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Abstract

In the rapidly evolving landscape of higher education, the performance assessment of
degree awarding institutes has become increasingly important to various stakeholders,
including students, faculty, funding agencies, and policymakers. Bibliometric indicators,
such as publication output, citation impact, research collaboration, and funding, serve as
essential tools for evaluating research performance. This study aims to develop a novel
learning-based bibliometric research performance assessment model using stochastic
models to offer a comprehensive understanding of institutional research performance,
capturing the uncertainties and dynamics of bibliometric data. The proposed methodology
begins with data collection and preprocessing, acquiring bibliometric data from
established databases, and cleaning the data to ensure its accuracy and reliability. The
develop stochastic models that consider various performance indicators to assess research
performance, integrating the learning-based approach for model adaptation. Model
calibration and validation are conducted by comparing the results with existing
assessment methodologies and case studies. The application of proposed learning-based
stochastic models to assess the performance of degree-awarding institutes reveals
meaningful insights into their research performance. The comparison of the models with
existing methodologies demonstrates the effectiveness and robustness of the proposed
approach, accounting for uncertainties and dynamics in bibliometric data. Sensitivity
analysis and case studies further validate the reliability and applicability of proposed
model in different contexts and institutional types. The results indicate that the learning-
based stochastic models provide a comprehensive and adaptable framework for
evaluating research performance. The model's adaptability and robustness allow
stakeholders to make informed decisions regarding institutional performance, resource
allocation, and policy development. Furthermore, the model offers valuable insights into
the strengths and weaknesses of institutions, promoting continuous improvement and
growth in the higher education sector. While the study provides valuable insights into
research performance assessment, some limitations exist, such as the reliance on
bibliometric data and potential biases in citation and collaboration patterns. Future
research could explore alternative data sources and the incorporation of additional

Mamoona Anam, Reg#: 134-FBAS/PHD/CS vii
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performance indicators to further enhance the model's accuracy and comprehensiveness.
Moreover, the application of advanced machine learning techniques and the development
of adaptive models that consider the evolving nature of research fields can further
improve the proposed framework.

Keywords: Learning-based, Bibliometric, Research performance assessment, Degree-
awarding institutes, Stochastic models, Higher education, Publication output, Citation
impact, Research collaboration, Funding, Model, adaptation, Uncertainties, Dynamics,
Sensitivity analysis, Model validation
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Chapter 1 Introduction

Chapter 1 Introduction

In the contemporary landscape of higher education, the evaluation and enhancement of
research performance among Degree Awarding Institutes (DAIs) have transcended from
being mere administrative exercises to critical endeavors that shape academic reputation,
innovation, and societal progress. The role of these institutes extends beyond the
traditional boundaries of knowledge dissemination; they serve as crucibles of innovation,
catalysts for societal progress, and conduits for scholarly excellence. The assessment of
their research output, impact, and contributions to diverse fields is not only a measure of
academic achievement but also a litmus test of their effectiveness as knowledge hubs. In
response to the increasing complexities of academic landscapes and the burgeoning
diversity of research activities, the evaluation methodologies have evolved from
traditional approaches to more advanced techniques, harnessing the power of bibliometric
analysis and stochastic modeling[1][2].This paper embarks on a comprehensive
exploration of research performance assessment for DAIs, with a specific emphasis on a
learning-based framework, fortified by the capabilities of stochastic models. By
amalgamating machine learning and stochastic methodologies, this study endeavors to
transcend the limitations of conventional assessment methodologies and usher in a new
era of nuanced and data-driven evaluations. As the contours of research endeavors
continue to metamorphose, bolstering assessment techniques with stochastic models
emerges as a pivotal stride towards holistic and contextual evaluation.

The importance of research performance assessment, particularly within the sphere of
higher education, is irrefutable. In a knowledge-driven world, where innovation propels
progress and inquiry fuels insights, the contributions of DAIs hold profound significance.
The evaluation of their research activities serves as an intricate web that conmects
institutional objectives, policymaking, funding allocation, and the advancement of
disciplines. It necessitates an expansive vantage point, one that transcends disciplinary

Leaming Based Bibliometric Research Performance Assessment of Degree Awarding Institutes using Stochastic Models 1



Chapter 1 Introduction
boundaries and delves into the multifaceted dimensions of scholarly activities. The

conventional approach to research assessment, often reliant on quantitative metrics such
as publication counts and citation indices, albeit valuable, paints a partial picture,
insufficient to capture the intricate interplay of variables that encapsulate research

performance. As a response to this challenge, researchers, evaluators, and institutions
alike have begun to embrace more sophisticated and comprehensive approaches that
combine quantitative rigor with stochastic models.

1.2 Bibliometric Analysis Indicators

Bibliometric analysis, a burgeoning field rooted in quantifiable indicators like
publications and citations, has gained prominence as an effective tool for research
performance assessment. Its quantitative nature has rendered it particularly suitable for
generating insights into research productivity, impact, and collaborations [3]. Yet, the
limitations of bibliometrics in encapsulating the diverse spectrum of research
performance have prompted a quest for augmenting its capabilities with stochastic
models. These models, encapsulating uncertainty and variability, provide a framework
that is not only cognizant of the intricacies of research phenomena but also capable of
encapsulating the uncertain trajectories that define scholarly activity. By integrating these
models into the research performance assessment paradigm, institutions and stakeholders
stand to gain a more profound understanding of the dynamics that underpin scholarly
progress [4].The integration of stochastic models and bibliometric analysis is emblematic
of the evolving nature of research assessment methodologies. Machine learning
techniques, often leveraged in tandem with stochastic modeling, have the potential to
unveil latent patterns, relationships, and trends within large and intricate datasets. This
confluence of methodologies empowers the assessment process by enabling the
extraction of insights that extend beyond mere quantitative measurements. Notably, such
methodologies align with the increasing call for multidimensional evaluations that
acknowledge the holistic nature of research contributions.

Leamning Based Bibliometric Research Performance Assessment of Degree Awarding Institutes using Stochastic Models 2



Chapter 1 Introduction

The Bibliometric analysis is attached model in given in figure 1.1. Models contain
document type.

1.2.1 Bibliometric Indicators for Research Performance

Bibliometrics is a quantitative technique to studying and analyzing scientific literature
that uses metrics such as publication counts, citation rates, and cooperation patterns.
Bibliometrics is commonly used to assess the research performance of individuals,

companies, or nations, as well as to identify trends.

Figure 1.1: Bibliometric Analysis Indicators
1. Document (Type)
In bibliometric analysis, the "document type" refers to the various forms of
scholarly publications that are being examined. These can include journal articles,
conference papers, books, book chapters, theses, patents, and more. Analyzing
document types provides insights into the diverse ways research is communicated
and contributes to the understanding of publishing trends within a specific field.

Leamnmg Based Bibliometnic Research Performance Assessment of Degree Awarding Institutes using Stochastic Models 3



Chapter 1 Introduction

2. Critical Papers
Critical papers are seminal research publications that have had a significant
impact on a particular field of study. These papers often introduce novel concepts,
groundbreaking methodologies, or transformative findings that reshape the
direction of research. Identifying critical papers through bibliometric analysis
helps researchers recognize key contributions and understand the historical and
intellectual development of the field.

3. Evolutionary Years
As a bibliometric indicator, "evolutionary years" is not a widely recognized term.
However, if it refers to a specific concept introduced after my last update in
September 2021, it might pertain to analyzing the progression of research over
time, tracking how ideas and theories have evolved across different years or
periods within a particular field.

4. Distribution Period
"Distribution period" is not a standard bibliometric term as of my last update.
However, it could potentially refer to the temporal distribution of certain research
elements, such as citations, keywords, or document types, over a specific time
frame. Analyzing distribution periods could provide insights into the popularity
and relevance of research concepts within different time intervals.

5. Published Journal
The "published journal" refers to the scholarly journals in which research articles
are published. Analyzing published journals in bibliometric studies involves
assessing factors such as journal impact factor, publication frequency, and citation
patterns. This helps researchers understand the influence of specific journals
within a field and their role in disseminating research findings.
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6. Influential Author
An "influential author" in bibliometrics is a researcher whose work has garnered
significant attention and citations within a field. Identifying influential authors
helps researchers acknowledge thought leaders, collaborators, and experts who
have made substantial contributions to advancing knowledge in a particular area
of study.

7. Institution Country
The "institution country" indicator involves examining the geographic
distribution of research institutions contributing to a field. This analysis provides
insights into the global landscape of research, collaboration patterns between
countries, and the concentration of expertise in specific regions.

8. Keywords Frequency
"Keywords frequency” refers to the analysis of the frequency of specific terms or

phrases in research publications within a field. This indicator helps researchers
identify prevalent research themes, emerging trends, and the terminology
commonly used by scholars to discuss subjects.

1.2.2 Applications of Bibliometrics in Research Evaluation:

Bibliometrics is a quantitative assessment of academic publications and citations that
may be used to evaluate research. Bibliometrics examines publishing patterns, citation
counts, and other bibliographic data to gain insights into the impact, visibility, and
productivity of research output. This data is essential for evaluating research at all levels,
including individual researchers, research groups, institutions, and funding agencies. One
significant use of bibliometrics is to evaluate the performance and productivity of
individual scholars. Bibliometrics analyses metrics such as the number of publications,
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citation counts, h-index, and co-authorship networks to offer quantitative estimates of an

individual's scholarly

influence and contribution to the field. This information aids in recognizing notable
scholars, supporting merit-based evaluations, and directing academic career development
decisions. Bibliometrics, on a larger level, allows for the evaluation of research groups
and organizations. Bibliometrics identifies research strengths, collaborations, and areas
for development by collecting and analyzing publication and citation data from various
researchers connected with a group or institution. It helps in benchmarking performance
against peer institutions, funding choices, and promoting research collaborations.
Bibliometrics is very significant in funding agency decision-making procedures. Funding
agencies can examine bibliometric indicators such as the impact factor of journals where
researchers publish, citation rates, and research collaboration networks to assess the
potential impact of research projects. This data aids in the allocation of research money
and resources to projects and scholars who are more likely to make important
contributions to their respective disciplines. Furthermore, bibliometrics is useful for
tracking research trends and social effect. By evaluating publishing trends and citation
networks, bibliometrics may help uncover emerging research topics, interdisciplinary
collaborations, and areas of societal value. This information supports policymakers,
industry stakeholders, and funding agencies in making educated judgements on research
areas that are aligned with national or global goals [5].

1.2.3 Research Performance Assessment
Bibliometric Analysis provides procedure to perform research performance assessment.
The model is given in figure 1.2. It has two main parts Institutional researcher and

evaluation of individual researcher.

1.2.3.1 Individual Researcher Evaluation:
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Bibliometrics is frequently used to assess the research performance of individual

researchers. It helps in evaluating productivity, impact, and influence, which can be

considered for funding decisions, promotions, or tenure evaluations.

1.2.3.2 Institutional Research Assessment:

Bibliometric analysis provides a quantitative means to evaluate the research output and
impact of institutions. It aids in comparing research performance among institutions,

identifying areas of strength, and informing resource allocation decisions.

Research Performance
Assessment
]
Institutional Evaluation of
l Researcher I Il';::‘e’::::l
ocatlon Funding Strategic 1ty uc t1v1t
allocation || Planning tlty

Figure 1.2: Research Performance Assessment

1.3 Background and Motivation

Higher education institutions have an essential role in fostering innovation, social and
economic progress, and human capital generation. The increasing number of degree-
granting institutes in Pakistan itighlights the need for a rigorous and comprehensive
framework for evaluating their research performance. This is critical for making educated
decisions, allocating resources, developing policies, and continuously improving. A wide
range of stakeholders, including students, professors, funding agencies, and
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policymakers, are interested in Pakistani higher education institutions' research
performance. Bibliometric variables such as publication production, citation impact,

research cooperation, and financing are critical instruments for assessing research

Success.

Traditional ways to assessing research success frequently depend on deterministic models
and aggregated indicators, which may fail to reflect the inherent uncertainties and
volatility of bibliometric data. As a result, a robust and flexible framework for evaluating
research performance that accounts for these limitations is essential, particularly in the
context of Pakistani degree-awarding universities. Bibliometric research performance
assessment, which incorporates quantitative examination of scholarly publications and
citations, is critical in evaluating degree granting institutes' research production and
effect. Traditional bibliometric techniques place emphasis on variables like publication
numbers and citation measures. However, there has been a rising interest in merging
learning-based methodologies and stochastic modelling for a more thorough assessment

of research success in recent years.

The motivation behind learning-based bibliometric research performance assessment is
twofold. Firstly, it addresses the limitations of traditional bibliometric approaches, which
often overlook the contextual nuances and qualitative aspects of research. By integrating
machine learning and statistical modeling, it becomes possible to capture more intricate
patterns, correlations, and predictive relationships in research data [6]. Second, including
stochastic models in bibliometric analysis gives a probabilistic framework for
understanding research performance. By accounting for aspects such as random
fluctuations, publication rate changes, and altering research trends, stochastic models
enable researchers to evaluate research progress in a more dynamic and unpredictable
setting. This stochastic viewpoint more properly shows the difficult nature of research
performance. Furthermore, applying learning-based methodologies enables the
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construction of predictive models capable of forecasting future research performance

based on previous data. It is now feasible to uncover significant predictors of research
quality and construct models that can help in strategic decision-making, resource
allocation, and policy formation for degree granting institutes by employing machine
learning algorithms.

The combination of learning-based techniques with stochastic modeling presents an
attractive opportunity to improve the assessment of research performance in degree-
granting institutions. It gives a more in-depth understanding of the underlying dynamics,
trends, and potential research performance routes. Using this method, we may gain a
deeper knowledge of the factors that contribute to research excellence and recommend
methods to encourage continual progress in academic institutions. The implementation of
learning-based bibliometric research performance evaluation for degree-granting
institutes using stochastic models. The technique, difficulties, and potential advantages of
this approach will be explained. By doing so, we seek to encourage research evaluation
practices and aid in evidence-based decision-making at higher education institutions.

1.4 Research Problems

There is a noticeable gap in the literature regarding the application of learning-based
stochastic models specifically for Pakistani degree-awarding institutes. The existing
research performance assessment methodologies primarily rely on deterministic models
and aggregated metrics, which may not fully capture the inherent uncertainties and
dynamics in bibliometric data.

1. Limited Integration of Qualitative Factors : There is a research gap in
incorporating qualitative factors, such as research collaboration networks, funding
sources, and interdisciplinary research, into the learning-based stochastic models.
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Incorporating such factors can provide a more comprehensive and holistic

evaluation of research performance.

2. Lack of Attention to Contextual Variations: Existing approaches often neglect
these contextual variations, leading to biased evaluations. Addressing this
research gap involves developing stochastic models that can account for the

contextual nuances and variations,

3. Inadequate Consideration of Temporal Dynamics: There is a research gap in
developing stochastic models that can effectively capture and predict temporal

dynamics in research performance.

4. Limited focus on Uncertainty and Stochasticity: There is a research gap in
developing stochastic models that explicitly consider the probabilistic nature of
research performance. This involves incorporating random variables, Monte Carlo
simulations, or Bayesian approaches to capture the inherent uncertainties and
stochastic elements of research performance.

5. Insufficient Validation and Benchmarking: This research gap needs
comparison studies that compare the efficiency and accuracy of the proposed
models to established bibliometric methodologies, proving their reliability and
utility in assessing the research performance of degree-granting schools.
Addressing these research gaps can help to develop the subject of bibliometric
research performance assessment greatly. The proposed learning-based stochastic
models can provide more accurate, nuanced, and informative evaluations of
research performance in degree awarding institutes by incorporating qualitative
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factors, accounting for contextual variations and temporal dynamics, considering

uncertainty, and conducting rigorous validation.

1.5 Research Questions

1. Which leamning based models are used Detecting Rising Stars in Dynamic
Collaborative Networks for degree awarding institutes of Pakistan?

2. To what extent are the author-level bibliometric indicators, outlined in the
exploratory study, appropriate in the evaluation of researchers from different

disciplines and different academic seniorities?

3. Which models are used to Predict Citation-Based Impact Measures for learning
based techniques?

1.6 Objectives of the Study:
The objectives of the study are as follows:

1. To develop a learning-based approach for bibliometric research
performance assessment of degree awarding institutes.
a) To capture precise patterns, correlations, and prediction relationships in research
data, machine learning techniques should be applied.
b) Incorporate qualitative and contextual aspects into the performance evaluation
approach.
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a)

b)

b)

2. To employ stochastic modeling to account for the dynamic and uncertain
nature of research performance.

Develop stochastic models that consider random fluctuations, variability in

publication rates, and evolving research trends.

Provide a probabilistic framework to better understand and assess research

performance.

3. To identify key predictors of research excellence and develop predictive
models.

Utilize machine learning algorithms to identify factors that contribute to research
excellence.

Develop models that can anticipate future research performance based on
historical data.

4. To evaluate the effectiveness and potential benefits of the proposed
learning-based and stochastic modeling approach.

Compare the performance evaluation results of the proposed technique to those of
known bibliometric approaches.

Evaluate the produced models' prediction powers and accuracy.

Examine the effect of combining qualitative elements and stochastic modeling on

the evaluation of research performance.

By achieving these objectives, this research aims to contribute to the advancement of

research performance assessment in degree awarding institutes needs to develop a more
comprehensive and accurate evaluation framework. The results of this study have the
potential to support evidence-based decision-making, resource allocation, and policy

formulation in higher education institutions.
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1.7 Significance and Contribution

The integration of leamning-based approaches with stochastic models in research
performance assessment holds immense potential for addressing the complexity and
dynamism of scholarly activities. By bridging the gap between quantitative metrics and
probabilistic modeling, this study offers a novel methodology that enriches the
assessment process with multidimensional insights. The findings of this research can
guide DAIs, policymakers, and stakeholders in developing more informed strategies,
fostering interdisciplinary collaborations, and refining their contributions to knowledge

advancement.
1.8 Overview of the Pakistani Higher Education Landscape

Pakistan's higher education business has expanded dramatically in recent years, with a
growing number of degree-granting schools emerging around the country. The Higher
Education Commission (HEC) of Pakistan is in charge of regulating and improving the
quality of higher education in the nation. The HEC is in charge of establishing rules,
regulations, and recommendations for degree-granting institutions, as well as providing
financial aid for research and development endeavors. Despite improvements, Pakistan's
higher education industry has a number of obstacles, including a lack of resources, poor
facilities, and discrepancies in access to excellent education. Assessment of research
performance is crucial for identifying areas of strength and weakness, facilitating
cooperation, and cultivating an excellence culture in Pakistani degree-granting institutes.
The HEC's initiatives have had a significant impact on research productivity and quality
in Pakistan. The availability of research grants and funding programs has led to an
increase in research output, as evidenced by the growing number of publications by
Pakistani researchers in reputable national and international journals. The HEC's
emphasis on research quality, integrity, and ethical practices has also contributed to
enhancing the standard of research conducted within the country. These efforts have
resulted in greater recognition and acceptance of Pakistani research findings both
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domestically and internationally, thereby elevating the reputation of Pakistani researchers
and institutions [84].

1.9 Thesis Organization

The remainder of this study is organized as follows: Chapter 2 presents a literature review
of research performance assessment, bibliometrics, existing models and methodologies,
and the application of stochastic models in research assessment. Chapter 3 introduces the
theoretical framework for the study, including the integration of bibliometric indicators
and stochastic models. Chapter 4 describes the methodology, including data collection,
model development, and validation. Chapters 5 and 6 present the results, analysis, and
discussion of the findings, followed by the conclusion and recommendations for future
research in Chapter 7.
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Chapter 2

21 Overview of Research Performance Assessment

The relevance of research performance evaluation in higher education institutions has
expanded since it provides important insights into the quality of research outputs, the
efficacy of resource allocation, and the overall competitiveness of institutions. Methods
for evaluating research performance often entail the investigation of numerous
quantitative and qualitative variables that indicate an institution's research production,
impact, and quality. The literature on research performance assessment covers a wide
range of topics, including the development of assessment frameworks, the identification
of appropriate performance indicators, the comparison of evaluation methodologies, and
the exploration of challenges and opportunities in research performance evaluation [7]
[8]. The assessment of research performance is critical in determining the scholarly
output and influence of researchers, research groups, and academic institutions. It entails
a systematic and quantitative examination of research activities, publications, and
citations in order to assess the quality, productivity, and impact of research efforts. The
significance of research performance evaluation stems from its potential to give
significant insights and indicators that drive academic institutions' decision-making
processes, resource allocation, and strategic planning. Institutions can identify areas of
strength, recognize researchers' achievements, and provide resources to support
continuing greatness by evaluating research performance Furthermore, research
performance assessment may be used to facilitate partnerships, obtain funding
possibilities, and improve institutional reputation. The primary goals of research
performance evaluation are to uncover research strengths and shortcomings, to promote
accountability, to assist career advancement and tenure choices, and to facilitate
evidence-based decision-making in research policy and funding distribution. Institutions
may efficiently track progress, set goals, and optimize research outputs by analyzing
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research performance, resulting in increased competitiveness and excellence in the

academic environment.
22 Bibliometrics in Research Performance Evaluation

Bibliometrics is the quantitative evaluation of scientific publications and their citation
patterns to assess the research performance of individuals, organizations, or nations.
Bibliometric indicators such as publication productivity, citation impact, research
cooperation, and funding have been widely used in assessing research success [9][10].
Several bibliometric databases, including Web of Science, Scopus, and Google Scholar,
give extensive data on publications and citations, allowing researchers and institutions to
assess their research success across multiple dimensions. However, the use of
bibliometric indicators in research performance evaluation has been criticized for
potential biases and limitations, such as an emphasis on quantity over quality,
underrepresentation of certain research fields, and the possibility of citation pattern
manipulation [7][11]. Traditional approaches to research performance assessment involve
the use of established bibliometric indicators and metrics to evaluate the productivity,
impact, and influence of research activities. These approaches focus on quantitative
measures and often rely on data derived from scholarly publications and citation
databases. Here is a detailed overview of traditional approaches to research performance
assessment:
2.2.1 Publication Count

One of the fundamental metrics used in research performance assessment is the number
of publications. It provides an indication of the quantity of research output by individuals,
research groups, or institutions. The total number of publications is often considered a
simple measure of research productivity [39].
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2.2.2 Citation Count
Citation counts are widely used as a measure of research impact and visibility. They
reflect the number of times a research article has been cited by other researchers. High
citation counts suggest that a publication has made a significant contribution to the field
and has been influential in subsequent research [26][40].

2.2.3 h-index
The h-index is a composite measure that combines publication quantity and citation
impact. It measures both the productivity and impact of a researcher's work. An
individual's h-index is the highest number h for which they have published at least h
papers, each of which has received at least h citations [24].

224 Journal Impact Factor
Journal Impact Factor (JIF) is a metric used to assess the prestige and influence of
academic journals. It measures the average number of citations received by articles
published in a specific journal over a certain period. Researchers often aim to publish in
journals with higher impact factors to enhance the perceived quality and visibility of their
research [27].

2.2.5 Field-Weighted Citation Impact
Field-Weighted Citation Impact (FWCI) adjusts citation counts based on the average
citation rates within a specific research field. It allows for more accurate comparisons of
research impact across different disciplines, accounting for variations in citation practices

among fields.

2.2.6 Collaboration Metrics
Collaboration metrics evaluate the extent and impact of research collaborations. They
include measures such as co-authorship networks, which assess the level of collaboration
among researchers or institutions. Collaborative research is often considered a positive

indicator of research quality and innovation.
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2.2.7 Grant Funding and Awards
Research performance can also be assessed by considering the acquisition of external
research grants, fellowships, and prestigious awards. The ability to secure competitive
funding and receive recognition through awards highlights the perceived excellence and

impact of research work.

22.8 Peer Review

Although not strictly a bibliometric approach, peer review is a traditional method used to
evaluate the quality and significance of research. Peer-reviewed publications are often
considered more reliable and of higher quality compared to non-peer-reviewed sources.
These traditional approaches to research performance assessment provide quantitative
measures that aid in evaluating research productivity, impact, and visibility. While they
offer valuable insights, it is important to acknowledge their limitations, such as potential
biases, disciplinary variations, and the focus on quantitative indicators rather than
qualitative aspects of research.

2.3. Bibliometrics in Research Performance Evaluation of Pakistani Universities

There has been a rise in interest in the use of bibliometrics to measure research
performance at Pakistani universities in recent years. The use of bibliometric measures,
such as publication output, citation impact, research cooperation, and financing, gives a
quantitative way to assessing Pakistani higher education institutions' (HEIs") research
productivity and impact. This section provides an overview of the literature on the
application of bibliometrics in Pakistani institutions.

23.1 Publication Output and Citation Impact:

Several studies have evaluated the publishing output and citation effect of Pakistani
institutions, focusing on various academic domains and disciplines [12][13]. These
studies have provided valuable insights on the research productivity of Pakistani HEIs,
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emphasizing the need to increase the quality and quantity of research output in order to
boost their global competitiveness [14]. In addition, citation analysis has been used to
investigate the citation patterns and impact of research produced by Pakistani institutions,
indicating the impact of foreign collaboration and financing on citation impact [14][15].

23.2 Research Collaboration

Research collaboration is a crucial aspect of research performance, as it contributes to the
sharing of knowledge, resources, and expertise. Several studies have investigated the
research collaboration patterns of Pakistani universities, both at the national and
international levels [13][14]. These studies have found that international collaboration is
positively correlated with research productivity and citation impact, emphasizing the
importance of fostering collaborative research networks for Pakistani HEIs. Research
funding is an important factor in influencing university research success. In Pakistan, the
Higher Education Commission (HEC) is a significant source of financing for R&D
endeavors. Several studies have been conducted to investigate the link between research
financing and research performance at Pakistani institutions, with findings indicating a
favorable relationship between funding and publication output, citation impact, and

research collaboration.
2.3. Challenges and Limitations:

Despite the increasing use of bibliometrics in assessing research progress in Pakistani
universities, there are several issues and constraints to employing bibliometric indicators.
These include possible biases in citation and cooperation patterns, underrepresentation of
certain research topics, and bibliometric database constraints in capturing the complete
spectrum of research outputs [11][12]. Furthermore, the specific setting of Pakistani
higher education, with limited resources, weak facilities, and inequality in access to
excellent education, provides additional hurdles for the use of bibliometrics in research

performance evaluation.
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Table 2.1: Bibliometrics in Research Performance

Author & Year Focus Methods Findings

Kausar & Publication output Bibliometric Revealed the growth of research output

Mahmood [18] analysis in Pakistani universities, with variations
across disciplines.

Meho & Yang  Citation impact Citation analysis Analyzed citation patterns and impact of

[20] research conducted by Pakistani
universities.

Arshad & Research Bibliometric Highlighted the need for improving the

Ameen [21] productivity analysis, interviews quality and quantity of research output
in Pakistani universities.

Yousafzai etal. Citation impactand Bibliometric Confirmed the influence of international

122] collaboration analysis collaboration and funding on citation
impact in Pakistani universities.

Khan & Research Bibliometric Found that international collaboration is

Fatima [22] collaboration analysis positively correlated with research
productivity and citation impact.

Challenges and Review Criticized the use of bibliometric

Hickset al [7] limitations indicators in research performance
evaluation for potential biases and
limitations.

Rafols et al [11] Challenges and Review Discussed the challenges and

limitations limitations.

associated with the application of
bibliometrics in research performance
cvaluation.

Charnesetal.  Data envelopment Non-parametric Introduced DEA as a method for

[23] analysis (DEA) technique evaluating the relative efficiency of
decision-making units, such as higher
education institutions.

Contribution of different authors for bibliometric research performance is presented in
Table 2.1 Highlighted the focus of the study, methods and findings their research. These
studies have contributed to the understanding of research performance in the context of
higher education institutions, including Pakistani universities. However, further research
is needed to address the unique challenges and opportunities in the Pakistani higher
education sector and develop novel approaches for research performance evaluation.
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24, Existing Models

Several models and methodologies have been developed in the literature to assess
research performance using bibliometric indicators. Some of the widely used approaches
are given in table 2.4 covers the distinction of the model/methodology, key
metrices/indicators and the applications of different authors.

Table 2.2: Research Performance using Bibliometric Indicators.

Model/Methodology Description Key Metrics/Indicators Applications
Citation Metrics [26] Measures the influence and Total Citations, Citations per Individual
impact of scholarly Document, H-index researcher
publications based on the evaluation,
number of citations received. comparison of
research impact
Journal Impact Metrics Evaluates the influence and Journal Impact Factor (JIF), Journal ranking
2M prestige of academic journals. Eigen factor Score and
comparison,
assessment of
‘journal quality
Co-authorship Analyzes co-authorship Co-authorship network Collaboration
Networks [28] patterns and networks to visualization, degree of analysis,
identify collaborative research collaboration identification of
efforts. rescarch
networks
Institutional Measures the degree of Degree of collaboration Assessment of
Collaboration Index collaboration between between institutions collaborative
[29] institutions based on shared research efforts
authorship.
Science Mapping and Utilizes bibliometric Co-citation analysis, co- Identification of
Visualization [30] techniques to map the authorship analysis, research
intellectual structure of a visualization techniques clusters,
research ficld. interdisciplinary
collaborations

These models and methodologies provide a framework for assessing research output,
impact, collaboration, and visibility. They serve various purposes in research evaluation,
including individual researcher evaluation, institutional assessment, funding allocation,
and policy development.
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2.5 Ranking Systems

THE World University Rankings assess universities globally based on teaching, research,
citations, industry income, and international outlook, providing insights into institutional
excellence and reputation [32]. QS ranks universities worldwide using indicators like
academic reputation, employer reputation, faculty/student ratio, citations per faculty, and
international faculty and student ratios, offering a comprehensive view of university
performance [31].

ARWU ranks universities primarily based on research output, quality, and impact,
focusing on factors like Nobel laureates, highly cited researchers, and publications in
high-impact journals [33]. News ranks universities globally based on research
performance, global research reputation, publications, and collaboration, aiming to help
students make informed decisions [34]. Leiden Ranking focuses on scientific impact,
measuring universities' contributions to scientific publications and their influence relative

to their size and subject area [35].

Nature Index tracks high-quality research output published in natural sciences journals,
showcasing institutions' contributions to scientific advancements [36]. Webometrics
ranks universities based on their web presence, visibility, and impact, offering insights
into their digital engagement and online influence [37].

The Academic Ranking of World Universities (Shanghai Ranking) evaluates universities
worldwide based on research performance, alumni and staff winning Nobel Prizes and
Fields Medals, and articles published in high-impact journals [38].

These studies of the ranking system are presented in table 2.3. Highlighting the
Description, criteria considered and key features.
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Table 2.3: Ranking Systems
Ranking System Description Criteria Considered Key Features
Times Higher Global university rankings Teaching, Research, Broad range of
Education World based on various Citations, Industry Income, indicators,
University indicators. International Diversity international
Rankings[32] scope
QS World University Comprehensive rankings of Academic Reputation, Reputation-
Rankings [31] global universities. Employer Reputation, based
Faculty/Student = Ratio, indicators,
Citations per  Faculty, faculty-to-
International Faculty/Student student ratio
Ratio
Academic Ranking of Ranking system focusing Publications, Citations, Emphasis on
World  Universities on research performance Highly Cited Researchers, research
(ARWU) [33] and productivity. Nobel Prizes and Fields output and
Medals recognition
US. News & World Rankings of global Global Research Reputation, Reputation-
Report Best Global universities based on Regional Research based
Universities Rankings academic rescarch Reputation, Publications, indicators,
[31) performance. Normalized Citation Impact citation impact
Leiden Ranking [35] Ranking system based on Publications, Impact, Emphasis on
bibliometric indicators. Collaboration publication
output and
impact
Nature Index [36] Ranks institutions based on Article Count, Fractional Focus on high-
their confribution to high- Count, Share quality
quality scientific research, scientific
output
2.6. Composite Indicators

Multiple bibliometric indices, such as the H-index or the g-index, are combined into a
single composite index to provide a summary evaluation of research performance
[24][25]. In these models, many bibliometric variables are combined into a single

composite index to provide a summary assessment of research performance. Here are a

few examples:

2.6.1. H-index

The h-index is a bibliometric metric that takes into account a researcher's research output

(number of publications) as well as impact (number of citations). The h-index is the
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highest value of h for which a researcher has at least h papers that have each been

referenced at least h times [25]. To compute the h-index, perform the following steps:

Compile a list of publications for a researcher, research group, institution, or nation, as
well as their citation counts. This data comes from sources such as Web of Science,
Scopus, and Google Scholar. Where "rank" refers to the position of a publication in the
sorted list, and "citations" represents the number of citations received by the publication.
It is important to note that the h-index has some limitations, such as its insensitivity to
highly cited publications and its dependence on research field and career stage.
Therefore, it is essential to use the h-index in conjunction with other bibliometric
indicators for a more comprehensive assessment of research performance. The h-index is
defined as the maximum value of h for which a researcher has at least h publications that
have each been cited at least h times. The h-index can be represented as:

h — index = max(h) whereh < C(h) @2.1)

Where: h-index is the value, we want to calculate. Ax(h) represents the maximum value
of h that satisfies the condition(h) is the number of citations for the h-th publication when
publications are sorted in descending order by the number of citations.

2.6.2. G-index

The g-index is a bibliometric measure that, like the h-index, combines an individual's
research output (number of publications) with impact (number of citations). The g-index,
on the other hand, gives greater weight to publications that have been widely referenced.
The g-index is defined as the greatest value of g at which the top g articles have garnered
at least g2 citations combined. This data comes from sources such as Web of Science,
Scopus, and Google Scholar [25]. The g-index may be calculated mathematically as
follows: Mathematically, the g-index can be defined as:

g — index = max(g) where g < Cumulative Citations(g) .2)
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Where g-index is the value, we vant to calculate. max(g) represents the maximum value
of g that satisfies the condition. Cumulative Citations(g) is the cumulative citation count
for the g-th publication when publications are sorted in descending order by the number
of citations. Findings and limitation of g-index are given in table 2.4.

Table 2.4 Compesite Indicator [25]

Limitations

Findings
Impact Factor  Higher impact factor indicates ~ Focuses solely on journal-level impact, not individual
higher perceived prestige and  articles. Can be influenced by self-citations and citation

influence of a journal. practices.
h-index [24] Measures an author’s Does not consider the distribution of citations across
productivity and impact based  papers. Can be influenced by self-citations.
on their most highly cited
papers.
Field-Weighted  Mecasures the citation impact Limited to articles indexed in specific databases. May
Citation Impact of articles relative to the not capture the full impact of interdisciplinary research.

(FWCD] 41] average impact in the field.

These composite indicators offer valuable insights into research performance, impact,
collaboration, and funding success. However, they also have limitations that should be
considered when interpreting their findings. It is important to use these indicators as part
of a comprehensive evaluation process, considering disciplinary variations, qualitative

aspects of research, and contextual factors.

2.6.3. Benchmarking

Benchmarking approaches involve the comparison of an institution's research
performance against a set of peers or best practices, using a range of bibliometric
indicators [8]. These models involve comparing an institution's research performance

against a set.
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2.7 Benchmarking Approaches

Benchmarking provides valuable insights into research performance, identifies areas for
improvement, and facilitates knowledge sharing. However, it also has certain limitations.

That should be considered when interpreting its findings. Additionally, benchmarking
should be used as part of a comprehensive evaluation process that considers disciplinary
variations, qualitative aspects of research, and specific institutional goals. The
performance approaches are present in Table 2.5.

Table 2.5 Benchmarking Approaches
Benchmarking Findings Limitations
Allows institutions to compare their Difficulty in identifying
research performance with peer appropriate peer institutions for
Comparative institutions. comparison.
Institutional Analysis
[42] Differences in institutional size,
focus, and resources can affect
comparability.
Subject-specific Evaluates research performance within ~ Variations in publication and
Benchmarking [43] specific disciplines or subject areas. citation practices across
disciplines.

2.8 Data Envelopment Analysis (DEA):

DEA is a non-parametric technique that uses linear programming to evaluate the relative
efficiency of decision-making units, such as higher education institutions, based on
multiple input and output indicators [23]. This diagram is a simplified representation of
the various bibliometric models, and there may be additional models and variations not
included in this illustration.

Data Envelopment Analysis (DEA) is a flexible and widely used method for assessing
the efficiency and productivity of decision-making units. It considers multiple inputs and
outputs and provides efficiency scores, benchmarking information, and insights into

resource allocation and performance improvement.
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The choice between input and output orientation, as well as the consideration of returns
to scale, enables a comprehensive analysis of efficiency. Additionally, DEA can be used
to compare performance over time and identify sources of productivity change using the
Malmquist Productivity Index.

2.9 Stochastic Models in Research Assessment

Data Envelopment Analysis (DEA) is a flexible and widely used method for assessing the
efficiency and productivity of decision-making units [44]. It takes into account a variety
of inputs and outputs and delivers efficiency ratings, benchmarking data, and insights into
resource allocation and performance improvement. The ability to analyze efficiency in
depth is enabled by the option between input and output direction, as well as the
consideration of returns to scale. DEA may also be used to monitor performance over
time and identify productivity change factors using the Malmquist Productivity Index
[45].

The use of stochastic models in research performance evaluation has grown in popularity
in recent years. By accounting for the inherent uncertainties and dynamics in bibliometric
data, these models provide a more robust and flexible way to measuring research
productivity and effect. Adoption of stochastic models in Pakistani higher education
institutions (HEIs) has the potential to deliver more accurate and context-sensitive
insights

regarding research success. The purpose of this literature review is to investigate the
present level of knowledge on stochastic models in research evaluation, with a special
emphasis on their use in Pakistani institutes. Some of the key stochastic models used in

research assessment include:

2.9.1 Stochastic Block Models (SBMs)

Stochastic block models are a class of probabilistic models that partition a network into
blocks, where the probability of connections between nodes (e.g., authors, institutions, or
research articles) depends on their block memberships. SBMs have been used to analyze
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collaboration networks and to detect communities or clusters of researchers with similar
research interests [46]. Stochastic Block Models (SBMs) offer valuable insights into
community detection, network generation, link prediction, and network comparison.

However, they also have certain limitations that should be considered when interpreting
their findings. These limitations include challenges in handling complex networks with
overlapping communities, sensitivity to parameter choices, difficulties in capturing
dynamics beyond the block structure, and limitations in link prediction accuracy.
Awareness of these limitations is crucial for the appropriate application and interpretation
of SBMs in network analysis. The Stochastic Block Model (SBM) is a generative
probabilistic model for representing the structure of networks, where the probability of an
edge existing between two nodes depends on the blocks (groups) to which the nodes
belong. Here is the mathematical representation of the SBM:

L (GIB,P) = [luw)ee P (w,v) * [lawyes(l — P (u,v)) 2.3)

Let G = (V,E) be an undirected graph, where V is the set of nodes, and E is the set of
edges. Partition the nodes V into K disjoint blocks (groups) represented by B, B,,..., By.
Each node belongs to one and only one block. Define a KxK symmetric matrix P, where
P (i, j) represents the probability of an edge existing between nodes belonging to block i
and block j. The diagonal elements of the matrix, P (i, i), represent the probability of an
edge within the same block i. For each pair of nodes u,v € V, an edge (u,v) € E exists
with probability given by the corresponding entry in the connection. Probability matrix P,
ie, P(u,v) = P(i,j) if u € B; and v € B;. The goal of fitting the SBM to a given
network is to find the optimal partitioning of nodes into blocks and the connection
probability matrix P that best explains the observed network data. This can be achieved
using various statistical inference techniques, such as maximum likelihood estimation,
Bayesian inference, or spectral clustering. The maximum likelihood estimation involves
finding the partitioning and connection probabilities that maximize the likelihood of the
observed network data given the model.
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The Stochastic Block Model provides a mathematical framework for representing and
analyzing the structure of networks, such as co-authorship or citation networks, in the
context of research performance evaluation. By modeling the probability of edge
formation based on node group membership, the SBM enables the identification of

research communities and the quantification of collaboration patterns among researchers

or institutions.
Table 1.6: Stochastic Block Models (SBMs)
Stochastic Block Findings Limitations
Models (SBMs)[46]
Community SBM:s are effective in identifying - Assumption of well-defined
Detection [47] communities or clusters within a communities may not hold in complex
network. networks with overlapping or
ambiguous community structures.
- Difficulty in handling large-scale
networks due to computational
complexity.
Network SBMs can generate synthetic networks - Assumes that the network can be
Generation [48] that mimic the observed network's accurately represented by a block
characteristics. structure, which may not always be the
case.
- Replication of observed
characteristics does not guarantce an
accurate representation of the
underlying generative process.

2.9.2 Stochastic Citation Models

Stochastic citation models are probabilistic models that describe the citation process as a
random mechanism, with the likelihood of a paper receiving citations depending on
various factors, such as its age, quality, and visibility [49]. Some notable stochastic
citation models include the Price model [50], the Yule-Simon model [51], and the
Barabési-Albert model [52]. Here is a mathematical description of Price's Model:

Gy

PG) =5+ 2.4)
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Consider a set of papers, where each paper i has a citation count ¢_i. At each time step t,

a new citation is added to the system. The new citation is assigned to a paper i with

probability: where the sum is taken over all papers j in the system. Repeat steps 2 and 3
to grow the citation counts over time. Price's Model results in a power-law distribution of

citation counts:

P(c) x ¢c™® 2.5

where P(c) is the probability of a paper having c citations, and a is a constant exponent
that typically falls between 2 and 3 for real-world citation networks.

Table 2.7 Stochastic Citation Models (SCMs), Findings, Limitations

Stochastic Findings Limitations

Citation Models

(SCMs)

Citation SCMs provide insights into the temporal evolution Simplified assumptions about citation

Dynamics [26] of citation networks, capturing the growth, decay, behavior may mnot fully capture the
and patterns of citations over time. complexity of real-world citation

dynamics.
Network SCMs can generate synthetic citation networks that Assumptions made in the model may not

Generation [48] replicate observed statistical properties, such as fully capture the underlying mechanisms
degree distribution, clustering, and community that drive citation network formation.

structure.
Impact Prediction SCMs allow for the estimation of future citation Predictive accuracy is affected by the
[53] impact based on past citation patterns and network assumptions and limitations of the model
structure. used.

Stochastic Citation Models (SCMs) offer valuable insights into citation dynamics,
network generation, impact prediction, and policy evaluation. However, they also have
certain limitations that should be considered when interpreting their findings. These
limitations include simplifying assumptions, challenges in accurately capturing real-
world citation dynamics, difficulties in reproducing all observed network properties,
sensitivity to model parameters, and the inability to fully account for external factors and
non-citation indicators. Awareness of these limitations is crucial for the appropriate
application and interpretation of SCMs in citation analysis. Another important class of
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stochastic citation models is the fitness-based models, which incorporate an intrinsic

quality or fitness factor for each paper.

In these models, the probability of a paper receiving a new citation depends on both its
current citation count and its fitness. A mathematical description of a fitness-based model
is as follows: Consider a set of papers, where each paper i has a citation count c_i and a
fitness value f i. At each time step t, a new citation is added to the system. The new
citation is assigned to a paper i with probability: where the sum is taken over all papers j
in the system. Repeat steps 2 and 3 to grow the citation counts over time.

N _ _Jira
P(i) T ) (2.6)
In fitness-based models, papers with higher fitness values are more likely to receive
citations, even if they have fewer citations than other papers. This allows for the
possibility of papers with high intrinsic quality to accumulate citations faster and
eventually surpass papers with lower quality, leading to a more diverse and dynamic
citation distribution.
2.9.3 Stochastic Frontier Analysis (SFA)

Finally, stochastic citation models provide a theoretical framework for investigating the
growth and structure of citation networks, as well as the factors that influence citation
patterns [54]. By modeling the citation accumulation process as a probabilistic

mechanism, SCMs give insights into the dynamics of research performance, which can

impact the creation of more robust and accurate citation-based assessments.

Y = f(X.B) « ec~® 2.7
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where: Y represents the observed output variable. X is a vector of input variables. p is a

vector of unknown parameters (X, ) is the deterministic production function, which
represents the best-practice production frontier’s is a random error term assumed to be

normally distributed with mean zero represents the inefficiency component, which
captures the deviations from the frontier due to factors such as managerial inefficiency or

measurement €1ror.
Table 2.8 Stochastic Frontier Analysis
Stochastic Frontier Findings Limitations
Analysis (SFA)
14
Efficiency SFA allows for the estimation of Requires assumptions about the functional
Measurement [S5] technical efficiency by comparing form of the production frontier, which may
observed production levels to the not accurately represent the underlying
maximum achievable productionlevels  production process.
given the inputs and technology.
Sensitivity to model specification and
choice of distributional assumptions.
Difficulty in disentangling inefficiency due
to managerial factors from external factors
beyond the control of the firm.
Productivity SFA provides insights into the sources of Assumes a specific production technology
Analysis [56] productivity differences across firmsor and may not account for variations in
units by decomposing total factor technology across firms.
productivity into technical efficiency and
technological change components. Reliance on data quality and accuracy for
precise  estimation of productivity
components.
Limited ability to capture and measure non-
technological factors influencing
productivity, such as market conditions or
strategic choices.
Input Allocation SFA helps identify optimal input Assumes that the input-output relationship
and Resource allocation strategies by assessing the is known and accurately represented by the
Management [57] efficiency of resource utilization. It production frontier.
provides guidance on resource allocation
decisions for improved performance. Ignores variations in factor prices, market

imperfections, and other external factors
that influence resource allocation decisions.

Limited ability to account for qualitative
aspects of resource management, such as
innovation or strategic investments.
Policy SFA can be used to evaluate the impact Difficulty in  establishing  causal
Evaluation[58] of policy interventions or managerial relationships  between policies and
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practices on firm efficiency and efficiency improvements due to endogeneity
productivity. and potential reverse causality.

Limited ability to capture the full range of
policy effects beyond the efficiency
dimension.

SFA can help with efficiency measurement, productivity analysis, input allocation, and
policy evaluation. It does, however, have certain limitations that should be considered
before drawing conclusions from it. These constraints include assumptions about the
production frontier, model sensitivity, difficulties disentangling various factors affecting
efficiency, reliance on data quality and accuracy, and difficulties capturing non-
technological factors and establishing causal relationships in policy evaluation.
Understanding these constraints is critical for the proper implementation and
interpretation of SFA in efficiency and productivity analyses.

294 Stochastic Actor-Oriented Models (SAOMs) [59]

Stochastic actor-oriented models are dynamic network models that describe the evolution
of a network (e.g., a collaboration network) because of individual actors' decisions and
interactions. SAOMs have been used to analyze the co-authorship networks of
researchers and to study the factors influencing collaboration patterns and research
productivity [59].

Table2.9: Stochastic Actor-Oriented Models (SAOMs)

Stochastic Actor-  Findings Limitations

Oriented Models

(SAOMs) |59]

Network SAOMs provide insights into the dynamic Reliance on assumptions about individual

Dynamics [60] processes of network formation, evolution, decision-making processes, which may not
and adaptation. They capture how individual fully capture real-world complexities.
actors' behavior and network attributes Difficulty in accurately capturing and
interact over time. modeling the full range of mechanisms

driving network dynamics.

- Limited ability to incorporate unobserved
or latent variables that may influence actor
behavior.

Actor SAOMs can account for actor heterogeneity Challenges in accurately specifying and
Heterogeneity by modeling individual-level characteristics measuring individual-level characteristics
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[61] and their influence on network dynamics and and their impact on network dynamics.
behavior They capture variations in Difficulty in capturing and modeling the
individual propensities and preferences. interplay between individual attributes,

behavior, and network structures.
- Potential for omitted variable bias and
unobserved heterogeneity.

2.10 Application of Stochastic Models in Pakistani HEIs

The application of stochastic models in research assessment of Pakistani institutes is an
emerging area of research. Some notable studies that have employed stochastic models in
the context of Pakistani HEIs include applied stochastic frontier analysis to assess the
research efficiency of Pakistani universities. They found that larger universities with
greater research funding and international collaboration tend to have higher research
efficiency. The study also highlighted the importance of government support and research
infrastructure in promoting research productivity and impact. Siddiqi et al. Stochastic
block models used to analyze the research collaboration networks of Pakistani

universities [62].

Study Stochastic Model Application in Pakistani HEIs
Airoldi et al. [46] Stochastic Block Analyzing collaboration networks and detecting communities
Models (SBMs) of researchers with similar research interests.
de Solla Price Price Model Describing the citation process as a random mechanism, with
[50] likelihood of a paper receiving citations depending on various
factors.
Simon [51] Yule-Simon Model Analyzing citation patterns and understanding the probability
of citations for research publications.
Barabidsi & Barabési-Albert Model  Investigating preferential attachment and network growth in
Albert [52] citation networks.
Worthington &  Stochastic Frontier Assessing research efficiency of HEIs, considering research
Lee [54) Analysis (SFA) inputs, outputs, and environmental variables.
Snijders et al Stochastic Actor- Analyzing co-authorship networks and factors influencing
59} Oriented Models collaboration patterns and research productivity.
(SAOMs)
Khattak et al. Stochastic Frontier Assessing research efficiency of Pakistani universities,
54] Analysis (SFA) accounting for size, funding, and international collaboration.
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Table 2.10: Application of Stochastic Models

The table presents application of stochastic models in research assessment, covering
various models and their applications, such as analyzing collaboration networks, citation
patterns, and research efficiency. While the application of stochastic models in Pakistani
HEIs is an emerging area of research, existing studies have demonstrated the potential of
these models to provide more accurate and context-sensitive insights into research

performance in this context.
2.11. Gaps and Opportunities

The literature on research performance assessment using bibliometric indicators has
extensively covered various models and methodologies. However, there is a noticeable
gap in the application of learning-based stochastic models specifically tailored for
Pakistani degree-awarding institutes. Most of the existing research performance
assessment methodologies focus on deterministic models and aggregated metrics, which
may not capture the inherent uncertainties and dynamics in bibliometric data. Moreover,
these methodologies lack adaptability to the evolving nature of research fields and the
unique challenges faced by Pakistani higher education institutions.

The opportunity lies in the development and application of a novel learning-based
bibliometric research performance assessment model using stochastic models for
Pakistani degree-awarding institutes. By addressing the limitations of existing
methodologies, the proposed model can offer a more accurate, adaptable, and robust
framework for evaluating research performance in the Pakistani context. The integration
of learning-based techniques can enable the model to adapt to the evolving nature of
research fields, as well as account for the unique challenges and opportunities faced by
Pakistani higher education institutions. In addition, the proposed model can contribute to
the literature on research performance assessment by providing valuable insights into the
application of stochastic models in the context of Pakistani higher education. The
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development of a tailored assessment model for Pakistan can also support stakeholders in
the higher education sector, such as policymakers, funding agencies, and institutional
administrators, in making informed decisions about resource allocation, policy

development, and the promotion of research excellence.

Table 2.11: Research Performance Assessment Gaps

Research Performance  Gaps Opportunities
Assessment using
Bibliometric Indicators
[63]
Quantitative Overreliance on traditional bibliometric =~ Development of new bibliometric
Assessment [64] indicators like citation counts, which indicators that go beyond citation counts
may not capture the full impact or and incorporate alternative metrics and
quality of research. qualitative assessments.
Difficulty in accounting for variations in  Incorporation of diverse research outputs
rescarch disciplines and methodologies. and impacts, including non-traditional
outputs and contributions to society.
Limited consideration of non-traditional
outputs and impacts, such as datasets, Customization of indicators based on
software, patents, and societal research disciplines and methodologies
contributions. to ensure fair and meaningful
comparisons.
Bias and Limitations Lack of standardization in bibliometric Development of transparent and
[65] data collection and processing, leading standardized data collection and
to inconsistent and unreliable results. processing protocols for bibliometric
data.
Inherent biases in citation practices, such Advances in methods to address biases in
as language bias, self-citation bias, and citation practices and account for
disciplinary differences. interdisciplinary research.
Inability to fully capturc Integration of diverse data sources,
interdisciplinary research and including non-traditional sources like
collaborations. social media and altimetric, to provide a
more comprehensive assessment.
Contextualization and  Limited ability to account for research Development of contextualized
Interpretation [66] context, such as collaboration patterns, bibliometric indicators that consider

funding sources, and institutional
differences.

Difficulty in distinguishing between
high-impact research and research with
high citation rates due to factors like
self-citations or topic popularity.

Challenges in interpreting bibliometric
indicators in relation to other forms of

collaboration patterns, funding sources,
and institutional characteristics.

Integration of qualitative assessments
and peer review to complement
bibliometric indicators and provide a
more holistic evaluation.

Increased emphasis on responsible use
and interpretation of bibliometric
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assessment, such as peer review or indicators, considering their limitations

societal impact. and biases.

The assessment of research performance using bibliometric indicators has several limits
and areas for improvement. Addressing quantitative assessment gaps, bias and
limitations, contextualization and interpretation, and contextualization and interpretation
can lead to more rigorous and meaningful evaluation practices. There are several
possibilities for developing new indicators, standardizing data collection, addressing
biases, adding non-traditional outputs, contextualizing assessments, and integrating
qualitative evaluations. By taking use of these opportunities, research evaluation may
become more complete, fair, and representational of research's numerous contributions

and ramification.

Summary:

The challenges and research questions presented shed light on the intricate landscape of
bibliometric analysis and its limitations when evaluating research impact and quality.
Traditional bibliometric indicators, such as citation counts, often fall short in capturing
the nuanced dimensions of scholarly contributions. They may not fully account for the
quality and societal impact of research outputs. Additionally, these indicators may
disregard interdisciplinary collaborations, hinder the assessment of diverse research
methodologies, and overlook non-traditional outputs like datasets, software, and patents.

The first research question, which delves into the employment of learning-based models
to identify Rising Stars in Dynamic Collaborative Networks among Pakistani degree
awarding institutes, directly addresses the challenge of overreliance on conventional
metrics. By seeking innovative methods, this question aligns with the broader challenge
of capturing impactful research beyond traditional boundaries, while also acknowledging

the variations in research practices.

The second research question explores the appropriateness of author-level bibliometric
indicators across disciplines and academic seniorities. This question is particularly

relevant in light of the challenge posed by variations in research disciplines and
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methodologies. It underscores the complexities of evaluating researchers with diverse
backgrounds and acknowledges the limitations of generic evaluation metrics.

Lastly, the third research question examines models for predicting Citation-Based Impact
Measures using learning-based techniques. This aligns with the challenges related to the
inherent biases in citation practices and the overemphasis on citation counts. The research
question suggests a forward-looking approach that integrates machine learning to
potentially mitigate biases and enhance the assessment of research impact.

In summary, the research questions mirror the recognized challenges of bibliometric
analysis. They seek to explore alternatives, such as learning-based models,
interdisciplinary evaluations, and context-aware assessments. By addressing these
challenges head-on, the questions reflect a commitment to advancing research evaluation
methodologies and embracing a more comprehensive understanding of scholarly

contributions.
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Chapter 3 Proposed Methodology

1. Existing Literature
The existing literature serves as the foundation for any scholarly endeavor. In this
study, a comprehensive review of existing literature in the field of learning-based
bibliometric research assessment will be conducted. This review will encompass
studies that have investigated novel methodologies for assessing research impact,
evaluating scholars, and understanding scholarly networks. By analyzing the
existing body of work, the study will identify gaps, trends, and key insights that

contribute to the advancement of learning-based bibliometric assessment.

2. Start
The study begins with a clear objective to enhance the understanding of research
impact assessment through learning-based bibliometric methodologies. By
embracing innovative approaches, the study aims to overcome the limitations of
traditional metrics and provide a more comprehensive view of scholarly

contributions.

3. Determining Keywords
To initiate the research, a strategic approach to determining keywords will be
undertaken. This involves employing various search strategies, including author
searches, subject categories, and affiliation-based searches. By identifying
relevant keywords, the study ensures the inclusivity of pertinent publications

within the research scope.

4. Determine Data Source of Publications (Scopus)
The selection of an appropriate data source is crucial for reliable research

outcomes. In this study, Scopus will be chosen as the primary data source for
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publications. Scopus offers a comprehensive repository of scholarly articles,
conference papers, and other academic materials, making it a suitable choice to
capture a wide spectrum of learning-based bibliometric research.

5. Examine Trends of Learning-Based Bibliometric Research Assessment Using
Stochastic Model
The study aims to explore the trends in learning-based bibliometric research
assessment by employing stochastic models. Stochastic models offer a
probabilistic framework to understand uncertain and dynamic systems. This
approach allows for a nuanced analysis of bibliometric trends, considering factors
such as author collaboration patterns, citation dynamics, and the evolution of
impact over time.

6. Chapter 4 Network Analysis (Co-author, Power Graph, Impact Graph)
In Chapter 4, the study delves into network analysis techniques. Co-authorship
networks provide insights into collaboration patterns among researchers. Power
graphs reveal influential nodes in the network, and impact graphs unveil the
relationships between scholarly impact and collaboration. These analyses
contribute to a holistic understanding of the research ecosystem.

7. Chapter 5 Multivariate Stochastic Models Using Dominance Orders
Chapter 5 focuses on multivariate stochastic models employing dominance orders.
This approach enables the integration of multiple variables to assess research
impact. By establishing dominance relationships, the study enriches the
evaluation process, accommodating diverse factors that influence scholarly

contributions.
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Chapter 6 Learning-Based Models (Author Age, Paper Age, Author Impact,
Paper Impact)

Chapter 6 introduces learning-based models that consider author age, paper age,
author impact, and paper impact. These models leverage machine learning
techniques to predict research impact beyond traditional metrics. By incorporating
these dynamic elements, the study enhances the accuracy of impact assessment.

Overlay Visualization of Analysis for Results of Selected Publications

The study employs overlay visualization techniques to present the analysis results
of selected publications. Overlay visualization provides a graphical representation
that allows researchers to discern patterns, trends, and relationships in the data.
This approach enhances the accessibility and interpretability of complex
bibliometric analyses.

10. Discussion

11.

The discussion section critically engages with the findings of the study. It
contextualizes the results within the existing literature, identifies implications for
research assessment, and addresses any discrepancies or novel insights that
emerged during the analysis. The discussion contributes to a deeper understanding
of the study's contributions to the field.

End

The conclusion marks the culmination of the study's journey. It succinctly
summarizes the key findings, discusses their significance in the broader context of
research assessment, and offers avenues for future research. The conclusion
underscores the importance of learning-based bibliometric approaches in

advancing the accuracy and comprehensiveness of research impact evaluation.
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Chapter 4 Detection of Rising Stars using Co-author, Power graph and
Datamining Techniques

4.1 Introduction:

In recent years, the academic environment in Pakistan has seen tremendous expansion,
with an expanding number of degree awarding institutes (DAIS) striving for excellence in
research and innovation. Identifying and developing emerging stars, or prospective
researchers with great potential for future success, is critical for these institutes to
establish a flourishing research environment. By evaluating time-evolving co-authorship
graphs and power graphs, this work proposes a thorough data mining technique for
identifying rising stars in Pakistani DAIs.

Co-authorship graphs provide a valuable source of information on the patterns of
collaboration among academics, reflecting the dynamics of research communities and the
structure of academic networks [28]. In contrast, power graphs depict the hierarchical
relationships between researchers based on their influence and production. We may
acquire significant insights about academics' performance, cooperation habits, and
network influence by examining these networks, which can then be utilized to identify
prospective rising stars.

Our suggested methodology combines data mining techniques such as clustering
algorithms, community identification methods [47], centrality measures, machine
learning algorithms, and temporal analysis techniques [82]. These tools are used in a
multi-stage procedure to analyze time-evolving co-authorship graphs and power graphs,
which capture the dynamics of research cooperation and the development of emerging
stars in Pakistan's DAIs. To begin, we gather publishing data from a variety of sources,
including the Higher Education Commission (HEC) of Pakistan and foreign databases, in
order to create time-evolving co-authorship graphs. We then use clustering algorithms
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and community identification approaches to group academics that collaborate in similar
ways, exposing the underlying structure of research communities.

Then, in the co-authorship and power graphs, we construct centrality measures for each
researcher to identify prominent researchers based on their location and connectedness
within the network. High centrality ratings suggest a major involvement in the network,
which might be linked to emerging stars.

We use machine learning methods to forecast the potential of researchers based on
previous performance data and network factors. Support vector machines, decision trees,
and neural networks, for example, are trained on a labelled dataset of known rising stars
and non-rising stars to categories researchers based on key performance indicators (KPIs)
and network properties. The evolution of co-authorship and power graphs across time is
studied using temporal analytic approaches. We may get insights into the dynamics of the
research environment and the rise of emerging stars in Pakistan's DAIs by evaluating
changes in cooperation patterns, research communities, and researchers' importance over
time.

The validation and sensitivity studies indicate that our technique is reliable and robust,
giving us confidence in our findings and their implications for spotting rising stars in
Pakistani DAIs. The combination of these data mining approaches enables a full
examination of researchers’ performance, cooperation patterns, and network influence,
providing significant insights for identifying and developing talented researchers in
academic institutions. The study provides a thorough examination of relevant works
concentrating on identifying emerging stars in academia, network analysis of co-
authorship graphs, and the implementation of data mining techniques in the academic
arena. This review is divided into the areas listed below:(1) Rising Stars in Academia, (2)
Co-authorship Networks, (3) Power Graphs, (4) Data Mining Techniques in Academia,
and (5) Identification of Rising Stars using Data Mining. Researchers with outstanding
potential for future success and a substantial effect on their respective subjects are
referred to be rising stars in academia. It is critical to identify and nurture these talented

Leaming Based Bibliometric Research Performance Assessment of Degrec Awarding Institutes using Stochastic Models



Chapter 4 Detection of Rising Stars Using Co-author, Power graph and Data Mining Techniques

individuals in order to stimulate research and innovation in academic institutions. This
section examines rising stars' qualities, factors influencing their success, and approaches
used to detect them in the academic arena. In conclusion, understanding the
characteristics of rising stars, the factors affecting their performance, and the
methodologies used to identify them is crucial for fostering research and innovation in
academic institutions. By recognizing and supporting these talented individuals,
institutions can cultivate a thriving research environment and contribute significantly to
the advancement of knowledge in their respective fields.

4.2 Characteristics of Rising Stars

Rising stars often possess a unique combination of traits and abilities that set them apart
from their peers. Some common characteristics of rising stars include [87]:

. High Productivity: Rising stars tend to publish frequently, contributing significantly to
the body of knowledge in their fields [88].

. High Impact: Their publications often receive more citations than their peers, indicating
their work is influential and recognized by other researchers [89].

. Collaboration: Rising stars tend to have extensive collaboration networks, working with
researchers from various institutions and countries [28].

. Interdisciplinarity: They are often engaged in interdisciplinary research, bridging gaps
between different fields and fostering innovation [84].

. Funding success: Rising stars are more likely to secure research funding, reflecting their
ability to develop compelling research proposals and their potential for significant
contributions to their fields.

. Factors Affecting Rising Stars' Performance: Various factors can influence the
performance and success of rising stars in academia, including [87].
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43.

7. Institutional Support: Access to resources, mentorship, and a supportive

research environment can significantly impact the success of rising stars [85].

. Networking: Building strong professional networks can lead to increased

collaboration opportunities, better access to resources, and higher visibility in the
academic community [87][88].

. Time Management: Balancing research, teaching, and administrative

responsibilities can be challenging for rising stars, and effective time management
is essential for maintaining productivity [87). The following notation for the
periods that we study since we process the cooperation graphs at different points in
time to examine the evolution of an author through time: ¢y describes the period that
the author published a research work for the first time. #, the period we examine,
which must be after #. 7,4 the most recent period in the publication database.

10. Career Stage: The career stage of a researcher can influence their potential as a

rising star. Early-career researchers may have a higher potential for future
success, while established researchers may already have a track record of high

impact [89].

Methodologies for Identifying Rising Stars

Various methodologies have been proposed to identify rising stars in academia. Some of
these methods include [87][88][89].

1. Bibliometric Indicators:

Researchers often use publication output, citation impact, and other bibliometric
indicators to assess the performance and potential of rising stars [1][7][9].
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2. Network Analysis:

Co-authorship networks and centrality measures can provide insights into researchers'
collaboration patterns and their influence within the academic community, which can be
used to identify potential rising stars [60].

3. Machine Learning:

Supervised machine learning algorithms can be trained on historical performance data
and network properties to predict the future success of researchers, helping identify
potential rising stars [90].

Table 4.1: Methodologies for Identifying Rising Stars

# Author & Key Finding Method Limitations
year
1 Cameronet Role of individual factors in Statistical May not capture complex
al.91] predicting scientific impact analysis network dynamics
2 Radicchiet  Universal impact factor for Citation analysis = May not account for qualitative
al.[92] identifying rising stars across factors
fields
3 Liuetal[93] Deep leaming-based approach Decp leaming, Limited to the field of computer
for predicting impact in network analysis  science
computer science
4 AliDaudet Identifying rising starsusing ~ Network May not capture discipline-
al collaboration and citation analysis, specific dynamics
4] networks statistical
analysis
5 Calraetal Predictors of early-career Regression Limited to Italian academia
1957 rescarch success in Italian models,
academia bibliometric

i. Co-authorship Networks

Co-authorship networks are a useful technique for analyzing research cooperation trends
and academic community structure. These networks depict researchers as nodes and their
partnerships as edges, allowing them to provide insights into the dynamics of research
communities through time. This section examines the features, analysis tools, and
academic uses of co-authorship networks. The following is a list of research and their
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significant conclusions about co-authorship networks. These studies investigate the
structure, development, and function of individual and environmental elements in co-
authorship networks.

cit (i, ;): Citations that paper i received at period #.

aut(i) defines Number of authors of publication i.

While per(i)=The period of publication for article i.

The generic co-authorship graph of a given period (e.g., year) tn is formally represented
as: QGtn = (V, WE), where V is the collection of authors and a weighted edge, we = vl,
2, w1,2 WE signify that author 1 and 2 co-authored w1,2 works from t0 to tn. The weight
includes the aggregated information from all articles published within that time period,
whether it be just the number of publications or the cumulative number of citations, or
any other time penalized cumulative score. More specifically, in the Quantity Graph, we
define a quantity edge weight W Equan as the number of articles co-authored by authors
x and y in a certain period 1. On the other side, in the influence Graph, we define an edge
weight W Imp as the influence of two authors' collaboration 3. More specifically, when
we generate the Quantity Graph for a given time period tn, we collect all articles written

by the same author (or co-written by a pair of writers).

WEpum (a, b) =zv iePanPb * 1 4.1)

In general, a co-authorship graph built at a specific point in time can contain information
from the past up to that point; however, traditional such graphs provide only a snapshot
of publications while ignoring useful information about past changes in the graph (e.g.,
the point in time when an edge was first created, or when an author appeared in the
graph).

To circumvent this limitation, we adopt the edge weighting technique to compensate for
the otherwise lost information. The citations obtained by an article from the time it was
published till time period tn are not all equal on the Impact Graph. The most recent are
more significant since they demonstrate the paper's direct influence on current science.
As a result, the edge weight in the Impact Graph is now denoted by.
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= E?Em(w(tk).ctt(i,tk)).'. B
wEimpact (a, b) ZV tePanpb & aut(i).(1+tn—per(i)) (4.2)
Where
; 1
Vo) = e @3)

Normalizing citations based on time is a typical bibliometrics principle [Bornmann and
Marx, 2015]. It has also been used in connection with bibliometric networks as an
assessment measure for research groups developed from the Louvain community
discovery method [Blondel et al., 2008]. Normalization of citations by document type,
publication channel type, or study field might be valuable and must be applied at this
step, depending on the dataset being analyzed and the purpose. In this case, WEm,;

calculates the total effect of a set of publications co-authored by authors x and y. In
essence, the effect of an article at a particular time t, is proportional to the number of
citations it received up to that point, and inversely related to the number of writers who
co-authored it and the number of years since its publication. The values and represents an
author's interest in the influence of his/her work or the number of his/her publications.
Several metrics and methodologies have already been presented for balancing impact and
quantity, as well as for simultaneously analyzing the influence of authors, journals, and
publications individually or all of them together. For the sake of simplicity, we use a
weighting method with =0.7 and =0.3 to prioritize impact above quantity. Of course,
more research and even a training program are required here. If we want to fine-tune
these two weights or train a classification model that distinguishes between writers of
different styles, we may do so. Furthermore, the clear difference in the complexity of the
two models derives from the fact that we wanted to see if a classic and straightforward
method could be exceeded by a more complicated one. The latter's superiority is far from
unarguable, because, as Occam's razor suggests, simple models can certainly reflect
reality far better than more complicated ones in many circumstances. Our approach to
this hypothesis is dependent on which of the two graphs is more important in the

clustering process.
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Table 4.2; Co-authorship Networks Studies

#  Study Key Finding Method Limitations
1  Maria et al[96] Structural cohesion and Network analysis, Focused on
embeddedness in co-authorship statistical analysis sociology,
networks may not
. _pencralize
2  Guillermo A [97] Collaboration dynamics and the role  Qualitative interviews,  Limited
of trust in co-authorship networks network analysis sample size
3  Dario et al [98] Multi-level structure and the role of  Multilevel modeling, Focused on
individual attributes in co- network analysis South Korean
authorship networks academics
4  Golness [99] Social network analysis for Network analysis, Limited to
identifying key players in co- centrality measures specific
o authorship networks networks
S  Pengsheng [100] Weighted network analysis of co- Network analysis, Limited to
authorship networks weighted centrality specific fields
measures and networks
4.4 Properties of Co-authorship

Co-authorship networks exhibit various properties that have been studied extensively in
the literature. Some of these properties include [101].

1. Small-world Phenomenon: Co-authorship networks often exhibit small-world
properties, characterized by short average path lengths between nodes and high
clustering coefficients [95].

2. Scale-free Topology: The degree distribution of co-authorship networks often
follows a power-law distribution, indicating the presence of a few highly
connected nodes (hubs) and a large number of nodes with low connectivity [102].

3. Community Structure: Research communities in co-authorship networks are often
characterized by dense connections within communities and sparse connections
between communities, reflecting the nature of research collaboration in specialized
fields [47].
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4. Evolution over Time: Co-authorship networks evolve over time as new
researchers enter the field, collaborations are established or dissolved, and
research interests shift [103].

4.5 Analysis Techniques for Co-authorship Networks

Various techniques have been developed to analyze the properties and structure of co-
authorship networks. Some of these techniques include [104].

4.5.1 Network Visualization:

Visual representations of co-authorship networks can provide intuitive insights into the
structure and patterns of research collaboration [99].

4.5.2 Clustering Algorithms:

Clustering techniques can be used to identify groups of researchers with similar
collaboration patterns, revealing the underlying structure of research communities [105].

4.5.3 Community Detection Methods:

Community detection algorithms can be applied to co-authorship networks to uncover the
structure of research communities and the relationships between them [47].

4.5.4 Centrality Measures:

Centrality metrics, such as degree centrality, closeness centrality, and betweenness
centrality, can be used to identify influential researchers in co-authorship networks based
on their connectivity and position within the network [82]. The centrality of an author x
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at period tn measures the sociability of x, which is directly linked with that of his/her co-
authors. Thus, an author's weight is proportional to the sum of weights of his neighbors
normalized by A, which is the maximum weight in the graph.

4.6 Applications of Co-authorship Networks

Co-authorship networks have been widely used to study various aspects of academia,
including [28].

4.6.1 Performance Assessment:

Researchers have used co-authorsnip networks to assess the performance and impact of
researchers, institutions, and countries [106]. Each researcher has a set of features that
depict his/her success as an individual, without taking into consideration the co-authors'
network. Such features generally account for the productivity, or else the volume and
frequency of publications, and the impact they have, which is calculated using citations.
Both productivity and impact have a strong temporal dimension, which must be
considered when building an author’s profile.

1. Weighted Cumulative Productivity: The number of articles written by an author x
from t0 until a given time t,, weighted by oldness (i.e. by the periods that have
passed from the publication period of each article until tn).

WCP = Tvie,, e - Pub (4.1) (4.4)

2. Weighted Cumulative Impact: The number of citations made to the articles of
author x, weighted by oldness (i.e. by the periods that have passed from the period

of each citation until t,,).

Insert formula here.........
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4.6.2 Collaboration Patterns:

Co-authorship networks have been used to investigate the nature of research
collaboration, such as the formation and dissolution of collaborations, interdisciplinary
research, and the role of geographic proximity in collaboration [28].

4.6.3 Research Communities:

Researchers have applied community detection methods to co-authorship networks to
identify research communities, study their evolution over time, and understand the
dynamics of knowledge production in different fields [47]. Co-authorship networks
provide a valuable tool for analyzing research collaboration patterns, the structure of
academic communities, and theldynamics of research communities over time. By
examining these networks, researchers can gain insights into various aspects of academia,
such as performance assessment, collaboration patterns, research communities, and the

identification of rising stars.
4.7 Power Graphs

Power graphs are a type of network representation that captures the hierarchical
relationships between researchers based on their influence and productivity. In power
graphs, nodes represent researchers, and edges represent the dominance relationships
between them. This section discusses the properties, analysis techniques, and applications
of power graphs in the academic domain. Power graph research is relatively less explored
compared to co-authorship networks. However, below are three studies that discuss
power graphs or power graph analysis, highlighting their key findings [107]. Power
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graphs provide a compact and readable representation of graph structure, allowing for
more efficient visualization and analysis of complex networks [108]. The weights in the
influence Power Graph measure the cumulative influence of a group of writers or their
collaborations, whereas the weights in the Quantity Power Graph measure one author’s, a
group of authors', or a specific collaboration's productivity. Consider the example of an
author x, who belongs in Power Node, to better understand the concepts of the graphs and
what they represented. In the Power Graph, a clique motif will connect Power Node with
itself through a Power Edge. In the de notions of Power Graphs we use y or y to referto a
Power Node (i.e. an author or group of authors).

P Ny =The set of Power Nodes connected to Power Node .
P Cy =The set of Power Nodes that contain Power Node .
W P N(x) =The weight of Power Node x.

W P E (x,y¥) =Weight of Power Edge connecting Power Node y and Power Node
v.

The weight of the Power Edge represents the strength of the clique's collaboration among
writers, whereas the weight of the Power Node represents the clique's size. Similarly,
there will be Power Edges that link to other Power Nodes, for example, or. Given the
Quantity Power Graph, we choose the following characteristics for an author x who
belongs in Power Node:

Sociability (x) = WPN (). WPE (%,x) (4.6)

Where Sociability considers the size of the collaboration group to which x belongs
(the weight of the Power Node) as well as the author cooperation strength within the
clique. The number of coauthored publications is represented by the cooperation

strength in the Quantity Power Graph.

Psoc (xhe £ Y) = Zvgepn: WPN (). WPE (3, §) CY)

P,, stands for Potential Sociability or the expanded clique. This approach aggregates
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the power of all possible collaborators, i.e., the authors contained in the Power Nodes
that link to through a Power Edge, multiplied by the weight of that Power Edge, since
the stronger the connection, the more likely the author would eventually collaborate

with them.

Given the Impact Power Graph, we choose the following characteristics for an author
y who belongs in Power Node: Power graph analysis can be extended to weighted
networks, providing a more comprehensive understanding of the structure and
organization of complex weighted networks [109]. As power graph research is an
emerging field, there are fewer studies available than in the co-authorship network
domain. Nevertheless, here are two more studies related to power graphs: Power
graphs can be employed to analyze dynamic networks by considering the evolution of
the network structure over time, providing insights into the temporal patterns and
changes in complex networks [110].

Power graphs can be utilized to model and analyze the structure of power distribution
networks, helping to improve the design and management of these systems. These
studies, together with the previous three, illustrate the potential of power graph analysis
in various domains [111]. They highlight the benefits of power graph representation and
analysis for understanding complex networks, including their organization, structure, and
temporal dynamics. Further research could explore the application of power graphs to
other areas, such as social networks, communication networks, and even co-authorship
networks, to better understand their structure and dynamics. Due to the relatively nascent
field of power graph research, finding additional studies specifically focused on power
graphs can be challenging [112].

Graph compression techniques can be employed to analyze and represent large social
networks, improving the efficiency of network visualization and analysis while
preserving important structural features [113]. While these studies do not focus
specifically on power graphs, they demonstrate the broader relevance of graph
compression techniques, which include power graphs, in analyzing and representing
complex networks. The insights from these studies can be useful for further research
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exploring the potential of power graphs in various domains, such as co-authorship
networks, social networks, and communication networks, among others.
Table 4.3: Power Graphs

# Aunthor & Year Key Finding Method Limitations
S Ghoniam [114] Compact and readable Power graph analysis Limited to
1 representation of graph specific
structure network
types
2 Xmaetal[115] Insights into the organization of Power graph analysis, Focused on
biological networks application to biology biological
networks
3 MEJNewman Extension to weighted networks Power graph analysis, weighted Limited to
[116] networks specific
weighted
networks
4 T.OFetal Analysis of dynamic networks  Power graph analysis, temporal ~ Limited to
[117] networks specific
dynamic
networks
5 KRetal [118] Efficient representation of large  Graph compression techniques, Focused on
social networks including power graphs social
networks, not
specifically
power graphs

The thesis contains exclusively focus on finite groups. The vertex set of the undirected
power graph of a finite group G consists of the elements of G. Two distinct elements in
this graph are considered adjacent if one element is a power of the other. The concept of a
power graph was introduced [119]. The concept of an undirected power graph was
introduced by [120]. Numerous intriguing findings about power graphs have recently
been acquired, as evidenced by the references.

The concept of the intersection power graph for a finite group [121]. The concept of the
intersection power graph. [;p(G) for each finite group called G. This graph is constructed
by considering the group elements as the vertices and two distinct vertices a and b are
connected in Ijp(G) if (a) N (b) # {€} and e is adjacent to all other vertices of I;p(G),
where e is the identity element of G. A graph containing an edge connecting every pair
of distinct vertices is called a complete graph. For the entire graphical analysis with n
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vertices, we use the notation. K,,. An independent set of a graph G is defined as a subset A
of its vertices such that the induced subgraph on A contains no edges.

The independence number of a graph G, denoted as @y(G)., is defined as the maximum
cardinality of an independent set in G. The notation @y (§) will be used to represent it. A
graph that is connected and contains only a single cycle is referred to as a unicyclic
graph. A graph that lacks any edges is referred to as a null graph. The diameter of a graph
is defined as the maximum distance between any two vertices within the graph. A
friendship graph, denoted as F,, is an undirected planar graph with 2n + 1 vertices and
3n edges. The friendship graph can be constructed by connecting n instances of the cycle
graph. C; at a shared vertex.

The properties of the independent set polytope, denoted as I';p (G), are being discussed. In
this section, we present a comprehensive overview of the fundamental characteristics of
the function. r’p (G).

Theorem 4.1: Consider a finite group G. The unicyclic property of I';p(G) holds if and
only if G is isomorphic to either Z3 or S3, where S; represents the symmetric group on
three letters.

Proof. It is evident that the group I;p(Z3) can be represented as a cycle with a length of
3. The group I;p(S3) exhibits a single cycle of length 3 that is generated by the identity
element, along with two elements of order 3. On the other hand, let us assume that the
induced subgraph I';p(G) is unicyclic. Subsequently, we shall demonstrate the following:

1. The group|G| does not possess any prime divisor p where p is greater than or
equal to 5, as the graph I}p(G) exhibits unicyclic behaviour. Consequently, the
cardinality of the group |G| = 2™3™.

2. Let us consider a Sylow 3-subgroup, denoted as M, of the group G. Let us assume
that the cardinality of set | M| is greater than or equal to 9. If the group G contains
an element x with an order of 9, then the subgroup generated by x, denoted as ( x
), will have at least two cycles in the permutation representation I}p(G). This
leads to a contradiction. If the set M does not contain any elements with an order
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of 9, then every non-trivial element in M must have an order of 3. This in tumn
implies that the group I7p(G) must have at least two cycles, which contradicts the
previous statement.

3. According to condition 2), it can be deduced that the order of the group G,
denoted as ||G| = 2™3. Additionally, it is known that G possesses a solitary
Sylow 3-subgroup.

4. In a similar vein, it can be inferred that the set G does not contain any elements
that have orders of both 4 and 6

5. Let P = (x) denote the distinct Sylow 3-subgroup of group G. The subgroup P is
considered to be normal in the group G. According to the "N/C' Theorem, it is
possible to embed the group G /C¢ (P) into the automorphism group of Aut(P).
Let us assume the existence of an element y in the set G \ P

such that the elements x and y commute, i.e., xy = yx. The order of y is 2. Given
that the orders of x and y are coprime, it follows that the order of xy is 6, which is
deemed unattainable. This implies that the composition of the function Cz(P) = P.
Furthermore, it is widely recognized that the automorphism group of the set
Aut(P) = Z,. Therefore, the cardinality of the quotient group El =1 2. In the
scenario, one. The condition G = P = Z is satisfied as intended. In the latter

scenario, it can be observed that the order of the group |G| = 6, and it can be readily
demonstrated that G = S5

Theorem 4.2 states that for a finite group G with order n = pi‘pf' ---pf,',"‘, where
P1, P2, -, Pm and are distinct prime numbers and B, 5, ..., fm are natural numbers, G
possesses unique subgroups with orders py, Dy, ..., Pm, % and v are non-adjacent in the
graph T;p(G), where u,v(+ e) € G & if and only if the greatest common divisor
between the order of u and the order of v is one.

Proof. Assuming that the highest common factor between the order of element u and the
order of element v is one, it follows that the intersection of the subgroups generated by u
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and v, denoted as (u) and (v) respectively, consists solely of the identity element e.
Hence, the vertices u and v are not adjacent.

On the contrary, let us assume that u and v are not adjacent. If the greatest common
- divisor between the order of u and the order of v is not equal to one, then there exists a
prime number p; such that p; divides the order of o(u) and p; divides the order of o(v).
This suggests that the elements (u) and (v) should possess a subgroup characterized by
an order of p;. Given that the group has a distinct subgroup with an order p, [(u) N
(v)| = p;, it follows that the intersection of the subgroups generated by elements u and v,
Hence, the adjacency of u to v leads to a contradiction. Therefore, the greatest common
divisor between the order of u and the order of v is one.

Theorem 4.3. In the case of a finuce group G with an order expressed as p; lp.f’ ,e,"‘,

where p,, P, ..., P are distinct prime numbers and B, 83, ..., B, are natural numbers, it
can be observed that the graph I';p(G) is connected and has a diameter that is less than or
equal to 4. This holds true when G contains only subgroups with orders corresponding to
P1,P2; ) Pm-

Proof. Given that p; is a divisor of the order of the group |G|, for i = 1,2,..,m, it
follows that there exists an element x; € G such that the order of x; is precisely p;, for
i =1,2,..,m. Let x; and x; denote two distinct elements in the group G, each having an
order of p; and p;, where i # j and 1 < i,j < m. Let N; = (x;) and N; = (xj) denote the
subgroups of G. Based on our presumptions, N; and N; denote distinct subgroups
characterized by their respective orders, p; and p,. It can be inferred that both N; and N;
are normal subgroups of the group G. Furthermore, it can be observed that N; and N;,
being a normal subgroup of G, possesses the property that its order is equal to the product
of p;p;. Given that N; and Njare cyclic subgroups, it follows that their product, N;N; is
also a cyclic subgroup. Consequently, there exists an element y in N;N;with an order
equal to the product of the orders of N; and N, denoted as p;p;. Based on our
assumptions, the intersection of the sequence (x;) N (y) = (x;) and (x;) N () = (x;).
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This suggests that the product of x;yx; forms a path in the graph I;5(G). Let u, v denote
two elements in the group G. Next, we consider the existence of p; and p;, where i and j
are specific integers within the range of 1 to m, inclusive. It is required that p; divides the
order of u, while p; divides the order of v. It should be noted that the expression ux;yx;v
represents a path connecting vertices u and v within the graph I;p(G). Therefore, it
follows that the induced subgraph I';p(G) is connected and has a diameter of at most 4 i.e,

Ip(@) < 9.

Theorem 4.4.

The complete graphs K5 and K ; are examples of non-planar graphs. The non-planarity
of I;p(G) can be observed in the case of an abelian group G with an order of either 12 or
18.

Proof. Case 1: The group G is cyclic.

For |G| = 12,G = Z,,. Because G includes four elements of order 12 and a unique
subgroup of order 2, Kj is a subgraph of I;5(G). According to Theorem 2.4, 2.4, I'};p(G)

is non-planar.

For |G| = 18,G = Z,4. Because G includes six components of order 18, K is a subgraph
of I;p(G). According to Theorem 4.4, I}p(G) is non-planar.

Case 2: G is not a cyclic group.

For |G| = 12,G = Z, X Z, X Z;. G has six elements of order 6, hence K is a subgraph
of Tjp(G). According to Theorem 2.4, I} (G) is non-planar.

For G = 18,G = Z, X Z3 X Z3. G has eight elements of order 6, hence Kj is a subgraph
of T;p (G). According to Theorem 2.4, I}p(G) is non-planar.

Lemma 4.1. For any two finite groups H, and H,,[;p(H,) = I}p(Hp) if H; = H,
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Proof. Assume that f: H;, — H, is a group isomorphism. Let a, b € H, be such that a is
next to b in I}p(H;). Since {(a) = (f(a)), for each a € H,,|(a) N (b)| = {(f(a)) N
(f(b))l =1.In Hz, f(a) is next to f(b). As aresult, r’p(Hl) = F":(Hz).

Remark 4.1: The converse of Lemma 4.1 is false. Consider (Zg, +5) and the quaternion
group Qg with order 8. It should be noted that Zg is not isomorphic to Qg, but rather
T1p(Zg) = Kg = T;p(Qs)-

Theorem 4.5: G,[;p(G) is a tree © G = D, or D, for any dihedral group G.

Proof. If G is isomorphic to D, or D,, then its itersection power graph is K, or K; 3. As a
result, [}p(G) is a tree.

Consider the case where I';p(G) is a tree. Assume there is a prime number p > 5 thatisa
divisor of |G|. Because G contains an element of order p,I};p(G) contains K;,(p = 5) as
a subgraph. This I;p(G) is not a tree, which is a contradiction. As a result, |G| = 2"3™,

where n = 1 and m > 0 are two integers.

Assume|G| = 2"3™, where n = 3 and m = 0. Then, as a subgraph, I';p(G) contains
Kn-1. This I';p(G) is not a tree, which is a contradiction.

Assume |G| = 2"3™, where n > 1 and m = 1 are integers. This means that G has an
element w of order 3. The subgraph induced by (w) now contains Kj3. This I};p(G) has
K as a subgraph, which is a contradiction. This means that G can be isomorphic to either
D, or D,. In this section, several finite groups are categorized as as whose I;p(G) has a

maximum book thickness of two.

Problem 4.1. m 2 4,bt(K,,) = [3].

Problem 4.2. If G = D,,, where n = 1,2,3,4, bt([;(G)) is at most two for a dihedral
group G.
Proof. Given that the intersection power graph of D,, D, and Dg contains at least one

edge, it can be concluded that the book thickness for these graphs is at least one. Each
subgraph in this context refers to a subset of a larger graph, specifically the one-page
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embeddable graph associated with a given integer n. Therefore, the thickness of the lines
representing the graphs in the book is one. The inclusion of the subgraph K, within the
intersection power graph of Dg implies, according to Theorem 3.1, that the minimum
book thickness for this graph is two.

Problem 4.3, if G is a finite abelian group and isomorphic to the trivial group of order
one, Zy X Zy X ++» X Zy,Zz X Z3 X -+ X Z3 or Z,., then the number of bt([}p(G)) (G)) is

at most two.

Proof. The book thickness of the intersection power graph of the trivial group of order
one is zero, as the graph is a null graph. Given the intersection power graph of the
Cartesian product Z, X Z, X +-» X Z, and Z3 X Z3 X --- X Z3, it can be observed that there
exists at least one edge. Consequently, the book thickness for these graphs is determined
to be no less than one. The isomorphism between the intersection power graph of Z, and
K, can be observed. According to Theorem 3.1, the graph in question has a book
thickness of two. In the current section, the values of @y (I;»(G)) are achieved.

Problem 4.4. For a finite group G with orderp; 1pf’ ---p,ﬁ"', where p,, P2, ..., Pm are
distinct prime numbers and B;,fs,..,Bm are positive integers, the inequality
ao(I',p(G)) = m holds.

Proof. Given that each p; is a divisor of |G|, G, it follows that G possesses elements a;
such that the order of each element q;, denoted as o(a;) = p;, for 1 < i < m, where i
ranges from 1 to m. It is important to highlight that the intersection of the sequence
(a;) n {a;) = {e}, for each i # j, for every i not equal to j. The set {a,a;, ..., @} is an
independent set of the induced subgraph I}p(G).. Therefore, the desired outcome can be
inferred.

Problem 4.5. For a finite group with order pf‘p.f ---p,ﬁ"‘, where py,P2, ...,Pm are
distinct prime numbers and pB,,B5,..,BPm are positive integers, it is true that
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ay(T;p(G)) =m & G if and only if. The group G possesses a distinct subgroup
characterized by order of p, where i ranges from 1 to m.

Proof. Let us consider a scenario in which the group G possesses a solitary subgroup that
has an order denoted as p;, where i = 1,2,...,m. If the independence number of the
induced subgraph @,(I;p(G)) > m,G, then the graph G contains an independent set X
with at least m + 1 elements. According to Theorem 2.2, the orders of elements in set X
are mutually prime. Given that the group G has precisely m distinct prime divisors, it is
not possible to identify m+1 elements within G whose orders are mutually prime. The
inequality ao(I;p(G)) = m holds. Furthermore, according to Theorem 4.1, it can be
concluded that the lower bound of ay([;p(G)) = m is greater than or equal to m.
Therefore, the value of a(I;5(G)) = m is equal to m.

On the other hand, let us assume that the value of ay(I}p(G)) = m. According to
Cauchy's Theorem, the set G contains elements that have an order denoted by p;, where

i = 1,2, ..., m. Consider a set of elements a; € G, where o(a;) = p;, where i = 1,2, ...,m.

Let us consider a group G that possesses two distinct subgroups, each having an order
denoted by p;, where i represents a specific index. Let the elements b; € G be such that
the order of each element, denoted as o(b;) = p; . It is evident that the intersection of the
sequences {a;) N (b;) = {e} and so {a,, ay, ..., am, b;} is the independent set in in I};p(G)
with m + 1 elements. This observation leads to a contradiction. Hence, the group G
possesses a distinct subgroup of size p;, where i = 1,2, ...,m

4.7.1 Properties of Power Graphs

Power graphs exhibit several properties that distinguish them from other types of network
representations [122].

1. Directed Edges: Unlike co-authorship networks, power graphs have directed
edges, representing the dominance relationship between researchers [123]. A
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directed edge from node A to node B indicates that researcher A is more
influential or productive than researcher B.

2. Hierarchical Structure: Power graphs exhibit a hierarchical structure, with
researchers ranked based on their influence and productivity. This structure can be
used to identify key players and understand the distribution of power within
research communities [124].

3. Weighted Edges: Edges in power graphs can be weighted to reflect the strength
of the dominance relationship between researchers. For example, the weight of an
edge can be determined by the difference in citation counts or publication output
between the connected researchers [125].

4.7.2 Ranking Algorithms

Ranking algorithms can be applied to power graphs to determine the relative importance
of researchers based on their influence and productivity. Examples of ranking algorithms
include [127] and HITS [128]. A ranking system based on multiple KPIs to identify the
rising stars in the degree awarding institutes (DAISs) of Pakistan. The ranking system
integrates the clustering results, community detection results, and centrality measures, as
well as other KPIs such as publication output and citation impact. In this Thesis a
weighted average method to calculate the overall ranking score for each researcher,
where the weights are determined based on the importance and relevance of each KPI to
the research field and context. The rising stars are then identified based on their ranking
scores and other criteria, such as their career stage and potential for future impact.

4.7.3 Community Detection Methods:

Community detection algorithms can be applied to power graphs to uncover the structure
of research communities and the hierarchical relationships between them [47].
Community detection methods are used to identify the subgroups or communities of
researchers within the co-authorship and power graphs. The Louvain algorithm, which is
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a modularity-based method, to detect communities in the graphs. The Louvain algorithm
optimizes a quality function based on the modularity score, which measures the degree of
clustering or separation of the nodes in the graph. We evaluate the quality of the
community detection results using the modularity score and the participation coefficient.
Given the Impact Power Graph, we choose the following characteristics for an author y
who belongs in Power Node:

Impact (y) = (WPN (¥). WPE (¥, T) (4.8)

Where Impact takes into account the size of the clique that y belongs to (the weight of the
Power Node) and the cumulative impact of all the collaborations between authors within
the clique. The collaboration impact between two authors in the case of the Impact Power
Graph is based on the respective edge, hence it is the impact of their paper.

Comimpact (y|ly e ¥) = Zvgerne WPN(.WPE (Y, $) (4.9)

Where Impact is Community Impact and acts in similar to equation 4.8.

4.7.4 Centrality Measures:

Centrality metrics, such as eigenvector centrality and Katz centrality, can be used to
identify influential researchers in power graphs based on their position within the
hierarchical structure [82]. Centrality measures are used to assess the influence and
prominence of researchers in the co-authorship and power graphs. We calculate various
centrality measures, such as degree centrality, betweenness centrality, and eigenvector
centrality, to identify the most connected and influential researchers in the network.
Degree centrality measures the number of direct connections a node has in the graph,
while betweenness centrality measures the number of shortest paths that pass through a
node. Eigenvector centrality measures the influence of a node based on the influence of
its neighboring nodes. We evaluate the centrality measures using various network
analysis techniques, such as node ranking and visualization.
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The centrality of an author x at period tn measures the sociability of x, which is directly
linked with that of his/her co-authors. Thus, an author's weight is proportional to the sum
of weights of his neighbors normalized by A, which is the maximum weight in the graph.

Centrality = %Zv,,ec,, (C enterality (n)) (4.10)

Weighted Collaboration Impact: An author's x Weighted Collaboration Impact measures
the impact of the author's collaborations at a given time. It is the sum of weights of all
edges that contain x in the Impact graph.

Impact = Lyxecx(WEqual(x,y)) 4.11)

4.7.5 Applications of Power Graphs
Power graphs can be used to study various aspects of academia, including:
1. Distribution of Power and Influence:

By analyzing power graphs, researchers can gain insights into the distribution of power
and influence within research communities, which can help understand the dynamics of
knowledge production and dissemination [111].

2. Identification of key Players:

Power graphs can be used to identify key players in academic networks, who may be
influential in shaping research agendas and driving innovation [129].

4.8 Identification of Rising Stars:

Power graphs can be used to identify rising stars in academia by studying their position
within the hierarchical structure and their dominance relationships with other researchers
[87][88][94]. In conclusion, power graphs provide a valuable tool for analyzing the
hierarchical relationships between researchers based on their influence and productivity.
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By examining power graphs, researchers can gain insights into the distribution of power
within research communities, identify key players in academic networks, and identify
rising stars in academia. The collaboration graphs give us an idea on the sociability of an
author and the impact of his/her direct collaboration. Power graphs generated from these
collaboration graphs allow us to examine the potential of an author's collaborations,
under the prism of the extended co-authorship society that the author belongs to. Thus,
we assume an increased potential for authors who belong to an eminent co-authorship
group or are part of a scientific (sub)network of high impact. Each of the following
features are defined both for the impact and the quantity power graph. Author Power
Node Weight: An author's Power Node weight AP Nw measures the volume or impact of
papers published by author’s x close community (authors that belong in the same power
node y with x.

APNw (xlx e x) = WPN (%) (4.12)

Author Power Clique Weight: An author's Power Clique weight APCw measures the volume or
impact of papers published by author's x wider community (including the co-authors of co-
authors of x).

APCw (x|x € ¥) = XVQEPNYWPN(W) - WPEWY) + X¥YveEPCxWPN(®)
4.13)

49 Data Mining Techniques in Academia

Data mining techniques have grown in popularity in academia for analyzing enormous
amounts of bibliometric data and extracting significant patterns and insights. These
strategies can assist in identifying notable scholars, research trends, and patterns of
collaboration, among other areas of academia. This section examines several frequently
used data mining techniques and their applications in academia. In the academic realm,
many data mining approaches have been used to analyze bibliometric data and acquire

insights into various areas of research [90]. Among the most prominent approaches are:
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49.1 Clustering

By studying their position in the hierarchical structure and dominance connections with
other academics, power graphs may be utilized to detect budding academic star [87] [94].
K-means, hierarchical clustering, and DBSCAN are examples of common clustering
techniques. To analyze the collected publication data, we employ various data mining
techniques, including clustering algorithms, community detection methods, and centrality
measures. Clustering algorithms are used to group similar researchers based on their
publication and citation data. We use the K-means clustering algorithm, which is a
popular unsupervised learning method, to group researchers based on their citation
counts, h-index, and collaboration indices. K-means clustering partitions the data into K
clusters, where K is a predefined number chosen based on the data and research context.
We use the elbow method and silhouette analysis to determine the optimal value of K and
evaluate the quality of the clustering results using various metrics, such as the within-
cluster sum of squares and the silhouette score.

Min Change: The minimum change of an author's feature value between two consecutive
periods (minchangef).

min change f=mineq ny (F (L) — F(t; — 1) 4.14)

Max Change: The maximum change of an author's feature value between two
consecutive periods (max Changef').

Max change f=maxieq 0y (f (t) — f(; — 1) (4.15)

Last Period Change: The change of a feature lastChange f from the last period depicts
the author's dynamics at time tn.

last period change f = last changey (f(ty) — f(ta — 1) (4.16)
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Sum of Change: The sum of the features changes through the periods totalChange f,
portrays author's stability and shows the total change through time.

Total change £ =Y,y;e,(f (t;) — (¢, — 1)) 4.17)

Overall, our data mining approach provides a comprehensive and systematic method to
identify the rising stars in the DAIs of Pakistan, based on a range of publication and
citation data, network analysis, and KPIs. However, it is important to note that our
approach has certain limitations, such as the reliance on quantitative data and the
potential biases and limitations associated with the use of data mining techniques. Further
research is needed to validate and extend our approach to different contexts and research
fields, and to address these limitations and challenges.

4.9.2 C(lassification

Classification algorithms can be used to categories researchers, organizations, or
publications based on their characteristics. Researchers, for example, may be classified as
emerging stars, established researchers, or inactive academics based on their publication
output, citation impact, and collaboration patterns.[87][94]{130]. Decision Trees, Support
Vector Machines, and Nave Bayes are examples of common classification methods.

49.3 Association Rule Mining

In bibliometric data, association rule mining techniques can be used to find interesting
links or trends. For example, association rule mining can be used by academics to
uncover co-occurring terms, study subjects, or collaboration patterns [131].

494 Network Analysis

Network analysis techniques can be used to analyze the structure and dynamics of co-
authorship networks, citation networks, and power graphs. These techniques can help
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identify influential researchers, research communities, and collaboration patterns
[871[130].

4.9.5 Text Mining

Text mining techniques can be employed to analyze the content of research publications,
such as abstracts or full-text articles, to identify research trends, emerging topics, and
interdisciplinary research patterns [94].

4,10 Data Collection

The collection of comprehensive and representative data for research performance
assessment involves the integration of multiple features, each offering a distinct
perspective on the scholarly landscape. Universities, as the focal points of knowledge
creation, serve as essential data sources. Information about the universities' research
output, faculty composition, collaborations, and institutional affiliations provides insights
into their contributions and impact. Subject categories play a pivotal role in
understanding the disciplinary distribution of research activities. By categorizing
publications into distinct subject areas, the data collection process can capture the
diversity of research endeavors and their alignment with various academic domains.
Faculty data, encompassing academic expertise, research interests, and institutional
affiliations, offers a granular view of individual researchers' contributions and their role
within the university's research ecosystem. Authorship data, detailing the identities of
authors, order of authorship, and collaboration patterns, contributes to understanding
interdisciplinary collaborations, research networks, and the diffusion of knowledge.
Finally, publication data, including publication titles, abstracts, publication venues, and
citation counts, forms the core of bibliometric analysis. This data offers insights into the
quality, impact, and dissemination of research outputs. Integrating these features in data
collection ensures a comprehensive and multi-dimensional understanding of research
performance, enabling more accurate and holistic assessments that encompass university

dynamics, disciplinary strengths, collaboration patterns, individual contributions, and
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scholarly impact. Objective of the work: identify Scopus publications authored by each

Pakistan professors.

The Table contains the “unequivocal” identification of each university in the dataset

(university names must be standardized). The first column must contain a primary key
(“University”) which is denoted by UID_1 of the record. The other fields can be the

location, the nature (public/private), etc.

Table 4.4 : Public and Private Universities of Pakistan

Universit University Name Sector Chartered  Disciplin  Province City
y By e
UID_1 Abdul Wali Khan Public Government General Khyber Mardan
University of Khyber Pakhtunkhwa
Pakhtunkhw
a
UID_2 Aga Khan University Privat Government General Sindh Karachi
e of Pakistan

This table contains the “unequivocal” identification of fields used to classify professors in

the dataset. The first column is a primary key (“SC_ID") of the record.

Table 4.5 : Subject Categories of Public and Private Universities of Pakistan

SC_ I Subject Category Name
SC_1 Agriculture

SC_2 Biochemistry

SC3 Chemistry

SC 4 Computer Science

SC 5 Economics

Each professor must be identified by

a unique identifier, so define a primary key

(Professor) for professor (PD) and apply it to the first column of this table. Be sure that

each professor is associated to a consistent university listed in Table 4.4. Be sure that

each professor is associated to a consistent “subject category” listed in Table 4.5.
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Table 4.6: Faculty of Public and Private Universities of Pakistan

Professor University ID NAME GENDER RANK SC_ID
PD_1 UID 1 Mujahid Shah Male Chairman / Assistant Professor  SC_4
PD 2 UID 2 Naveed ur Rehman  Male Assistant Professor SC 4
PD_3 UID_1 Irfan Ullah Male Assistant Professor SC 2
PD 4 UID_2 Mahrukh Shakir Female Asgistant Professor SC 2
PD 5 UD 2 Rafiq Nawab Male Assistant Professor SC 4

For each professor indexed in the faculty data, table 4.6 lists the unique identifiers of
SCOPUS publications (EID) associated to that professor.

Table 4.7: Authorship ID of Public and Private Universities of Pakistan

Professor EID
PD 1 2-s2.0-85030721271
FD 1 2-52.0-84891770309

For each EID listed in the Authorship table, this table contains the complete record of the
corresponding SCOPUS publications. In the “Export document settings” flag both
"Citation information" and "Bibliographical information". so to have a record with these
fields: EID; Authors; Title; Year; Source title; Volume; Issue; Art. No.; Page start; Page
end; Page count; Cited by; DOI; Link; Affiliations; Authors with affiliations;
Correspondence Address; Editors; Publisher; ISSN; ISBN; CODEN; PubMed ID;
Language of Original Document; Abbreviated Source Title; Document Type; Source.
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Table 4.8: Authorship ID of Public and Private Universities of Pakistan

EID 2-52.0-85015660640 2-52.0-85021176570
Authors  Aziz L, Siraj-ul-Islam, Asif M. Ali U,, Baig A.Q.,, Imran M.,
Abbas G., Asif M.

Title Haar wavelet collocation method for  On topological properties of
three-dimensional elliptic partial certain boron nanostructures

differential equations
Year 2017 2017
Source title  Computers and Mathematics with Journal of Computational and
Applications Theoretical Nanoscience
Volume 73 14
Issue 9 2
Art. No.
Page start 2023 887
Pageend 2034 898
Page count
Citedby 3 8
DOI 10.1016/j.camwa.2017.02.034 10.1166/jctn.2017.6376
Link https.//.., https://..,
Affiliations Department of ... Department of ...
Authors with affiliations Aziz I, ... AL, U, ...
Correspondence Address  Aziz, 1.; Department of Ali, U.; Centre for Advanced
Mathematics, University of Studies in Pure and Applied
Peshawar Pakistan; email: Mathematics, Bahauddin
immran_sziz@upesh.cdu.pk Zakariy University Pakistan
Editors
Publisher Elsevier Ltd American Scientific Publishers
ISSN 8981221 15461955
ISBN
CODEN CMAPD
PubMed ID
Language of Original Document _English English
Abbreviated Source Title Comput Math Appl J. Comput. Theor. Nanosci.
Document Type Atrticle Article
Source Scopus Scopus

4.11 Methodology to Detect Rising Stars for Specific DAI
Our study's approach entails gathering publishing data from a variety of sources,
including academic databases and institutional repositories. We focused on scholars
connected with degree-granting institutes in Pakistan and gathered their publication data
from 2010 to 2020.Using publication data, we created time-evolving co-authorship
graphs to reflect academics' cooperation patterns through time. The nodes in these graphs
represent researchers, while the edges show their co-authorship ties. We utilized the
Gephi program to create and show the co-authorship graphs, and we employed several
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network analysis approaches to determine the network's essential characteristics and
structures. To quantify the importance and prominence of researchers in the network, we
estimated several network centrality metrics such as degree centrality, betweenness
centrality, and eigenvector centrality. We created power graphs using co-authorship
graphs to reflect the impact and prominence of researchers in the network. Power graphs
are a sort of node-weighted graph in which each node has a weight given to it depending
on its degree centrality in the original graph. Highly linked nodes, or "hubs," are
allocated larger weights in power graphs, indicating their greater impact and importance
in the network. We utilized the Net Miner programmed to generate and analyses the
power graphs, which we then compared to the co-authorship graphs to discover the
network's emerging stars.

We also estimated citation counts, h-indexes, and cooperation indices for each researcher.
Citation counts are the number of times a researcher’s articles have been referenced by
other researchers, whereas the h-index is a measure of the researcher's productivity and
influence based on the number of publications and their citation counts. cooperation
indices quantify the breadth and variety of a researcher’s cooperation network and may be
estimated using the number of co-authors, the number of different universities or
countries represented in the partnerships, and other parameters. We used a variety of data
mining approaches, including clustering algorithms and machine learning models, to
identify the network's emerging stars. We performed the data mining study with the Weka
sofiware and evaluated the performance and accuracy of the models with various
validation and sensitivity analysis methodologies. Overall, our methodology employs
time-evolving co-authorship graphs, power graphs, and other KPIs and data mining tools
to present a complete and data-driven approach to identifying emerging stars in academia.
It is crucial to highlight, however, that our study has several limitations, such as the focus
on a specific geographical location and research subject, as well as the possible biases
and restrictions connected with the use of bibliometric and network analysis approaches.
More research is required to test and expand our methodologies to other settings and
study disciplines, as well as to overcome these limits and problems.
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4.12 Results and Discussions of Method apply to Different DAI

Data mining investigation uncovers numerous insights regarding cooperation trends and
emerging stars in Pakistan's degree awarding institutes (DAIs). The time-evolving co-
authorship graphs depict collaboration tendencies among DALI researchers from 2010 to
2020. The co-authorship network appears to be strongly linked and concentrated,
showing significant collaborative relationships among academics inside and across
universities. Based on their research interests and connections, we also identify different
subgroups or communities of researchers inside the network. The Louvain algorithm
discovers these communities and emphasizes the need of multidisciplinary connections
for academic achievement. The power graphs created from the co-authorship graphs
highlight the significant scholars even more and emphasize the necessity of cooperation
for academic achievement. The power graph analysis indicates some highly linked and
prominent scholars, or "hubs,” who play an important role in linking diverse groups and
boosting network collaboration. We also see that emerging stars are strongly linked and
have a significant network presence, highlighting the importance of teamwork for their

academic achievement.

The KPI-based rating methodology confirms the identified emerging stars by providing a
quantifiable evaluation of their academic influence and future success potential. The
ranking method incorporates numerous KPIs, such as citation counts, h-index,
cooperation indices, and others, to analyze each researcher's overall performance and
potential. We sec that emerging stars have high rankings across numerous KPIs,
suggesting persistent and diversified contributions to their profession.

. 1
z:rtet., o’ Pub(x, t) (4.18)

The number of articles written by an author x from t, until a given time t,, weighted by
oldness (i.c., by the periods that have passed from the publication period of each article
until tn).
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t cit(t.))
Zvtet, LajePx —per()+1 4.19)

Overall, our findings shows that data mining approaches may be used to reveal
collaborative trends and identify emerging stars in academia. Our findings can assist
academics and educational institutions in making better decisions about research
cooperation, funding distribution, and academic employment. It is crucial to emphasize,
however, that our findings have certain limitations, such as the focus on a specific
geographic location and study subject, as well as the inherent biases and restrictions
connected with the use of bibliometric and network analysis approaches. More study is
required to confirm and expand our findings to other contexts and research domains, as
well as to overcome these limits and constraints. Our findings have important
implications for the degree awarding institutes (DAISs) in Pakistan. The identification of
rising stars can help these institutions allocate resources more effectively, promote
interdisciplinary research, and foster a vibrant research culture.

First, identifying rising stars can help institutions allocate resources more effectively by
targeting their support to the most promising and impactful researchers. Institutions can
provide these rising stars with more funding, lab space, and mentoring, and create
incentives for them to continue their research and collaboration efforts. This can help
institutions build their research capacity and reputation and attract more talented
researchers and students.

Second, the identification of rising stars can promote interdisciplinary research by
highlighting the importance of collaboration and communication across different research
fields and disciplines. Institutions can encourage these rising stars to form
interdisciplinary teams and collaborate with researchers from different backgrounds and
provide them with opportunities to participate in interdisciplinary research programs and
projects. This can help institutions address complex and interdisciplinary research
challenges and generate new insights and solutions.
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Third, the identification of rising stars can foster a vibrant research culture by inspiring
and motivating other researchers to pursue excellence and innovation. Institutions can
celebrate and showcase the achieveraents of these rising stars and create a supportive and
inclusive environment that encourages creativity, risk-taking, and continuous learning.
This can help institutions attract and retain top talent and promote a culture of excellence

and innovation.

However, it is important to note that the identification of rising stars is only one aspect of
building a vibrant and successful research culture. Institutions need to create a supportive
and inclusive environment that provides researchers with the resources, infrastructure,
and mentorship they need to succeed. This includes investing in research facilities,
equipment, and staff, providing access to funding and grant opportunities, and promoting
collaboration and communication among researchers. Institutions also need to address the
challenges and limitations associated with the use of bibliometric and network analysis
methods and ensure that their evaluation and promotion policies are fair, transparent, and
based on a range of criteria and indicators. In this section, the results and interoperations
of the analysis are documented. Said differently, by considering the sample universities
results and graphical analysis are documented separately for each university.

4.12 Air University

Air University is a degree-awarding institute in Pakistan in Network Visualization. There
are 408 items,20 clusters, and links connected are 2255, and the total link strength are
5923. An analysis was conducted on several authors' publication records, considering the
number of documents they authored and the "Total link strength" metric. Among the
authors, LM. Qureshi emerged with the most documents, having authored 131
publications. Additionally, Qureshi exhibited a significant total link strength of 311,
indicating strong connections and collaborations with other researchers in the network.
Following Qureshi, A. Jalal ranked second with 90 documents and a cumulative link
strength of 227. A.R. Javed secured the third position with documents and a cumulative
link strength 192. Similarly, M.S. Arif had 53 documents and a total cumulative link
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strength of 150, while M.Y. Malik produced 58 documents with a total cumulative link
strength 149. K.U. Rehman contributed 69 documents with a total link strength 147,
while N. Naseer authored 58 documents with a total link strength of 133. Y.Y. Ghadi,
with 27 documents, showed a high total link strength of 124, indicating strong
collaborations despite a comparatively lower publication count. M.A. Khan and A. Raza
published 46 and 35 documents, respectively, and shared a total link strength of 124.
These findings shed light on these authors' research productivity and collaborative
networks, emphasizing the significance of the number of documents authored and the

strength of their connections with other researchers in the field.

Table 4.9 Collaborative Cluster Based on Productivity of Air University

Author Documents Total Link Strength
Qureshi i.m 131 311
Jalal ar 90 227
Javed ar 72 192
Arif m.s 53 150

AIR UNIVERSITY

# Documents @ Total Link Strength
350
300
250

200

dll114

QURESHI I M JALAL AR JAVED AR AKIF M 5 MALIK MY REHMAN K U NASLER N
NUMBER OF DOCUMENTS AND LINK STRENGTH

AUTHOR NAMES

o ©

Figure 4.2 Documents and total link strength of Air University
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Figure 4.1: Co-Authorship Graph of Air University

Table4.21: Collaborative Cluster Based on Productivity of Air University

We can analyze the information based on the provided authors' data, documents, and total
link strength to identify potential clusters or groups of authors. Clustering can help reveal
patterns or associations among the authors based on their publication records and
collaborative connections. Here is a clustering based on the provided data:
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Ihgh-Productvity Documents. Total I ink Strength
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Figure 4.3(a) Graphical Representation of High Productivity Documents of Air University
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Figure 4.3(b) Graphical Representation of Moderate Productivity Documents of Air University

Low-Productv ity Documents, Total Link Strength
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Figure 4.3 (c) Graphical Representation of Low Productivity Documents of Air University
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22 Bahria University

Bahria University consists of 404 items which make 22 clusters of the researcher's links
which connect them are 2191 and the total link strength is 5010. An analysis was
conducted on the publication records of several authors, considering the quantity of
documents they authored and the "Total link strength" metric. Among the authors, M.
Ramzan stood out with the highest number of documents, having authored 115
publications. Furthermore, Ramzan displayed a notable total link strength of an
unspecified value, indicating strong connections and collaborations with other researchers
in the network.

Following Ramzan, K.N. Qureshi secured the second position with 73 documents and a
total link strength of 169. Similarly, M. Usman ranked third with 52 documents and a
total link strength of 167. G. Jeon contributed 58 documents and exhibited a substantial
link strength of 158, while A. Ali authored 51 documents with a total cumulative link
strength of 145. R.U. Haq produced 56 documents with a total link strength of 144, while
A. Wagar had 42 documents and a total link strength of 122. S. Kadry authored 31
documents and exhibited a total link strength of 115.

M. Hamid contributed 36 documents with a total cumulative link strength of 113, while
A. Ahmad had 42 documents and a cumulative link strength of 100.S. Khalid authored 52
documents with a total link strength of 97, and S. Igbal produced 42 documents with a
total link strength of 95. J.D. Chung displayed 26 documents and a 93 total link strength.
A. Shafee and M. Hussain published 26 and 39 documents, respectively, with total link

strengths of 90 and 82.
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Table 4.10 Collaborative Cluster Based on Productivity of Bahria University

High-Productivity Moderate-Productivity Low-Productivity
Authors Documents, Total Authors Documents, Total Authors Documents,
Link Strength Link Strength Total
Link
Strength
Ramzan 115 Wagar A 42 Chung J.D 26
M
Qureshi 73 Kadry S 31 Shafee A 26
KN
Usman 52 Hamid M 36 Hussain M 39
M
JeonG 58 Ahmad A 42 Ahmad S 29
AliA 51 Khalid S 52 ChuY.-M 20
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Figure 4.5: Co-Authorship Graph of Bakria University
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Based on the given data of authors, documents, and total link strength, we can analyze the
information to identify potential clusters or groups of authors. Clustering can help reveal
patterns or associations among the authors based on their publication records and

collaborative connections. Here is a clustering based on the provided data:

High-Productivity Documents. 1otal Link Strength

Al A EEEsssssaEEesssasmmmm—. 51
V]
Usman M esssssssssssssssssss—— 52
R 7 3
Ramzan M s ] 1 5

0 20 40 60 80 100 120 140
Documents and total link strength

Faculty Name

Figure 4.5 (2) Graphical Representation of High Productivity Documents of Bahria University

Moderate-Productiv ity Documents, Total Link Strength
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Figure 4.5 (b) Graphical Representation of Moderate Productivity Documents of Bahris University
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Figure 4.5 (¢) Graphical Representation of Low Productivity Documents of Bahria University
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4.13 Comsats University Islamabad

Comsats University consists of 567 items, making 27 clusters of the researcher's links,
which connect them with 4191 and the total link strength is 1010. An analysis was
conducted on the publication records of several authors, taking into account the amount
of documents they authored and the "Total shared link" metric. Among the authors, K.
Ayub emerged with the highest number of documents, having authored 59 publications.
Additionally, Ayub displayed a total shared link value of 205, indicating strong
connections and collaborations with other researchers in the network. Following Ayub,
M.I. Khan ranked second with 57 documents and a total shared link value of 203.
Similarly, S.U. Khan secured the third position with 55 documents and a total shared link
value of 186. M. Imran contributed 48 documents with a total shared link value of 181,
while A. Ali has authored 43 documents, with a collective shared link value of 152.A.
Ahmad produced 52 documents with a total shared link value of 143, while T. Mahmood
had 34 documents and a total shared link value of 131. A. Bokhari contributed 29
documents with a total shared link value of 120. J. Igbal exhibited a total shared link
value of 117, and S. Ahmad authored 41 documents with a total shared link value of
113.Furthermore, M.A. Khan and A. Hussain shared a total link value of 112 and 107,

respectively. S. Khan authored 39 documents with a total shared link value of 104, while M.A.
Gilani contributed 25 documents with a total of 103.

Table 4.11: Collaborative Cluster Based on Productivity of Comsat University

High-Productivity Moderate-Productivity Low-Productivity
Authors Documents / Total  Authors Documents / Total Authors Documents, Total
Link Strength Link Strength Link Strength
Ayub K 59 Igbal J 49 0 0
Khan ML 57 Ahmad S 41 0 0
Khan S.U 55 KhanM.A. 39 0 0
AliA. 43 Khan S 39 0 0
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Figure 4.6: Co-Authorship Graph of COMSATS University, Islamabad

Based on the provided data of authors, documents, and total shared links, we can analyze
the information to identify potential clusters or groups of authors. Clustering can help
reveal patterns or associations among the authors based on their publication records and
collaborative connections. Here is a clustering based on the provided data:
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High-Productivity Documents
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Figure 4.7 (a) Graphical Representstion of High Productivity Documents of Comsats University

Moderate-Productivity Documents
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Figure 4.7 (b) Graphical Representation of Moderate Productivity Documents of Comsats University

4.14 Fast University, Islamabad

An analysis was conducted on several authors' publication records, considering the total
number of documents they authored and the "Total link strength" metric. Among the
authors, M.A. Jaffar stood out with the highest total number of documents, having
authored 75 publications. Additionally, Jaffar exhibited an impressive total link strength
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of 1800, indicating strong connections and collaborations with other researchers in the
network. Following Jaffar, A.M. Mirza achieved the second position, having authored 59
documents and possessing a total link strength of 143, Similarly, A. Hussain secured the
third position with 49 documents and a total link strength of 135.

M. Ahmad contributed 54 documents with a total link strength of 121, while M.A.
Gondal authored 49 documents with a total link strength of 98. 1. Hussain produced 42
documents with a total link strength of 96, while F.A. Khan and M.A. Khan both had 59
and 27 documents, respectively, with total link strengths of 93 and 89. M. Ali contributed
37 documents with a total link strength of 88, and M. Khan authored 57 documents with a
total link strength of 81.

Additionally, T. Shah had 33 documents with a total link strength of 79, while A.R. Baig
and 1. Ullah both exhibited a total link strength of 75 with 52 and 45 documents,
respectively. S. Anwar authored 18 documents with a total link strength of 73, while S.
Al contributed 33 documents with a total link strength of 72. A. Ali and M. Asim both
published 46 and 34 documents, respectively, with total link strengths of 71.

Tabled.12: Collaborative Cluster Based on Productivity of Fast University

High-Productivity Moderate-Productivity Low-Productivity
Authors Documents / Total Authors Documents / Authors Documents
Link Strength Total / Total
Link Strength Link
Strength
Jaffar M. A 75 Hussain I 42 Shah T 33
Mirza AM 59 KhanF. A 59 Baig A.R 22
Hussain A 49 KhanM.A 57 Ullah I 25
Ahmad M 54 AliM 37 Anwar S 18
GondalM.A 49 Khan M 57 Ali S 23
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Figure 4.8: Co-Authorship Graph of Fast University, Islamabad
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Figure 4.9 (a) Graphical Representation of High Productivity Documents of Fast University
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Moderate-Productivity Documents
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Figure 4.9 (b) Graphical Representation of Moderate Productivity Documents of Fast University
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Figure 4.9 (¢) Graphical Representation of Low Productivity Documents of Fast University

4.15 International Islamic University, Islamabad

An analysis was conducted on the publication records of several authors, considering
both the documents they authored and the "Total link strength" metric. Among the
authors, T. Mahmood stood out with the maximum number of documents, having
authored 128 publications. Additionally, Mahmood exhibited an impressive total link
strength of 2901, indicating strong connections and collaborations with other researchers
in the network. Following Mahmood, Z. Ali secured the second position, having authored
98 documents and possessing a total link strength of 219. Similarly, M. Arshad secured
the third position with 75 documents and cumulative link strength of 208. I. Ahmad
contributed 91 documents with a total link strength of 195, while N. Ali authored 75
documents with a total link strength of 180. K. Ullah produced 57 documents with a
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strength of 166, and A. Hussain had 64 documents with a total A. Ali contributed 42
documents with a total link strength of 131, while S. Khan exhibited a total link strength
of 129. R. Ellahi authored 63 documents with a total link strength of 122, and A. Zeeshan
contributed 55 documents with a total link strength of 113. Additionally, M. Ahmad had
40 documents with a total link strength of 111, while B. Uzair had 24 documents and a
cumulative total link strength of 98. M.M. Bhatti contributed 35 documents with a total
link strength of 90, and A. Ghani had 33 documents with a cumulative total link strength
of 83. M. Ali and M.S. Khan shared total link strengths of 82, with 33 and 26 documents,
respectively. Furthermore, A. Irshad authored 30 documents with a total link strength of
81, while A. Khan and A.A. Khan contributed 27 and 39 documents, respectively, with
cumulative link strengths of 81.

ﬂ. Vi ihviswer

Figure 4.10: Co-Authorship Graph of International Islamic University
Based on the provided authors' data, documents, and total link strength, we can analyze
the information to identify potential clusters or groups of authors. Clustering can help
reveal patterns or associations among the authors based on their publication records and
collaborative connections. Here is a clustering based on the provided data:
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Table 4.13 : Collaborative Cluster Based on Productivity of International Islamic University

High-Productivity Moderate-Productivity Low-Productivity
Authors Documents / Authors Documents / Total Authors Documents/

Total Link Strength Total

Link Strength Link

Strength
Mahmood T 128 Ali A, 42 Uzair B 24
AN Z 98 Khan S 40 Bhatti 35
MM

Arshad M 75 Ellahi R 63 Ghani A 33
Ahmad I 91 Zeeshan A 55 AliM 33

High-Productivity Documents

Naqvi S.R I 3 7
AllM S 50
Ibrahum HAA BEEEEEEEEEEEER 2/
Awwad N.S I 24
Igbal & I —— 4 7

Faculty Name

0 10 20 30 40 50 60 70

Document and link Strength

Figure 4.11 (2) Graphical Representation of High Productivity Documents of ITUI University

Maoderate-Productivity Documents

Khan A S 35

Document and Link Strength

Figure 4.11 (b) Graphical Representation of Moderate Productivity Documents of ITUI University
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Low-Productivity Documents
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Figure 4.11 (c) Graphical Representation of Low Productivity Documents of ITUI University

4.16 National University of Science and Technology Islamabad

An analysis was conducted on the publication records of several authors, considering
both the higher number of documents and a greater total link strength metric. Among the
authors, S. Igbal stood out with the most documents, having authored 47 publications.
Additionally, Iqbal exhibited a substantial total link strength of 217, indicating strong
connections and collaborations with other researchers in the network. Following Igbal,
N.S. Awwad and H.A. Ibrahim ranked second with 24 documents each and a total link
strength of 162. Similarly, M. Javed contributed 19 documents with a total link strength
of 131, while M. Ali authored 59 documents with a total link strength of 123. E.B.
Elkaeed and H.O. Alsaab shared a total link strength of 105 and 97, respectively, with 14
documents each. S.R. Naqvi contributed 37 documents with a total link strength of 94,
while Z. Said had 60 documents with a total link strength of 93. M.A. Khan and A.H.
Khoja shared a complete link strength 90, with 33 and 27 documents, respectively. K.
Khan authored 25 documents with a complete link strength of 86. Additionally, A. Ali
contributed 38 documents with a link strength of 84, while A. Khan had 35 documents
with a complete link strength of 80. M. Imran authored 40 documents with a complete
link strength of 76, and M. Hassan contributed 25 documents with a total link strength of
73. M. Igbal had 34 documents with a whole link strength of 72, while S. Nadeem
authored 9 documents with a complete link strength of 69. Moreover, A. Hussain
contributed 24 documents with a total link strength of 68, and N. Igbal had 26 documents
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with a total link strength of 67.

&VOSVlewer

Figure 4.12: Co-Authorskip Graphk of NUST
Based on the provided data of authors, documents, and aggregate link strength, we can
analyze the information to identify potential clusters or groups of authors. Clustering can

help reveal patterns or associations among the authors based on their publication records

and collaborative connections.
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Figure 4.13 (2) Graphical Representation of High Productivity Documents of NUST University
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Figure 4.13 (b) Graphical Representation of Moderate Productivity Documents of NUST University
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Figure 4.13 (c) Graphical Representation of Low Productivity Documents of NUST University
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Table 4.14: Collaborative Cluster Based on Productivity of NUST University

High-Productivity Moderate-Productivity * Low-Productivi
Authors Documents / Authors Documents / Authors Documents/
Total Total Total
Link Strength Link Strength Link
Strength
Igbal S 47 Javed M 19 Elkaced E. B 14
Awwad N. S 24 AlsaabH. O 14 Hassan M 25
Ibrahim H. A 24 Khan K 25 Nadeem S 9
AliM 59 AliA 38 Hussain A 24
NaqviS. R 37 Khan A 35 Igbal N 26

4.17 Analysis of Universities their clusters, Links and Authors

Analysis of Universities their clusters,Links and Authors
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Figure 4.14: Analysis of Universities their clusters, Links and Authors
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In the realm of academia, various educational institutions contribute significantly to the
intellectual landscape through their research and scholarly endeavors. Cluster 8,
comprising 272 links, represents one such distinctive node, bringing together authors who
contribute to a diverse range of topics. Similarly, the AIR cluster, with 86 links,
underscores the importance of collaboration and knowledge dissemination among
professionals in the field. Moving ahead, the FAST cluster, encompassing 17 links and a
remarkable 10,882 authors, signifies the extensive reach of research conducted at this
institution. Equally noteworthy, the IIUI cluster, spanning 17 links and an impressive
13,221 authors, showcases the extensive scholarly network associated with the university.
Overall, these clusters and their associated links and authors exemplify the profound

impact of academic collaboration and research output within these esteemed institutions.
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Chapter §

A Multivariate Stochastic Model to Assess Research Performance of
Degree Awarding Institutes in Pakistan

5.1. Introduction:

Research is critical to the growth of a knowledge-based economy, since it drives
innovation and boosts global competitiveness. Pakistan's higher education industry has
grown significantly in recent years, with an increasing number of degree awarding
institutes (DAIS) contributing to the research environment. Evaluating these institutions’
research success is critical for politicians, educators, and stakeholders to efficiently
allocate resources, create strategic geals, and track progress. In recent years, the higher
education environment in Pakistan has seen substantial modifications, with an increasing
emphasis on research and innovation. Degree awarding institutes (DAIs) play an
important role in developing a knowledge-driven economy through advancing research,
technology, and human capital. These institutes' research output is critical not just for the
country's economic progress, but also for the country's capacity to compete worldwide
and address significant societal concerns. However, the higher education system in
Pakistan faces various problems that have an influence on research performance. These
difficulties include a lack of financial resources, insufficient research infrastructure, a
paucity of competent academic members, and a lack of incentives for research
participation. Despite these limits, numerous DAIs in Pakistan have produced outstanding
research and made significant contributions to their respective disciplines. Evaluating the
research performance of Pakistani DAIS is critical in this setting for a variety of reasons.
For starters, it assists policymakers, educators, and other stakeholders in understanding
the present condition of the country's research environment. This knowledge may be used
to guide strategic planning and resource allocation choices, allowing for the creation of
tailored interventions to improve research performance. Second, evaluating research
performance can aid in the identification of areas of strength and weakness in the higher
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education sector. This data may be utilized to create customized capacity-building
programs and boost national and international relationships across institutes. Finally,
assessing research performance can help to foster a competitive research culture among
Dais. Institutes can be pushed to consistently enhance their research production and
impact by creating benchmarks and promoting a competitive spirit. Given the
significance of evaluating research performance, a strong and dependable assessment
system that can account for the inherent uncertainty and unpredictability associated with
research activities is required. This work tries to fill that void by building a multivariate
stochastic model that provides a full and nuanced view of research performance in
Pakistan's degree-granting institutes.

5.2. Key objectives of the Multivariate Stochastic Model

The fundamental goal of this project is to create a multivariate stochastic model to
evaluate the research performance of degree-granting institutes in Pakistan. The model is
intended to provide a complete and rigorous evaluation framework by including a variety
of quantitative and qualitative indicators that represent the many elements of research

success across disciplines.

1. To account for the inherent uncertainty and randomness in research activities,
offering a more reliable and accurate assessment of research performance
compared to traditional deterministic approaches.

2. To facilitate a comparative analysis of research performance among Pakistani
DALIS, enabling stakeholders to identify areas of strength and weakness within the
higher education sector, and foster a competitive research culture.

3. To provide insights into the research landscape in Pakistan, helping policymakers,
educators, and stakeholders make informed decisions regarding resource
allocation, strategic planning, and capacity-building initiatives.

4. To evaluate the research performance of Pakistani DAIs across various
disciplines, including natural sciences, social sciences, engineering, and
humanities, highlighting discipline-specific trends and challenges.
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5. To benchmark the research performance of Pakistani DAIs against international
standards, offering a global context for the assessment and identifying
opportunities for collaboration and knowledge exchange with international
partners.

5.3. Scope of the Multivariate Stochastic Model

This study encompasses the application of the multivariate stochastic model to evaluate
the research performance of degree awarding institutes in Pakistan. The study focuses on
public and private universities, institutes, and colleges offering undergraduate and
graduate degrees across the country. The key areas covered within the scope of the study

are as follows:

1. Disciplinary Focus
The model will be applied to assess research performance across a wide range of
disciplines, including natural sciences, social sciences, engineering, and humanities. This
will enable a comprehensive understanding of the research landscape in Pakistan and help
identify discipline-specific trends, challenges, and opportunities.

2. Quantitative and Qualitative Indicators
The study will incorporate various quantitative and qualitative indicators that capture
diverse aspects of research performance. These may include research output (e.g.,
publications, patents), research quality (e.g., citation metrics, journal impact factors),

research funding, collaborations, and research impact on society, among others.

5.4 Data Collection and Sources

The study will utilize data from multiple sources, such as higher education institutions,
government databases, research funding agencies, and global databases like Scopus and
Web of Science. This will help ensure the accuracy and reliability of the model and its
results.
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1.National and International Comparison

The research performance of Pakistani DAIs will be analyzed within the national context,
enabling comparisons among different institutes and disciplines. Additionally, the study
will benchmark the research performance of Pakistani DAIs against international
standards, providing a global context for the assessment and identifying potential
opportunities for collaboration and knowledge exchange with international partners.

2.Policy Implications and Recommendations:

The findings of the study will offer valuable insights for policymakers, educators, and
stakeholders, informing strategic planning, resource allocation, and capacity-building
initiatives aimed at enhancing the research performance of degree awarding institutes in
Pakistan.

5.5 Multivariate Stochastic Models

Multivariate stochastic models have emerged as a promising approach for research
performance assessment, as they can account for the inherent uncertainty and randomness
in research activities, offering a more accurate and reliable assessment of research
performance [44]. These models can incorporate multiple indicators and consider their
interdependencies, providing a comprehensive evaluation of research performance across
different dimensions. This allows for a more nuanced understanding of research
performance, capturing the complex interactions between various aspects of research
activities. In the context of degree awarding institutes in Pakistan, the development of a
multivariate stochastic model addresses the need for a robust and reliable evaluation
framework that captures the complexity and multidimensionality of research
performance. By incorporating various quantitative and qualitative indicators, the model
provides a comprehensive assessment of research performance, taking into account the
uncertainty and randomness inherent in research activities. This approach can help inform
policy decisions, allocate resources effectively, and foster a competitive research culture
among degree awarding institutes in Pakistan.
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5.5.1 Types of Stochastic Models

Stochastic models are mathematical models that incorporate randomness or uncertainty to
describe the behavior of a system over time. Here are some common types of stochastic
models:

1. Markov Chains: A Markov chain is a sequence of events where the future state
depends only on the current state, and not on the sequence of events that preceded it. It's
widely used in various applications, including finance, physics, and biology [132].

2. Stochastic Processes: Stochastic processes are mathematical models that describe the
evolution of random variables over time. Examples include Brownian motion, Poisson
processes, and birth-death processes [133].

3. Monte Carlo Simulation: Monte Carlo simulation involves generating a large number
of random samples to estimate complex systems or perform numerical integration. It's
widely used in finance, physics, and engineering [134].

4. Queueing Theory: Queucing theory deals with the study of waiting lines, such as
those found in telecommunications, transportation, and customer service systems. Models
often involve randomness in arrival times and service times [135].

5.Stochastic Differential Equations: Stochastic differential equations incorporate
random noise into differential equations to model systems affected by uncertainty.
They're commonly used in financial mathematics and physics [136].

6.Discrete Event Simulation: This involves modeling systems where events occur at
distinct points in time. It's used to analyze complex systems with random inputs, such as
manufacturing processes and computer networks [137].
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7.Hidden Markov Models: Hidden Markov models involve observing a sequence of
outputs that are influenced by an underlying sequence of hidden states. They're used in
speech recognition, bioinformatics, and natural language processing [138].

8.Random Walk Models: A random walk is a mathematical formalization of a path that
consists of a succession of random steps. It's often used to model stock prices, particle

motion, and diffusion processes [139].

9.Gaussian Processes: Gaussian processes are used in machine learning and statistics to
model functions where observations are subject to uncertainty. They're used in
regression, interpolation, and optimization problems [140].

10.Agent-Based Models: Agent-based models simulate the actions and interactions of
individual agents within a system. These models are used to study complex systems in

economics, social sciences, and ecology [141].

11.Spatial Stochastic Models: These models incorporate randomness into spatial
systems, such as population dynamics in ecology or the spread of diseases [142].

12.Renewal Theory: Renewal theory studies the times between consecutive events in a

stochastic process, such as arrivals at a queue or failures in a system [143].
5.6. Multivariate Stochastic Models in Higher Education

Multivariate stochastic models have gained prominence in higher education research
performance assessment due to their ability to account for the inherent uncertainty and
randomness associated with research activities. These models provide a more accurate
and reliable assessment of research performance compared to traditional deterministic
approaches [44].
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5.7. Advantages of Multivariate Stochastic Models

1. Flexibility:

Multivariate stochastic models can incorporate a wide range of quantitative and
qualitative indicators, allowing for the assessment of research performance across
multiple dimensions. This flexibility enables a comprehensive understanding of research
performance, capturing the complex interactions between various aspects of research

activities [144].

2.Uncertainty and randomness:

By accounting for the inherent uncertainty and randomness in research activities,
multivariate stochastic models offer a more reliable and accurate assessment of research
performance. This feature allows stakeholders to make informed decisions based on
realistic expectations and accurate evaluations [145].

3. Interdependencies:

Multivariate stochastic models can consider the interdependencies between different
indicators, providing a more nuanced understanding of research performance. This
approach allows researchers to explore the relationships between various aspects of

research activities and their impacts on overall performance [146].

4.Comparability:

Multivariate stochastic models facilitate the comparison of research performance across
institutions, disciplines, and time periods, enabling stakeholders to benchmark progress,
identify trends, and recognize areas of strength and weakness [147].

5.8. Applications in Higher Education Institutes

Multivariate stochastic models have been applied to various problems in higher
education, including:
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1. Performance evaluation:
Assessing research performance of higher education institutions, departments,
and individual researchers, considering factors such as research output, quality,
impact, collaboration, and funding [148].

2. Resource allocation:
Guiding the allocation of resources, such as funding and infrastructure, based on

performance assessments and expected outcomes [149].

3. Forecasting:
Predicting future research performance and trends, informing strategic planning
and decision-making in higher education institutions [150].

4 Ranking:

Developing ranking systems for higher education institutions based on
comprehensive and robust assessments of research performance [127].By
applying multivariate stochastic models to assess research performance in higher
education, stakeholders can gain a comprehensive and nuanced understanding of
the research landscape, informing policy decisions, resource allocation, and
capacity-building initiatives. In the context of degree awarding institutes in
Pakistan, the development of a multivariate stochastic model offers a robust and
reliable evaluation framework, capturing the complexity and multidimensionality
of research performance and addressing the unique challenges and opportunities
faced by these institutions.

5.9. Research Performance Evaluation in Pakistan

Research performance evaluation has been a growing area of interest in Pakistan, with
several studies focusing on assessing the performance of higher education institutions

within the country. These studies have evolved over time, moving from simple metrics to
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more comprehensive evaluation frameworks, highlighting the unique challenges and
opportunities faced by Pakistani institutions.

5.9.1. Early Approaches: Simple Metrics

In the initial phase, studies primarily relied on basic metrics such as publication counts
and citation analyses to evaluate the research performance of Pakistani higher education
institutions (Mehmood & Shafique, 2010; Hameed et al., 2012). While these metrics
provided a starting point for understanding the research landscape in Pakistan, they often
failed to capture the nuanced aspects of research performance and could not account for

the inherent uncertainty and randomness in research activities.
5.9.2. Bibliometric and Scientometric Indicators

To address the limitations of simple metrics, researchers began to employ bibliometric
and scientometric indicators in the evaluation of research performance in Pakistan. These
indicators provided more detailed insights into research output, quality, and impact,
allowing for a more comprehensive understanding of the research landscape in the
country [44]. However, these approaches still predominantly focused on quantitative
aspects, potentially overlooking qualitative factors such as research relevance,
collaboration, and societal impact.

5.9.3. Comprehensive Evaluation Frameworks

Recognizing the need for a more holistic assessment of research performance, more
recent studies have attempted to develop comprehensive evaluation frameworks that
incorporate both quantitative and qualitative indicators [44][45]. These frameworks
provide a more balanced view of research performance in Pakistan, considering factors
such as research output, quality, impact, funding, and collaboration. However, there
remains a need for a robust and reliable evaluation model that can account for the

uncertainty and randomness inherent in research activities.
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5.9.4. Multivariate Stochastic Models for Pakistan

The development of a multivariate stochastic model for assessing research performance
in Pakistan addresses the need for a comprehensive and reliable evaluation framework.
By incorporating various quantitative and qualitative indicators, the model provides a
more accurate assessment of research performance, accounting for the inherent
uncertainty and randomness in research activities. This approach can help inform policy
decisions, allocate resources effectively, and foster a competitive research culture among

degree awarding institutes in Pakistan.

5.10 Methodology for Developing a Multivariate Stochastic Model

The methodology for developing a multivariate stochastic model to assess research
performance in degree awarding institutes of Pakistan involves several key steps, ranging
from selecting appropriate indicators to validating the model's results. This section
provides an extended overview of the methodology and its various components. The first
step in developing the multivariate stochastic model involves selecting a comprehensive
set of quantitative and qualitative indicators that accurately capture various aspects of
research performance. These indicators may include Publication counts, conference
presentations, patents, and books. Citation metrics, journal impact factors, and
normalized citation impact. External and internal grants, research budget, and funding per
researcher. National and international research partnerships, co-authorship networks, and
interdisciplinary collaborations. Research addressing societal needs, technology transfer,
and policy influence. Number of PhD students, graduation rates, and faculty
qualifications.
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5.11 Data Collection

Data for the selected indicators will be collected from various sources, including:

1. Degree awarding institutes: Institutional databases, annual reports, and research
profiles.

2. Government databases: Higher Education Commission (HEC) of Pakistan and
Pakistan Research Repository (PRR).
Research funding agencies: National and international funding organizations.

4, Global databases: Scopus, Web of Science, and Google Scholar.

5.12 Stochastic Model Development

Stochastic dominance models are constructed to compare the research performance of
Pakistani universities based on the calculated performance measures. These models allow
for a systematic and quantitative assessment of the dominance relationships among the
universities. The construction of stochastic dominance models involves the following
steps: Explanation of First-Order, Second Order, and Higher-Order Stochastic
Dominance Models:

5.12.1 First-Order Stochastic Dominance:

In first-order stochastic dominance, one university is considered to dominate another if it
has a higher value in at least one performance measure and a lower value in none. It
means that for every possible performance level, the dominant university performs at
least as well as the other university and strictly better for at least one performance level.
First-order stochastic dominance can be represented mathematically using the cumulative
distribution functions (CDFs) of two random variables. Let's consider two random
variables X and Y, where X represents the performance measure of one university and Y
represents the performance measure of another university. The mathematical equation for

first-order stochastic dominance is as follows:

CDF =X(t) < CDF Y(t) for all t (5.1)
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This equation states that the cumulative probability of observing a value less than or
equal to t for variable X (CDF_X(t)) should be less than or equal to the cumulative
probability of observing a value less than or equal to t for variable Y (CDF_Y(t)) for all
possible values of t. In simpler terms, first-order stochastic dominance implies that the
CDF of X lies below or is equal to the CDF of Y for all values of t. This indicates that the
probability of X being less than or equal to any specific value is always less than or equal
to the corresponding probability for Y. In other words, one university's performance
measure (X) dominates the other university's performance measure (Y) in terms of the
cumulative distribution. It’s important to note that the specific form of the CDFs may
vary depending on the distribution of the random variables being considered. The
equation for first-order stochastic dominance holds regardless of the specific functional
form of the CDFs, as long as the inequality CDF_X(t) < CDF_Y(t) holds for all t.

5.12.2 Second-Order Stochastic Dominance:

Second-order stochastic dominance requires that one university dominates another in
terms of all performance measures simultaneously. It means that the dominant university
performs better in every performance measure or has a superior distribution of outcomes
across all measures. Second-order stochastic dominance provides a more stringent
criterion for one university to be considered dominant over another. Second-order
stochastic dominance provides a more stringent criterion for dominance than first-order
stochastic dominance. It requires one random variable to dominate another in terms of all
possible linear combinations of cumulative distribution functions (CDFs). Let's consider
two random variables X and Y, representing the performance measures of two

universities. The mathematical proof for second-order stochastic dominance is as follows:

For all a > 0, the equation

[[F X@)-F Y@)] da<0 (5.2)
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where F_X{(t) and F_Y(t) are the CDFs of X and Y, respectively, and the integration is
performed over all a > 0.

In simpler terms, this equation states that the integral of the difference between the CDFs
of X and Y, weighted by a, must be less than or equal to zero for all positive values of a.
The proof involves comparing the expected values of linear combinations of random
variables X and Y. For any fixed a > 0, consider the random variable Z = X + (1-a) Y,
representing a linear combination of X and Y.

Using the properties of CDFs, we have:

J[F_X@®-F Y®)]da=J[PX<t)-P(Y <] da=[PX<t,Z<t)-P(Y<t,Z<
] de=[PZ<t) [PX<t|Z<t)-P(Y<t|Z<t)]das<[PZ<t)[FXQ)-
F Y] da

Since P (Z < t) > 0 for all t, and [F_X(t) - F_Y(t)] < 0 (by assumption of first-order
stochastic dominance), it follows that.

fP@Z<t)[F Xt -F_Y{®)]da<0 (5.3)

Therefore, for all a > 0, the inequalityf [FX(t) - FY(t)] da < 0 holds, establishing second-
order stochastic dominance. This mathematical proof demonstrates that second-order
stochastic dominance is a stricter criterion for dominance than first-order stochastic
dominance. It considers all possible linear combinations of the CDFs and requires the
integral of their differences to be non-positive for all positive weights. By applying this
proof, researchers can determine if one university's performance measure dominates

another's across all possible linear combinations of performance measures.
5.12.3 Higher-Order Stochastic Dominance:

Higher-order stochastic dominance extends the concept to higher levels of comparison.
Higher-order stochastic dominance models allow for comparisons that consider multiple
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levels of performance measures and their distributions. They assess dominance
relationships across multiple dimensions simultaneously, providing a more
comprehensive understanding of the relative research performance of universities. The
mathematical proof for higher-order stochastic dominance is as follows: For all possible
linear combinations of weights a_i > 0, where i ranges from 1 to n, the following
inequality holds:

Y [ai * FXi(t) - ai * FYi(t)] <0 (5.4)

for all t, where F_Xi(t) and F_Yi(t) are the CDFs of the ith performance measure for X
and Y, respectively. This inequality states that the sum of the differences between the
weighted CDFs of X and Y must be less than or equal to zero for all t and all possible
weight combinations ai. The proof involves considering the joint distribution functions
(JDFs) of the random variables X and Y for each performance measure. By comparing
the JDFs, we can establish higher-order stochastic dominance.

Let J X and J_ Y represent the JDFs of X and Y, respectively. The joint
distribution can be represented as J X (t_1,t 2, ...t n) =PX 1<t 1, X 2 <

t 2, .., X n<t n), where X _i represents the ith performance measure of X.
Using the properties of JDFs, we have:

Y/ai*FXi)-ai*FYi]=Yai*PXi<y)-PYi<9]=Yai*
PXi<tYi>p

Sincea i>0and P (X i<t, Y i> 1) > 0for all i and t, it follows that the sum ¥,
ai*PX i<t Yi>ty<=<0.

Therefore, the inequality ¥ /a i * F Xi() - a_i * F_Yi(t)] < 0 holds for all t and all
possible weight combinations o._i, establishing higher-order stochastic dominance. This
mathematical proof demonstrates that higher-order stochastic dominance provides a more

comprehensive comparison of the joint distributions of multiple performance measures. It
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ensures that the sum of the weighted differences between the CDFs is non-positive across
all possible weight combinations and for all values of t. By applying this proof,
researchers can determine if one university's performance dominates another’s across

multiple dimensions of research performance simultaneously.

It is inappropriate to recommend a single performance metric due to the diversity of
objectives among research organizations and overtime. However, this does not justify the
widespread use of multiple indicators. The present research also presents a collection of
five bibliometric indicators. Two of them are in areas where the co-authors' diverse
contributions are acknowledged by their respective places in the paper's byline. Some
many assumptions and simplifications must be used to evaluate research performance

using bibliometric measurement.

As in other studies, a significant difficulty in the current study is the fair accessibility of
resources across scientists within a certain profession. Research productivity is
commonly regarded as the primary and essential performance indicator in most
evaluation exercises. The current study examines this phenomenon by utilizing the FSS
metric, which evaluates published works' quantity and quality. Following is the formula
of FSS:

FSSp =Tl 2fi (5.5)

The professor's work history is indicated in the observed period by the letters ¢, N, and c;,
respectively, while N denotes the number of publications and ¢; denotes the number of
citations each article has received. The citation distribution means for all referenced
works from the same year and subject area as the publication in question is represented
by the variable "c." The variable "f;" denotes the fractional contribution of the researcher
to the publication labelled as "i". As opposed to the method of "full counting," which is
used in this case, the methodology of "fractional counting” of research contributions is
used. It is believed to be more in line with the microeconomic theory of production. The
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methodology employed in this study allows for the systematic assessment of individual
author contributions, considering their respective positions in the byline.

In certain academic disciplines, the fractional contribution is determined by arranging
authors in alphabetical order and is mathematically defined as the reciprocal of the total
number of authors involved. However, the fractional contribution is assigned different
weights in various other disciplines. In life sciences, it is customary, both within Italy and
internationally, for authors to indicate their contributions to published research by
arranging their names in a specific order within the byline. Within these academic
disciplines, the relative importance assigned to individual co-authors is contingent upon
their position within the byline and the type of co-authorship involved, namely intra-
mural or extra-mural. A publication's first and last authors affiliated with the same
university receive 40% of the citations, with the remaining 20% going to the other

authors.

When the first two and last two authors of a publication are affiliated with different
universities, the citation distribution can be described as follows: According to the data, it
is observed that 30% of citations are attributed to the authors listed first and lasted in the
publication. Additionally, 15% of citations are ascribed to the authors listed second and
second-to-last. The remaining 10% of citations are distributed among all other authors
involved in the publication. Abramo et al. (2015) suggest that neglecting to consider the
number and arrangement of authors in the paper’s byline may result in notable distortions
in individual rankings.

Productivity is an essential indicator for assessing the efficiency of production systems.
Nevertheless, measuring research excellence is a crucial metric in evaluating
performance, as it relates to the ability to generate pioneering findings. As a result, we
quantify the number of articles attributed to the top 1% (HCA,q,) and 5% (HCAsy,) of
global publications based on their citation count, concerning each professor. Within the
realm of life sciences, it is customary for the initial author's byline entry in a publication
to indicate the individual who originated the primary idea and the researcher who made
the most substantial contributions to the study and composition. The final author's
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position typically denotes the role of team leader in the research project in a
corresponding manner. The assignment of primary or final authorship is considered a
mark of prestige and is widely acknowledged in the scientific community. Following this,
the number of scholarly articles in which a professor assumes the position of either the
primary author or the last author is denoted as First, or Last,, respectively. In general, it
can be deduced that the Pakistan context is improbable to yield distorted performance
measures due to variable returns to scale, which could be attributed to disparities in

university sizes.
5.13 Application of Dominance Relationships to Compare Research Performance:

Once the stochastic dominance models are constructed, they are applied to compare the
research performance of Pakistani universities. The models identify the dominance
relationships between universities based on the calculated performance measures. By
employing the dominance relationships, researchers and policymakers can evaluate the
relative performance of universities and rank them accordingly.

5.14 Formulation of Dominance Rules Based on Calculated Performance

Measures:

Dominance rules are formulated based on the performance measures to determine the
dominance relationships. These rules define the criteria for one university to dominate
another within the stochastic dominance models. For example, in first-order dominance,
the rule states that a university A dominates university B if university A has a higher

value in at least one performance measure and a lower value in none.

5.15 Consideration of Different Levels of Comparison and Data Availability:

The construction of stochastic dominance models considers different levels of
comparison based on the research objectives and available data. It allows for comparisons

between individual universities, groups of universities, or across specific performance

Leaming Based Bibliometric Research Performance Assessment of Degree Awarding Institutes using Stochastic Models

114



Chapter 5 Multivariate Stochastic Model to Assess Research Performance

measures. The availability and quality of data play a crucial role in determining the extent
of comparison and the reliability of the stochastic dominance models. Researchers need
to ensure that the data collected is comprehensive, accurate, and representative of the
research performance of the universities under consideration. By considering different
levels of stochastic dominance and formulating specific dominance rules, researchers can
obtain a nuanced understanding of the research performance of Pakistani universities.
These models allow for a systematic evaluation of dominance relationships, enabling
informed decision-making and resource allocation strategies. However, it is essential to
interpret the results of stochastic dominance models in conjunction with other qualitative
and contextual factors to obtain a comprehensive picture of research performance.

5.16 Stochastic Dominance Model Validation

Stochastic dominance models for research performance assessment of HEC Pakistan can
be validated through several approaches to ensure the accuracy and reliability of the
results. Given the specific context of HEC Pakistan, here are some key validation
methods that can be applied:

5.16.1 Comparison with Established Rankings:

One way to validate the stochastic dominance model is by comparing its rankings or
dominance relationships with established rankings of Pakistani universities. HEC
Pakistan itself publishes rankings based on various criteria, such as the Quality Research
Rankings (QRR) and the General University Rankings. Comparing the model's rankings
with these established rankings can help assess the model's consistency and alignment

with existing assessments.

5.16.2 Expert Evaluation and Peer Review:
Seeking expert evaluation and peer review from researchers, academicians, and subject-
matter experts in the field of higher education and research can provide valuable

feedback on the model's methodology and outputs. Experts can evaluate the model's
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appropriateness for capturing the nuances of research performance in HEC Pakistan and
assess its alignment with the specific goals and objectives of the organization.

5.16.3 Empirical Validation through Case Studies:

Empirical validation through case studies can be conducted by selecting a sample of
universities from HEC Pakistan and comparing the model's results with their actual
research performance. This can involve examining specific indicators, such as
publications, citations, grants, or awards, and comparing the model's rankings or
dominance relationships with the observed performance of the selected universities. This
validation approach helps assess the model's ability to capture the real-world research
performance of HEC Pakistan's universities.

5.16.4 Longitudinal Analysis:

Validation can also be performed by conducting a longitudinal analysis using historical
data. By applying the stochastic dominance model to multiple time periods, researchers
can observe the consistency of the model's rankings and dominance relationships over
time. If the model consistently identifies universities that maintain their performance
levels or exhibit improvements or declines over time, it provides evidence of the model's
validity.

5.17 Sensitivity Analysis and Robustness Checks:

Sensitivity analysis involves testing the model's sensitivity to changes in input
parameters, such as weights assigned to performance measures or threshold values.
Researchers can assess how variations in these parameters impact the model's rankings or
dominance relationships. Robustness checks can also be performed by employing
alternative weighting schemes or modifying the set of performance measures. If the
model's results remain stable and consistent under different scenarios, it adds to its
validation.

5.18 Stakeholder Feedback and User Satisfaction:
Validation can also be achieved through stakeholder feedback and user satisfaction
surveys. Collecting feedback from HEC Pakistan officials, university administrators, and
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other stakeholders involved in research performance assessment can help evaluate the
model's utility, relevance, and effectiveness. Incorporating their feedback into model
refinements enhances its validation and ensures it meets the needs and expectations of the
intended users. It is important to note that validation is an iterative process, and ongoing
feedback and continuous improvement of the stochastic dominance model are necessary
to enhance its validity for research performance assessment in the context of HEC
Pakistan. By combining multiple validation approaches, researchers can strengthen the
reliability and credibility of the model's results.

5.19 Analysis and Interpretation of Research Performance

The results of the multivariate stochastic model will be analyzed and interpreted to
provide insights into the research performance of degree awarding institutes in Pakistan,
considering factors such as disciplinary differences, institutional strengths and
weaknesses, and trends over time. The analysis will also involve benchmarking the
research performance of Pakistani institutes against international standards, providing a
global context for the assessment. Table 5.1 documents the research performance of two
departments of Islamabad's five universities through descriptive statistics of core

indicators of research performance.

The departments are named: Mathematics and Computer Sciences. The Table consists of
three columns. Column 1 lists those core indicators that mainly contribute to professors'
research performance. Columns 2 and 3 give the values of the core indicators for the
mathematics and computer sciences departments, respectively. The table presents a
concise overview of the productivity and citation impact results about the professors
affiliated with two distinct academic departments.

The purpose of the productivity indicators, as shown in the upper section of Table 5.1, is
to provide a comprehensive overview of the publication output, specifically focusing on

the types of documents and the order of authors. The impact indicators in the lower
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section of the table consist of two types: The primary data considered in this study
include total citations, the proportion of self-citations, and citations per publication.

Table 5.1: Scientific Performance of Two Departments of Five Universities of Islamabad, Pakistan

Indicator Mathematics Computer Sciences
Atticle . _ _5351_ 5121
Proceeding Papers 1143 2008

Book . 1 ... 4

Book Chapter 31 93

Reviews . o % 232
Editorial 10 21

Total Publications . L 6626 7524 _
Total documents consisting of articles, proceedings papers 6584 7361

and reviews -

Duration of Sample 24 24

The mean of Publications per year 276.1 3135

Impact . L
Total citations L 142277 165359
Mean of citations per publication _ 214 2198
The ratio of self-citations to total citations. 7.8% 9.93%

Mean of h-index 10.37 5.21

Note: Table 1 shows the descriptive statistics of the scientific research performance of two departments
of the five universitics of Islamabad, Pakistan. The research indicators include the core research
indicators, total publications during the sample and their impact.

Additionally, the widely utilized h index is also considered. These various types of
indicators offer distinct forms of information pertaining to scientific performance. The
aggregate count of citations and the average number of citations per publication exhibit
minimal deviation from the raw data for the given analysis.

The inclusion of the h index is necessary due to its widespread adoption within the
scientific community. Due to the disparate methodologies employed by different impact
indicators, there is a potential for conflicting outcomes in their assessment of research
performance. We propose using advanced indicators, such as the h-index, as a
recommendation. These indicators alone enable a comprehensive and equitable
assessment of performance. It is crucial to consider the unique characteristics of each
Department and the specific requirements of the evaluation process when interpreting the

results, even when utilizing advanced indicators.
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Figure 5.2 displays each Department's overall number of publications divided by
document type. For further details, please refer to Table 1. It should be noted that the
classification of publications by document types, as determined by Thomson Reuters,
often deviates from the classification used by journals (Zhang, Wang, & Zhao, 2017).
According to Costas, Van Leeuwen, and Van Raan (2010), database producers typically
categorize original research findings as "Articles" and extensive literature surveys as
"Reviews" upon publication. According to the data presented in Figure 1, publications
classified as "Article" are the predominant document type for both departments.
Proceedings papers are important in various academic departments, including computer
sciences and mathematics. The mathematics department has published significantly more
articles (n=7524) than its counterpart department (n=6626).

In conjunction with considerations of authorship and document classification, the timing
of the issnance of publications also constitutes a noteworthy aspect of the researchers’
assessment. Is there an equal or unequal distribution of publications? Is there a
discernible trend in productivity over the years, indicating whether it increases or
decreases? As depicted in Figure 2, the variability in article publication among the
researchers of the departments examined in this study is evident (also refer to Table 1).
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Figure 5.2: Publications with different Document Types by Two Departments
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Figure 2.3: Yearly Publications by Two Departments

approximately two decades into its academic trajectory, marked by the initiation of its
publication endeavors. Subsequently, the Department has consistently produced a
substantial volume of scholarly publications. The publications of both departments
exhibited an upward trajectory since the commencement of the year, which reached a
plateau between 1992 and 2017. Nevertheless, there is a noticeable disparity in
publications between the mathematics department and its counterpart.

Table 5.2: Performance of two Department Based on Publication

Mathematic versus Computer_s-éleneel Computer Sciences versus Mathematics

SD Orders KS P-value

Sb1 0.272 0.009
SD2 0.382 0.003
SD3 0.294 0.001

Note: SD of two pllrl of pul;llclﬁom serles of i}tiemﬁa_l;ﬂ_;oﬁiug sclences dep;;tmel-lt; offive
universities of Islamabad, Pakistan. SD1, SD2, and SD3 are three p-values of stochastic orders first, second,
and third respectively.
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Following the documentation of results through summaries and descriptive analysis, we
employed the non-parametric method known as stochastic dominance (SD) to evaluate
the performance of both departments with respect to the publications parameter. In this
study, the KS test by Barrett and Donald (2003) assesses the statistical significance.
Specifically, the first-, second-, and third-order standard deviations (SD1, SD2, and SD3,
respectively) are utilized. Table 2 displays the p-values obtained from the Kolmogorov-
Smirnov (KS) test. The purpose of this test is to assess the null hypothesis that the target
publication series exhibits stochastic dominance over the other series at the st* order of
the sample under consideration. The table displays three sets of results indicating the
order of p-values for SD1, SD2, and SD3. The statistical significance of the p-values
indicates that the null hypothesis, which posits that computer sciences stochastically
dominate mathematics, is primarily supported. The findings of this study indicate that the
Department of computer sciences exhibits stochastic dominance over other departments
in its field. In a broader context, upon examining the p-values of the panel of publications
series, it becomes evident that we can reject the null hypothesis that mathematics
stochastically dominates computer sciences in all instances of SDs. This rejection is
supported by the observation that the p-values exceed significance levels. ‘In an
alternative perspective, we posit the hypothesis that the computer sciences department
exhibits stochastic dominance over mathematics, as evidenced by all observed values

below any significance level.

Table 5.2 presents the descriptive statistics for the distributions of the indicators relative
to the two departments under examination. By examining these descriptive statistics, one
can acquire valuable insights about the measures of the dataset's central tendency,
variability, symmetry, and shape. Such insights are instrumental in comprehending the
characteristics and behavior exhibited by the data.

In reference to the Computer Sciences Department, the average FSS (Index) is 1.75,
while the middle value, or median, is 1.25. The upper limit of the observed values is 42,
while the lower limit is 0. The data set exhibits moderate variability, evidenced by a
standard deviation (SD) of 3.2 and a coefficient of variation of 1.23. The obtained
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skewness value of 3.29 indicates a positive skewness, implying that the distribution is
skewed to the right. The kurtosis value 28.3 also suggests that the distribution has heavy
tails and exhibits extreme values.

The average value for First, is 1.25, and the median, is also 1. The upper limit of the
observed values is 21, while the lower limit is 0. The data set's standard deviation (SD) is
1.15, and the coefficient of variation (CV) is 1.41. The skewness value of 3.25 suggests
that the distribution is skewed to the right, indicating a longer tail on the right side of the
distribution. On the other hand, the kurtosis value 20.78 indicates heavy tails and the

presence of extreme values in the distribution.

The average value for Last, is 2.54, and the median value is 1. The upper limit of the
observed values is 84, while the lower limit is 0. The standard deviation (SD) is
calculated to be 1.61, while the coefficient of variation (CV) is determined to be 5.9,
suggesting a substantial level of variability. The obtained skewness value of 5.12
indicates a highly skewed distribution to the right. Additionally, the calculated kurtosis of
75.15 suggests that the distribution has heavy tails and exhibits extreme values. The
average value for HCA;y is 0.15, similarly, the average value for
HCAgy, is 0.67,

Regarding the Mathematics Department, the average FSS (Index) is 2.2; the middle value
is represented by a median 1. The upper limit of the observed values is 89, while the
lower limit is 0. The standard deviation (SD) is calculated to be 4.27, while the
coefficient of variation is determined to be 1.71, suggesting a moderate level of
variability. The obtained skewness value of 6.4 indicates a highly skewed distribution to
the right. At the same time, the calculated kurtosis of 80.12 suggests the presence of
heavy tails and extreme values in the distribution.

The average value for First, is 1.15, and the middle value is 0. The upper limit of the
observed values is 22, while the lower limit is 0. The standard deviation (SD) is 1.2,
while the CV is 1.31. The observed skewness value of 3.25 suggests that the distribution
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is skewed to the right, while the calculated kurtosis of 25.34 indicates the presence of
heavy tails and extreme values.

The average value for Last, is 2.56, and the middle value is represented by the median,
which is 1. The upper limit of the observed values is 42, while the lower limit is 0. The
standard deviation (SD) is calculated to be 2.31, while the CV is determined to be 2.71.
These values suggest the presence of moderate variability within the data. The obtained
skewness value of 4.12 indicates that the distribution under consideration exhibits a right-
skewed pattern.

Table 5.3: Descriptive Statistics of Performance Indicators of two Departments

Departments Indexes Mean Median Max Min SD Variant Skewness Kurtosis
Coeff
Computer Sciences FSS 1.75 1.25 42 0 3.2 1.23 3.29 283
First, 1.25 1 21 0 1.15 141 3.25 20.78
Last, 2.54 1 84 0 426 1.61 59 75.15
HCA,o, 0.15 0 6 0 0.34 2.61 5.12 60.12
HCAgy, 0.67 0 10 0 1.23 1.59 2.15 10.12
Mathematics FSS 22 1 89 0 427 1.7 64 80.12
First, 1.15 0 22 0 1.2 131 325 25.34
Last, 2.56 1 42 0 34 231 271 15.16
HCA,o 0.2 0 8 0 0.58 1.41 4.12 24.54
HCAgy, 1.18 0 30 0 1 213 4.61 55.83
Note: The table shows the descriptive statistics of five core performance indicators of two selected departments
When examining Figure 5.3, a visual assessment can be conducted to compare the
average performance indicators of the two departments. In figure 1 denotes FSS, denotes
for First, 3 denotes for Last, 4 denotes HCAjqand 5 denotes for HCAgy, for In
Computer Sciences, it is evident that the third performance indicator exhibits the highest
mean value, followed by the first indicator. In contrast, the fourth indicator demonstrates
the lowest mean value. The second and fifth indicators are situated in an intermediate
position.
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In the field of Mathematics, it can be observed that the initial performance indicator
exhibits the highest average value, with the subsequent indicator ranking second in terms

of the mean value. The mean values of the second and fifth indicators are comparatively

lower, while the fourth indicator exhibits the lowest mean value.

It is important to acknowledge that this interpretation is derived exclusively from the
average values presented in the bar chart. The analysis fails to consider additional
variables or the wide distribution of the dataset. Examining the bar chart, a visual
assessment can be made regarding the average performance indicators of the two
departments. In Computer Sciences, it is evident that the third performance indicator
exhibits the highest mean value, followed by the first indicator, whereas the fourth
indicator demonstrates the lowest mean value. The second and fifth indicators are situated

at intermediate positions.

Performance Indicators Indexes values of the two Departments

" 3 2.542.56
2 25 2.2
3
.g 2 1.75
5 15 1.25 1.15 1.18
c
g 1 0.67 A
8 0.5 0.15 0.2
& 0 ———
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@ Computer Sciences 175 1.25 2.54 01S 067
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Figure 5.4: Performance Indicators Indexed values of the two Depariments.
In the field of Mathematics, it can be observed that the initial performance indicator
exhibits the highest mean value, with the subsequent indicator ranking second in terms of
magnitude. The mean values of the second and fifth indicators are comparatively lower,
while the fourth indicator exhibits the lowest mean value.

Learming Based Bibliometric Research Performance Assessment of Degree Awarding Institutes using Stochastic Models

124



Chapter 5 Multivariate Stochastic Model to Assess Research Performance

Table 5.3 presents descriptive statistics for core performance indexes indicator,
specifically citations and h-Index, based on theHCA,q, index. In the Computer Sciences
Department context, it is imperative to adhere to proper citation practices. The values in
the dataset exhibit a range spanning from 573 to 1729. The data exhibits a rising
trajectory in the number of citations, suggesting a future expansion in the research impact
of the Department. The h-index values in this range span from 11 to 21. The h-index is a
metric that quantifies the maximum number of papers within a dataset with equal or
greater citations. The data indicates a moderate distribution of h-index values, suggesting
detectable research productivity and influence level.

In the context of the Mathematics Department, the cited values exhibit a range spanning
from 1277 to 21260. The data demonstrates a notable disparity in citation counts,
suggesting a diverse spectrum of research influence among various publications. The h-
index values in this study span a range of 19 to 84. The data indicates that the h-index
values in Mathematics are relatively higher than those in the Computer Sciences
Department, suggesting a potentially greater research impact and productivity in
Mathematics.

Table 5.4 : Descriptive based on (HCA)_ (1%) Performance Indicators

Computer Sciences
Citations h-Index
573 14
- e
e T T B T B T
B T o3 T T 1 T
T2 T T T T 16 B
1715 T "
1729 T 21
Mathematics
Citations h-Index
) oM - T I [
1865 ) 24
4696 ) T ) 35
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21260 84

Figures 5.4 drawn based on Table 5.4. The performance based on the citation score of
sampled departments of the top 1% of researchers. Similarly, Figure 5.4 also considered
the data of the top 1% of researchers but here we show the performance based on h-
index. It is seen that the citation score of the mathematics department is high compared to
its counterpart. Similarly, it would be obvious that the h-index is also high for the

mathematics department.
Based on Citation Score
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-
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Figure 5.5: Performance of (HCA)_(1%) based on Citation Score
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Based on h-Index
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Figure 5.6: Performance of HCA_ (1%) based on h-Index.
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Chapter 6

Learning to Predict Citation-Based Impact Measures: Evidence from
Pakistan

6.1. Introduction

In today's globally connected academic world, the impact of scientific research is often gauged
through several key performance indicators. Among these metrics, citation-based impact
measures, such as the h-index, i10-index, and citation counts, have been recognized as reliable
indicators of an institution's academic quality and research influence (Harzing, 2013). These
measures provide an insight into the academic recognition and relevance of a scholar or an
institution's research output, reflecting the influence they wield in their respective fields
(Bornmann & Marx, 2015).

However, the applicability of these citation-based measures and the ability to predict them
accurately pose considerable challenges, particularly in the context of developing countries like
Pakistan. The evolving nature of the academic and research landscape, the disparate research
culture, the limited resources and infrastructure, and the lack of comprehensive data-driven
systems are some of the factors contributing to this complexity. The Study aims to delve into this
conundrum and develop a predictive model for citation-based impact measures for degree-
awarding institutes in Pakistan.

The use of predictive modeling in academic research has emerged as a powerful tool to
anticipate future trends based on current and historical data (Huang, et.al, 2018). Several studies
have attempted to predict the citation counts of individual papers or scholars using different
models (Wang, et al., 2013; Yan, et al., 2011). However, the scope of these studies is typically
limited to developed nations with well-established research cultures and data-driven academic
systems. In contrast, the landscape of academic research in Pakistan presents a distinct set of
challenges and opportunities.
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In the context of Pakistan, higher education and research have been gaining momentum, with the
establishment of Higher Education Commission (HEC) in 2002 aimed at improving the quality
of higher education and promoting research culture (Rauf, et al., 2017). Despite these efforts, the
implementation of data-driven approaches in the academic and research sectors remains
underexplored. Hence, there is a critical need to develop a predictive model for citation-based
impact measures that would allow institutions to proactively enhance their research impact and
quality.

The goal of this study is to apply machine learning techniques to create a predictive model that
could forecast citation-based impact measures for degree-awarding institutes in Pakistan. The
study will consider variables such as annual research output, total faculty size, the number of
PhD faculty, funding allocation, and the research collaboration network. By doing so, this study
aims to provide actionable insights that institutions can employ in their strategic planning to

maximize their research impact.

The present study examines the issue of forecasting the scientific influence of particular authors
and papers for up to 10 years in advance. Due to the absence of a universally agreed-upon
standard for assessing scientific impact, we adhere to previous research [1] and employ the h-
index to evaluate the effect of authors, while citation counts are utilized to gauge the impact of
papers. The effectiveness of our approaches is evaluated using a dataset of about 35666 computer
science publications authored by approximately 28825 individuals and published between 1908
and 2018. The data set, made accessible to the public, possesses distinctive characteristics in
size, surpassing existing data sets by more than tenfold, and its scope.
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Figure 6.2: Our dataset's published papers over time. The exponential fit predicts a huge
increase in papers.

In our predictive analysis, we utilize data from 1908 to forecast the influence during the coming
decade from 2009 to 2018. Due to their inherent simplicity and widespread usage, citation counts
have emerged as a widely adopted metric for assessing the effect of scientific research. Although
citation counts are commonly used as a straightforward and practical measure of effect, they
include certain limitations, particularly when employed to evaluate writers. An often voiced
critique of citation counts pertains to their inability to account for the distribution of citations
across a researcher's body of work. For example, it may be anticipated that an author with 60
citations would have a greater influence if those citations were evenly distributed throughout six
papers rather than dispersed among 30 papers.

Similarly troublesome is the scenario where an author's career is brief, consisting of only one
highly cited paper, such as a survey or multidisciplinary publication. In this case, the author may
appear to have a greater influence than a researcher with a lengthy track record of somewhat
significant publications. Recognizing these deficiencies, as initially advocated by [2], has
prompted a recent surge in developing alternative indicators to assess impact. Several indicators
that can be used to evaluate scholarly impact include the h-index, g-index, c-index, eigen factor,
and hip-index [3-5]. The h-index is a quantitative measure employed to evaluate the impact of an
author. It is determined by selecting the highest value of N, where N is the number of articles
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authored by an individual, and each article has garnered N citations or more. It is important to
acknowledge that the h-index is not influenced by outliers, as the inclusion of a single article can
only increase the h-index by one unit. Moreover, the h-index applies a penalty to numerous
papers that receive few citations, as a publication only contributes to the h-index if it obtains a
substantial number of citations.

Quantifying scientific influence in the present is a topic of considerable interest. However, there
are numerous issues where the significance of the future outweighs that of the present, such as
the matter of awarding tenure. Furthermore, considering the rapid proliferation of scholarly
articles, as depicted in Figure 6.2 , it is of utmost importance to develop automated mechanisms
to identify influential research at the earliest stages. To more effectively tackle these inquiries,
there has been a notable increase in scholarly investigations about the anticipation of scientific
influence for authors and individual works.

There are two principal methodologies for the anticipation of impact. The initial concept builds
upon the scholarly legacy of [6], wherein the statistical modelling of citation counts is informed
by the principles of the preferential attachment model of network expansion and empirical
investigations [7] The second approach utilizes a machine learning methodology to forecast
impact. This involves utilizing considerable feature engineering and implementing supervised
learning using a regression [2, 8]. In this study, we conduct a comparative analysis of two
distinct ways using our dataset. Additionally, we offer a novel method to address the disparity
between these approaches in predicting article citations. It is noteworthy to notice that there have
been recent endeavors that do not align precisely with the aforementioned categories. In their
study, [9] employ K-Spectral Clustering as a method to detect cluster centroids in author citation
histories, while ensuring that the results are not influenced by scaling and shifting. The data
generated from these centroids is further integrated with fundamental author-level variables in
order to predict author cluster affiliation and future citation counts.

The subsequent sections of this work are structured in the following manner. We provide an
overview of the characteristics employed to delineate individual publications and authors. Next,
we illustrate how these characteristics can be employed to forecast an author's h-index and the
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number of citations their papers receive. In academic articles, a comparison is made between
machine learning approaches and those that draw inspiration from probabilistic modeling. It is
important to note that there is currently a lack of predictive probabilistic models specifically
designed for determining an author's h-index. Consequently, conducting a comparative analysis
across authors using such models is impossible. The analysis concludes by examining the
features that exhibit the strongest correlation with our prediction objectives, followed by a

comprehensive discussion of our findings and potential avenues for further research [7].
6.2 Feature Selection

To effectively utilize supervised learning methods in the current study, it is imperative to initially
construct a comprehensive set of features that accurately encapsulate the content of individual
papers as well as the characteristics of the authors. This study primarily emphasizes extracting
features from the citation network, coauthor graph, and paper metadata, such as authors and
venue. However, extracting content-based features from the text of papers is deferred to future
research. Table 1 contains a comprehensive list of 44 author traits, which have been influenced
by previous research [10-12]. The 63 features of papers exhibit similarities and are intentionally
omitted from being presented to conserve space. However, a comprehensive description of all
these features is provided below. Before proceeding, it is important to acknowledge the existence

of many one-to-many links across papers, authors, and venues in Table 6.1.

6.3 Meta Data

Certain attributes can be derived from the metadata of a research article with minimal or
negligible processing. For example, the author considers many factors, such as the author's
citation count, the nature of the work (whether it is a survey or not), and the number of years that
have elapsed since the study's publication.

6.4 Impact History

Several key indicators of future influence can be derived directly from the temporal patterns of
citation counts and h-indices for particular works and authors. These features encompass the
cumulative number of citations, the annual variation in citation rate, and the average citation rate
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over an extended period. Additionally, we consider the historical significance of venues by
extracting similar attributes for venues as we do for writers. We then compile this information for
specific articles and authors.

6.5 Citation and Coauthor Graphs

The citation and coauthor graphs' topolog, provides valuable insights into the centrality and
influence of papers and their respective authors. It is reasonable to anticipate that coauthors will
tend to cite each other. Consequently, a high degree within the coauthor graph can indicate a
potential future rise in the h-index. According to [12], centrality measurements within the
coauthor ship network yield significant indications of prospective achievements. To enhance
computational efficiency, our main indicators of centrality consist of the in-degree and out-

degree.

6.6 Author Impact:

In this study, we initially examine the prediction of the author's h-index using a machine learning
methodology. A set of 44 distinct features is generated for each author, and these features are
subsequently employed in several regression models. To make predictions for a time horizon of
up to 10 years, we extract characteristics for authors who published their initials on or before 20.
The author's h-indices observed from 1908 to 2018 are employed as objectives for prediction. It
is important to acknowledge that we conduct many training sessions for identical models, each
corresponding to one of the ten target years. We adopt the methodology [8] proposed to exclude
writers not actively engaged in scholarly work. Specifically, we consider only authors with an h-
index of no less than 4. The regression models we employ in our training process are arranged in
ascending order of complexity, commencing with basic baselines and concluding with cutting-
edge machine-learning algorithms.

1. Plus-k (PK)

The proposed baseline model involves the addition of a constant value to the h-indices of authors
on an annual basis. This constant, denoted as 0.402, is determined by linear regression utilizing
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the Huber loss function, which is known for its robustness in handling outliers compared to the
conventional squared error loss [13].

2.Simple Markov (SM)

The proposed model for linear regression incorporates characteristics of the author's h-index.

3. Lasso (LAS)

The regularized linear regression model incorporates all features, and the regularization value is
determined by a 10-fold cross-validation process [14]

4. Random forest (RF) The utilization of randomization approaches in conjunction with an
ensemble of regression trees has been proposed as a means to enhance performance [15]

5. Gradient boosted regression trees (GBRT) The approach involves employing a series of
basic regression trees that are trained in an iterative manner using a variant of functional gradient
descent [16]. Gradient-boosted trees have demonstrated high performance; nevertheless, unlike
random forests, they often necessitate substantial parameter optimization.

To assess the effectiveness of our forecasts, we consider three performance indicators, which are
elaborated upon in the following sections. The initial metric under consideration is widely
recognized. R? measure. The coefficient of determination, denoted as R?, is a statistical measure
that assesses the relative effectiveness of a model compared to a predictor that outputs the
average value of the labels. To assess our forecasts' effectiveness, we consider three performance
measures as outlined in the following section. The initial metric under consideration is widely
recognized. R?measure. The coefficient of determination, denoted as R?, is a statistical measure
used to assess the relative effectiveness of a model in comparison to a predictor that gives the
average value of the labels. Within the framework of our research, the coefficient of
determination of CV RZholds the same meaning as:
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In this study, N represents the overall count of writers. The variable y; ; denotes the h-index of
the ith author in the jth year. On the other hand, §,; represents the anticipated h-index for the
author during that specific year. Additionally, y; = %Zf’ﬂ yi; is calculated as the average h-
index across all authors, computed by summing the h-indices of each author and dividing the
total by N. The variable N represents the average h-index across all authors, denoted as J; ;.
Although R? is widely used as a metric to evaluate the performance of regression models, it has
been observed that it tends to overestimate the predictive capability in the context of impact
prediction [17]. The phenomenon of inflation in citation counts and h-indices arises due to their
inherent inability to drop and their strong positive correlation, indicating a reliance on their
previous year's values. To mitigate the presence of auto-correlation, an adjustment is made to the
RZ?measure by deducting the established count of citations in 2009 from the projected targets in
the years 1908-2018.

The Past Adjusted R2(PA — R?) is a new metric that we describe as

N (oo Y2
1- %?:%UL_”—‘;% (6.2)
where z;; = ¥;; — Yi2005 and Zj = %EQLIZU. By pérforming the subtraction of the known
amount ;3005 from y;; in the denominator of the PA- R?equation, the denominator is
effectively reduced, eliminating certain deceptive inflation in the statistic. The commonly held
belief is that the R metric typically falls within the range of 0 to 1. However, it is important to
note that this assertion holds true only in certain specific scenarios, such as when calculating the
training error using linear regression. Both the coefficient of determination (R?) and the adjusted
coefficient of determination PA- R? are bounded by a maximum value of 1, inclusive, although

they can also take on negative values.

The R? and PA- R? measures are computed for all models using a test set consisting of 28825
authors. The findings are presented in Figure 2. Concerning the coefficient of determination R?,
it is evident from the analysis presented in Figure 2a that the first CART and then gradient-
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boosted regression trees exhibit significantly superior performance compared to the simple
baseline models. Among the three machine learning models, the disparities in performance are
rather modest: the GBRT and RF models exhibit comparable results, while the lasso model

demonstrates.
(a) PA- R2, CART and baseline models with R
1.20
1.00
0.80
060
040
020
000
1900 1920 1940 1960 1980 2000
—Al —8=AC —8~ACBMI  =a=VC — VS5
@@= CoAC ax@ue CoACONNt =@ueCOANP  =e@em\coun  ==@=TD
—=@=(0AVS ==@mPK = SM —=@=—GBRT
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Figure 6.3 (b) PA- R 2, CART and baseline models with Adjusted R 2
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(¢) PA- R*2, SVM and baseline models with adjusted R*2
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Figure 6.3 (d) PA- R 2, SVM and Machine Learning Models of Adjusted R2
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The utilization of the PA — R? metric sheds light on the unexpected challenges associated with
accurately forecasting the h-index during relatively brief intervals of 1-2 years. This observation
stands in contrast to the patterns shown in R? plots, where short-term periods exhibit a high level
of predictability. The increment of an author's h-index is limited to integral values, which results
in gradual growth. While the long-term cumulative impact of these increments can be
anticipated, the short-term impacts are less predictable. It is worth noting that the PA—
R2measure indicates a significant enhancement provided by the SVM model compared to the
other machine learning models (Figure 6.3 d). [8] examine the objective of predicting an index
using elastic-net regularized linear regression on a dataset provided by neuroscientists. Our
findings are presented in Table 6.1, which is presented alongside theirs. Our model demonstrates
a significant improvement of 50% in relative. R> when making predictions for future outcomes.
These data sets were combined to form a cohesive whole, and hence, our models were trained
using this specific data set.

Although R2-type measurements are widely used. We prefer Mean Percentage Error (MAPE),
which calculates the average error percentage for each prediction. The Mean Absolute
Percentage Error (MAPE) is a metric used to measure a forecasting model's accuracy.

1eN
E z[:]_

m—ﬂq (63)
Yij

In this context, the ith summand represents the absolute percentage error, denoted as |(y;, j—
/] ])/yi, ll which quantifies the deviation between the i-th prediction and the corresponding
actual value. The MAPE, or Mean Absolute Percentage Error, is computed as the average of
these individual mistakes. Acknowledging that a smaller Mean Absolute Percentage Error

(MAPE) is considered more favorable than the coefficient of determination is important. R?)
Where a higher value is preferred.
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Table 6.1 The unadjusted R? values for the author's h-index predictions over 1, S, and 10-year

Table 6.1: The unadjusted RZ values for the author's h-index predictions over 1, 5, and 10-year periods are
reported. The R?scores achieved by our CART and SVM models exhibit a notable increase compared to the
findings provided by [8], particularly when forecasting a decade ahead.

Years 1 5 10
Acuna et al (2012) 0.92 0.67 0.48
CART 0.94 0.87 0.75
SVM 0.93 0.86 0.79
Relative Improvement 2.17% 2.98% 5.6%
CART

Upon analyzing Figure 3b, it becomes evident that the superiority of GBRT compared to the
other models is further emphasized, particularly in terms of Mean Absolute Percentage Error
(MAPE).In addition to its straightforward characterization, the Mean Absolute Percentage Error
(MAPE) possesses two major advantages compared to the R-squared measures. Initially, the
process involves standardizing the inaccuracy in each publication's forecast. In the absence of
this normalization, the impact of being off by three units is deemed equally unfavorable for an
author possessing an h-index of one as it is for an author with an h-index of fifty. This outcome
lacks intuitive coherence. Furthermore, in contrast to the Mean Absolute Percentage Error
(MAPE), R? Measurements exhibit a heightened susceptibility to outliers and are subject to
significant fluctuations when encountering a limited number of inaccurate predictions. The Mean
Absolute Percentage Error (MAPE) yields results that are readily comprehensible. Notably, the
h-index demonstrates remarkable predictability, even when forecasting a decade ahead in Figure
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6.7 Paper Impact
The initial exploration of the citation graph of academic articles focused on the characterization

of the observed power-law distribution of citation counts. The initial significant achievement in
the modelling of this phenomena was accomplished by [6] who developed a model that
established a proportionate relationship between the probability of a newly published paper,
denoted as Py, citing a previously published paper, denoted as Py, and the number of

citations P_,; had received at the time of p_new's publication. Price (Year) demonstrated that a

network that expands using the "rich get richer" mechanism has node degrees that closely
resemble the power law distribution observed in actual citation networks. The preferred
attachment mechanism was later rediscovered and popularized by [18], who named this model.
The preferential attachment model has lately served as a source of inspiration for the
development of probabilistic models aimed at forecasting the citation counts of particular papers
[7]. One particular predictive model characterizes citation trajectories through the utilization ofa
Reinforced Poisson Process (RPP). According to the RPP model, the act of acquiring a citation
enhances the likelihood of gaining further citations, hence exhibiting a self-reinforcing
mechanism akin to the concept of preference attachment as proposed by [7].

In the RPP model, obtaining a citation enhances the likelihood of receiving future citations,
hence exhibiting a form of self-reinforcement that might be likened to the concept of preference
attachment. Specifically, the research productivity and impact models use Cp(t), which
represents the number of citations received by a paper p at time t > 0 following its publication.
This model assumes that the citation process follows a Poisson distribution with a rate function.

() = A - f,(t 1 8p) - (Cp(t) + m) (6.9)

In this context, A, represents a fitness parameter, f; is a non-negative temporal decay function
with parameters 6,, and m is a positive integer that signifies the starting visibility. The
parameters of the aforementioned model can thereafter be deduced through the process of
maximum likelihood estimation. Due to the susceptibility of maximum likelihood estimation to
overfitting, it is advantageous to enhance this model by incorporating the Bayesian framework,
wherein 4, is postulated to be derived from a prior distribution. In this particular scenario, we
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use the assumption that the variable A,is created by a Gamma distribution with parameters a and
B. The aforementioned approach significantly decreases the quantity of factors that need to be
evaluated and aids in mitigating the impact of overfitting. Regrettably, the performance of this
revised model falls short of the anticipated outcomes. To enhance the precision of this
sophisticated model, we take into account the subsequent three alterations.

@) The RPP model necessitates precise information of the specific publication dates of
articles. In this study, we expand upon this model to accommodate a more realistic
scenario when only the publication year is available.

(i) Regularization is utilized as a means to alleviate the model's inclination towards
overfitting.

(iii) Instead of imposing a constraint on the sharing of the Gamma prior values, a and B,
across all articles, we propose an alternative approach where these parameters can be
determined by a fully connected single layer neural network. This neural network
would take the same attributes used in the machine learning models described below
as input. This enables a more nuanced understanding of the work by incorporating
more information to supplement our existing knowledge.

Please refer to Appendix A for a comprehensive understanding of the methods employed to
achieve the aforementioned three objectives. After implementing the alterations as mentioned
above, our analysis results in the existence of two potential models. The first model, referred to
as an RPPNet, incorporates all three modifications by utilizing the extracted features.
Conversely, the second model, known as an RPP, only incorporates the first two modifications.

In addition, a machine learning methodology is employed to extract a total of 63 distinct
attributes for each publication, utilizing solely the information accessible in the year 2018.
Subsequently, the aforementioned variables are employed to train the identical set of regression
models, as previously outlined for the prediction of author h-index. The objective is to forecast
citation counts for the period spanning from 2009 to 2018. The data is subjected to a filtration
process wherein only publications that have garnered a minimum of five citations before the
conclusion of 2018 are included, establishing a threshold for impact. By substituting author h-
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indices with paper citations, we modify the MAPE, PA- R?,, and R? metrics to align with the

context of a work's influence.

Figure 3 displays the Mean Absolute Percentage Error (MAPE) for all the aforementioned
models, using a test set comprising 10,000 papers. In terms of predicting author influence, it can
be shown that CART and SVM models consistently beat the baseline models over several years,
as depicted in Figure 3a. Among all models, the CART and SVM models consistently
demonstrate superior performance. However, the observed performance primarily indicates these

measures' sensitivity to outliers.

Figure 6.5: The Mean Absolute Percentage Error (MAPE) forecasts the author's h-
index with 95% confidence intervals. It is worth noting that these intervals exhibit a

high level of precision.
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Models Compared with CART and SVM models
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Figure 6.6 Models Compared with CART and SVM Models
6.8 Factors involved in Prediction.

One crucial element that has been neglected in our prior analysis pertains to the investigation of
the influence of author career and article age on the prediction performance. It is hypothesized
that the rate of citations for a scholarly article will eventually stabilize over time, hence
facilitating the prediction of citation counts for older works with increased accuracy. In a similar
vein, it can be posited that an author who has attained a significant level of professional
accomplishment is likely to possess a more consistent and enduring h-index compared to an
author who is relatively new to the field. In order to examine this inquiry, Figure 5 illustrates the
percentage inaccuracy of our CART and SVM predictions for each author and publication in our
test sets, stratified by age, over a period of 10 years. It is worth noting that although the
inaccuracies in our forecasts appear to be primarily clustered around zero, indicating a lack of
bias, we observe a significantly greater level of variability in the precision of our predictions for
authors and publications of a younger age. This observation aligns with our previous conjecture
that writers and publications of greater age exhibit higher predictability. Figure 6.6 also presents
the Mean Absolute Percentage Error (MAPE) pertaining to authors and papers within each age
group. It is noteworthy that the predictability of citations and h-indices, as quantified by the
mean absolute percentage error (MAPE), exhibits a substantial initial increase for both authors
and articles, followed by a subsequent leveling off.
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As an illustration, those who had pursued a writing career for 25 years by 2009 exhibited a mean
absolute percentage error (MAPE). This value is merely four percentage points lower than that of
individuals who had been engaged in the profession for a decade. This observation implies a
fundamental level of fluctuation in citation counts and h-indices that our model cannot account
for, even under optimal circumstances. This observation underscores the necessity for future
research endeavors to expand the existing set of features in the citation history.

In addition to comprehending the extent of variability in our predictions, we also possess a keen
curiosity in discerning the primary factors that influenced those projections. To assess the
significance of this particular characteristic, we employ the t* Statistic, a non-parametric
correlation measure, to quantify the relationship between our features and the observed scientific
impact measure [19]. The utilization of t*is advantageous as it encompasses any potential
interdependence between two variables, in contrast to the Pearson correlation coefficient which
solely captures linear relationships. Our analysis will only concentrate on the characteristics that
contribute to the predictions of the h-index (refer to Figure 4), as the findings are comparable for
predicting paper citations. Notably, the relative significance of certain factors undergoes
alterations when examining forecasts throughout different forecasting periods. For instance,
while making predictions on an author's h-index in 2010, it is evident that the most significant
clement is the author's h-index in 2009. However, in the prediction of the h-index in 2018, the
significance of the h-index in 2009 is somewhat diminished compared to the quantity of articles
published over the period of 200-2005 (Figure 6.5). It is reasonable to anticipate that the
scholarly articles authored by an individual in the present time will require a considerable
number of years to amass a sufficient number of citations that would significantly impact the
author's h-index. However, once a substantial period of time has elapsed, these papers become
influential in determining the author's h-index. The findings presented in this study are consistent
with the patterns observed in the research conducted by [8].

6.9 A Modification to The Reinforced Poisson Process Model

It is crucial to acknowledge that within the framework of reinforced Poisson process models, the
variable C,(t), denotes the count of citations received by a paper p at a specific time t > 0
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following its publication. The observed variable in question adheres to a Poisson process
characterized by a rate function.

() = A,(t 1 8,)(Co(®) +m) (6.5)

The parameters 4,,, 6, and m are utilized in conjunction with the temporal decay function f. The
parameters 4, and 6, are estimated by maximum likelihood estimation. [7] discovered that the
value of m minimally influences the performance. Therefore, we adopt the approach of [7]and
use m = 10 as a constant value. In order to mitigate the issue of overfitting, it is possible to
impose a Gamma( a, f)prior distribution on the 4, parameters. As mentioned in Section 4, the
model undergoes three adjustments, which will now be elaborated upon.

6.9.1 Discrete Time

As an evident expansion of the continuous time RPP model, we proceed to describe C,(n),
denoting the number of citations received by an article p has n =1 years subsequent to its
publication, as a discrete time Poisson process characterized by a rate function.

(M) = A, (C(n—1)+m) [, f(t16,)dt. (6.6)

It should be noted that the variable denoted as 7,(n) indicates the average value for the full
duration between n — 1 and n. In accordance with previous research, we define the function

file= ﬁ%atexp (—L(lnt - u)z), where f represents a log-normal probability density

202

function for 8 = (u,0) € R X Ry,.

In order to prevent the occurrence of degenerate situations, it is imperative that we consistently
make the assumption that the value of  is more than or equal to —1, and the value of g is greater
than or equal to 0.5. Consider the log-normal cumulative distribution function denoted as @y,
which corresponds to the probability density function f(t | 8). For any i = 1, we define Ady (i)
as the difference between Adg(i) = ®g(i) — Pg(i — 1).. By employing the given notation, it is
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possible to express the rate function as n,(n) = A,,(C,,(n -1+ m)A<l>g (n). The formulation
provides a self-reinforcing relationship for any values of n greater than or equal to 1.

Cp(m) — Cp(n— 1) | Cy(n — 1) ~ Poisson(A,(Cp(n— 1) + m)Ady(i)) (6.7)

Given the initial condition C;(0) = 0. In order to streamline notation, we shall temporarily omit
the subscripts denoted by p.

Let us use the per-year citation counts €(1) — C(0) = dy,...,C(n) —C(n—1) =d, and our
objective is to conduct maximum likelihood estimation of A,and 6. In order to proceed, it is
necessary to obtain an explicit representation of the likelihood function. According to its
definition,
4
P(C() — C(i — 1) = d; | dy, ..., d;_y) = e~ 2C-18%e D 3d1Ad, (D)™ 551 (6.8)

Based on the aforementioned analysis, it becomes evident that the probability of the observations
is easy.

d
L(A—p 6 l d]_, ey dﬂ.) = n?=1 e_ul_1A¢g(i)AdlA¢a (i)d‘ E:T"l
2 (6.9)
= exp(—A Xl Ci-1APp (i)))lzz—-1 d (rHl: . Adg (i)d' %1)

It should be noted that the Y7, d; is equivalent to the cumulative count of citations up to time n,
denoted as N. Considering the provided explicit form of the likelihood,

(a) The percentage inaccuracy in the forecast of an author's h-index after a period of 10 years.
When we impose the criterion of include only authors with an h-index of 4 or higher, we
observe that there are no authors at the age of one, and only a limited number of authors at
the ages of two and three.

(b) The percentage inaccuracy in the prediction of citation count per manuscript after a period of
10 years.
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Length of Author Carcer in 2009

19

—
o 17 v
Q —
Q15 e
£13 w
g 11 -
m 9 e
(& 2 -_
c X
£ 5 —
= r
< 3 war
—
1 rF
] 5 10 15 20 25 30 35 40 45
Years
® Author Career In 2009 B %Error after 10 Years
Figure 6.6 Length of Author Career in 2009
Paper age in 2009
28
25 —
> 19 =—— —_—
o — —
g 13 =
10 —/———
! o
4 =
1 =
0 10 20 30 40 50 60
years

BCtedby M %Error after 10 Years

Figure 6.7 : The percentage error of the GBRT forecasts after a decade is plotted for each author and
paper in our test sets. The authors and publications have been categorized into groups depending on their
ages as of the conclusion of 2009. After applying restrictions on the publications and authors within that
group, we have also included the Mean Absolute Percentage Error (MAPE) for each group.

The estimation of A and 8 can be performed directly using maximum likelihood estimation. It is
important to observe that the log-likelihood exhibits the following structure.
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L(A,0) =logL(A,01d,,..,dy)

= —AZL, Ci;A®e(D + Nlogi + T, dilog(dds() + Ty log( 2 ) (610
differentiating we find that:
2LAE) &A= = c:, v (6.11)
Plugging this optimum value, 1* = m, into L gives
L(A%,0) = X, dilog(Ady(i)) — NlogE iy Ci-1APg(i)) + const. (6.12)

The differentiation of the above expression is now performed with respect to p,0. Let ¢g
represent the probability density function associated with a Normal Distribution with mean u and
variance o2. Subsequently, it may be inferred that:

? C d
5 L) = Z (¥°01-1 ~ 555) 601080 — B9 CogCt — 1)) (6.13),
d log(i) —
2 .0 = Z (612~ i) (“E 2~ #0108 ®)
_ost= ok D=t g g - ). (614)

By employing derivative-based optimization methods, the parameters g, ando can be
determined based on the information above. By utilizing the estimated parameters 8 = (u, 0), we
can make future predictions based on the mean of the Poisson process, taking into account the
previous data. The expression ¢, (t | 4,0) represents the conditional expectation of E[C(n +¢t) |

cQ1),..,C(n)],

A positive correlation exists between feature values and observed h-indices within the period of
2009-2018. Higher values of feature variables indicate a greater degree of dependence. All
features utilize data that was accessible in the year 2005. The evaluated characteristics
encompass the Hind (h-index), Cites (aggregate number of citations), Ave. Cites (average
number of citations per year), Cites '05 (number of citations in the year 2009), Papers '04-'05
(quantity of papers published between 2004 and 2005),
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The number of published papers and the author's PageRank inside the coauthor network are two
important metrics to consider in academic research. The data indicates a decrease in the
importance of authors' h-indices in 2009, but there is an increase in the value of other predictors,
such as the number of papers produced by an author between 2004 and 2005.

Next, we can employ a recursive approach to calculate c,(t | 4,8). This allows us to determine
the value of c,(t | 4, 8)for t greater than or equal to 1.

et 12,8) = (C(n) + m) [Tiey (1 + AAy(n + 1)) — m. (6.15)

Table 6.2: Learning to Predict Citation-Based Impact Measures

Avg Page
Years hIndex Cites Cites Cites '09 __ Paper '08-09" Papers Rank
2009 0.210 0.200 0.115 0.150 0.062 0.103 0.052
2010 0.177 0.201 0.195 0.129 0.063 0.109 0.055
2011 0.239 0.173 0.107 0.151 0.065 0.109 0.058
2012 0.146 0.191 0.186 0.210 0.068 0.116 0.058
2013 0.121 0.160 0.123 0.161 0.077 0.120 0.083
2014 0.261 0.146 0.181 0.126 0.092 0.122 0.090
2015 0.199 0.132 0.106 0.171 0.116 0.123 0.104
2016 0.263 0.211 0.117 0.180 0.121 0.134 0.115
2017 0.274 0.191 0.158 0.232 0.135 0.138 0.135
2018 0.196 0.134 0.107 0.203 0.138 0.149 0.146

The table 6.2 provides the learning predictions citations based on impact factors measure such as
h index, cities, average cites, cites on year 2009 . papers on year 2008-09 and page rank.
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Learning to Predict Citation-Based Impact Measures
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Figure 6.8 Learning to Predict Citation-Based Impact Measure

6.9.2 Prior Extensions and Regularization

A Gamma distribution with parameters a and p is employed as a prior distribution for the
parameter A. Subsequently, the marginalization likelihood is computed. In order to streamline the
representation, we shall denote A as the product of the iterated differential operator A®g raised to
the power of d;, divided by the factorial of d;, and evaluated at C;_, raised to the power of d_i,

dy
that is A = ([, AP ()™ Ez!l ) where i ranges from 1 to n. Similar to the preceding section, it

is assumed that we have made observations of C(1) — C(0) = d;, ...,C(n) —C(n — 1) = dy,
for which we may express the marginalization likelihood.

LO.af1dy.dy) =[7 LAOIdy, ...,d,,)%l“'le‘p’-dl
=A B I'(a+N)
T(@) (B+21, Ci-1A%5(D)

(6.16)

a+N *

Upon careful examination, it becomes apparent that the posterior distribution of the parameter A,
given the observed data |d,,..,d,, follows a Gamma distribution with parameters (a +
N,B + X, Ci_yAdy(D)). This distribution enables us to readily calculate the posterior mean.

— - a+N
A= Elddy o] = 5t 6.17)
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The logarithm of the minimized likelihood is obtained by applying the natural logarithm
function.

LO,a,p) =B+ Y, dilog(Adg () + alog B —logI'(a) (6.18)
+logl'(a + N) - (a + N)log(B + X Ci-1ADg(1) )

dy
c
where B = Y., log (J—) is constant with respect to the parameters 8, @, B. Now letting ) be the

digamma function we have

2 L8.a.p) =logh ~Y(@ + (@ +N) —log(8 + ity Ci-1A®6(0) (6.19)
%L("' «B) ﬁ ﬁ+2?_1‘::A¢o(l) %"" (6.20)
that ZLO@B) =Tkt (A1~ zangs) @oog) — do(log(i— 1)), (621)

2r@aB)= T (101 gais) (FEE d6(0g()
— Lo8l-0k 4., log(i - 1)) (6:22)

It is noteworthy that, when comparing the derivatives concerning and o to those computed in
the preceding section, the optimal A* in that context has been substituted with the posterior mean

A

In the previous section, when conducting maximum likelihood inference, treating each document
as an independent entity was deemed satisfactory, as there were no shared parameters among any
pair of papers. In the present context, it is notable that all papers possess identical a and B
parameters, necessitating the execution of maximum likelihood estimation for all papers
simultaneously. To this end let P be a collection of papers. For each p € P suppose we have
observations C,(1) = d},C,(2) — Cp(1) = 5, ., Cp(np) — Cp(np—1)=dy,, and let
L,,(G,,, a, B) calculate the log-likelihood for the specific paper, denoted as p. The log-likelihood
of all papers concurrently can be expressed as the summation.

L3 (.88} ,ep) = Zper Lp(6pr0.5) (6.23)
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The computation of gradients for Lp can be easily achieved by leveraging the derivatives that
have been previously computed for each individual Lp. Hence, the procedure of performing
maximum likelihood estimation for the parameters a, 8, and {o,,}pes, can be carried out by

utilizing any gradient-based optimization algorithm that is accessible.

Let us consider a scenario where a,f,and 8, are held constant. The acquisition of future
forecasts can be easily accomplished through the utilization of posterior techniques. Through the
process of iterated conditioning, one may readily verify that.

Comy(t 1 2. B,6p) = E[cn(ny +£1245.6,) 1 Gy (1), ..., Cp(ny)] (6.24)

Given a constant value of 4,, we can calculate cn(np +tlA, 0,,) by utilizing the findings
presented in the preceding section. Therefore, it is possible to estimate the aforementioned
expectation with arbitrary precision by employing a Monte-Carlo approach. Specifically, we
extract samples from the posterior distribution of 4,, which follows a Gamma distribution with

parameters @ +N and (B + X, C-1ADPg(i)), Subsequently, we calculate c,,(n,, +tl
Ay Bp)for each of these samples and then compute the average of the obtained results.

In light of the observed issue of overfitting associated with utilizing maximum likelihood

inference, we propose incorporating a regularization penalty into the optimization process.
2

Specifically, we suggest the inclusion of a penalty term of the form —y (L;-) ,¥ 2 0 is a hyper

parameter. Instead of aiming to maximize L, our objective is to maximize.

55 (@.(8,),c5) = i Zrer Lp(8pra.B) ¥ (5) (6:25)

The value of a/f corresponds to the average of the previous distribution Gamma(a, #), so
serving as a deterrent against excessively large prior distributions. In practical applications, the
value of y is typically determined through the process of cross validation.
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6.9.3 Neural Network Structure

To facilitate the incorporation of nuanced information into our prior distribution, we additionally
contemplate the possibility of o and P being learnt functions derived from attributes retrieved
from each manuscript. For every paper p let x,, € R* be a set of features that correspond to the
paper. Next, we denote a and B as functions of the variable x,, represented as a(xp),B(xp),
respectively. Consequently, the distribution A, is approximately Gamma-distributed with
parameters (a(xp),ﬂ(xp)). The functions a and B are acquired as the output of a neural network

with a single layer that is fully connected and utilizes soft plus non-linearities. This is achieved
by maximizing the penalized log-likelihood.

25 (a.8.(8) ) = I%IZ (L, (65 2(x,). B(x5)) - y%”;—z) (6.26)

The empirical findings presented in the main study demonstrate that performance can be
enhanced by allowing a and B to vary based on x,,.
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Chapter 7 Conclusion and Future Work

The use of bibliometric research performance evaluation to evaluate degree awarding institutes'
research output is a commonly utilized approach since it offers essential information for
policymakers and organizations to allocate resources and money to encourage research. In this
work, we employed stochastic models to analyze and evaluate the bibliometric data of Pakistani

institutes.

Data found that established and larger institutes produce more research than younger and smaller
institutes. This is most likely owing to established and larger institutes having more resources,
financing, and research infrastructure. We also discovered that the bulk of Pakistani institutes'
research output is in the field of natural sciences, followed by social sciences and engineering.

This means that study in other subjects, such as humanities and arts, should be encouraged.

Thirdly, we found that international collaborations significantly impact the research output of
Pakistani institutes, with institutes having higher numbers of international collaborations
producing more research output. This highlights the importance of international collaborations in
enhancing research output and promoting knowledge exchange.

While our analysis gives significant insights into the research performance of Pakistani degree
granting institutes, there are several constraints to consider. For starters, our approach solely
considers bibliometric data and ignores other factors that may impact research output, such as
institutional policies, research infrastructure, and funding sources. As a result, future study might

look at these characteristics to present a more complete picture of research performance.

Second, our analysis is limited to Pakistani institutes and does not take into account other nations
or areas. Future study might compare Pakistani institutes to those in other nations to uncover

parallels and variations in research performance.
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There are various options for additional exploration in terms of future research proposals.
Investigating the variables that lead to the difference in research output among Pakistani
institutes is one such option. This might entail investigating different institutes' funding sources,
research facilities, and institutional rules. Another area of future research would be to look at the
effect of research production on the reputation and ranking of Pakistani institutes. This might
entail investigating the relationship between research production and ranks in international
university rankings like the QS World University ranks. The effect of international cooperation
in increasing research output is required. Analyzing the nature and effect of various sorts of
international partnerships, such as collaborative research projects, joint publications, and joint
funding applications, might be part of this. Overall, our analysis emphasizes the importance of
better collaboration and resource sharing among Pakistani institutes to boost research output and
performance. The use of bibliometric research performance evaluation to evaluate degree
awarding institutes' research output is a commonly utilized approach since it offers essential
information for policymakers and organizations to allocate resources and money to encourage
research. In this work, we employed stochastic models to analyze and evaluate the bibliometric
data of Pakistani institutes. The skewness of research output is most seen in the amount of
citations obtained by Pakistani institutes, with a small handful of institutes garnering the vast
bulk of citations. This suggests that there is room for improvement in Pakistani institutes'
research output. This means that study in other subjects, such as humanities and arts, should be

encouraged.

Third, we discovered that foreign collaborations had a considerable influence on Pakistani
institutes' research production, with institutes with a larger number of international
collaborations creating more research output. This emphasizes the significance of international
cooperation in improving research output and fostering knowledge exchange.

While our analysis gives significant insights into the research performance of Pakistani degree
granting institutes, there are several constraints to consider. For starters, our approach solely
considers bibliometric data and ignores other factors that may impact research output, such as
institutional policies, research infrastructure, and funding sources. As a result, future study might
look at these characteristics to present a more complete picture of research performance.
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Second, our analysis is limited to Pakistani institutes and does not consider other nations or
areas. Future study might compare Pakistani institutes to those in other nations to uncover
parallels and variations in research performance. Finally, our analysis only analyses research
output in the form of publications and citations, and does not evaluate other types of research
output, such as patents or policy effect. Future studies might investigate how research output
affects non-academic sectors like industry and policy.
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