.K. et al. highlighted the role of Research
Productivity in the academic ranking process. They studied the case of Indian HEIs which
are highly ranked per the National Institutional Ranking Framework (NIRF) of India.
According to their analysis, the most decisive performance indicator of an HEI is research
productivity. The authors employed the quantitative parameters after extracting them from

the official websites of NIRF, THE, and QS.

Jun Zhang et al. [38] claimed improvement in predicting the impact of research
publications in the heterogeneous temporal academic network. Their proposed method
Personalized Prediction of Scholars’ Scientific Impact (PePSI) classifies the researchers
into different types according to their citation dynamics. It then predicts their impact in
heterogeneous temporal academic networks, by applying different fit functions to represent
their citation dynamics that vary with time. PePSI claimed the best performance in the
identification of outstanding researchers in the shortest time. Such research work enables

the fine-grained analysis of the scholar’s research impact.

Koen Frenken et. al. empirically analyzed university research performance in terms of
research excellence, internationalization, and innovation [27]. The work highlighted that
these indicators are prone to conceptual ambiguity and uncertainty; nevertheless, in many
cases, students and, HEI’s managers consider them increasingly meaningful. Moreover,
the difference in size, disciplinary orientation, and country location are major causes of the
difference in the HEIs’ research performance. This suggests that instead of simple global
benchmarking, a more fine-grained benchmarking is meaningful among HEIs having
similar characteristics. The performance evaluation should consider the contextual

information of an HE], its mission, orientation, and geographical location.
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Table 2.2. Summary of the literature review for the research module Il

Article Title Author(s) Venue Year Contribution (s)

Presented an alternative to the

Mining the Web to Information

approximate ggézn G. Discovery & 2018 university ranking lists using the
university rankings y Delivery HEIs’ data available on Twitter
s Explored the Google Scholar Citations
Using Google (GSC) data to evaluate 130 HEIs of the
Sch_ola{ United Kingdom.
institutional-level John * They claimed credible results and
data to Mingers et Scientometrics 2017 overcame some of the obvious
z‘f/a:ll::?\::rts?gquahty al problems of the ranking produced by
research the UK Research Excellence
Framework (REF) for the same HEIs
* They used the LinkedIn repository for
_ L career profiles of the professionals
Ranking universities N = Ranking of the global HEIs using the
based on career avneet KDD 17, 2016  career outcomes of their graduates.
outcomes of Kapur et. al. . . .
= Alternative to the holistic ranking
graduates

scores, based on ranking-dimension-
oriented analysis

Baris Uslu et. al. used the predictive approach of correlational research to drill down
methodologies of the four academic ranking systems - ARWU, THE, QS, and URAP [39].
He employed the ranking results published by these systems in the year 2018, to specify
an expanded set of prominent ranking indicators. In his opinion, these potential indicators
cover the common aspects of the ranking systems and would help the university leaders to
develop better strategies. The researcher also determined the percentage values of the
indicators including Citation, Income, Internationalization, Prize, Publication, Reputation,
and Ratios/Degrees. According to the findings of the analysis, Research Reputation
contributes 73.71% to universities’ ranking scores. While, amazingly, Income is the only
negative contributor with a weight of- 1.78%. The research also revealed that in the HEIs
ranking based on the new weights, only 19 universities occupy the same position among

the 224 universities.
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This research work also recommends the use of objective ranking parameters; therefore, it
consolidates the philosophy behind our fine-grained analysis strategy. A summary of the

literature review for the research module Il is presented in Table 2.2.

Overall, the academic ranking efforts, covered in the literature review, emphasize the need
for a more fine-grained analysis objective and context-sensitive performance evaluation of
the HEIs. Such analysis would better help the various academic stakeholders in their
decision-making process. The academic managers would focus on the area of their interest,

considering the analysis.

2.3. Heading Towards the Sub-Discipline Specific Rankings

This section describes the research efforts that analyzed subject-specific academic rankings
by the three reputed rankings entities. As per the research objectives — fine-grained analysis
of the academic rankings and sub-discipline-specific academic rankings, two types of
existing research efforts are focused on. First, that was aimed at the fine-grain analysis of
the academic ranking dimensions or parameter(s). Second, the research efforts focus on the
sub-discipline-specific academic rankings based on publicly verifiable data sources. A

summary of the review is following.

Huang et al. performed detailed bibliographic comparisons between Web of Science,
Scopus, and Microsoft Academic at the institutional level, to determine their robustness for
ranking the global HEIs [21]. They found that the HEIs have significantly different data
representations across the three data sources. Similarly, these data sources have
considerable inclinations toward certain scientific disciplines. Such differences cause
drastic changes in the rank positions of the HEIs. Therefore, the use of multiple
bibliographic data sources is strongly recommended, in the evaluation of the HEIs. The
findings highlight the need for publicly verifiable data sources and fine-grained analysis of

academic data.

The work of Baris Uslu reported in [39], is highly relevant to the intended fine-grained
analysis of the academic ranking data. The author examined the individual weights of the
significant academic ranking indicators for guiding university leaders in developing better

strategies. He highlighted the common aspects of international ranking systems by
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employing the ranking data of 224 HEISs, published in the year 2018, by ARWU, THE, QS,
and URAP ranking systems. The researcher re-evaluated significant ranking indicators
including citation, income, internationalization, prize, publication, reputation, and
ratios/degrees. The analysis revealed an overwhelming significance of the research
reputation with a contribution of 73.71% to universities’ ranking scores. As per the
findings, for the reputed rankings entities, the most important ranking dimensions are
research productivity, research impact, and academic reputation. The author named the
three ranking indicators collectively, the “research reputation” of an HEI. According to his
re-evaluated HEIs’ rankings, only 19 universities occupied the same position among the
224 universities. Based on the research analysis, his recommendations are worth
consideration by the HEIs’ policymakers and directors of the reputed academic ranking

entities.

Michael McAleer et al. [40] explored the ranking data published by THE ranking system
for HEIs in Japan for the years 2017 and 2018. This analysis was aimed at finding the
relationship between the size of the student body, internationalization, and ranking scores
of the HEIs. Based on their findings, the author reported the considerable statistical
significance of the two ranking parameters. The analysis emphasized the need for context-

sensitive rankings of the global HEIs, for their more representative rankings.

The research work reported in [35] by M. S. Qureshi et. al. emphasized the need of
employing objective and publicly verifiable data sources in the academic ranking process.
The researchers highlighted a few of the causes of the differences among the ranking scores
published by the reputed rankings entities, for similar global HEIs in the years 2017—
2019. According to their findings [41], the use of objective ranking parameters and
transparent data sources would result in more consistent rankings and thereby enhance the
credibility of the academic ranking process. The authors also proposed a new academic
ranking methodology — OpenRank to demonstrate the feasibility of the objective and
publicly verifiable data sources. The intended fined-grained analysis and the sub-

discipline-specific rankings of HEIs are an extension of the research effort.

Francesco A. M. et al. [42] highlighted the inconsistencies in ranking results of the well-

known academic ranking systems. They proposed a new quantitative and publicly
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verifiable proxy measure to gauge the academic reputation of an HEI, using the PageRank
algorithm. As the algorithms operate with hard data so it would be a sound and credible
mechanism for recognizing the HEIs and their affiliated researchers. This is another effort
for enhancing the credibility of the academic, by reconciling the qualitative evaluation of

academic prestige using the research impact.

The LinkedIn repository contains the career information of millions of professionals across
the world. Navneet Kapur et al. exploited the profiles of professionals from the LinkedIn
repository [26], to assess the graduate employability of the global HEIs. While ranking the
global HEIs, they focused on a single ranking dimension exclusively, in the analysis. The
HEISs rankings, based on the career outcomes of their graduates would provide substantial
proof of the quality of education at the institutions. Therefore, such fine-grained analysis
is of great significance in gauging the performance of the HEIs. The research work is
another supportive evidence highlighting the need for ranking-dimension-oriented

academic rankings.

The work presented in [43, 44, 24] by PA Joannidis et al. became relevant to our research
as it employs the Scopus researchers’ profiles, belonging to various scientific disciplines
including Information Technology. According to their findings, the citation and other
evaluation metrics lose their value when they are misused. Therefore, a more
comprehensive and robust evaluation or ranking metrics is required. They ranked the
researchers by applying a new metric — the “composite indicator “and published for the

public a dataset of more than 150,000+ top scientists.

The dataset provides standardization on citations, h-index, co-authorship adjusted hm-
index, the order of authors, and a composite indicator. According to them, the calculation
method behind the composite indicator is robust and resistant to misuse. The authors also
published science-wide author databases containing data about the authors who secured
their positions among the “World's top 2-percent researchers”. All these researchers are
indexed in the Scopus data repository. Thanks to their data curation, as in the research
analysis, various researchers’ statistics were derived from the dataset. The information
about the author’s affiliation also helped us in mapping the affiliation of the influential

researchers with the top-ranked HEISs in Information technology.
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Table 2.3. Summary of the literature review for the research module III

Author(

Article Title Venue Year Contribution (s)
s)
Updated science-wide * Publishing of a dataset of more than
autbor databases of 1, hnidis  PLoS Biol 2020 150K World top 2-percent
standardized
RS et al. researchers.
citation indicators
= Use of a new comprehensive and
A standardized robust evaluation metric - the
citation metrics PA “Composite Indicator”.
author database lIoannidis PLoS Biol 2019 ited th . P
annotated for the et al. Exploited the Scopus repository for
scientific field. performance evaluation of the
professionals
Size » Explored the impact of Size,
Internationalization, Internationalization, on University
and University Michael Rankings.
Rankings: Evaluating ~ McAleer  Sustainability ~ 2019 = As per their findings, the HEIs
aqd Predicting.Times etal. rankings methodologies must
Higher Education consider the size and
(THE) Data for Japan internationalization factor.
» Explored the relationship between

Malaysian leading scientists and top-performing
Do first rate scientists Bo Yang  Journalof orgamizations
work at first rate ot al & Library & 2015 * As per their findings, up to 80% of the
organizations? ' Information world's highly influential researchers

Science work at top-performing

organizations.

Giovanni Abramo et. al. [34] argued that ranking organizations or countries based on either
the total number of highly cited articles (HCAs) or by the ratio of HCAs to total
publications, is not a substantial way to assess their productivity. The authors proposed a
single influential indicator HCA Per Scientist, to gauge the research productivity of HEIs.
They applied the bibliometric measure HCA, in finding research excellence at Italian
universities, and in all disciplines of the hard sciences. According to them, the indicator is

more effective, time-saving, and less costly.

John Mingers et al. examined 130 HEIls in the UK by using Google Scholar Citations
(GSC) data. They used citation-based statistics to produce the HEIs’ rankings [36). For the
same HEISs, the authors made a comparison between resultant rankings and those produced

by the UK Research Excellence Framework. The authors claimed more credible results as
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compared to the ranking results by REF, with additional benefits of cost-effectiveness and
efficiency. The ranking-indicator-oriented analysis provided better insight into the

performance evaluation.

Giovanni Abramo et. al. [45, 46] explored the impact of the ratio of top scientists to
academic staff on the competitive strength of the Italian HEIs. The author mapped the
affiliation of the Italian top scientists in over 200 fields, with the Italian HEIs and ranked

them by the ratio of top scientists to the overall faculty.

According to their findings, the association between the ranking lists by the ratio of top
researchers and average productivity was strong, in nearly all disciplines of the Sciences.
The HEIs having high rank by productivity also have a higher ratio of top scientists (TS

ratios) to the faculty. Very few of the institutions deviated from the investigated trend.

Corren G. McCoy et al. offered an alternative to the university ranking lists published in
U.S. News & World Report, THE, ARWU, and Money Magazine [47]. They employed
publicly available HEIs’ data from Twitter and academic sources to compute social media
metrics to approximate conventional academic rankings of US universities. They used two
measurements to rank 264 HEIs of the US — first, the University Twitter Engagement
(UTE) score (the total number of primary and secondary followers affiliated with an HEI),
and second, the Endowment, Expenditures, and Enrollment (EEE) score. The authors
argued that these metrics could be viable proxies for ranking HEIs in the United States.
These statistics could be reproduced when required, rather than relying on an annually
generated ranking score. Moreover, they supported diversity in the ranking lists. Utilizing
publicly available Twitter and academic sources data is another supportive voice for the

proposed fine-grained analysis strategy.

The work presented in [32] by Sheeja N.K. et al. highlighted the research productivity role
in computing the rank of an HEL They studied the case of Indian HEIs which are highly
ranked per the National Institutional Ranking Framework (NIRF) of India. The authors
used quantitative parameters which are publicly available and extracted from the official

websites of NIRF, THE, and QS.

To evaluate the HEIs’ academic reputation, Francesco Alessandro et al. made use of a

proxy measure and eventually, compared the findings with well-established impact
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indicators and academic rankings [48]. They analyzed the citation patterns among HEIs in
five subject categories of Web of Science and applied the PageRank algorithm to the
resulting citation networks. According to the authors, the reputation of references gives the
pathway to scientific citations. Therefore, the PageRank algorithm would be used to
analyze the citation networks reflecting the reputation of an HEI in a specific field. The
PageRank, being a well-rooted algorithm, is a reliable choice for analyzing the patterns in
citations among the research articles published in peer-reviewed venues. The analysis
would help to recognize the reputation of the venues among the researchers and HEISs.
Using publicly verifiable data, and employing quantitative parameters in ranking
methodology, the proposed approach consolidates the philosophy behind the fine-grained
analysis strategy. A summary of the literature review for the research module III is

presented in Table 2.3.

The literature review would be summarized as the existing efforts covered in this section
underscored the necessity for fine-grained analysis of the Key Performance Indicators of
an HEI. A fine-grained analysis would make the academic ranking process more
transparent and less controversial. Moreover, it would better help the academic
stakeholders, in the focusing area of their interest. At the same time, the analysis would
support the stakeholders in the selection of the areas for strategic investment, which would

result in a competitive advantage.

24. Summary

The review of the related research work highlights the fact that more transparent and
reliable ranking results are achievable by the use of objective and publicly verifiable
rankings indicators. Whereas giving substantial weight to subjective indicators leave more

space for favoritism.

The fine-grained analysis makes the ranking results more representative and the ranking
process less controversial. The holistic ranking score, even in the subject-specific rankings,
hides many valuable aspects of a research institution. There are other ranking dimensions
like the affiliation of influential research faculty with an HEI, and graduate employability,

that can be explored for a better understanding of the educational dynamics.
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Various HEIs perform remarkably well at the sub-discipline level, although they are not
present on the top of the lists produced by well-known academic ranking entities. The sub-
discipline-specific academic rankings are the need of the hour.

Context-aware academic rankings would be more representative while overlooking the
context would result in biased judgments. Considering the contextual factors including the
economic condition of the base county, academic age, languages, and size significantly
affect the position of an HEI in the ranking lists.

The use of diverse data sources facilitates a comprehensive understanding of the factors
that catalyze higher education. It is worth mentioning that although, the academic data
available on the Internet is abundant and perpetually increasing. Nevertheless, most of the
data repositories are not purposely built for academic ranking.
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3. Ranking the Global HEIs using Objective and Publicly Verifiable Data Sources

In the last fifteen years, the process of ranking Higher Education Institutions (HEIs), has
changed settings of higher education and is likely to cause further development, nationally
and internationally. The rankings have gained substantial acceptance by major stakeholders
—academicians, prospective students, and employers. Currently, various ranking systems
are gauging and publishing the HEID’s rankings, including the Shanghai Ranking
Consultancy (SRC), Quacquarelli Symonds (QS), and Times Higher Education (THE).
Academic rankings are facing criticism because of various issues, including the use of data
sources that are not publicly available, subjective parameters, a narrow focus on research

productivity and regional biases, etc.

This research work is intended to enhance the creditability of the ranking process, by using
quantitative indicators based on publicly verifiable data sources. The proposed ranking
methodology — OpenRank, drives the objective indicators from two well-known publicly
verifiable data repositories — the AmetMiner and DBpedia. The resultant academic
ranking reflects common tendencies of the international academic rankings published by
THE, QS, and SRC. Evaluation of the proposed methodology advocates its effectiveness,

transparency, and quick reproducibility.

3.1. Heading Towards Objective and Publicly Verifiable Rankings

Educational institutions, especially those dealing with higher education, are considered
catalysts of the national and global development process. As, they enhance a nation’s
competitive advantage and stimulate the development process by nurturing research,
innovation, and commercialization. While ranking the HEIs, usually the ranking systems

intend to measure the research productivity and teaching quality.

Some other rationales for the ranking process are summarized here. a) The rankings help
HEIs in leveraging their competitive advantage in the education sector, by comparing their
academic quality and research productivity with those of similar institutions at local,
regional, and global levels. b) HEIs’ senior management employs the ranking score, in
academic policy and the decision-making process. c) Better ranking score helps an HEI in

winning performance-based funding, accreditation reviews, academic program reviews,
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and national benchmarking processes. d) Subject-specific rankings substantially support

prospective students in selecting university-major subjects [5, 6].

The process of ranking HEIs involves gathering, weighing, and analysis of the academic
performance indicators. These indicators are selected and weighted according to the
objectives pre-defined by the ranking entity. The ranking process has gained substantial
acceptance among the major stakeholders — academicians, prospective students, and
employers. They prefer an HEI with a high score in the well-known rankings [49].
Academic rankings have gained overwhelming popularity in academia and their influence
is yet increasing. Nevertheless, academic experts have shown considerable reservations
about the validity and transparency of the rankings. These reservations are described in
section 1.3. A sample of HEIs’ rankings in the year 2017, having significant differences,
by the three reputed international academic ranking systems (for detail, consult section 3.2)
is presented in Table 3.1. Major causes of such discrepancies are the use of data sources
that are not accessible publicly and employing subjective rankings indicators. Keeping in

mind the above-mentioned issues, the research problem can be posed as follows:

“Major stakeholders and end-users of the academic rankings need the academic rankings,
based on objective indicators and publicly-verifiable data sources, with broader coverage

of the academic institutions.”

Finding a suitable solution for all the issues is currently not feasible. Nevertheless, one can
suggest a more satisfying solution, for the improvement of the ranking process. This

research work is intended to make the following contributions:

* Enhancing the creditability of the ranking results by merely employing the
quantitative performance indicators extracted from public data sources.
* Developing an academic ranking methodology based on quantitative indicators
using two well-known data repositories, DBpedia and ArnetMiner.
* Demonstrating the effectiveness of the proposed ranking methodology on real
data sources.
Keeping in view the contributions, the philosophy behind the OpenRank academic ranking

methodology can be summarized in the following three points.

Muhammad Sajid Qureshi — 99-FBAS/PHDCS/F13 Page 36



3. Ranking the Global HEIs using Objective and Publicly Verifiable Data Sources

Table 3.1 Differences in the rankings of some reputed ranking systems

Higher Education Institution ARWU THE QS
Australian National University 97 48 22
Carnegie Mellon University 80 23 58
City University of Hong Kong 201 201 55
Hong Kong University of Science and Technology 201 57 36
Korea Advanced Institute of Science and 201 29 46
Technology
Peking University 71 29 39
Tsinghua University 48 35 24
University of California At Berkeley 5 10 28
University of New South Wales 101 114 49
University of Sydney, Australia 83 60 46

First, the methodology emphasizes the use of quantitative ranking parameters, as they are
more reliable and scientifically verifiable. These two characteristics make them less
controversial. Second, the ranking methodology emphasizes the use of ranking data sources
that are publicly accessible; such data sources help in producing more transparent HEIs’
rankings, and their user can drill down the holistic ranking score up to the desired level.
Third, the methodology emphasizes employing the ranking indicators that apply to a

substantial number of global HEIs to maximize their coverage.

The rest of this chapter is organized in this way. Section 3.3 formulates the research
problem, Section 3.4 presents the proposed methodology, and Section 3.5, represents the

ranking results and evaluation. The research work is concluded in Section 3.6.

3.1. The Proposed Methodology

Rankings are not a new phenomenon, although their recent proliferation is, especially in
the domain of HEIs. Multiple ranking systems are gauging and publishing the academic
performance of HEIs worldwide. A detailed description of the well-known academic
ranking systems is given in Section 1.7. Their methodologies revealed their inclination

toward the potential stakeholders.
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This research work is intended to enhance the creditability of the process by ranking the
global HEIs, using publicly verifiable data sources and quantitative indicators. Formally,
the research problem is articulated at the end of Section 2.1. Employing quantifiable
ranking indicators and usage of publicly verifiable data sources, are the primary concerns
of the OpenRank methodology. Nevertheless, it gives due attention to the experts’ opinions
and common tendencies of the well-known academic ranking systems. It drives the
significant ranking dimensions and set their weights according to their worth as per the
experts’ judgment. However, while selecting indicators (using the Principal Component
Analysis), it observes their limitations [50]. A detailed description of the methodology is

following.

3.1.1. Data Sources

A major criticism faced by existing academic ranking methodologies is the use of data
sources that are not publicly verifiable {7, 14]. As there is no purpose-built public data
repository that would serve the intended academic ranking methodology. Consequently, it
was decided to employ AmetMiner and DBpedia repositories, as they satisfy the desired

conditions. A detailed description of these two data sources is provided in Section 1.8.

3.1.2. The OPENRANK Methodology

The OpenRank methodology extracts the values of ranking indicators using the selected
datasets against the following four categories — Research Productivity (RP), Academic
Quality (AQ), Academic Sustainability (AS), and International Factor (IF). These ranking
categories are well-known in the academic sector and used by reputed global academic
ranking systems i.e., ARWU, QS, and THE university rankings {4, 6, 7]. Since the
OpenRank employs multiple datasets, so the ranking categories may take their parameter
values from different datasets. In our case, the Research Productivity (RP) and Academic
Quality (AQ) take parameter values from the AmetMiner dataset, while the other
categories Academic Sustainability (AS) and International Factor (IF) use the DBpedia
dataset. For the formal definition and explanation of these indicators, please have a look at
Table 3.4.
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It is also worth mentioning that the OpenRank methodology adopted a new name for the
academic ranking category, “Academic Sustainability” because it employs some non-
conventional parameters available in the datasets. For example, the Academic Age,
Academic Diversity, and Financial Strength. These parameters convey meaningful
information about an HEI. Nevertheless, the constituent parameters of the ranking category
are being used by THE ranking system as well. The Times Higher Education (THE)
employs ranking parameters ‘“Research income” with a weight of 5.25% and “Income per
academic” with a weight of 2.25%. Please consult Table 1.5 (THE Ranking Methodology).
he weights (w;, w2 w3 and wy) of indicators in the OpenRank methodology are assigned
keeping in view the tendencies of the benchmark academic ranking systems — ARWU,

THE, and QS academic rankings.

A comparison of various academic ranking dimensions used by the benchmark ranking
systems is presented in Table 3.2. The weights used for the ranking dimensions show their
importance for the ranking entities. According to the comparison, the ranking methodology
of THE seems more research-oriented, whereas the ranking methodology of the QS shows
a balanced inclination toward research productivity and academic quality. Nevertheless, it
also gives substantial weight (40 percent) to a qualitative ranking parameter — the Academic
Peer Review. The ranking methodology of ARWU is focused on Research Productivity
and Academic Quality. Nevertheless, its inclination is toward Academic Quality (with 50

percent weightage).

For instance, the ranking dimension Research Productivity has 65, 20, and 40 percent in
methodologies of THE, QS, and ARWU whereas in OpenRank methodology it has 45
percent weight — approximately average of the weights used in other methodologies. The
same is the case in the weight of Academic Quality. Some of the parameters (i.e., Research
Student Ratio, Favorite Venue Publications, and Academic Diversity) employed by the
OpenRank methodology are not exactly common in other methodologies. Nevertheless,
they are highly relevant to the analysis and communicate important information about an
HEI These parameters are directly or indirectly related to the core ranking dimensions

commonly employed in the three methodologies.
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Overall, the OpenRank methodology employed fifteen ranking indicators in the four
categories. Table 3.3 lists ranking indicators of the OpenRank along with their weights and
descriptions (acronyms described). Similarly, Figure 3.1 depicts the workflow of the

OpenRank methodology.

The ranking metric is modeled as follows:

Rank (HEI) = w;AQ + w;RP + w3AS + wyIF

where w;=0.35 w2=0.45 w3=0.15and ws=0.5
AQ= 8TAS + 7TS + 10RFC + 10FSR
RP = 5RFR + SHCC + 5SRSR + 5CPF + 10HPR + 15FVP
AS = 3AA+7AD+ 5FS
IF = 3IFR +2IS

I

Here the ranking metric is formulated mathematically:

Rp = {RP,AQ,AS,IF } (1)

Let Rp, be the ranking dimensions i.e. Where the elements (RP, AQ, AS, IF) represent
Research Productivity, Academic Quality, Academic-Sustainability, and International-
Factor, respectively. Where the elements (RP, AQ, AS, IF) represent Research
Productivity, Academic Quality, Academic-Sustainability, and International-Factor,
respectively. Each element (indicator) in the set RP; is an ordered pair of an indicator’s

value and its corresponding weight ‘w’. Therefore, it is equated as:

RP;j = {(rpuw;)} (2)
where rp; is the value of the indicator and wj is its corresponding weight. Likewise,

equations for the rest of the elements of R, can be represented as:

AQy; ={(aquw;)} (3)
ASij={(as;,w; )} 4)
IF;; = {(ifiw;)]} 5)

The aggregate of the indicator’s weighted values of a ranking category can be computed

using the following equation.
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Nrp

s(rp) = Z (rp *w) (6)

rp ERP;
where N, is the total number of indicators in the ranking category (dimension)RP
Likewise, equations for the rest of the elements in the set Rp can be derived. The aggregate
Score (Rank) of an HEI can be obtained by adding scores obtained by it, against the

individual dimensions using the following equation.

k

Rank(HEI) = Z s(ygp) (7)

d=di
where k = | Rp | and dyg; is the ranking category (dimension) for the respectiveHE!. For

the calculation of Equation 7, the following algorithm was used.

3.1.3. Performance Evaluation

To compare the results of the OpenRank methodology, the two well-known and widely
accepted academic ranking systems — ARWU and QS were used as the baseline measures.
Ranking methodologies of the baseline measures are given in Table 1.4 and Table 1.5.

Their ranking results for the year 2017 are used for comparison.

The Overlap (O) and Average Overlap (AO) similarity measures [51, 52], are commonly
used for non-conjoint ranking lists. The measures gave an intersection of the ranking lists

of the OpenRank and baseline academic ranking systems.
Mathematically the evaluation measures are expressed as:

| Livy O Lagwy |
N

Overlap O(Ly, L)y = )

N
| Lywyy DL
Average Overlap AO(Ly, Ly)y =% Z 1(N) 2w | ©)
i=1

where O(Ly,L;)y and AO(Ly, L,)y are the Overlap and Average Overlap similarity

measures, respectively.
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3.2. Experimental Setup

To implement the proposed ranking methodology, the two datasets were processed
differently. For scoring the ranking indicators based on the ArnetMiner dataset, was
downloaded, and processed its latest version (ACM-Citation-Network V8, released in
April 2016) on the local machine. The dataset was created for social network analysis and
identification of connections between researchers, conferences, and publications.
Nevertheless, after some careful processing, it provided valuable HEIs’ performance
indicators. Some of the derived academic ranking indicators are Highly Productive
Researchers, Influential Venue Publications, HEI'’s Citation Count, Citation Per Faculty,
and Researcher-Faculty Ratio, etc. as listed in the data was processed through its SPARQL
Endpoint using the SPARQL queries, to score ranking indicators based on the DBpedia
dataset. DBpedia provided ranking indicators like Total Academic Staff, Total Students,
Academic Age, Financial Strength, International Factor, etc. For brevity, Table 3.5 shows
the ranking scores of top-10 HEIs, against the categories. The full list of the top 100 HEIs
ranked according to the methodology, is provided as a part of the appendix. To determine
the similarity between the OpenRank ranking with those produced by the baseline ranking
systems, the Overlap Similarity and Average Overlap Similarity measures were employed.
For better insight, the Average Overlap Similarity was calculated for the top fifty HEIs in

five intervals, each containing ten HEIs.

3.3. Results and Discussion

It is worth mentioning that although, the academic data available on the Internet is abundant
and perpetually increasing. Nevertheless, most of the data repositories are not purposely
built for academic ranking. The same is the case with DBpedia and Arnet Miner
repositories. These data sources were employed because of their high relevance to the
intended analysis and the ease of access they offer. So, data quality is an issue that is hard
to tackle. In the future, the Open-Rank methodology would produce more reliable and
optimal results by employing more enriched and curated data sources. After scoring and
weighting the indicators, the HEIs were ranked based on their aggregate score which is

calculated using equation 7 through the algorithm.
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Table 3.2. A comparison of the ranking dimensions in various methodologies

Weight in percentage (%)
Ranking Dimension S i
THE QS ARWU OpenRank

Research Productivity 65 20 40 45
Academic Quality 30 20 50 35
Academic-Sustainability -- - -- 15
Academic Peer Review -- 40 - -
Employer Reputation -- 10 - -
Per Capita Performance - -- 10 -
International-Factor 5 10 - 5
Total 100 100 100 100

The OpenRank Algorithm

BEGIN
INPUT: IndWeight, HEI[RankInd]
OUTPUT: Rank [HEI]

BEGIN

1. for each hei € HEI

2. Rank[hei] =0

3. for each ri € RankInd
|

4. Rankfhei] += [hei}{ri} * IndWeight{ri]
|

5. end for

6. end for

7. return Rank [HEI]

END
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Figure 3.1. Workflow of the OpenRank Methodology
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Table 3.3. Ranking Indicators of the Proposed Methodology

Indicator

Weight (%)

Description

Research Productivity (RP) 45

Researcher-Faculty Ratio (RFR =

1 RFC/TAS) S
2 HEI Citation Count (HCC) 5
3 Research Student Ratio (RSR)=PGS 5
/ (PGS+UGS)
4  Citation Per Faculty (CPF) 5
5 Highly Productive Researchers 10
(HPR)
6 Favorite Venue Publications (FVP) 15
Academic Quality (AQ) 35
7 Total Academic Staff (TAS) 8
8 Total Students (TS) 7
9 Research Faculty Count (RFC) 10
10 Faculty-Student Ratio 10
(FSR=TS/TAS)
Academic Sustainability (AS) 15
11 Academic Age (AA) 3
12 Academic Diversity (AD) 7
13 Financial Strength (FS) 5
International Factor (IF) 5
14 International Faculty Ratio (IFR) 3
15 International Students (IS) 2

The ratio of researchers (RFC) to the total academic
staff (TAS).

Total no. of citations earned by the researchers
affiliated with an HEL

The ratio of regular post-graduate students to
undergraduate students.

Total citations (HCC) to the total academic staff
(TAS).

HET’s Influential researchers have more than 250
publications, in the AmetMiner dataset.

No. of publications by an HEI, on the Journals &
conferences having more than 3500 publications.

Total number of permeant faculty members
Total number of currently enrolled students

Count of the research faculty affiliated with an HEI
and listed in the ArnetMiner citation database.

A measurement of teaching commitment

Academic age of an HEI in years

Count of the internationally well-known academic
faculties owned by an HEI.

Endowment Fund \ Annual Budget of an HEI, in US
Dollars.

The ratio of the foreign qualified faculty and local
faculty

The ratio of the full-time foreign students to the
local students in an HEI,
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Table 3.4. Overlap & Average Overlap similarity (% age) with the baseline ranking measures

Ranking Systems Overlap Similarity Average Overlap Similarity
ARWU 79 74
Qs 85 82

The similarity gradually decreases in the first five intervals. A similar trend can be seen
between the results of the QS and OpenRank results, although in this case, the number of
matching HEIs is fewer. The higher similarity between the results of the ARWU and
OpenRank than those of QS is satisfactory as the academic experts consider ARWU more
quantitative than the QS rankings. The overlap similarity would be further improved by
using more open and curated data sources. The currently employed data sources have been
created by automatic or semi-automatic extraction of content from semi-structured or

unstructured sources, therefore lack of completeness and consistency is highly likely.

The use of the ArnetMiner dataset, enabled the OpenRank methodology to explore new
ranking indicators like the count of publications of an HEI on the favorite venues (top 50
venues recorded in the dataset, having more than 3500 publications). Similarly, HEI's
Citation Count and Highly Productive Researchers reveal new insight into the ranking
process. Figure 3.4 represents the count of the Highly Productive Researchers (HPR) and
publications on the Influential venues (FVP) for the Top-10 HEIs.

As the employed datasets do not manage the data with the year-time stamp; so, it was
necessary to use the cumulative sum. Yes, these thresholds are achieved by optimizing
coverage of the reasonable number of “Highly Productive Researchers” (HPR) and the
“Favorite Venues for Publications” (FVP). Taking a higher number was causing the
exclusion of many HPRs and FVPs. Due to the incompleteness of the data sources, some
institutions may be under-represented in this category. Although measuring the count of
the publications by an HEI on well-known publication venues is important, nevertheless,

the collection of complete data is a limitation faced by the methodology.
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Figure 3.3. Top 10 HEIs w.r.t Academic Quality

For the full name of an HEI against its abbreviation, please consult the ranking results

provided in the appendix.
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The DBpedia data repository contains information about the geographical regions and
countries of the world. The methodology gauged the HEI’s share in the regions (Asia,
Europe, Oceania, and North America) and countries as well. Figure 3.9 presents the
region-wise count of the top 100 HEIs while Figure 3.8 highlights the countries having a

significant number of HEIs having excellent performance.

The OpenRank methodology explored the relationship between the Human Development
Index (HDI) of a country and the number of HEIs owned by it. Figure 3.6 plots the
relationship for the countries having a significant number of HEIs. Interestingly, the trend
highlights the fact that outstanding human prosperity does not ensure an outstanding share
in research and innovation — nevertheless, the United States of America and the United
Kingdom are proving the need for human prosperity for better performance. It is also
interesting to represent the relationship between the GDP of a country and the number of

top-performing HEIs owned by it.

The trend reveals a direct proportion with the Grand Domestic Product (GDP) of a country
and the number of HEIs owned by it. The United States of America and the United
Kingdom are once again outperformed in having top-performing HEIs, as compared to
various other countries with a higher GDP. Overall, the proposed ranking methodology
reflected the research objectives — ranking HEIs using objective parameters and publicly
verifiable data sources. Quick and cost-effective data acquisition is an additional benefit of
the methodology. The resultant ranking is evaluated and equated with rankings produced
by the two reputed academic ranking systems, ARWU rankings, and QS University
rankings in 2017. The ranking scores of top-10 HEIs, against the four ranking categories,

are shown in Table 3.5.

Interestingly, the HEI’s rankings are different w.r.t the Overall Score, Research
Productivity, and Academic Quality as shown in Table 5, Figure 3, and Figure 4. This
difference demands uncovering the fine-grained research and academic excellence of HEISs,

as suggested in [28].
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N

5

Figure 3.8. Countries having a significant number of top HEIs

Figure 3.9. Regions having a significant number of top HEIs
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Table 3.5. Top -10 Higher Education Institutions, as ranked by the Open Ranking

Research Academic Academic International Overall

Higher Education Institution Productivity Quality Sustainability = Factor Score

1 University of Cambridge (UC) 36.9 16.6 10.1 2.7 66.27
2 Massachusetts Institute of Technology 31.0 13.9 103 32 58.40
(MIT)
3 Stanford University (SU) 24.6 112 10.8 2.6 49.06
4 Carmnegie Mellon University (CMU) 24.8 104 9.1 2.7 47.03
The University of Illinois At Urbana
] Champaign (UIUC) 19.3 17.0 9.2 1.0 46.49
6 Georgia Institute of Technology (GIT) 18.0 15.6 9.6 0.8 44.07
7 Princeton University (PrU) 233 7.2 9.8 1.6 41.87
8 University of Hong Kong (UHK) 16.8 10.8 9.5 3.6 40.71
9 Purdue University (PU) 15.2 12.9 8.6 0.2 37.00
10 University of Washington (UW) 10.0 15.0 10.2 1.4 36.65

The results of Overlap Similarity and Average Overlap Similarity, among the OpenRank
and the baseline measures, are presented in Table 3.4. For top-50 HEIs, the Average
Overlap Similarity (AOS) among the ranking lists of OpenRank, ARWU, and QS is
calculated in five intervals in Figure 3.5. The similarity analysis reveals the closeness of

the ranking results produced by OpenRank and ARWU.

3.4. Summary
Academic rankings are facing criticism because of various issues, including the use of data
sources that are not publicly available, subjective parameters, a narrow focus on research

productivity and regional biases, etc. In this chapter, the differences among the results of

the academic rankings published by ARWU, THE, and QS are analyzed.

To address some of the causes of the differences, a new academic ranking methodology —

OpenRank was developed. It was based on the quantitative indicators extracted from

Muhammad Sajid Qureshi — 99-FBAS/PHDCS/F13 Page 52



3. Ranking the Global HEIs using Objective and Publicly Verifiable Data Sources

publicly verifiable data sources. The methodology demonstrated its potential to enhance
the credibility of the academic ranking process, by successfully ranking the global HEIs,
using two publicly verifiable data sources — DBpedia and the ArnetMiner. In the
methodology, both research productivity and academic contribution of an HEI get
reasonable weights. This comprehensive approach broadens coverage of HEIs, especially
for newly established universities. Evaluation of the methodology advocates its

effectiveness, transparency, and quick reproducibility.

Results of the OpenRank methodology are also reported in a research article [35], that has
been published in a well-known research journal. A research recommender system for
novice researchers and prospective students is recommended by employing such publicly
available data sources. The need for a purposely built, publicly verifiable electronic data
source, for performance evaluation of the global HElIs, is also among the future

implications of this research effort.
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The academic ranking process has considerably evolved in the past fifteen years.
Nevertheless, the academic rankings published by even the reputed ranking entities are
facing various criticism, in terms of their transparency, validity, and coverage. This
research effort focuses on enhancing the credibility of the ranking process through the fine-
grained analysis of the academic data. The proposed fine-grained analysis drives the
researchers’ profiles from the Google Scholar Citations repository. While the DBpedia
repository is employed for information about HEIs and countries. The influential
researchers are identified using the ResRank methodology. While, for consistent
comparison of the subject-specific rankings of global HEls, the Grand Average Rank
(GAR) metric is employed. The resultant academic rankings concerning the Research
Faculty, Research Productivity, and Research Impact make the ranking process more
transparent and fine-grained. The analysis also helps in understanding the causes of
differences among the academic rankings published by the ARUW, THE, and QS rankings
systems. The growing interest in subject-specific and sub-discipline-specific rankings is

uirreversible. The fine-grained analysis is a response to the need.

4.1, Introduction

The role of Higher Education Institutions (HEIs) as a catalyst of the national and global
development process, has become established worldwide. Governments of developed
countries nurture research, innovation, and commercialization through institutions.
Moreover, they also have adopted systematic ways to gauge and evaluate the academic
performance of their HEIs. Usually, the evaluations declare the results in terms of the
ranking scores. Various public and private ranking systems are gauging and publishing the
HEI’s rankings, including the Academic Rankings of World Universities (ARWU) from
China, Quacquarelli Symonds (QS) from the United Kingdom, Times Higher Education
(THE) from the United States, CWTS Leiden Rankings from the Netherlands, and
University Rankings by Academic Performance (URAP) from Turkey.

The first academic ranking of global HEIs was published in 2003; today the ranking
outcome has gained considerable acceptance by the major stakeholders [50, 35].

Bibliographic data repositories are reporting a significant increase, in the publication of
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research articles focused on the academic ranking process. According to a study [2], there
were only five international university ranking systems before 2010. Nevertheless, today
the number has increased to seventeen. Similarly, in the year 2009, the academic experts
published fewer than twenty journal articles on the topic; while in the year 2019, they
published more than 100 articles, according to the Scopus database. The increasing interest
in academic rankings is understandable because of its various applications as discussed in
[35, 53]. Nevertheless, the ranking results need to be more transparent and fine-grained, as
highlighted in [37, 54, 35]. Major issues of the ranking process are summarized in Section

1.7.

During the intended fine-grained analysis, the holistic ranking scores allocated to the top-
performing HEIs in the years 2017, 2018, and, 2019 by the three reputed ranking systems
— ARWU, THE, and QS were examined. To obtain a more stable ranking score for each of
the HEI, the 3-year average of the ranking scores, for each of the systems was computed.
For descriptive analysis, the average of the nine ranking lists (Grand Average Rank — GAR
Score) was also computed. It was produced by the three ranking systems in the stipulated
years. A summary of the analysis is presented in Table 4.1 and a part of the results is

visualized in Figure 4.3 and Figure 4.4.

- ,
Grand Average Rank (GAR) Scare 24 1
IRF (Engineering) 20 i

=]

9 IRF (Economics & Management)
g |
g ! |
a | \
& IRF (Computing) i 180 |
é Research Impact (Citation Count) #’ﬂ TR 2.0 !
i |
Research Productivity (Publication Count) [EWEREET 2.0 i
| i
Research Faculty (Overall) _ 20 ’
0 2 4 6 8 10 12 14 16 13 p-1]

Ranking Score wr.t the various Ranking Dimensions

Figure 4.1 Stanford University positions w.r.t various ranking dimensions
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For instance, the USA-based Stanford University (SU) stands first according to the GAR
score. In other words — unanimously ranked first position, by ARWU, THE, and QS in the
years 2017, 2018, and 2019. Nevertheless, the university attains significantly different
ranks according to (w.r.t) the various ranking dimensions. For example, as shown in Figure
4.1, 1ts rank w.r.t the Influential Research Faculty (IRF) in the Engineering discipline is
2nd, while it has the 16th, 17th, and 18th positions in Economics and Management, Health
Sciences, and Computing, respectively. Nevertheless, the rank of the university w.r.t the
research productivity, research impact, and research faculty are consistent with the GAR
score. Nevertheless, HEIs with a higher GAR score, have significantly different ranks w.r.t
the various ranking dimensions. Such discrepancies shake the confidence of the end-users
in the ranking results and provide supportive arguments to the critics. The users also feel a

need to have a more fine-grained analysis of the HEI’s performance evaluation.

As compared to the holistic ranking score, the fine-grained analysis of the academic
ranking data provides more representative rankings of the global HEIs. Such analysis
would prove more decision-supportive due to the expansion in the limited picture of the
global HEIs. For more detail, please consult Table 4.1. This analysis also gave multiple

insights into the subject-specific rankings of HEIs in the four scientific disciplines.

4.1.1. Research Objectives

The use of substantially different ranking methodologies, and the variety of data sources
having considerable inconsistencies, are the main causes of the inconsistencies in the
outcome of the reputed ranking systems. The subjective ranking indicators {21] also help
in the manipulation of the ranking results. These differences are among the open issues of
the rankings and need to be addressed. Nevertheless, finding suitable solutions for all the
issues requires extensive time, effort, and resources. A research effort aimed at enhancing
the credibility of the ranking process by ranking the global HEIs using objective ranking
indicators that were extracted from publicly verifiable data sources. This work was reported
in [35]. The OpenRank methodology suggested in the research was developed for the
holistic ranking of the HEIs. Nevertheless, during the research effort, the need for a fine-

grained analysis at the subject-specific level was seriously felt.
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4.1.2. Research Contributions
This research work is focused on two of the issues — validity, and ¢ransparency of the
ranking process, with an in-depth analysis of the academic rankings in the four scientific

disciplines. Significant contributions of the research work, are delineated as follows:

* A fine-grained analysis of the academic data w.r.t the research faculty, research
productivity, and research impact of the top-performing HEIs, using publicly
verifiable data sources.

* Producing the subject-specific rankings of the global HEIs w.r.t the influential
research faculty, by mapping the affiliation of the influential researchers with the
top-performing HEISs, to explore their research productivity and research impact.

* Demonstrating the effectiveness of the fine-grained data analysis strategy, using
publicly verifiable data repositories i.e., DBpedia and Google Scholar’s Citations.

* Considering the context of global HEISs in the academic ranking process to obtain a
more realistic ranking.

In this article, the rest of the content is organized into sections. The Section 4.2 presents
the proposed ranking methodology. The rankings measures are presented in Section 4.3.
The experiments and their results are reported in Section 4.4 and Section 4.5 Finally,

Section 4.8 concludes the research work.

4.2, The Ranking Methodology

Major issues of the ranking process as highlighted in the literature [37, 54, 35], are
summarized in Section 1.7. This research work focuses on the fine-grained analysis of
academic data. It maps the affiliation of the influential researchers with the top-performing
HEISs, to explore their research productivity and research impact. It also demonstrates the
effectiveness of the analysis using publicly verifiable data. The fine-grained analysis
strategy involves three phases. First, the selection of noteworthy ranking indicators for
extracting influential researchers from the specified data sources. Second, extraction of the
profiles of influential researchers from the data for the selected ranking indicators. Finally,
mapping affiliations of the influential researchers with the HEIs that have been
continuously ranked among the top-100s in the three stipulated years, by the three well-

known rankings systems including the ARWU, THE, and the QS.
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4. Heading Towards the Fine-Grained Academic Rankings

4.3. Data Sources

A major criticism faced by existing academic ranking methodologies is the use of data
sources that are not publicly verifiable [37, 14]. Keeping in view the research objectives,
it was decided to employ multiple data sources that satisfy the necessary conditions. For
fine-grained analysis of the academic ranking statistics, the existing ranking results were
reused. They were produced by the three well-known ranking systems — ARWUS, THE’,
and QS3. These results are publicly available on their official websites. Some of the systems
provide a limited amount of data in spreadsheets or flat files. Various statistics about
influential researchers were extracted from Google Scholar Citation (GSC) [55]. Some of
the data attributes are Author-Names (Auth), name of the current affiliation of the author
(Affiliation), H-Index (HI) score, Publication Count (PC), Citation Count (CC), and
Author Per Paper (APP) Score. By default, GSC orders researchers’ profiles according to
their citation count. A brief description of the information extracted from GSC is presented

in Table 4.3. For more detail about the data repository, please consult Section 1.8.

Adopting a careful data reduction approach, only the top two hundred researchers’ profiles
were selected w.r.t the Citation Count (or research impact). To ensure a substantial
Publication Count (or research productivity), the profiles having at least 100 publications
were filtered. For a more generalized analysis, the profiles from the four scientific
disciplines — Computer Sciences (CS), Health Sciences (HS), Engineering Technology
(ET), and Economics and Management Sciences (EMS) were selected. These four
disciplines are substantially common among the study programs offered by the global
HEIs. Moreover, the four disciplines have considerable data representation in the GSC
repository. In the future, other scientific disciplines would be considered as well. The

intended data analysis is based on the GSC data snapshot taken in November 2019.

¢ http://fwww.shanghairanking.com/Shanghairanking-Subject-Rankings/index htm] [Accessed on August 2021]
7 https.//www tumeshighereducation com/world-university-rankings/2021/world-ranking  [Accessed on August 2021]
* https //www.topuniversihes com/subject-rankings/2020  [Accessed on November 2020]
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The DBpedia repository is maintained by Wikipedia. It is among the significant data
repositories in the LOD cloud [56, 57]. The cloud contains structured data related to various
domains like Geography, Healthcare, Media, and Academia [57]. Meaningful information
about the HEISs, researchers and research publications can be obtained from the cloud. In
this research work, the DBpedia repository was employed by posing the SPARQL [56, 58]
queries to a SPARQL-Endpoint to extract information related to the HEIs and countries. A
sample of the SPARQL queries for DBpedia is uploaded to the relevant repositories at
GitHub’.

4.4. The Ranking Measures

Heading toward the fine-grained analysis of the academic performance evaluation data, a
systematic approach was adopted. Initially, we generated a list of the HEIs with top
performance in the three years 2017, 2018, and 2019 using the ranking results published
by the three reputed ranking systems — ARWU, THE, and QS. As a part of the data
reduction, only the top hundred HEIs were selected from each of the ranking lists. Then,
for each of the ranking systems, the HEIs were determined that repeatedly maintained their
position in the list of top-100, for three consecutive years. This list was an intersection of
the three rankings published by a system. This process was repeated for each of the three
ranking systems, to obtain their top 100 HEIs. A fter finding the three lists of top-100 HEIs,
the union of the three lists was calculated. This gave the final list of top-performing HEIs
in the stipulated three years. To obtain a stable ranking score for an HEI, the 3-year average
of the raking score was computed, for each of the three ranking systems. A comparison of
the 3-year average scores also highlighted the significant differences among the ranking
systems even for a single HEL. The Grand Average Rank (GAR score) was also calculated,
to get the overall average of the nine ranking lists for each of the HEls, based on the
rankings published by the three systems, in the three years. The GAR score is a rigorous

criterion for identifying the top-performing HEISs.

° https //github com, muhammadsajidquieshi/OpenRank [Accessed on Jul 2019)
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Table 4.2. A comparison of the ranking dimensions in various methodologies

Ranking Dimension Weight in percentage (%)
THE QS ARWU UniRank

Research Productivity 65 20 40 45
Academic Quality 30 20 50 35
Academic-Sustainability -- -- -- 15
Academic Peer Review -- 40 -- --
Employer Reputation - 10 -- -
Per Capita Performance -- - 10 —
International-Factor 5 10 -- 5

Total 100 100 100 100

Table 4.3. The researchers’ Information extracted from the GSC repository

Indicator Acronym Description

Research Productivity PC Author’s research Productivity gauges the research publicity

Research Impact CcC Representation of the author’s research impact

H-Index HI Value of the H-Index of an author

Authors Per Paper APP Author’s Research Contribution in his publications w.r.t count of
the co-authors

Author(s) Auth Name(s) of the authors of a research publication

Author’s Affiliation Affiliation Name of the research institution, with which the author is currently
affiliated

Research Interests RI Name(s) of the research areas representing the research interests of
the author

Although, each of the three ranking systems, publishes a list of the top 100 global HEIs;
Nevertheless, the analysis showed that only 40-50 HEIs are commonly ranked as the top-
performing HEIs by the three systems. HEIs having a ranking score of more than 50, take
considerably different positions in the three rankings lists. Therefore, for a more stable and
abridged analysis, the top 20 HEIs were focused, according to the Grand Average Rank
(GAR) scores. The names and scores of the top-20 HEIs for the 9-Rankings average are

presented in Table 4.1.
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Figure 4.3. Top 20 HEIs w.r.t the GAR Score, in Years 2017—2019

According to the graph, Stanford University (SU) leads the top-performing HEIs with a
score of 2.44. The score is the average of the nine ranking scores allocated to the HEI by
the three reputed systems in the stipulated three years. Whereas Duke University (DkU)
with a 22.67 GAR score, is in the twentieth position. The mathematical model for the

selection of the top hundred HEIs is given in Equation 1.

2019

Top100HEIs = |_J ( v RankEnt N Top100HELs ) @

Y =2Mm7

where RankEnt € { ARWU, THE, and QS }

The profiles of influential researchers for the four scientific disciplines were extracted from
the GSC repository. For fast data processing, only two hundred researchers were selected
for each of the disciplines, using a threshold of hundred publications (PC => 100). The
mathematical equations for the four sets { Rescs, Reshs, Resems, Reseng } containing the

researchers’ profiles are given below.

Res = {Res | Res (PC)>100) 2
Rns = {Rps | Rus (PC)>100} €)
Rems= { Rems | Rems (PC)> 100} “4)
Reng= { Reng | Reng (PC)>100} (5)
R =ResU Ris U Rems U Reng (6)
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Overall, the profiles of eight hundred researchers were retrieved by taking unions of the
four sets, as expressed in Equation 6. GSC maintains various valuable statistics about the
researchers and millions of their research publications. In the research analysis, various
statistics were extracted from the repository, including the Research Productivity (or
Publication Count — PC), Research Impact (or Citation Count — CC), H-Index (HI), and
Author’s Research Contribution (or Author Per Paper — APP). The title, publication venue,
and names of the co-author(s) were also retrieved for the research publications published

by the researchers. A brief description of these attributes is summarized in Table 4.3.

The dataset was used to extract the four parameters — PC, CC, HI, and APP as the
performance indicators of a research scholar. The selection of these parameters is based on
two facts. First, in experts’ opinions, these parameters are treated as the Key Performance
Indicators (KPIs) in the related literature [15, 18]. Second, most of the bibliographic data
repositories essentially record them. An overview of the meta-data of GSC, DBLP,
Microsoft Academics, and the ArnetMiner data repositories, confirms the fact [21]. The
metrics themselves are also self-explanatory [32]. The Publication Count (PC) is the count
of the number of publications by a researcher, it is a plain representation of the Research
Productivity of a researcher. The Citation Count (CC) is a well-established metric in the
academic world [59, 60]. It is the count of the citations of a researcher’s publications. It
represents the impact or influence of a research article after its publication. The Hirsh-
Index (HI) invented by Jorge Hirsch in 2005, is also a well-known measure to gauge both,
the quantity and quality of work of a research scholar [61]. Although the Hirsh-Index faces
many critics, nevertheless, the wisdom behind the measure is very foundational; therefore,
the metric in its original, or its variants has been surviving for the last fifteen years, in the

bibliographic data repositories [62, 63].

Finally, we discuss the indicator Author Per Paper (APP) score, that is employed in the
research analysis. The APP score is an effort to gauge the research contribution of a
research scholar, especially in joint research endeavors. This measure also has become
significant for the research journals and organizers of the research conferences. Usually,
they inquire about the contributions of the authors, in the case of a joint research

publication. Assessing the contribution of an author in a joint research effort 1s a
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complicated task. Author-ranking experts have proposed various measures in the literature
[38, 64, 65]. Nevertheless, since our research work is focused on mapping affiliations of
the influential researchers with the top-performing HEIs; therefore, a simple approach is
adopted by assigning fifty percent weight to the first author and dividing the remaining
fifty percent, equally among the co-authors [66, 67]. The exceptional conditions like the
mega-authorship or when authors are sorted alphabetically; will need exceptional

weighting criteria.

After the selection of the indicators for the researchers’ ranking methodology, the issue of
assigning weights to the parameters surfaced. The weights used for the ranking parameters
show their importance in the process of performance evaluation. It seems suitable to
mention that there is no standard weighting criterion for the selected ranking indicators,
therefore their weights usually remain controversial. The well-known InfoGain (IG) [32,
68] algorithm was applied to the target dataset, to determine the weights (wi, w2, w3, and
w4) of the indicators. InfoGain algorithm requires a test dataset with a class label; In our
case, class (C) is the status (Influential or non-influential) of a researcher’s profile. The
GSC default researchers’ ranking criterion — the Citation Count (CC) was employed to
obtain the test dataset with the class label. Equation 7 represents the process of applying

InfoGain to the target dataset (R) along with the class label.

InfoGain (R, C) =2  wiHI, w2CC, wsPC, ws APP @

The InfoGain algorithm, produced w; = 36.82, w; = 30.76, w3 = 25.82, and wy = 6.60 as
the weights for the indicators. GSC orders the researchers’ profiles according to their
Research Impact or Citation Count (CC). Nevertheless, agreeing with the fact that alone
quantity does not ensure quality, a more comprehensive methodology was adopted to rank
the research scholars. Equation 8 represents the researchers’ ranking methodology with the

weighted parameters.

ResRank ( ResProf )= 36.82 HI +30.76 CC + 25.82 PC + 6.60 APP 8)

where the ResRank ( ResProf') is the function to rank a researcher’s profile (ResProf) as

influential or non-influential. As per the equation, the value of ResRank is the simple
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aggregate of the scores of the weighted indicators. The score was calculated for each
researcher according to Equation 8. Usually, the values of the selected parameters in the
methodology vary significantly among the different scientific disciplines. So, the inter-
discipline comparison of the researchers’ profiles does not produce justifiable ranking
results. Therefore, the ranking methodology was applied to the profiles within a discipline.
These intra-discipline rankings can be computed using the following set of equations.
Where InfRes.,represents the ordered list of researchers belonging to the Computer Science
discipline. Similarly, the lists InfResems, InfResks and, InfReseng represent the Economics

& Management Sciences, Health Sciences, and Engineering and Technology, respectively.

InfRescs  => ResRank(R.s) )

InfResems =>  ResRank( Rems) (10)
InfResis >  ResRank( Rps) (11)
InfReseny > ResRank( Reng) (12)

Overall, the dataset having ranked researchers’ profiles of all the disciplines was developed

according to Equation 13.

InfRes = InfRescs U InfResps U InfResems U InfReseng (13)

The dataset produced, is the subject-specific ranking of the research scholars belonging to
the four disciplines. Earlier, the list of HEIs was developed, and that consistently retained
their positions in the top 100 HEIs with outstanding performance, in the stipulated three
years. After having the required statistics for the fine-grained analysis of the academic
rankings for Research Productivity. Initially, the analysis was done at the institution level,
by mapping the affiliation of all the researchers in the dataset. The mapping function

presented in Equation 14 was employed.

UniRank ( InfRes. TopHEIs ) (14)
The UniRank function takes the two datasets — Influential Researchers and TopHEls and
ranks the top-performing HEIs for the count of the influential researchers. The ranking
requires mapping of the researchers’ affiliation with the top-performing HEIs. In the case

of multiple affiliations of an author, the first affiliation is considered, and others are
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ignored. The mapping highlights the HEIs having the highest number of influential
researchers; alternatively, it can be described as the HEIs ranking for the Research
Productivity irrespective of the research disciplines. Nevertheless, the ranking process was
drilled down and found the subject-specific ranking of HEIs w.r.t Research Productivity

using the following set of equations.

UniRankes ( InfRescs, TopHEISs ) (15)
UniRankys ( InfResis, TopHEISs ) (16)
UniRankews ( InfResems, TopHEIS ) (17)
UniRankeng ( InfReSeng, TopHEISs ) (18)

The fine-grained analysis proceeded on the same pattern and developed the HEIs rankings
for the count of their Research Publications (PC) and Research Impact or Citation Count

(CC). The results are presented in section 4.6.

4.5. Experiments

The required data was acquired from the data sources introduced in Section 4.3, using
multiple techniques. To obtain the list of top-100 HEIs with consistently outstanding
performance in the stipulated three years, the HEI’s rankings were retrieved from official
web portals of ARWU, THE, and QS academic ranking systems. The profiles of influential
research scholars were retrieved from the GSC data repository. To obtain the necessary
data about the HEIs and countries, the DBpedia data repository was employed. The data
was processed through its SPARQL Endpoint using the SPARQL queries [58]. DBpedia
provided the data about the HEIs (i.e., their formal name, location, country, foundation

year, URL, etc.) and countries (i.e., their region, HDI index, total population, etc.).

Since the DBpedia dataset is not curated for the HEIs’ information, therefore in some cases,
the data was verified from the websites of the HEIs. Finally, the researchers’ affiliations
were mapped with the top-performing HEIs to obtain the fine-grained ranking of HEIs w.r.t
the research productivity. The list of the top twenty HEIs w.r.t their research Faculty
(overall) is presented in Table 4.4. Similarly, using the data about the base countries, the
countries having a considerable number of HEIs in their different cities, were also

identified. Quite understandably, the top fifteen countries having HEIs with outstanding
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performance, are the most stable and prosperous courtiers. Figure 0.12 represents a part of
the analysis. Governments of developed countries are cognizant of the role of HEIs in the

advancement of their socio-economic development.

Thus, they nurture research, innovation, and commercialization through the institutions.
Some academic experts also criticize the ranking process of “Global HEIs” for not caring
about these subtle differences while allocating ranking scores to the HEIs. In [34], the
argument was discussed, and the comparisons of HEIs having very different sizes, budgets,

locations, etc. also raise the question of the validity of the ranking process.

It is worth mentioning that the leading academic ranking systems are heading towards a
more fine-grained analysis in terms of their academic age and geographic location. The
ranking lists having titles like “Top 50 Under 50” and “Top 25 HEIs in Asia” are the
outcome of the such fine-grained analysis. For a quick understanding, please consult the
process diagram presented in Figure 4.2. The diagram depicts various steps of data retrieval

and analysis at the abstract level.

The fine-grained analysis of the data would help in understanding the causes of the
different ranking scores of HEIs, as suggested in [7, 26]. The holistic ranking scores
published by various ranking systems face criticism termed the “Misinterpretation of the
academic performance” because of such discrepancies. Such discrepancies would be
minimized by the subject-specific rankings or even better by ranking HEIs w.r.t various
ranking dimensions such as Academic Quality, Research Productivity, Graduate-

Employability, Industry-Academia Linkage, and Internationalization.

After the data acquisition, we selected the top 100 HEIs with outstanding performance
according to the GAR score, in the stipulated three years (2017, 2018, and 2019). The
selection method is modeled in Equation 1. Then the profiles of the influential research
scholars having a considerable publication count ( PC > 100) were selected. They were
belonging to the four disciplines. The selection criteria are modeled in the set of equations
labeled Equation 2 to Equation 5. Then, the profiles were accumulated by the union

operation presented in Equation 6. The researchers’ ranking methodology was applied to
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the profiles to gauge their influential status. The mathematical expression of the

methodology is presented in Equation 7.

4.6. Results and Discussion

The Internet offers various data repositories containing data related to academics, and such
data sources are continually increasing. Nevertheless, there is no purposely built
benchmark data source for the academic rankings. The DBpedia and GSC repositories were
employed because of their high relevance to the intended analysis. In the future, the fine-

grained analysis strategy would employ more relevant and curated data sources.

4.6.1. Analysis of the Deviation in the Rankings

The first motive of the fine-grained strategy was the observation of the considerable
differences among the ranking scores allocated by ARWU, THE, and QS, to an HEI even
in a similar year. To analyze the difference, we compared the 3-year average of the ranking
scores allotted to the HEIs by each of the systems with the GAR score. The resultant
comparison is presented in Figure 4.3. In the figure, the solid-color lines represent the 3-
year averages of the ranking scores allotted to the HEIs by the three systems. Whereas, the
dotted line represents the GAR score, attained by the HEIs. According to the plot, the
deviation from the GAR score is minimal for only a few top-performing HEIs.
Nevertheless, the deviation becomes significant for the HEIs with higher ranking scores.
For example, the 3-year average score allotted to the /mperial College London (ICL) by
QS and THE is 8, while the same institution is allocated a 3-year average score equal to 25
by the ARWU. ICL being among the top ten world-class institutions would be reluctant in

accepting such a large difference.

4.6.2. Analysis of the Research Impact

Gauging the research impact of the research faculty affiliated with an HEI is also among
the common objectives of the ranking methodologies of the reputed academic ranking
systems. Commonly, the metrics like Citation Count and H-Index are employed for this
purpose. Keeping in view the information available in the GSC data repository, the Citation
Count (CC) was extracted. It was attained by the Influential Research Faculty (IRF)
affiliated with the top-performing HEISs.
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Figure 4.5. Top 20 HEIs w.r.t the GAR and the Research Impact
Figure 4.5 presents the ranking of the HEIs w.r.t the Research Impact or Citation Count
(CC). In the figure, the green color bars represent the HEIs ranks w.r.t the research impact
— UniRank (CC), whereas the other color bars represent the 3-year average rankings by
ARWS, THE, and QS. According to the graph, the research impact is in consonant with
the ranking scores of only a few (hardly fifteen) top-performing HEIs.

Afterward, its value differs significantly from the 3-year average ranking scores allocated

by the three systems. For example, the UniRank scores attained by Johns Hopkins
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University (JHU) and Duke University ( DkU ) are 47 and 44, respectively. Nevertheless,
these HEIs achieved very different ranking scores by ARWU, THE, and QS. Such
differences shake the confidence of the audience in the HEIs rankings, and they would
require a fine-grained analysis of the holistic ranking scores published in the rankings lists

of the reputed ranking systems.

For brevity, a comparison of top-20 HEIs is presented. In general, the difference in ranking
scores becomes more significant for the HEIs having a rank greater than thirty-five, in
ranking lists of any of the three ranking systems. That is why the electronic and print media
advertise more condensed academic ranking lists labeled as the “Top 257, “Top 50” or
“Top 100” world-class HEIs with outstanding performance. After observing such
significant differences, the end-user would naturally hesitate in believing an academic
ranking system. The differences also provide a clue for criticizing a ranking system in terms
of favoritism and commercialization. Such discrepancies increase the need for fine-grained
analysis of academic data. Heading toward a more transparent and fine-grained analysis is

inevitable in the ensuing years.

4.6.3. Analysis of the Research Productivity

While gauging the research productivity, usually the metrics like the number of field
medals, registered patents, and publication count are employed. The Publication Count
(PC) was also extracted and accumulated. It was recorded against the influential
researchers affiliated with the top-performing HEIs. This ranking is termed the HEIs
ranking w.r.t Research Productivity (UniRank). The list of the top twenty HEIs, w.r.t the
research publications is presented in Table 4.6. For a better understanding, the rankings are
visualized in Figure 4.6. In the figure, the green color bars represent the ranking w.r.t the
Research Productivity, whereas the other colored bars represent the 3-year average ranking

scores of HEIs that were allocated by ARWS, THE, and QS.

Interestingly, as per the graph, the HEIs ranking w.r.t the research productivity agrees with
the ranking scores of top-performing HEIs. The good coincidence provides a clue of the
availability of the statistics related to research publications by the influential researchers
affiliated with the top-performing HEIs. The constantly flourishing and publicly available

bibliographic data repositories on the Internet made the analysis possible. The same level
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of availability of the other metrics related to the research productivity would help in

developing a more transparent, fine-grained, and publicly verifiable academic ranking.

While analyzing the research productivity of the HEISs, the subject or discipline-specific
Publication Count (PC) was also extracted. This count was recorded against the Influential
Research Faculty (IRF) affiliated with the top-performing HEIs in a specific discipline.
The subject-specific ranking by UniRank is based on statistics. In Figure 4.7, the subject-
specific rank of the top 20 HEIs, is represented by the dark blue, yellow, blue, and green
bars. The ranks of HEIs in the four disciplines w.r.t the research productivity were
determined. The lists of the top five research scholars in the four scientific disciplines are
presented in the four tables Table 4.5 Computer Science (CS), Table 4.7, Economics and
Management Sciences (EMS), Table 4.9 Health Sciences (HS), and Table 4.11 Engineering
(ENG). The subject-specific rankings are collectively visualized in Figure 4.7. An
overview of the graph reveals the fact that even the top ten HEIs have significantly different
ranking scores in the four scientific disciplines. For example, Stanford University (SU)
obtained the first position according to the GAR score; Nevertheless, its subject-specific
rankings are 4", 10", 8" and 1® for Business & Economics, Computer Sciences,

Engineering and Technology, and Health Sciences, respectively.

According to the plot, the difference between the IRF-specific rank (UniRank) and other
rankings scores is nominal for only a few top-performing HEIs. Nevertheless, the
difference becomes significant for HEIs with higher ranking scores. For example, the IRF
score attained by Princeton University (PrU) is 20, whereas the university is attaining the
ranking scores 6, 7, and 12 by ARWU, THE, and QS, respectively. Similarly, it can be
observed that other HEIs have significant differences including the Johns Hopkins
University (JHU) and the University of California at Los Angles (UCLA). The differences
become more significant for the HEIs with higher ranking scores. Usually, the holistic
ranking scores published by various reputed academic ranking systems face criticism terms
such as “Misinterpretation of the academic performance”. Such discrepancies can be
minimized by the subject-specific rankings or even better by ranking HEIs w.r.t various
ranking dimensions such as Academic Quality, Research Productivity, Graduate-

Employability, Industry-Academia Linkage, and Internationalization.

Muhammad Sajid Qureshi — 99-PHDCS/FBAS/F13 Page 78



4. Heading Towards the Fine-Grained Academic Rankings

BARWT aTHY 5 witRank PO

”»
%
15
0
5
0
o 65
<
Z 6 »
& 55 *©
@' 50
£
£«
% W
3 35 n _z’
30 -
25 P .
15 o it
s - u " il I
15 10 wu ni’
" “ 603
u7
P 1 i I
] -l | &
sU HU  MIT  UoC  Uax QT L‘(]1 P! Lo €L &U  ves i vaAa U Dky

HEIs ordered w.r.t the GAR score, in the three years ( 2017-2019 )

Figure 4.6 Top 20 HEIs w.r.t the GAR score and their Research Productivity

WBusi & Eco ®(ompSci WEng & Tecn  Health Sci

3 24
o 2 s 1
i 1 5 s "y 19,16
a1 R 2 14 14
€ Lo
@ ‘o « I
LI y 4
33’ ;
! sU HU MT UoC UaX ar UCh MU CoP ETH w crt vcs i o vCLA M DkU
HEIs ordered w.r.t the GAR score, m the three years ( 2017-2019)
Figure 4.7 Subject-Specific Ranks of top 20 HEISs, in years 2017—2019
= RUWT mTHE Q5 elmBenkiccr
500 -
450 “
L]
400
3 350 R0
‘§. 300 " . ry wn"
‘% 250 ’ ayr 3
n b
% 200 " 0 s v‘yg '.lo“ " N
150 0o u"u;" ol 1y juy B u
D& v 10
100 3
(13 . €0y
Jegs .m o 1 5
T ul [ |
su HU MT UoC UoX UoP ETH U L cw xr o ves ! vcaA v DU

HEIs ordered w.r.t the GAR score, in the three years ( 2017-2019 )

Figure 4.8 Top 20 HEIs w.r.t the GAR score in years 2017—19, and Influential Research Faculty
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4.6.4. Analysis of the Influential Research Faculty

In experts’ opinions [69, 2], the prime objective of an HEI is the generation of new
knowledge. That is why most of the global academic ranking systems essentially gauge the
Research Productivity and Research Impact of HEIs. These ranking dimensions were also
analyzed. The affiliations of the influential researchers (in all the disciplines) were mapped
with the top-performing HEIs according to the GAR score. A part of the mapping results
is presented in Figure 4.8. In the figure, the bars with green color represent the HEIs ranking
w.r.t the presence of the Influential Research Faculty (IRF) in the four scientific disciplines.
Whereas the other bars represent the 3-year average of the ranking scores allotted to the
HEIs, by each of the three systems — ARWU, THE, and QS.

4.6.5. Considering the context in the Ranking

One of our data sources was the DBpedia data repository. Various meaningful information
about the countries and HEIs were extracted; including the base country of an HE], its exact
location, city, year of establishment, etc. The availability of the year of establishment of
HEIs helped us in assessing their academic age. A part of the result is presented in Figure
4.9. An overview of the graph reveals the fact that all the top 20 HEIs with outstanding
performance have academic age of more than a hundred years. It means achieving

outstanding status at the world level, which requires decades of consistent effort.

The data about the geographical regions and countries of HEIs can be extracted from the
DBpedia repository. It also provides information about the Human Development Index
(HDI) of a country. During the data analysis, the relationship between the HDI of a country
and the count of its top-performing HEIs was explored. The results of the analysis are
presented in Figure 4.10. According to the trend, one can argue that the outstanding human
prosperity of a country does not ensure its outstanding share in scientific research and
innovation. Nevertheless, the shares of the United States of America and the United
Kingdom are advocating the need for human prosperity for better performance. The
analysis also explored the relationship between the Gross Domestic Product (GDP) of a
country and the number of top-performing HEIs (according to the GAR score) owned by
it. Figure 4.11 presents a part of the result of the analysis. Here, one can argue that the high

GDP of a country indicates its vibrant economy, which nurtures research and innovation.
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Such countries usually have heavy industries that require a highly qualified workforce
through outstanding HEIs. The United States of America, the United Kingdom, China,
Japan, and Germany are dominant in sharing the HEIs having the top performance.
Moreover, the HEIs also enjoy conducive settings in terms of their base cities, and

countries having stable political and economic conditions.

Similarly, using the data about the base countries, the countries having a considerable
number of HEISs in their different cities, were also identified. Quite understandably, the top
fifteen countries having HEIs with outstanding performance, are the most stable and
prosperous courtiers. Figure 4.12 represents a part of the analysis. Governments of
developed countries are cognizant of the role of HEIs in the advancement of their
socioeconomic  development. Thus, they nurture research, innovation, and
commercialization through the institutions. Some academic experts also criticize the
ranking process of “Global HEIs” for not caring about these subtle differences while

allocating ranking scores to the HEIs.

In [35], the argument was discussed, and the comparisons of HEIs having very different
sizes, budgets, locations, etc. also raise the question of the validity of the ranking process.
It is worth mentioning that the leading academic ranking systems are heading towards a
more fine-grained analysis in terms of their academic age and geographic location. The
ranking lists having titles like “Top 50 Under 50” and “Top 25 HEIs in Asia” are the

outcome of the such fine-grained analysis.

4.7. Summary

This research effort was aimed at enhancing the creditability of the academic ranking
process by fine-grained analysis of the academic ranking data. Using a newly proposed
researchers’ ranking methodology, the affiliations of the influential researchers were
mapped with the top-performing HEIs, to explore their research productivity and research
impact. The effectiveness of the proposed data analysis strategy was demonstrated through
the publicly verifiable data repositories — the DBpedia and Google Scholar Citations. The
research work reported in this chapter is a continuation of the previous research effort

which proposed the OpenRank academic ranking methodology.
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Table 4.4. Top 20 HEIs w.r.t the Influential Research Faculty (overall) as of Dec 2019

Faculty

Rank Higher Education Institution (HEI) Acronym Count UniRank
1 Stanford University SU 43 2
2 Harvard University HU 73 1
3 Massachusetts Institute of Technology MIT 13 13
4 University of Cambridge UoC 18 8
5 University of Oxford UoX 12 14
6 California Institute of Technology CIT 2 60
7 University of Chicago UCh 10 15
8 Princeton University PrU 7 22
9 University of Pennsylvania UoP 8 20
10 Swiss Federal Institute of Technology (ETH) Zurich ETH 0 n.a
11 Yale University YU 31 3
12 | University College London UCL 5 26
13 | Columbia University Clu 28 4
14 imperial College of Science Technology and Medicine ICL 2 6
ondon
15 Cornell University CrU 7 22
16 University of California at Berkeley UCB 15 10
17 Johns Hopkins University JHU 4 32
18 | The University of California at Los Angeles UCLA 4 32
19 | University of Michigan UMi 20 7
20 | Duke University DkU 4 32
Table 4.5. Top 5 Researchers in Computer Sciences
w.r.t the UniRank methodology (Nov 2019)
Researcher Affiliation H-Index Publication Citation APP Score
Count Count
Robert Tibshirani Stanford University 142 ae2 | 967 (1019 %3%3329% 364.93
Anil K. Jain ﬁlﬁfi’éfi?y State | 182 08 | 995 o1 ooy 393.76
Jiawei Han Hi‘é‘gﬁf(t:yhaﬁfp;g?"is 168 (183) | 1446 (1564) (‘1752333? 488.09
Fedorico Calzolari | S0t Normale INFN |50 11| 2709 gy Baass | 263754
Thomas S. Huang gfég;s_igm‘;fpfg:’is’ 143 (165) | 1993 (2092) 31572%;‘3 718.22

* Current statistics (June 2021) are inside the brackets
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Table 4.6. Top 20 HEIs w.r.t the Research Publications by their IRF, as of Nov 2019.

. I Total UniRank
Rank Higher Education Institution (HEI) Acronym Publications Score
1 Stanford University SuU 25298 2
2 Harvard University HU 53598 1
3 Massachusetts Institute of Technology MIT 4757 15
4 University of Cambridge UoC 9422 6
5 University of Oxford UoX 6351 10
6 California Institute of Technology CIT 417 145
7 University of Chicago UCh 2035 50
8 Princeton University PrU 3639 25
9 University of Pennsylvania UoP 1084 98
10 Swiss Tederal Institute of Technology (ETH) ETH 0 na
Zurich
11 Yale University YU 13444 4
12 | University College London UCL 2952 31
13 Columbia University Clu 7999 8
14 Impe'rl_al College of Science Technology and icL 17238 3
Medicine London
15 Comell University CrU 3602 26
16 University of California at Berkeley UCB 5018 13
17 Johns Hopkins University JHU 2946 33
18 The University of California at Los Angeles UCLA 3763 23
19 University of Michigan UMi 12114 5
20 Duke University DkU 4196 20
Table 4.7. Top 5 Researchers in Economics and Management
w.r.t the UniRank methodology (Nov 2019)
Researcher Affiliation H-Index Publication  Citatlon APP Score
Count Count
. ) L 479415
Michael E. Porter Harvard University 175 181) * 1948 (2142) (514877) 1699.80
L 165019
Robert Kaplan Harvard University 94 (100) 657 (833) (192672) 4079.41
Lawrence Summers | Harvard University 174 (184) 1523 (1668) (1146%(?9981 1855.90
Kenneth J. Arrow Stanford University 149 (162) 1857 (2037) (22%57:3146) 1256.44
University of 190164
James Heckman Chicago 164 (173) 1063 (1158) (228053) 571.73

* Current statistics (June 2021) are nside the brackets
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Table 4.8. Top 20 HEIs with their rank in the different disciplines w.r.t the IRF, as of Nov 2019.

GAR
Rank Higher Education Institution Acronym HS CS E&T BE Score
1 Stanford University SuU 38 (1) 10 (1) 8(3) 12 (6) 2.44
2 | Harvard University HU 1(18) O(na) 2(21) 32(1) | 3.22
3 Massachusetts Institute of MIT 144) O0(na) 2@l 9(10) 3.22
Technology
4 University of Cambridge UoC 1(18) O(n.a) O(na) 4(18) | 3.56
5 University of Oxford UoX 0(na) 1(206) 4(7) 517) 4.22
6 California Institute of Technology CIT 0 (n.a) 1(26) 139 0(na) 5.44
7 University of Chicago UCh O(ma) O(na) O(na) 10(8) 822
8 Princeton University PruU 1(18) 1 (26) 6 (5) O(na) | 844
9 University of Pennsylvania UoP O(ma) O(ma) O(na) 7(14) 11.89
Swiss Federal Institute of
10 Technology (ETH) Zurich ETH 16(3) 1(26) 2(1) O(na) | 12.78
11 Yale University YU 1(18) O(na) 1(39) 13(4) | 12.44
12 University College London UCL 2(8) 2(13) 2@21) O(a) | 13.00
13 | Columbia University Clu 192) 43) 7(@) 152) | 13.56
Impenal College of Science
14 Technology and Medicine London ICL O(na) 1(26) 2@21) O(na) | 1378
15 Cornell University CrU 0(n.a) 3(4) 4(7) 0(n.a) | 15.56
16 University of California at Berkeley UCB 1(18) 34 O0(a) 12(6) | 1556
17 Johns Hopkins University JHU 2 (8) 1(26) 2(@21) O0(na)! 1656
The University of California at Los
18 Angeles UCLA 2(8) 126) 1(39) O0(n.a) | 19.67
19 University of Michigan UMi 1(18) 4 (3) 13(2) O(n.a) | 21.22
20 | Duke University DkU 38()  1(26) 1(39) 0(na) | 22.67
Table 4.9. Top 5 Researchers in Health Sciences
w.r.t the UniRank methodology (Nov 2019)
Researcher Affiliation H-Index Publication Citation APP
Count Count Score
iversi * 226525
Frank B. Hu Harvard University 234 (278) 2001 (2363) (360114) 475.84
Dr. Joann E. Manson | Harvard University 266 298) | 1500 (2822) (23763;?5276) 346.04
. National Heart Lung 213572
Daniel Levy and Blood Institute 207 (245) 1976 (2101) (319635 53598
. Universit¢ de Paris 225593
Guido Kroemer Hopital Européen 227 247y | 1597 (1885) (282207) 425.75
Harlan Krumhold | Yale University 191 @14y | 2001 (2417) (1275231789) 511.20
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Table 4.10. Top 20 HEIs w.r.t the Research Impact by their IRF, as of Nov 2019.

Rank Higher Education Institution (HEI) Acronym Ccit(:::)tn UniRank

1 Stanford University SU 3282264 2

2 Harvard University HU 7740062 1

3 Massachusetts Institute of Technology MIT 327980 21

4 University of Cambridge UoC 1190102 6

5 University of Oxford UoX 579673 11

6 California Institute of Technology CIT 16602 157

7 University of Chicago UCh 285775 27

8 Princeton University PrU 373859 19

9 University of Pennsylvania UoP 161276 50

10 | Swiss Federal Institute of Technology (ETH) Zurich ETH 0 n.a

11 Yale University YU 1529522 3

12 | University College London UCL 294022 26

13 | Columbia University Clu 1209813 5

14 Egﬁ(eilc)lsl College of Science Technology and Medicine ICL 1024013 7

15 i Cornell University CrU 310595 23

16 | University of California at Berkeley UCB 788457 10

17 | Johns Hopkins University JHU 231683 35

18 | The University of California at Los Angeles UCLA 511565 13

19 | University of Michigan UMi 416320 16

20 | Duke University DkU 179746 44

Table 4.11. Top 5 Researchers in Engineering and Technology
w.r.t the UniRank methodology (Nov 2019)
Researcher Affiliation H-Index Publication Cltation APP Score
Count Count

Nicholas A. Peppas | UT Texas Austin 167 (187)* 2001 21771 (1‘3525]7608) 1040.41
Yang g:fi‘;zﬁzfgs Angeles | 149016 | 3000 oo (1&?;3) 816.65
Sercan Sen Hacettepe University 164 (187) 2101 (2785) (1125;3’7219) 572.37
Lev Dudko Is‘t‘:t‘;°l‘}‘r’j$:r’s‘ft‘;sc°w 164086 | 157100y | 1T ) 39939
Rob Knight g:,igzg of California 166 (199) 675 (890) (12653;75756) 146.82

“ Current statistics (June 2021) are inside the brackets
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Academic Age (Years)

Figure 4.

An Overview of the "Academic Age” of the Top 20 HEIs
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Figure 4.9. An overview of the "Academic Age" of top-performing HEIs
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Figure 4.12. Top 15 Countries having the top perfuming HEIs w.r.t the GAR score.

Using the proposed researchers’ ranking methodology (ResRank), the eight hundred
researchers belonging to the four scientific disciplines (Computer Sciences, Engineering,
Health Sciences, and Economic & Management Sciences) were ranked. Then, the list of
the top hundred global HEIs was produced. These HEIs had unanimously declared
outstanding performance by the three reputed academic ranking systems. Finally, the
affiliations of the influential researchers were mapped with the top-performing HEIs, to

explore their research productivity and research impact.

The analysis interprets the ranking results according to various scientific disciplines and
ranking dimensions such as Academic Quality, Research Productivity, Graduate-
Employability, Industry-Academia Linkage, and Internationalization. The analysis

highlighted various aspects of the HEIs' performance for the end-user of the rankings.

The use of the objective indicators extracted from two well-known publicly verifiable data
repositories makes the ranking results reproducible and increases the confidence of the
academic stakeholders. Moreover, diverse data sources provide a comprehensive
understanding of the factors that catalyze higher education. The resultant academic
rankings make the ranking process more transparent and more representative, thereby the

ranking results less controversial.
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5. Heading Towards the Sub-Discipline Specific Rankings

Although the academic rankings of Higher Education Institutions(HEISs) face considerable
criticism, they are here to stay. Having become competent in assigning holistic ranking
scores to HEIs, reputed ranking entities have now started focusing on subject-specific and
regional rankings. However, in experts’ opinion, the process of assigning rankings should
be more consistent, transparent, and representative. This study focuses on enhancing the
credibility of the academic ranking process, by performing a fine-grained assessment of
the academic data about the Computing discipline. The proposed assessment approach
explores the data at the sub-discipline level, analyzing several ranking dimensions
including the research productivity, research impact, and research contribution of

influential research scholars affiliated with renowned HElIs in the Computing discipline.

The analysis considers highly curated data published by three well-known international
academic ranking entities, namely, ARWU, THE, and QS, in 2018, 2019, and 2020.
Researchers’ profiles are obtained from the Scopus repository, and the DBpedia repository
is used to retrieve information about HEIs and their locations. For a stable comparison of
the subject-specific academic rankings, the Grand Average Rank measure is employed,
whereas for finding the most influential researchers in Computing, the ResRank measure
1s used. The sub-discipline-specific academic rankings provide more detailed insight into
the academic rankings, thereby providing more robust decision support. This analysis,

which focuses on the Computing sub-discipline, is among the first few such efforts.

5.1. Introduction

Throughout the world, Higher Educational Institutions (HEIs) catalyze the human
development process at the local and global levels. They enhance the competitiveness of a
nation and promote its development by fostering research and hi-tech innovation. In
developed countries, HEIs focus on nurturing innovation and commercialization. HEIs use
systematic ways to assess their academic performance [70]. They are regularly assessed by
various public and private ranking entities such as the Academic Rankings of World
Universities (ARWU), Quacquarelli Symonds (QS), and Times Higher Education (THE).
These ranking entities have been publishing academic rankings since 2003 [50].
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In the last few years, the academic ranking process has been steadily evolving, and ranking
results are enabling stakeholders to take well-informed decisions. However, academic
experts and users have some reservations regarding HEI ranking results. The validity and
transparency of the rankings have been questioned, as highlighted in previous studies [37,
4, 14, 54]. Among the prominent issues are controversial ranking methodologies, the use
of subjective ranking indicators, the validity of the ranking results, transparency of the
data sources [1], misinterpretation of academic performance, and limited coverage of

global HEIs [14].

Usually, ranking entities rely on an arbitrary combination of ranking indicators and provide
a single numeric value as the ranking score of an HEIL These indicators include the
reputation of a certain university amongst its peers, learning environment (such as student-
to-teacher ratio and graduate-employability), research quality, funding, and student
acceptance and graduation rates [50, 71, 35]. However, a single numeric value usually
hides the impact of individual KPIs. The administrative stakeholders of HEIs need insight
into these indicators to select the specific areas that require strategic investment.
Consequently, realizing the need for more fine-grained analysis, various reputed ranking
systems, ARWU'®, THE!! | and QS'2, have started publishing the Subject-Specific ranking
of HEISs [2].

The analysis focused on the three-year (2018, 2019, and 2020) subject-specific ranking
scores for the Computing discipline allocated to renowned global HEIs by THE, ARWU,
and QS. To obtain a normalized ranking score, the three-year average of the ranking scores
was calculated for each of the HEIs. For descriptive analysis, the average of the nine
rankings was computed using the ranking lists produced by the three ranking entities. The
statistics reveal significant differences in the ranking outcome by the three ranking entities,

even within a single discipline (Computing), for similar HEIs.

% http://www.shanghaitanking com/Shanghairanking-Subject-Rankings/index html  [Accessed on August 2021}
' hitps.//www.timeshighereducation com/world-university-rankings/2021/world-ranking [Accessed on July 2021)
2 https-/fwww topuniversities cor/subject-rankings/2020 [Accessed on May 2021]
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Distnibuted Computing | 0
Computation Theory & Mathematics m 2
Medical Informatics 16
Computer Hardware & Architecture 17
Networking & Telecommunications
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Figure 5.1. MIT positions in the eight Sub-Disciplines of Computing
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Figure 5.2. MIT positions w.r.t the various ranking dimensions or indicators

A summary of the analysis is presented in Table 4.1 and a part of the results is visualized
in Figure 5.3 and Figure 5.5. For instance, the Massachusetts Institute of Technology (MIT)
appears in the first five positions of the subject-specific rankings (Computing) published
by THE, ARWU, and QS in the years 2018, 2019, and 2020. Therefore, it attains the first
rank as per the GAR score. The GAR score is an overall average of the nine raking scores
published by ARWU, THE, and QS for an HEI in 2018, 2019, and 2020. Nevertheless,
there is considerable variation in ranks assigned to the eight sub-disciplines of Computing
within MIT, as shown in Figure 5.1.

The ranking-dimension-oriented analysis of the HEIs data recently published by a group

of researchers at Stanford University, USA, must be mentioned here. Based on their
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proposed researchers’ ranking metric, the “composite indicator,” they published profiles
of the “World’s top 2-percent researchers” (150,000+) in various scientific disciplines [24].
A detailed discussion of the dataset is given in €). The dataset was exploited to analyze the
subject-specific rankings (computer science) of the global HEIs published by ARWU,
THE, and QS in the stipulated three years. Using the dataset, the subject-specific rankings
are analyzed in terms of ranking indicators such as the Significant Research-Contribution,
Research-Impact, and Research-Productivity of the influential researchers serving at the
top-ranked global HEIs. The analysis also provides better insight into the subject-specific
rankings of HEIs in the Computing discipline. The outcome of the analysis for MIT is

presented in Figure 5.2. For more detail, please consult Table 5.4.

The results of the analysis present different pictures of even the top 10 HEIs in the computer
science discipline. Such inconsistencies provide supportive arguments to the critics of the
academic ranking process. These differences need to be addressed. Nevertheless, finding
suitable solutions for all the issues requires considering time and resources. A research
effort has already been done, focusing on enhancing the credibility of the ranking process
by ranking the global HEIs using objective ranking indicators that were extracted from
publicly verifiable data sources. This work is reported in [35]. The OpenRank methodology
suggested in the rescarch was developed for the holistic ranking of the HEIs. Nevertheless,
the need for a fine-grained analysis at the subject-specific level was felt seriously. In
another research effort, the same research objectives were achieved using the ResRank
methodology. This work focused on enhancing the validity and transparency of the ranking
process. It also performed an in-depth assessment of the rankings in various sub-disciplines

of the Computing discipline. The research contributions are highlighted here:

* Anin-depth analysis of the academic ranking statistics
* Producing the sub-discipline-specific rankings of HEIs in the Computing discipline
* Highlighting the need for sub-discipline-specific academic rankings in the future
* Demonstrating fine-grained data analysis based on public data repositories
The rest of the paper is organized as follows: Sections 5.3 and 5.4 articulates the research
problem, Section 5.5 describes the fine-grained analysis approach, Section 5.6 provides

details of the experiments and their results, and Section 5.7 provides a discussion of the
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results. Finally, Section 5.8 provides the conclusion and highlights research directions for

the future.

5.2. The Benchmark Rankings Systems and Data Sources

A brief description of three reputed ranking entities is given below, to provide a thorough
understanding of the proposed research methodology, which will be beneficial for better
analysis. The process of academic rankings usually involves a complex ranking
methodology that is realized in terms of ranking indicators or parameters. The indicators
reflect the aims and objectives of the ranking entity. They determine the effectiveness of a
ranking system and differentiate it from others. An effective academic ranking

methodology:

a) Employs comprehensive parameters

b) Prefers quantitative measures over qualitative measures

¢) Uses the publicly verifiable data

d) Enables the users to “Drill Down and Roll Up” the indicator’s detail.
Rigorous ranking methodologies prefer employing objective indicators and publicly
verifiable data sources. Scopus, DBpedia, GSC, and ArnetMiner repositories are examples

of such data sources [57]

5.2.1. Some Well-known HEIs Ranking Systems

Multiple ranking systems are gauging and publishing the academic performance of HEIs
worldwide. However, the three reputed academic ranking systems - ARWU!"*, THE!, and
QS'S. These systems are well-established and have been publishing the global HEIs
rankings for more than ten years. Despite having differences, their ranking methodologies

are mature and well-defined. These systems are discussed in detail in [37, 35].

13 http//www shanghauanking com/Shanghairanking-Subject-Rankings/Methodology-for-ShanghaiRanking-Global-Ranking-of-Academic-Subjects-

2020.html  [Accessed un Dec 2020)
" hitps://www.timeshighereducation.com/world-university-rankings-2021-subject-computer-science-methodology
15 https://www.topunmversities.com/subject-rankings/methodology [Accessed on Oct 2021)
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Therefore, their introduction is abridged and the subject-specific ranking methodologies
are focused. The ranking methodologies employed by the three well-known academic
ranking systems have been introduced in Section 1.7 and various issues of the ranking
process were also highlighted in Section 1.4. In this research work, the analysis is
performed at the level of ranking indicators i.e., the research productivity, research impact,
and research contribution of the influential researchers affiliated with the top-ranked HEIs
in the Computing discipline. The association of the most significant researchers (“World’s
top-2 percent researchers”) was mapped with the world’s top 100 HEIs in the Computing
domain, as reported by ARWU, QS, and THE in the stipulated three years. All the
researchers’ profiles are indexed in the Scopus repository. The mapping helped us analyze
the data related to influential researchers working with the top-ranked HEIs in the
Computing domain. The analysis helped in producing the subdiscipline-specific HEI

rankings.

5.2.2. The Analysis Approach and Data Sources

The sub-discipline-specific ranking process comprises three phases. First, a list comprising
of HEIs was produced. They were having top performance in the years 2018, 2019, and
2020 using the subject-specific rankings provided by the three ranking entities. Second, for
an in-depth analysis, the Scopus repository was employed to extract the profiles of the
influential researchers in various sub-disciplines of Computing. Finally, the affiliations of
the influential researchers were determined and mapped to the top-ranked HEISs in the
Computing discipline. Before a detailed description of the three phases, the data sources
and evaluation metrics are described below. The analysis is based on the highly curated
data produced and published by the three well-known international academic rankings —
ARWU'®, THE', and QS'. The researchers’ profiles were obtained from a derivative

dataset of the Scopus repository as introduced in Section ¢), while the DBpedia repository

1 http://www.shanghairanking.com/ARWU-Methadology-2020.html  [Accessed on Dec 2020}
17 https:/fwww.hmeshighereducation.com/world-university-rankings/world-uruversity-rankings-2020-methodology
18 https://www.topuniversities com/subject-rankings/methodology
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was employed for the information about HEIs and countries. The dataset is introduced in

Section a).

The subject-specific (Computer Science) rankings of HEIs were produced by processing
the ranking results published in the last three years 2018—2020 by the three reputed
academic ranking systems. As per the research objective, for fine-grained analysis, reliable
and publicly verifiable data were used. These datasets were produced by well-known
ranking systems and can be verified on their official web portals. Some of the systems also

provide a limited amount of data in spreadsheets or flat files.

Heading toward the fine-grained analysis of the academic performance evaluation data, a
systematic approach was adopted. Initially, we generated a list of these HEIs with top
performance in the years 2018, 2019, and 2020 using the ranking results published by the
three reputed ranking systems — ARWU, THE, and QS. As a part of the data reduction,
only the top hundred HEIs were selected from each of the ranking lists. Then, for each of
the ranking systems, the list of HEIs was determined, which repeatedly maintained their
position in the list of top-100, for three consecutive years. The list was an intersection of
the three rankings published by a system. This process was repeated for each of the three
ranking systems, to obtain their top 100 HEIs. After finding the three lists of top-100 HEIs,
the three lists were combined to produce the final list of top-performing HEIs in the

stipulated three years.

After finding the top 100 HEIs, the 3-year average of the ranking scores for an HEI was
calculated. The average was computed for each of the three ranking systems to obtain a
stable ranking score. A comparison of the 3-year average scores also highlighted the
significant differences among the ranking systems even for a single HEI. The overall
average (Grand Average) of the nine ranking lists for each of the HEIs was computed also.
It was based on the rankings published by the three systems in the three years. The

mathematical model for the selection of the top hundred HEIs is given below:

2020
Top100HEIs = U ( v RankEnt n T0P100HEIR§M.") )

Y = 2018
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Table 5.1 Researchers’ information extracted from the Scopus repository.

Attribute Acronym Description
Research L
. PC Number of the total research publications by a researcher
Productivity
cc Number of the total citations (including the self-citations) received
by research publications of a researcher
Research Impact
XSCC Number of the total citations (excluding the self-citations) received
by research publications of a researcher
Significant Research SRC Number of research publications by a researcher as the first author
Contribution or as the single author
H-Index HI Value of the H-Index of a researcher, as recorded at the end of 2019.
FirstYear FY The year of first publication by a researcher
LastYear LY The year of most-recent publication by a researcher
Research Domain RD Name(s) of the scientific research domain of the author
Research Area RA Name(s) of the research area(s) in the research domain (RD)
.. .. Name of the research institution, with which the author is currentl
Author's Affiliation | Affiliation . ch inst au y
affiliated
Authors’ Country Country | Name of the base country of the author
! oIr
L 130
[« O §5121 4533 3e:Tss FINEAAT TruTeEDCINErs T 3
Uow L3
icL
= oo s
I w 3
§ " o KN
) :‘:: A8 132
BN PR
! é [T4EY .-
3 0%
~
J S wr OH
"}n ax S
I T emz 2
| HL se
' vy o
| ucs 3w
U mwemminmm 200
LS T “;‘0, _ o o o B o R R
Q 2 i 1] 3 10 o H H) 1% X x 4
Grand Average Rank

Figure 5.3. Top 20 HEIs w.r.t the Average Rank in Years 2018, 2019, and 2020.
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where RankEnt € { ARWU, THE, and QS }

The names and scores of the top-20 HEIs w.r.t the Grand Average Rank (GAR) top-20
HEISs are presented in Table 5.2. For a quick overview, the data is visualized in Figure 5.3.
According to the GAR, Harvard University (HU) leads the top-performing HEIs with a
score of 1.0. whereas the Georgia Institute of Technology (GIT) has a score of 23.89, in

the twentieth position.

The profiles of the influential research scholars were extracted from the Scopus repository.
Scopus maintains various valuable statistics about thousands of researchers and millions
of their research publications. For the research analysis, various statistics were extracted
from the repository including the Research Productivity (or Publication Count — PC),
Research Impact (or Citation Count — CC), H-Index (HI), and Author’s Significant
Research Contribution (SRC). The SRC is the count of the research publications by a
researcher as the single or as the first author. A brief description of the selected attributes

is presented in Table 5.1. and the motivation behind the selection is summarized here.

The selection of the first three parameters is based on two facts. First, in experts’ opinions,
these parameters (PC and CC) are treated as the Key Performance Indicators (KPIs) in the
related literature [15, 18]. Second, most of the bibliographic data repositories essentially
record them. The meta-data of Scopus, Web of Science, GSC, DBLP, Microsoft
Academics, and the ArnetMiner data repositories, is evident in the fact [21]. The last
parameter SRC is specific to the Scopus repository as it is difficult to find the first year of
publication of an author in other data repositories including the GSC and MAG.
Nevertheless, the importance of the parameter can easily be understood in terms of the

significant research contribution of a researcher.

The Publication Count (PC) is the count of the number of publications by a researcher, it
is a plain representation of the Research Productivity of a researcher. The Citation Count
(CC) is a well-established metric in the academic world [59]. It is the count of the citations
of a researcher’s publications. It represents the impact or influence of a research article
after its publication. The Hirsh-Index (HI) invented by Jorge Hirsch in 2005, is also a well-

known measure to gauge both, the quantity and quality of work of a research scholar [61].
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Although the Hirsh-Index faces many critics, nevertheless, the wisdom behind the measure
is very foundational; therefore, the metric in its original, or its variants has been surviving
for the last fifteen years, in the bibliographic data repositories [62, 63]. Finally, the
indicator Significant Research Contribution (SRC) score is discussed. The SRC score is an
effort to gauge the leading research contribution of a research scholar. This measure also
has become significant for the research journals and organizers of the research conferences.
Usually, they inquire about the contributions of the authors, in the case of a joint research
publication. Such measures also have multiple variants in the literature [38, 64].
Nevertheless, since our research work is focused on mapping affiliations of the influential
researchers with the top-performing HEIs; therefore, to gauge the significant contribution
of a researcher, the count of the research publications by him or her was considered, as the

single or first author.

After the selection of the indicators, their weights were to be decided. The weights used
for the ranking parameters show their importance in the process of performance evaluation.
It seems suitable to mention that there is no standard weighting criterion for the selected
ranking indicators, therefore their weights usually remain controversial. The well-known
InfoGain (IG) [32] algorithm was applied to the target dataset, to determine the weights

(w1, w2, ws, and ws) of the indicators.

InfoGain algorithm requires a test dataset with a class label; the “c-score” introduced in
[43] was employed as the default criterion to rank the researchers to obtain the test dataset
with the binary class label “highly Influential” or “regular”. Equation 2 represents the

process of applying InfoGain to the target dataset (R) along with the class label (C).

InfoGain (R, C) &  wiHI, w2CC, wsPC, w4 SRC 2)

The InfoGain algorithm, produced w; = 0.41, w2 = 0.38, w3 = 0.09, and ws = 0.12 as the
weights for the indicators. Equation 3 represents the researchers’ ranking methodology
with the weighted parameters. It is worth mentioning that GSC orders the researchers’
profiles for their Research Impact or Citation Count. Nevertheless, agreeing with the fact

that alone quantity does not ensure quality, a more comprehensive methodology was
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adopted to rank the research scholars. After completing the pre-requisite calculations, the

methodology can be expressed as follows:

ResRank (RP )= 0.41HI + 0.38CC + 0.09PC + 0.12 SRC 3)

Where the ResRank () is the function to rank a researcher’s profile (RP) as influential or
regular. As per the equation, the value of ResRank is the simple aggregate of the scores of
the weighted indicators. The score was calculated for each researcher according to
Equation 3. The dataset produced using Equation 3, is the subject-specific ranking of the
research scholars belonging to the Computer Science discipline. Earlier, we also developed
a list of the HEIs that consistently retained their position in the top 100 HEIs with

outstanding performance, in the stipulated three years.

After having the required statistics for the fine-grained analysis of the academic rankings
for Research Productivity the two datasets were mapped — Influential Researchers and
TopHEIs and ranks the top-performing HEIs w.r.t the count of the influential researchers.
The mapping highlighted the HEIs having the highest number of influential researchers.
The fine-grained analysis proceeded with the same pattern and developed the HEIs
rankings for the count of their Research Publications (PC) and Research Impact or Citation
Count (CC). The analysis provides insight into the end-users of the HEIs rankings. The

results of the analysis are presented in section 4.6.

5.3. Experiments

The required data were extracted from the data sources introduced in Section 4.3, using
multiple techniques. To generate the list of top-100 HEIs with consistently outstanding
performance in the stipulated three years, the relevant data was retrieved from official web
portals of ARWU, THE, and QS academic ranking systems. The profiles of influential
researchers were extracted from the publicly available derivative [43] of the Scopus data
repository. To obtain the necessary data about the HEIs and countries, the DBpedia data

repository was employed.
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5. Heading Towards the Sub-Discipline Specific Rankings

The data in the DBpedia was processed through its SPARQL Endpoint'® using the
SPARQL queries [58]. DBpedia provided the data about the HEIs (i.e., their formal
name, location, country, foundation year, URL, etc.) and countries (i.e., their region,

HDI index, total population, etc.).

Data processing was with the selection of the top-100 HEIs with outstanding
performance in the stipulated three years (2018, 2019, 2020) from the HEIs’ rankings
published by the ARWU, THE, and QS. The selection method is modeled in Equation
1. After obtaining the list, the HEIs were sorted according to the average of their scores
in nine rankings published by the three systems in the three years. Qualifying the
ranking criteria of the three rankings systems and retaining position in their lists of top-
100s, advocates outstanding performance and HEl. The researchers’ ranking
methodology was applied to the dataset containing profiles of the researchers, for
evaluation of their influential status. The mathematical expression of the methodology

is presented in Equation 2,

Finally, the researchers’ affiliations were mapped with the top-performing HEIs in the
Computer Science discipline, to obtain a fine-grained ranking of HEIs w.r.t the
Computing research faculty. The list of the top twenty HEIs w.r.t their research Faculty
is presented in Figure 5.6. The HEIs were also ranked according to the count of their
research publications (PC) published by the researchers affiliated with them. The list of

the top twenty HEISs, w.r.t the research publications is presented in Figure 5.7.

Gauging the impact of the research publication was also part of the fine-grained analysis
as suggested in [28); therefore, the HEIs were ranked according to their research
citation count (CC) earned by the researchers affiliated with them. The list of the top
twenty HEIs, w.r.t the citation count, is presented in Figure 5.8. The Scopus data
repository maintains the count of the research citations excluding the self-citations of a
researcher. This count represents the significant research contribution of a researcher.
Therefore, the HEIs were ranked according to the research impact (excluding self-

citations). The result of this ranking is visualized in Figure 5.10.

19 https://dbpedia org/sparq! [Accessed on December 2021)
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5. Heading Towards the Sub-Discipline Specific Rankings

The HEIs were also ranked according to their significant researchers with outstanding
research contributions. The result of this ranking is presented in Figure 5.11. The
statistics related to the above-mentioned analysis are summarized in Figure 5.10. The
DBpedia repository also provided the dates of establishment of the HEIs. These
statistics were used to determine the age of the HEIs. The ages of the twenty HEIs

having outstanding performance, are presented in Figure 5.10.

5.4. Results and Discussion

Before starting a discussion on the results, it is worth mentioning the issue of data
incompleteness, for the intended analysis. Although, the academic data available on the
Internet is abundant and perpetually increasing. Nevertheless, most of the data
repositories, including DBpedia and Scopus, are not purposely built for academic
rankings. These data sources were exploited for the information on the global HEIs

having a presence in these repositories.

5.4.1. Analysis of the Deviation in the Rankings

The Grand Average Rank (GAR) was calculated for the top-ranked HEIs in the
Computer Science discipline. GAR is the average of the nine ranking scores, allocated
to the HEIs by ARWU, THE, and QS ranking systems. Based on the GAR score, the
list of the top 100 HEIs was compiled. These HEIs had consistent performance
according to the ranking methodologies. GAR score is a rigorous indicator of the top-
performing HEIs, as qualifying the ranking criteria of the three ranking systems and

retaining a position in their lists of top-100s, is hard enough for an HEL

seee s Avg SSCS  —e— ARWT 314R1 —e—THE 31 AR « 05 51AR

System Specific Rank
o

MIT SU UCB CMU HU ETHZ LoX LoT PrL LCLANUS TiU NTU LoC CrU ICL Low CIL LCL GIT

HEIs’ ordered w r t the Grand Average Rank

Figure 5.5. Top 20 HEIs w.r.t the Average Ranks by ARWU, THE, QS, and GAR
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5. Heading Towards the Sub-Discipline Specific Rankings

The result based on the GAR score are presented in Table 4.1 and visualized the
statistics in Figure 5.3. According to the graph, the Massachusetts Institute of
Technology (MIT) leads the top-performing HEIs with a score of 1.00. Whereas the
Georgia Institute of Technology (GIT) has a 23.89 score in the twentieth position. For

brevity, a comparison of top-20 HEISs is presented.

In general, the difference in ranking scores becomes more significant for the HEIs
having a rank greater than thirty-five, in ranking lists of any of the three ranking
systems. That is why the electronic and print media advertise more condensed academic
ranking lists labeled as the “Top 257, “Top 50” or “Top 100 world-class HEIs with
outstanding performance. To get a more reliable academic score for the HEIs, they were
analyzed according to the GAR score. In another analysis, we used the GAR score as

the benchmark.

In Figure 5.5, the dotted line with black color represents the GAR score, whereas the
colored lines represent the average of the ranking scores allotted to the HEIs by each of
the three systems — ARWU, THE, and QS in the stipulated three years. It is interesting
to note the 3-Year Average Scores allotted by THE and QS are highly similar for the
top 20 HEIs. The two systems have a nominal difference with the score allotted by
ARWU for the few top-performing HEIs. Nevertheless, the difference becomes
significant for HEIs with higher ranking scores. For example, THE and QS allot a
similar average score (5.33) to the University of Cambridge, but ARWU allocates a
very different average score (42.67) to the HEI.

A similar significant difference exists for Imperial College London (ICL). In general,
the difference in the average ranking scores becomes more significant for the HEIs
having a rank greater than fifteen. With such differences among the scores by the
reputed ranking systems, even in the subject-specific rankings, the end-user would
naturally hesitate to believe in an academic ranking system. The differences also
provide a clue for criticizing a ranking system in terms of favoritism and
commercialization. The analysis highlights the need for a more fine-grained analysis of
the academic data and sub-discipline-oriented academic rankings. It is pleasurable
observing more details on the web portals of some of the academic ranking systems
[23]. Heading toward more transparent and fine-grained rankings is the trend of the

ensuing years.
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5.4.2. Analysis of the Research Faculty

Agreeing with the opinion that, the single most distinctive competence of a world-class
HEL is its ability to attract and retain highly qualified faculty. The analysis explored the
strength of influential researchers at the top-ranked HEIs. The results of the analysis
are presented in Figure 5.6. In the figure, the bars with green color represent the rank
of the HEIs w.r.t the strength of influential research faculty in the Computer Science
discipline. Whereas the other bars represent the 3-year average of the ranking scores
allotted to the HEISs, by each of the three systems — ARWU, THE, and QS. The fine-
grained analysis shows that even in the top 10 HEIs, some of them lag in having
influential faculty in Computer Science. For example, according to the GAR score,
Harvard University (HU) is ranked at the fifth position, but it is attaining a ranking

score of twenty concerning the computing research faculty.
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Figure 5.1. Strength of the experienced computing research faculty, in the Top 20 HEIs.

Muhammad Sajid Qureshi 99-PHDCS/FBAS/F13 Page 106



5. Heading Towards the Sub-Discipline Specific Rankings

1

&

SYSTEM SPECIFIC RANK
1 w
3
¢
f

a

= e
= con  oow
=
e -
oo =
3 P N
— . - -
e I

¢
MIT SU LCB (ML HU  ETHZ LoX UeT AU LCLA NLS Tl NTU LeC Gl ICL Lew CU  WLCL GIT

TOP 20 HEIS ORDERED W.R.T THE GRAND AVERAGE RANK (COMPUTER SCIENCE)

Figure 5.7 Research Productivity (Publication Count) of the Top 20 HEIs

® ARWT 3NAR o THE Yar » Q5 NAR m Ramh (Co

a
&

.
=
-
-~
o - &
- . =1
- * =8,
- - = -
3 e T e = -
= s =
fd -SSE
hadl =
oy -
— % e
= o - |
, -l

MIT St UCB CMU  HL  ETHZ UeX UeT AL LCLA NUS T NTL UL Crl ICL

Y % &

0
g

a3

SYSTEM SPECIFIC RANK
-3

TOP 20 HEIS' ORDERED W.R.T THE GRAND AVERAGE RANK (COMPUTER SCIENCE)

Figure 5.8 Research Impact (Citation Count) of the Top 20 HEIs

Another significant trend exists in cases of the University of Cambridge (UoC),
Imperial College London (ICL), and University of Washington (UoW). According to
the GAR scores, these institutions are among the top 20 HEIs; Nevertheless, ARWU
allocates a considerably lower score (30+) to these institutions. Such differences make
it difficult for the audience to believe in their statistics. The need for fine-grained
analysis of academic performance becomes more evident. Another way of considering
the influential research faculty is gauging the presence of a considerable number of

experienced or experienced researchers at an HEL

The Scopus data repository was explored for this dimension and mapped affiliations of
the “World's top 2-percent researchers” in Computer Science, with the top 100 HEIs in

the same discipline. A part of the result (for top-20 HEIs) of the analysis is presented
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in Table 5.3. A researcher was considered “experienced” by having more than 15 years
of research experience. For other related statistics, please consult Table 5.3. It is worth
mentioning that all the top 20 HEIs (except Harvard University) retained twenty or
more experienced researchers belonging to the Computer Science discipline. Carnegie
Mellon University (CMU) stood first, having experienced researchers, although it is
ranked in fourth position w.r.t the GAR score. Figure 5.7 also highlights the differences
between the ranking scores based on GAR and the count of experienced research faculty
at other of the top 20 HEIs. The presence of a considerable number of experienced
researchers at an HEI is highly attractive for research sponsors and potential research
students throughout the world. Nevertheless, this ranking dimension remains hidden
under the holistic ranking scores allotted to the HEIs. the analysis suggests a more fine-

grained and ranking-dimension-oriented analysis of the HEIs’ data.

5.4.3. Analysis of the Research Productivity and Impact

The Publication Count (PC) is one of the indicators for representing the Research
Productivity of a researcher. Nearly all reputed academic ranking systems include the
parameter in their ranking methodologies. Therefore, the strength of highly productive
researchers at the top-ranked HEIs was explored. The results of the analysis are
visualized in Figure 5.7. In the figure, the bars with green color represent the rank of
the HEIs w.r.t the Publication (PC) of the influential researchers affiliated with the
HEI, in the Computer Science discipline. Whereas the other bars represent the 3-year

average of the ranking scores allotted to the HEIs, by ARWU, THE, and QS.

The fine-grained analysis shows that even in the top 10 HEIs, some of them lag in
having the due research productivity in the Computer Science discipline. For example,
according to the GAR score, Harvard University (HU) is ranked at the fifth position,
whereas the university is attaining a ranking score of forty-two for the publication count
in Computer Science. Other significant differences exist in the cases of the University
of Oxford (UoX), National University of Singapore (NUS), University of Cambridge
(UoC), Imperial College London (ICL), Nanyang Technological University (NTU), and
University College London (UCL). According to the GAR scores, these institutions are
among the top 20 HEIs; Nevertheless, ARWU allocates a considerably different score
to these institutions. For other related statistics, please consult Table 5.3. The difference

exists in their ranks w.r.t the publication count. Such differences make it difficult for
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the audience to believe in the statistics. The need for fine-grained analysis of academic
performance becomes more evident. The constantly flourishing bibliographic data

repositories on the Internet, make the analysis possible.

As per academic experts’ opinions [69, 2], the prime objective of a higher education
institution is the generation of new knowledge benefitting society. That is why gauging
the research impact of research work is also among the common objectives of the

ranking methodologies of most of the reputed academic ranking systems.

Commonly the metrics like Citation Count and H-Index are employed for this purpose.
Keeping in view the information available in the Scopus data repository, the Citation
Count (CC) was extracted. These citations were attained by influential researchers

affiliated with the top-performing HEIs in the Computer Science discipline.

A part of the results is visualized in Figure 5.8. For more statistics, please consult Table
5.3. In the figure, the bars with green color represent the rank of an HEIs w.r.t the sum
of the Citation Count obtained by the influential Computing researchers affiliated with
the HEL. Whereas the other bars represent the 3-year average of the ranking scores
allotted to the HEISs, by each of the three systems — ARWU, THE, and QS. As per the
graph, the difference between the scores of the Citation Count-based rank and other
rankings is nominal for the few top-performing HEIs. Nevertheless, the difference
becomes significant for HEIs having positions more than thirteen, w.r.t the GAR
ranking. Especially, the scores allocated by ARWU are considerably different for the
HEIs. For example, the University of Cambridge (UoC) is unanimously attaining 5.3
as the 3-Year average score by THE and QS; Nevertheless, the same institution is
getting a ranking score of 42.7 by ARWU. The HEI is in 17™ position w.r.t the Citation
Count. Other significant differences exist in the cases of Imperial College London
(ICL), and the University of Washington (UoW). A very similar trend can be seen in
Figure 5.10, which presents a part of the results of the comparison based on the Citation
Count (XSCC) of the researchers, excluding their self-citations. The differences

provide a base for the critics of the academic rankings systems.

5.4.4. Considering the Context in the Rankings
The DBpedia data repository maintains various statistics and attributes related to the
HEIs. The “Academic Age” was explored for the HEIs with top performance in the

Computer Science discipline. The result of the analysis is visualized in Figure 5.10. An
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overview of the graph reveals the fact that excluding Nanyang Technology University
(NTU), all the top 20 HEIs in the Computer Science discipline, with an academic age

of more than a hundred years.

It means achieving outstanding status at the world level, which requires decades of
consistent effort. Moreover, the HEIs also enjoy conducive settings in terms of their
base cities, and countries having stable political and economic conditions. The fine-
grained analysis also suggests considering the academic age while comparing the HEIs,
even in the subject-specific rankings. Some academic experts also criticize the ranking
process of “Global HEIs” for not caring about these subtle differences while allocating

ranking scores to the HEIs.

The Scopus data repository maintains the count of research publications by a researcher
as a single author or as the first author. These statistics were employed in a parameter
— Significant Research Contribution (SRC) of our ResRank methodology. As a part of
the intended fine-grained analysis, the SRC was explored for the top-ranked HEIs. A
part of the analysis is visualized in Figure 5.11. As per the graph, Carnegie Mellon
University (CMU) has more SRC scores than the other top-10 HEIs. Such analysis is
also helpful in reducing the difference among the results of reputed ranking systems.

For more statistics related to the analysis please consult Table 5.3.
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5.4.5. The Sub-discipline Specific Rankings

Based on the fine-grain analysis the statistics related to the sub-discipline-specific
rankings are summarized in table-5 and a part of the results is visualized in Figure 5.12.
The figure contains eight graphs highlighting the distribution of the World’s Top 2-
Percent Researchers (WT2P) in the top 20 HEIs in the computer science discipline. The
list of sub-disciplines is based on the categorization adopted in the Scopus data

repository.

Among the eight sub-disciplines of computer science, w.r.t the count of researchers, the
sub-discipline of Artificial Intelligence, and Image Processing come first. In this sub-
discipline, CMU, MIT, and UoX are at the first three positions respectively, as shown
in Figure 5.12 (a). Whereas according to the GAR score the HEIs had 4%, 1% and 7"

positions, respectively.

Networking and Telecommunication is the second most significant sub-discipline in
terms of count of researchers. In this sub-discipline, MIT, PrU, and (SU along with
CrU), are at the first three positions respectively, as shown in Figure 5.12 (b). Whereas
according to the GAR score the HEIs had 1%, 9™ and (2", 15") positions, respectively.
The difference in WT2P researchers’ count is five between the first two HEIs, however,

the average change is one, among all other HEIs.

Software Engineering is the third most influential sub-discipline w.r.t the count of
researchers. In this sub-discipline, UoW, CMU, and GIT are at the first three positions
respectively, as shown in Figure 5.12 (c). Nevertheless, according to GAR score the
HEIs had 16", 3™ and 20" positions, respectively. For it, the average change in the

WT2P researcher count is not significant.

Computer Hardware and Architecture is the next sub-discipline in the queue. Here,
CMU, SU and UoT clinched the first three positions, as shown in Figure 5.12 (d),
however, according to GAR score the institutions had 4% 2" and 8™ positions,
respectively. With the negligible change in average WT2P researchers’ count among
other HElISs, the first four HEIs retained most of the influential researchers.

Computer Theory and Mathematics come next in the disciplines. In it, MIT, PrU, and
(SU along with CrU), are at the first, second, and third positions respectively, as shown
in Figure 5.12 (¢). Whereas according to the GAR score these instructions had 1%, 2™,
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and (9%, 15") positions, respectively. In this discipline, the average variation in the
WT2P researchers’ count has significant variation. Moreover, some of the top 20 HEIs

have no influential researchers in this discipline.

Information Systems come next in the disciplines. In this sub-discipline, according to
Figure 5.12 (f), MIT along with SU achieve the first position, UCB, UoT, and NUS
collectively obtained the second position, whereas four HEIs were in the third position.
According to the GAR score, these instructions have very different ranks in the
Computer Science discipline than their ranks in the sub-discipline.

In the Medical Informatics sub-discipline, as shown in Figure 5.12 (g), the ranks of the
top-20 HEIs w.r.t WT2P researchers’ count, are amazing. The two HEIs (UoW and
CIU) having the first position, are in the 17" and 18" positions respectively according
to the GAR score. Moreover, 16 out of the top 20 HEIs, have no WT2P researcher in
the sub-discipline!

Distributed Computing comes in the last of the eight sub-disciplines. In it, GIT stood
first, nevertheless according to the GAR score, it is in 20" position! Moreover, 13 out
of the top 20 HEIs, have no WT2P researcher in the sub-discipline.

A product of the research analysis is the sub-discipline-specific ranking of institutions,
according to their ability to hire and retain WT2P researchers in the computer science
discipline. A part of the results is presented in Table 5.4, The table contains a list of the
top-five institution in each of the above-mentioned eight sub-disciplines. Quite
expectedly, the lists made visible many new institutions, that are usually not visible,
among the top 20 HElIs, in ranking tables of the reputed academic ranking systems. It
is worth mentioning, along with the degree awarding HEIs, many intuitions, companies,
labs, and independent research centers become visible, as shown in Table 5.4, in terms
of research faculty, impact, and contribution. The companies like Microsoft Research

and Google LLC are the leaders in AIIP and SE.

Using the ResRank methodology employed in the research work, the affiliations of the
top 5000 researchers were grouped to find the leading institutions having a significant
number of computing researchers. While doing the analysis, the GAR score was not
considered. A part of the results of the analysis is presented in appendix (b), which lists

the top 50 institutions ranked according to the ResRank methodology.
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Table 5.4. Top 5 research institutions, in the eight sub-disciplines

Sub . Researchers’
Discipline Institution Count
Microsoft Research 52
Artificial Google LLC 50
:nmt:lgl;gence & Carnegie Mellon University 49
Processing University of Oxford 27
- _ University of California, Berkeley 26
Tel Aviv University 9
Computation Massachusetts Institute of Technology 8
Theory & Princeton University 8
Mathematics Cornell University 7
. Rutgers University-New Brunswick 7
The University of Illinois at Urbana-Champaign i1
Computer Carnegie Mellon University 10
Hardware & University of Michigan, Ann Arbor 9
Architecture The University of Texas at Austin 8
Purdue University o 6
Georgia Institute of Technology 7
The University of Illinois at Urbana-Champaign 7
Distributed
C . IBM Thomas J. Watson Research Center 6
omputing
Lawrence Berkeley National Laboratory 6
i Argonne National Laboratory 4
Microsoft Research 9
Hong Kong University of Science and Technology 5
Information Stanford Universi 5
Systems ° niversity
The University of Arizona 5
o City University of Hong Kong 4
Maastricht University 6
Medical National Library of Medicine 5
edica ‘ . N
Informatics McGill University 4
Oregon Health & Science University 4
o Vanderbilt University Medical Center 4
Stanford University 29
. Nokia Bell Labs 27
Networking & The University of Illinois at Urbana-Champaign 25
Telecomm
The Ohio State University 24
University of Michigan, Ann Arbor 24
Microsoft Research 13
Google LLC 9
ngoft.ware. University of Washington, Seattle 9
ngineering
Carnegie Mellon University 8
Georgia Institute of Technology 7

A name in the bold font ndicates that the institution is among the top 20 (w r.t the ResRank Methodology) but it is
not among the top 20 w.r t the Grand Average Rank (GAR).
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According to the list, eight new research institutions secured their positions among the
top 20 leading institutions. It is noteworthy that they were not part of the list containing
the top 20 institutions according to rankings of ARWU, QS, and THE. The list in the
appendix shows that, besides HEIs, certain research companies and laboratories are
having an outstanding number of influential researchers in the Computer Science

discipline. Moreover, six new HEIs and two research companies are added to the list.

The sub-discipline-specific analysis reveals the fact that the subject-specific
(discipline-specific) rankings published by the reputed academic rankings, do not
present the insight at the sub-discipline level, despite due importance of the granularity.
Alternatively, the sub-discipline-specific rankings demonstrate that various HEIs not
visible on the top, in the lists of reputed academic ranking systems, perform remarkably

well in the sub-disciplines.

The evolution in the academic ranking process is leading toward sub-discipline-specific
rankings. The academic world is offering examples. Institutions, like Mohamed bin
Zayed University of Artificial Intelligence, Abu Dhabi, United Arab Emirates?’ one
example. Soon the potential users of academic rankings, including HEI’s policymakers
and managers, along with the prospective students shall demand sub-discipline-specific
rankings. The growing interest in subject-specific and sub-discipline-specific rankings
is irreversible and inevitable. The reputed International rankings would be the first to

expand the limited picture of global higher education.

The DBpedia data repository provided various meaningful information about the
countries and HEIs including the base country of an HEI, its exact location, city, year
of establishment, etc. A part of the result is presented in Figure 5.13. In the figure, the
green bars represent the count of researchers belonging to the Computer Science
discipline, while the yellow bars represent the value of the Grand Domestic Product

(GPD in 100 million USD) of the top 15 countries.

20 mbzuai.ac.ae [Accessed on Nov 2021]
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Using that, the countries were identified that have a considerable number of the World's
Top-2 Percent Researchers in the discipline of Computer Science. Quite
understandably, the top ten countries are the most stable and prosperous courtiers.
Governments of developed countries are cognizant of the role of HEIs and talented
academicians, in the advancement of their socioeconomic development. Thus, they
nurture research, innovation, and commercialization through the institutions. The data
visualized in Figure 5.13 also contains the percentage of the Human Development Index
(HDI) score, on the secondary axis. The trend line emphasizes the fact that being
exceptional in terms of human prosperity does not guarantee excellence in research and
innovation. However, the USA and UK are demonstrating the need for human
prosperity for better performance. Moreover, the GPDs of the top 15 countries, is the
leading economic powers in the World. These countries are prosperous due to their
knowledge-based cconomies catalyzed by research and innovation in science and

technology.

It is also worth mentioning that comparisons of HEIs having very different sizes,
budgets, locations, etc. also raise the question of the validity of the ranking process. It
is good to observe that leading academic ranking systems are proceeding with more
fine-grained analysis in terms of their academic age and geographic location. The
ranking lists having titles like “Top 50 Under 50” and “Top 25 HEIs in Asia” are the
outcome of the such finc-grained analysis. The companies like Microsoft Research and
Google LLC are the leaders in AIIP and SE. It also reflects the attention of authorities

to consider such entitics in the ranking systems as well.

5.5. Conclusions

Global HEI rankings face various criticisms, but they are here to stay. Reputed ranking
entities have improved the quality of their rankings substantially during the past fifteen
years. However, based on our analysis, it can be argued that they must address the
growing interest in the fine-grained assessment of data related to academic rankings.
Our analysis revealed some of the factors causing substantial variances between the
rankings scores of HEIs published by various reputed rankings entities. The holistic
ranking scores hide many valuable achievements of an HEI, even in the subject-specific

rankings.
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Figure 5.13. Top 15 Countries w.r.t the World Top-2 Percent Researchers

The sub-discipline-specific ranking based on the fine-grained analysis highlighted that
various HEIs perform remarkably well at the sub-discipline level, although they do not
feature on the top of the lists produced by well-known academic ranking entities. Sub-
discipline level will lead to fairer and better insight in ranking. The ResRank ranking
methodology was applied, instead of the PageRank algorithm or OpenRank ranking
methodology mentioned in the related work to make the analysis more fine-grained.
The reputed international ranking entities have the potential to make their ranking
methodologies more fine-grained and transparent. Considering the context of an HEI is
also important while including it in the ranking process. The contextual factors,
including the economic condition of the base country, academic age, languages, and
size, have a significant effect on the position of an HEI in the ranking lists. Overlooking

this context would result in biased judgments.

5.6. Summary

After attaining maturity in the holistic ranking scores, the reputed ranking entities of
the global HEIs have focused on the subject-specific and regional rankings. Although
rankings face various critics, they are evolving and undoubtedly here to stay. This
research work is a part of the fine-grained analysis of the academic rankings focusing
on the computer science discipline. Earlier, two related research efforts has been done

and their results were reported in reputed research journals. For more detail, please
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consult chapters three and four. In this research work, the fine-grained analysis employs
the highly curated data produced and published by the three well-known international
academic rankings - ARWU, THE, and QS in the years 2018, 2019, and 2020. The
researchers’ profiles are obtained from the Scopus repository, while the DBpedia

repository is employed for the information about HEIs and their base countries.

The subject-specific rankings in computing, are analyzed according to the research
productivity, research impact, and research contribution of the researchers affiliated
with the top-ranked HEIs. In the analysis, the Grand Average Rank (GAR) score and
the ResRank measure were employed for understanding the causes of the differences
among the results of the ranking entities and to produce the sub-discipline-specific
academic rankings. The fine-grained ranking results provided better insight into the

academic performance of the global HEIs in various sub-disciplines of Computing.

An innovative and interesting part of this research effort is the generation of the sub-
discipline-specific academic ranking. The fine-grain analysis of the existing academic
rankings reveals the fact that the subject-specific rankings hide the insight at the sub-
discipline level. At the sub-discipline level, various HEIs perform remarkably well,
although they are not visible at the top, in the lists of reputed academic ranking systems.
Such insights would be more decision-supportive for the end-user due to its expanded

picture of the global HEIs.

The fine-grained analysis also suggests considering the context of HEIs (i.e., financial
condition of the base county, Academic Age, Language, and Size) while comparing the

HEISs, even in the subject-specific rankings.
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This chapter summarizes the whole research effort, with a brief description of the
research domain, its major research issues, the focused research problem, and the
proposed solution. A brief description of the fine-grained analysis approach, data

sources, research {indings, and research implications, is also a part of it.

6.1. The Research Effort — An Overview

Educational institutions, especially those dealing with higher education, are considered
catalysts of the national and global development process. As, they enhance a nation’s
competitive advantage and stimulate the development process by nurturing research,
innovation, and commercialization. The rankings have gained substantial acceptance
by major stakeholders — academicians, prospective students, and employers. The
ranking process has considerably evolved in the past fifteen years. Starting with the
holistic rankings of world universities in 2003, it has crossed the milestone of subject-
specific rankings. Currently, various ranking systems are gauging and publishing the
HED’s rankings, including SRC, QS, and THE. These systems significantly have
improved their quality during the past fifteen years. Nevertheless, academic ranking
experts have pointed out multiple debatable issues in the academic ranking process. The
prominent of them are listed below:

a) Controversial ranking criteria or validity of the HEISs’ rankings

b) Misinterpretation of the academic performance

¢) Unavailability of the data

d) Use of data sources that are not transparent

e) Limited coverage of the global HEIs

f) Use of subjective ranking indicators in the ranking methodologies
This research work focused on the enhancement of the creditability of the ranking
process, by employing quantitative ranking indicators based on publicly verifiable data
sources and fine-grained analysis of the target data. To address the focused research
problem, a fine-grained analysis of the objective ranking indicators extracted from
public data sources was performed. The analysis was done at the level of ranking
indicators i.e., the research productivity, research impact, and research contribution of
the influential researchers affiliated with the top-ranked HEIs. Two new rankings
methodologies — OpenRank and, ResRank were designed to achieve the desired ranking

results.
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The OpenRank methodology ranked the global HEIs using the objective indicators
extracted from two well-known publicly verifiable data repositories — the ArnetMiner
and DBpedia. The results of the methodology demonstrated the feasibility of more
transparent and reliable academic rankings. The ResRank methodology was used to
identify influential researchers in various scientific disciplines. While, for consistent
comparison of the subject-specific rankings of global HEIs, the Grand Average Rank
(GAR) metric is employed.

Following the fine-grained analysis approach, the data was explored at the ranking
indicator and dimension levels including the research productivity, research impact,
and research contribution of the influential research scholars. The analysis employed
highly curated data published by the three well-known international academic rankings
— ARWU, THE, and QS in the years 2017—2020. The researchers’ profiles were
obtained from the Scopus, Google Scholar Citations, and ArnetMiner repositories. The

DBpedia repository was used to retrieve information about HEIs and their locations.

The sub-discipline-specific academic rankings were also an outcome of the fine-grained
analysis. These rankings provided a better insight into the performance of an HEI;
thereby becoming more decision supportive. The sub-discipline-specific academic

ranking in the Computing domain is among the first few such efforts.

6.2. Research Findings

The intended research work was completed in three phases and the results of each phase
were reported in various research journals. A comprehensive description of each of the
phases is given in chapters 3, 4, and 5. Research findings of each phase are also
described at the end of the chapters. Nevertheless, for a quick overview, the findings

are summarized here.

a) More transparent and reliable ranking results are achievable

Global HEIs rankings face various critics, but they are here to stay. The use of objective
and publicly verifiable rankings indicators makes the rankings results more transparent,
representative, and reliable. Whereas, giving substantial weight to subjective indicators
leave more space for favoritism. The proposed Open-Rank methodology emphasizes
the employment of objective indicators, that can be verified scientifically and are

publicly available. It also gives substantial weightage to both research productivity and
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the academic contribution of an HEIL This comprehensive approach broadens the
coverage of HEIs, especially the newly established HEIs. The resultant rankings were
evaluated and equated with rankings produced by the two reputed academic ranking
systems, ARWU rankings, and QS University rankings in 2017. Evaluation of the
methodology advocates its effectiveness and quick reproducibility with the low cost of

data collection.

The use of diverse data sources facilitates a comprehensive understanding of the factors
that catalyze higher education. The resultant academic rankings make the ranking
process more transparent and more representative, thereby the ranking results less
controversial. The data sources enabled the OpenRank methodology to explore new
ranking indicators like the count of publications of an HEI on the favorite venues (top
50 venues recorded in the dataset, having more than 3500 publications). The DBpedia
contains information about the geographical regions and countries of the world. The
methodology also explored the relationship between the Human Development Index
(HDI) of a country and the number of HEIs owned by it. Interestingly, the trend
highlights the fact that outstanding human prosperity does not ensure an outstanding
share in research and innovation — nevertheless, the United States of America and the
United Kingdom advocated prosperity for better performance. The experiments also
explored the relationship between the Grand Domestic Product (GDP) of a country and
the number of HEIs owned by it. The United States of America and the United Kingdom
again outperformed in hosting the top-performing HEIs, as compared to various other

countries with a higher GDP.

It is worth mentioning that although, the academic data available on the Internet is
abundant and perpetually increasing. Nevertheless, most of the data repositories are not
purposely built for academic ranking. DBpedia and Arnet Miner repositories also have
the problem. So, data quality remained a problem. In the future, more reliable and
optimal results would be produced by employing more enriched and curated data

sources.

b) The fine-grained analysis makes the ranking results more representative
The academic ranking process has considerably evolved in the past fifteen years;
Currently, they are more informative and user-friendly than they were a decade ago.

Nevertheless, the academic rankings published by the reputed ranking entities are
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facing various criticism, in terms of their transparency, validity, and coverage.
Similarly, the holistic ranking score, even in the subject-specific rankings, hides many
valuable aspects of a research institution. Whereas the fine-grained analysis makes the
rankings score more representative, and the ranking process less controversial. The
analysis according to various ranking dimensions (such as Academic Quality, Research
Productivity,  Graduate-Employability,  Industry-Academia  Linkage, and
Internationalization.) reveals the factors, causing significant differences among the
rankings scores of HEIs. Exploration of various ranking dimensions can offer a better
understanding of educational dynamics. The fine-grained analysis would better answer

the needs of prospective students and academic management.

c) The sub-discipline-specific academic rankings are needed

The sub-discipline-specific ranking based on the fine-grained analysis highlighted the
fact that various HEIs perform remarkably well at the sub-discipline level, although
they are not present on the top of the lists produced by well-known academic ranking
entities. The reputed international ranking entities have the potential to make the
ranking methodologies more fine-grained and transparent. The sub-discipline-specific
academic rankings would make the rankings score more representative, and the ranking
process less controversial. The analysis also ranked HElIs in the following eight sub-

disciplines of Computer Sciences.

= Artificial Intelligence and Image Processing
»  Networking and Telecommunication

» Software Engineering

= Computer Hardware and Architecture

= Computer Theory and Mathematics

= Information Systems

= Medical Informatics

* Distributed Computing

d) Context-aware academic rankings would be more representative

Considering the context of an HEI is also important while including it in the ranking
process. The contextual factors including the economic condition of the base county,
academic age, languages, and size significantly affect the position of an HEI in the

ranking lists. Overlooking the context would result in biased judgments. The reputed

Muhammad Sajid Qureshi 99-PHDCS/FBAS/F13 Page 125



Appendices

international ranking entities have the potential to make their ranking methodologies

more fine-grained and transparent.

6.3. Research Implications (Future Directions)

The findings of the research work highlight various implications. A brief description of

the implications is given below.

a) Improvement in the accuracy of the fine-grained analysis

In the future, improvement in the accuracy of the fine-grained analysis would be
focused on employing more relevant public data sources including the bibliographic
data maintained by Association for Computing Machinery (ACM) and Scopus,
Microsoft Academics, LinkedIn repositories, etc. Such data sources would reveal the
new dimensions of HEIs’ academic performance. As per the pattern of this research
work, the rankings of other scientific disciplines should be analyzed in the ranking
dimensions. The reputed academic ranking entities would be the first to expand the

limited picture of global higher education.

b) Sub-discipline-specific rankings of other scientific domains
Following the pattern adopted in this research work, Sub-discipline-specific of other
scientific domains such as Engineering, Economics, Business Administration, and

Physical Sciences would be produced.

¢) Exploration of various ranking dimensions

There are other ranking dimensions like the affiliation of influential research faculty
with an HEIl, and Graduate Employability, that can be explored for a better
understanding of the educational dynamics. Their fine-grained analysis would better

serve the needs of prospective students and academic management.

d) Research recommender system for the prospective students

A research recommender system for novice researchers and prospective students can
also be developed by employing objective and publicly available data sources. We are
also working on a Subject-Specific Ranking of highly influential researchers and global
HEIs based on publicly verifiable and objective data sources including Google

Scholar’s Citations and Microsoft Academic Graph.
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e) Need for a purposefully built, verifiable electronic data source

To enable better performance evaluation of global HEIs, the academic world needs a

purposefully built, verifiable electronic data source. The creation of such a useful data

repository would enable the stakeholders to improve academic planning, monitoring,

and assessment. More reliable, transparent, and less controversial academic rankings

would be produced using the data source.
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A) OpenRank - Top 100 Universities
List of the Top 100 Universities as Ranked by the OpenRank Academic Ranking
Methodology (2018)
Name of the Higher Education Institution (HEI)
University of Cambridge (UC) 1
Massachusetts Institute of Technology (MIT) 2
Stanford University (SU) 3
Carnegie Mellon University (CMU) 4
The University of Illinois at Urbana Champaign (UIUC) 5
Georgia Inslitute of Technology, Georgia Tech (GIT) 6
Princeton University (PrU) 7
University of Hong Kong (UHK) 8
Purdue University (PU) 9
University of Washington (UW) 10
University of Southern California (USC) 1
University of Toronto (UT) 12
University of Michigan (UM) 13
Pennsylvania State University (PSU) 14
KU Leuven (Katholieke Universiteit Leuven) (KUL) 15
University College London (UCL) 16
National University of Singapore (NUS) 17
Harvard University (HU) 18
University of California at Berkeley (UCB) 19
University ol Oxford (UO) 20
University of Sydney (US) 21
The University of Maryland, College Park (UM) 22
University of Florida (UF) 23
The University of Texas at Austin (UTXA) 24
Ohio State University (OSU) 25
Tsinghua University (TU) 26
The University of New South Wales (UNSW) 27
Nanyang Technological University Singapore (NTUS) 28
Australian National University (ANU) 29
National Tarwan University (NTU) 30
City University of Hong Kong (CUHK) 31
University of British Columbia (UBC) 32
The University of Melbourne (UoM) 33
Michigan State University (MSU) 34
Peking University (PkU) 35
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List of the Top 100 Universities as Ranked by the OpenRank Academic Ranking
Methodology (2018)
Name of the Higher Education Institution (HEI)
Columbia University (CU) 36
University of Wisconsin Madison (UWM) 37
The University of Colorado at Boulder (UCB) 38
New York University (NYU) 39
Cornell University (CoU) 40
Monash University (MoU) 41
University of Minnesota (UoM) 42
The University of Tokyo (UoT) 43
Swiss Federal Institute of Technology Zurich (SFITZ) 44
The University of Edinburgh (UoE) 45
University of Chicago (UoC) 46
The University of North Carolina, Chapel Hill (UNCH) 47
Uppsala University (UpU) 48
University of Copenhagen (UCH) 49
The University of Calilornia at Irvine (UCI) 50
The University of Texas, Dallas (UTD) 51
University of Alberta (UoA) 52
Delft University of Technology (DUT) 53
The University of Manchester (UoM) 54
University of Ghent (Ghent University) (UoG) 55
Mcgill University (McU) 56
University of California at Santa Barbara (UCSB) 57
The University of Auckland (UoA) 58
University of California at San Diego (UCSD) 59
Shanghai Jiao Tong University (SJTU) 60
Northwestern University (NWU) 61
Rice University (RiU) 62
Lund University (LU) 63
University of Pennsylvania (UPen) 64
Fudan University (FdU) 65
University of Durham (Durham University) (UoD) 66
University of Helsinki (UoH) 67
Duke University (DkU) 68
The University of Western Australia (UWA) 69
University of Glasgow (UGI) 70
Aarhus University (AhU) 71
The University of California at Davis (UCD) 72
Boston University (BoU) 73
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List of the Top 100 Universities as Ranked by the OpenRank Academic Ranking
Methodology (2018)
Name of the Higher Education Institution (HE>)

University of Pattsburgh (UPb) 74
Osaka University (OsU 75
Imperi.al College London (The Imperial College of Science, Technology, and 76
Medicine) (ICL)

King's College London (KCL) 77
The University of Sheffield (UoSh) 78
Utrecht University (UtU) 79
University of Oslo (UO) 80
University of Leeds (ULd) 81
Johns Hopkins University (JHU) 82
Lomonosov Moscow State University (LMSU) 83
University of Zurich (UZ) 84
University of Southampton (USh) 85
The University of California at Los Angeles (UCLA) 86
University of Basel (UBs) 87
Hong Kong University of Science and Technology (HUST) 88
University of Groningen (UGr) 89
Korea University (KoU) 90
University of Warwick (UWk) 91
The University of Queensland (UQI) 92
Technical University of Munich (TUM) 93
California Institute of Technology, Caltech (CITC) 94
University of Amsterdam (UAm) 95
The Chinese University of Hong Kong (CUH) 96
Heidelberg University (Ruprecht-Karls-Universitat Heidelberg ) (HdU) 97
University of Bristol (UBr) 98
Brown University (BrU) 99
Humboldt University of Berlin (Humboldt-Universitat Zu Berlin ) (HUB) 100
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B) ResRank - Top 50 Institutions

List of the top 50 institutions w.r.t to the ResRank methodology in the year 2020. The
institutions have a significant number of Influential Researchers in the Computer
Science discipline.

Institution " SN Institution

1 | Stanford University 67 | 26 University of Massachusetts 25
Ambherst
2 | Camegic Mellon University 66 | 27 | University of Maryland 24
3 | Massachusetts Institute of Technology 59 | 28 | Imperial College London 23
4 | University of California, Berkeley 51 129 UCL 21
5 | Microsoft Research 48 | 30 | The University of British Columbia 21
6 | Google LLC 47 | 31 | University of Cambridge 20
The University of Illinois at . L
7 Urbana-Champaign 47 | 32 | City University of Hong Kong 20
8 | The University of Texas at Austin 38 | 33 | Hebrew University of Jerusalem 20
9 | University of Southern California 38 | 34 | Lhe Electrical and Computer 20
Engineering Department
10 | University of Toronto 37 | 35 | New York University 19
1 Ecole Polytechnique Fédérale de 35 | 36 | Purdue University 19
Lausanne
. - Rheinisch-Westfilische Technische
12} University of California, Los Angeles 34 | 37 Hochschule Aachen 19
13 | Georgia Institute of Technology 34 | 38 | Brown University 19
14 | University of Michigan, Ann Arbor 34 | 39 | University of California, Irvine 19
15 | University of Washington, Seattle 30 | 40 | Harvard University 18
16 | ETH Ziirich 30 | 41 | Aalto University 18
17 | Cornell University 29 | 42 | Chinese University of Hong Kong 18
18 | University of Oxford 29 | 43 | Duke University 18
19 | Princeton University 28 | 44 | Hong Kong University of Science 18
and Technology
20 Technion - Israel Institute of 28 | 45 | Nokia Bell Labs 18
Technology
21} Tel Aviv University 28 | 46 | Northeastern University 18
22 | University of Waterloo 28 | 47 | Technical University of Munich 18
23 | University of California, San Diego 27 | 48 | University of California, Davis 18
Columbia University in the City of . . . .
24 New York 26 | 49 | National University of Singapore 17
25 University of California, Santa 25 | 50 | Arizona State University 17
Barbara

¢ SN = Serial Number RC = Researchers’ Count
¢ A name in the bold font indicates that the institution is among the top-20 (w.r.t the ResRank

Methodology) but 1t is not among the top-20 w.r.t the Grand Average Rank (GAR).
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C) The Scopus dataset - Statistics

Table A.0.1 Count of the researchers in the Scopus repository for different domains and fields

Domain Field Authors’
Count
Agriculture, Fisheries & Forestry 256740
Built Environment & Design 45286
Applied Sciences Enabling & Strategic Technologies 624691
Ingineering 601302
Information & Communication Technologies 470,403
Communication & Textual Studies 31148
Arts & Humanitics Historical Studies 33141
Philosophy & Theology 19041
Visual & Performing Arts 4757
Economic & Social Economics & Business 134945
Sciences Social Sciences 153733
Biomedical Research 616344
Health Sciences Clinical Medicine 1996452
Psychology & Cognitive Sciences 95652
Public Health & Heaith Services 161942
Biology 267938
Chemistry 494121
Natural Sciences Earth & Environmental Sciences 237406
Mathematics & Statistics 95390
Physics & Astronomy 646860
Total | 6,987,292

Table A.0.2 World Top 2-Percent (WT2P) researchers as ranked by the “Composite Indicator”

In November 2020, PA Ioannidis et al. from the US-based Stanford University
released a dataset of the top 2 percent of the most-cited scientists in various
scientific disciplines. The dataset is a derivative of the Scopus researchers’
profiles, containing a record of 1,59,683 scientists who are ranked using a newly
developed research evaluation metric termed as “Composite Indicator”.

Statistics

Authors' Count
Publication Span
Citation Span

159,684
1960-2019
1996-2019

H-Index Up to Dec. 2019

Distinct HEIs 1n the author's affiliation 2396

Distinct Countries in the author's affiliation 21
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Table A.0 3 Count of the researchers in the eight sub-disciplines of ICT

Researchers' Count

Field (Sub-Discipline) When the author’s second 1 of the author’s second
field is NOT restricted field 'S rf:st.ricted to the 8
sub-disciplines.
- Attificial Intelligence & Image Processing 215114 1939
P

Computation Theory & Mathematics 16572 240
Computer Hardware & Architecture 17080 163
Distributed Computing 9666 164
Information Systems 16581 145
Medical Informatics 13000 30

Networking & Telecommunications 161179 1262
Software Engineering 21211 329

Total 470,403 4,272

ICT = Information & Communication Technologies
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