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In th€ rapidly evolving landscape "r;;:*atioq the peformance asses$nent of

degree awarding instifirtcs has become increasingly important to various stakeholders,

including shrdents, faculty, funding agencies, and policynakers. Bibliometric indicators,

such as publication outpu! citatio,n rmpact, research collaboration, and funding, senre as

essential tools for waluating rrcsearch performance. This study aims to develop a novel

learning-based bibliometric rpsearch performance assessment model using stochastic

models to offer a comprehensive understanding of institutional research perfomance,

capturing the uncertainties and dynamics ofbibliometric data. The proposed methodology

begins with data collection and preprocessing acEriring bibliometric data from

established databases, and cleaning the data to ensurp its accuracy and reliability. The

develop stochastic models that consider various performance indicators to assess research

performance, integrating the learning-bascd approach for model adaptation. Model

calibration and nalidation ar,e conducted by comparing the results with qisting

ass€ssment methodologies and case sMies. The ryplication of proposed leaming-based

stochastic models to assess the performaoce of degree-awarding institutes reveals

meaningful insights into their research performance. Thc comparison of the models with

existiag methodologies demonstrates the effectivene.ss and rcbustness of the pmposd

approach, accouting for uncertainties and dynamics in bibliometric data. Sensitivity

analyais and case studies fifiher validate the reliability and applicability of proposed

model in diffenent contexts and institutional t1pes. The results indicate that the leaming-

based stochastic models provide a comprehensive and adaptable framework for

waluating research performance. The model's adapability and rcbustness allow

stakeholders to malce informed decisions regiarrrling institutional performance, resource

allocation, and policy development. Furthermore, the model offers valuable insights into

the stnengths md weaknesses of institutions, promoting continuous improveme,lrt and

grovnh 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 patt€rns. Futnrc

research could explore alternative data sources and the incorporation of additional

! Mamoona Anam, Regf : 13tI-FBAS/PHD/CS
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performance indicators to further enhance the model's accuracy and compre,hensiveness.

Morcover, the application of adnunced machine leaming techniques aod the dwelopment

of adaptive models that considcr the wolving natune of research fields can firther

improve the proposed framework.

Kqwot*: Learning-based, Bibliometric, Research perfomotce assesstant, Degrce-

awatding institutes, Snchastic ndell Higher eduution, htblication outpttt, Cintion

ilnpact, Research allaboration Fwding Mdel, adapntion, Uncertainties, Dynunics,

Sensitivity atulysis, Mdel validation
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Ctrapt€r I Lrhodnction

Chapter I Introduction

In the contemporary landscape of higher education, the evaluation and enhaocerre,nt of

r€s€arch performance among Degree Awarding Institut€s @AIs) have fiansccmdod from

being mere administrative exencises to critical endeavors that shape academic reputation,

imovation, and societal prcgrcss. The role of these institut€s extends beyond the

traditio,nal boundaries of knowledge dissemination; thcy serve as cnrcibles of innovation,

catalpts for societal prrrgtqr, and coDduits for scholarly excellqrce. The assessme,nt of

their research outpuq impacL and contributions to diverse fields is not oaly a measure of

academic achierre,ment but dso a litnus test of tlreir effectiveness as knowledge hubs. In

response to the incr,easing complexities of acadeinic landscapes md the burgeoning

diversity of research activities, the evaluation methodologies have wolved from

traditional approaches to morc advanced techniques, harnessing the power of bibliometric

analysis aod stochastic modelingfi][2].This papcr embarts on a comprehensive

exploration of research performance assessment for DAIs, with a specific emphasis on a

learning-based frameworl fortified by the capabilities of stochastic models. By

amalgamating machine learning and stochastic methodologies, this strrdy endeavors to

taosccnd the limitations of conventional assessment methodologies and usher in a new

era of nuancod and data-driven wahrations. As the contours of research endcavors

continue to metamorphosg bolstffing assessmqrt techniques wittr stochastic models

ernerges as apivotal stride towards holistic and contcxtual erraluation

The importance of research performance assessment, particularly within the sphere of

higher educatio,n, is irrefutable. In a knowledgedriven worl4 where innovation propels

prcgrcss and inquiry fircls insights, the contributions of DAIs hold profound significance.

The evaluation of their research activities seryes as an intricate web that comects

institutional objectives, policlmaking funding allocation, and the advancemeirt of
disciplines. It necessitates an expansive vantage poinq one that trmscends disciplinary
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boundaries and dplves into the multifaceted dimensions of scholarly activities. The

conventional apprcach to research assessmen! often reliant on quantitative metrics such

as publication couots and citation indices, albeit valuable, paints a partial picture,

insufficient to capturre the inticarc interplay of variables that encrysulate rpsearch

performance. As a r€sponse to this challenge, researchers, waluators, and institutions

alike have begrrn to embrace more sophisticated and comprehensive approaches that

combine quantitative rigor with stochastic models.

12 Bibliometric Andysls Indlcators

Bibliometric analysis, a burgeoning field rootcd in quantifiable indicators like

publications and citations, has g3ined prominence as an effective tool for research

performance assessmcnt. Its quantitative natur€ has r€nderd it particularly zuitable for

generating insights into research prodtrctivity, i-pacq and collaborations [3]. Yet, the

limitations of bibliomerics in ocapsulating the diverse spectrum of research

performance have prompted a quest for argmenting its capabilities with stochastic

models. These models, encapzulating rmcertainty and variability, prcvid,e a framework

that is not only cognizant of the intricacies of research phenomena but also capable of

e,ncapsulatiag the uncertain hajectories that define scholarly activity.By integrating thesc

models into the research performance assessme,nt paradigm, institutions and stakeholders

stand to gain a morc prcformd uderstanding of the dynamics that underpin scholarly

prcgrcss [a].The integration of stochastic models and bibliometric aoalysis is e,mblematic

of the wolving naturp of research assessm€rt methodologies. Machine learning

techniques, often lweraged in tandem with stochastic modeling, have the potential to

unveil latent patterns, relationships, and tnends within large and intricate datasas. 'Itis
conflueirce of methodologies empowers the assessment prrcess by enabling the

extraction of insights that exteird beyond merc quantitative measurcments. Notably, zuch

methodologies dign with the in$€asing call for multidimensional erraluations that

acknowledge the holistic nature of research contributions.

Intnoduction
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The Bibliometric analysis is attachod model in given in frgrre 1.1. Models contain

documenttpe.

1.2.1 Bibliometric Indicators for Reseorch Performance

Bibliornetrics is a qtrantitative technique to studying and analfi4g scientific litemature

that uses metrics zuch as publication @unts, citation nates, and cooperation patterns.

Bibliomefiics is commonly used to assess the research performance of individuals,

companies, ornations, as well as to identifyfietds.

Figrue 1.1: Bibliomefiic Analysis Indicators

l. I)ocument (Iype)

In bibliometric analysis, the "docurre,nt tlpen refers to the various forms of

scholarlypublications that are being examined. These can include journal articles,

conference papers, books, book chapters, theses, patents, and more. Anallzing

document tlpes provides insights into the diverse ways rcsearth is communicated

and contributes to the und€rstaoding ofpublishing tnends urithin a specific field.
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2. Criticel Peperr

Critical papers are seminal research publications that have had a significant

impact on a partiorlar field of study. These papers often intoduce novel concqrts,

grumdbreaking methodologies, or tansformative findings that reshape the

dirwtion of research. Identifying critical pap€rs tbrough bibliomeEic analysis

helps researchers recognize key contributions and uoderstand the historical and

intellectual development of the field.

3. EvolutionaryYean

As a bibliometric indicator, "wolutionary 5rears" is not a widely recognized term.

However, if it refers to a specific concept intoduced after my last update in

Septmber 2ULl, it might pertain to analping the progression of rpsearch over

time, tracki4g how ideas and theories have wolved across different yeanl or

periods within apartiorlar field.

4. Dlrtribution Period

"Distibrution p€riod" is not a standard bibliometic te,rm as of my last update.

Howwer, it could potentially refer to the temporal distibution of certain research

elemots, zuch as citations, keywords, or document types, over a specific time

frame. Anallzing distibution periods could provide insights into the popularity

and relevaoce of resear,ch concepts within different time interrrals.

5. Published Journal

The 'publislred journal" refers to the scholarly journals in which research articles

are published. Analping published jouroals in bibliometric sMies involves

assessing fac"tors zuch as journal impact factor, publication frequemcy, and citation

patterns. This helps rcsearch.ers und€rstand the influence of specific journals

within a field and their role in disseminating rpsearch findings.

I^crairy Barcd Biblimic Rcccac,h Pcrftrmoc Armncot of Oercc 
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6. Influendd Author

An "influential author" in bibliomerics is a researcher whose work has garnered

significant atteirtion and citations within a field. Identifying influmtial authors

helps researchers acknowledge thought leaders, collaborators, and experts who

have made zubstantial connibutions to advancing knowledge in a particular area

of study.

7, Institudon Country

The "institution countr5fl indicator involves eaemining the geographic

disfibution of research institutions contibuting to a field. This analycis provides

insights into the global laodscape of reseuclL collaboration patterns between

counties, and the concenfiation of expertise in specific regions.

8. trftyrvords Frcquency

"Keywords frroquenc/ refers to the analysis of the frequency of specific terms or

phrases in research publications within a field. This indicator helps researchers

identify prwalent r€search themes, emerging hends, and thc terminolory

commonly usd by scholars to discuss subjects.

12.2 Applicafronr of Blbllometrics in Rcresrch Evaluation:

Bibliomefiics is a quantitative assessm€nt of academic publications and citations that

may be used to evaluate research. Bibliometrics examin€E publishing patterns, citation

counts, and other bibliographic data to gpin insights into the impact, visibility, and

productivity of research output. This data is essential for waluating rcsearch at all lwels,

including hdividual rpsearchers, mearch grculrs, institutions, and fimding agencies. One

significant trse of bibliometrics is to evaluate the perfonnance and productivity of
individual scholars. Bibliometrics analyses meEics such as the mrmber 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 contibutim to the field. This infornration aids in recogdzing notable

scholars, supporting merit-based erraluations, and dir€ctiqg academic career development

decisions. Bibliomefiics, on a larger lwel, allows for thc waluation of research groups

ard organizations. Bibliometics identifies researph stnengths, collaborations, and areas

for dwelopment by collecting and anallzing publication and ciation data frrom various

reseanchem connected with a goup or institution. It helps in benchmarking pcfonnance

against pcer institutions, funding choices, and promoting research collaborations.

Bibliomefiics is very significant in firnding ag€ocy decision-making procedures. Fuding

agencies s5s ss,nmine bibliometric indicators such as the impact factor ofjournals whene

researchers publislL citation rates, and researph collaboration networks to assess the

potential impact of research projects. lhis data aids in the allocatio,n of research money

and resources to projects and scbolars who are more likely to make important

contributions to their respective disciplines. Furthennore, bibliometrics is useful for

tracking rcsearch te,nds and social effect. By waluating publishing ttrends and citation

networks, bibliometics may help uncover emerging research topics, intodisciplinary

collaborations, md arpas of socidal value. This information supports policyrrakers,

industry stakeholders, and firnding agencies in malcing educated judgeme,nts on rcseanch

areas that are aligped with national or global goals [5].

1.2.3 Roccsrch Perfomancc Arrcccment

Bibliometric Analysis provides procedure to perform rcsearch performance assessment.

The model is given in figrre 1.2. lt has turo main parts Instinrtional researcher and

waluation of individual researcher.

1.23.1 Indtvtdual Rccearcher Eveluation :
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Bibliometrics is frequeirtly usGd to assess the research performance of individual

which can beresearchers. It helps in waluating productivity, i^pact, and inllueocg

considered for firnding decisions, prcmotions, ortenurE evaluations.

I

1.23.2 Institufionel Rcrearch Asscccment:

Bibliomertric analysis provides a quantitative means to evaluate the research output and

impact of institutions. It aids in compariag research perforrrance among institutioos,

identifyiag areas of sfiength, and informing r€lnutoe allocationdecisions.

Intqnational

FVt tu 1.2: Rcwrch Palununce Arccrcntcn

13 Beckground and Motirntion

Higher education institutions have an essential role in fostering innovatio& social and

oconomic prcgEss, and human capital generation. The increasing number of degroe-

granting institutes in Pakistan lighlights the need for a rigorous and comprcheirsive

frameurort for waluating their research performance. This is critical for making educated

deisions, allocating resourrces, derreloping policies, and continuously improving. A wide

mnge of stalceholders, including students, prcfessors, ftnding agencies, and

Research Performance
Assessment

audity
aod

quntity
Sfrategic prodrctivit

v
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policymakers, are intenested in Pakistani higher education institutions' research

puformance. Bibliometric variables such as publication production, citation iryact,

rcsearch cooperation, and financiag are critical instnrments for assessing research

su@ess.

Traditional ways to assessing rcsearch suocess frequently depend on deterrrinistic models

and aggregated indicators, which may fail to reflect the inherent uncertainties and

volatility of bibliomefiic data. As a result, a robust and flexible framework for waluating

research performance that accormts for these limitations is esseirtial, partiorlarly in the

context of Pakistani degree-awarding universities. Bibliomefric research performance

assessmc,nt, which incorporates quantitative exrninetion of scholarly publications and

citations, is critical in waluating degree granting institutes' research production and

effect. Traditional bibliometric place emphasis on variables like publication

numbers and citation measures. Howwer, there has been a risiqg intenest in mqing
learning-based methodologies and stochastic modelling for a more thorough assessment

of research succ€ss in recent yea$.

The motivation behind learning-based bibliometric rpsearch performance assessment is

twofold. Firstly, it addresses the limitations of traditional bibliomeric approaches, which

ofteir overlook the contextual nuanses and qualitative aspects of rcsearch. By inrcgrating

machine learning and satistical modeling it becomes possible to capture morp intricate

patterns, correlations, and prodicive relationships in rcsearch daa [6]. Secon4 including

stochastic models in bibliometric analysis gives a probabilistic framework for

understanding research performmce. By accormting for aspects such as random

fluctuations, publication rate changes, aod alt€ring research hrends, stochastic models

enable rpsearchers to waluatc rcsearch progrcss in a more dynamic and unprodictable

setting. This stochastic vieupoint more properly shows the diffisult nature of research

performance. Furthermore, applying learning-based methodologies enables the
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constnrction of predictive models capable of forecasting future research poformance

based on pruvious data. It is now feasible to rmcover significant predictors of research

quality and constnrct models that can help in stategic decision-making, resoulte

allocation, and pohcy formation for degree granting institutes by employing machine

learning algorithms.

The combination of leandag-bascd techniques with stochastic modeling presents an

attractive opportmity to improve the assessment of research performance in degree-

grmting institutions. It gives a mor€ in-dcpth understanding of the underlying dynamics,

t.ends, md potential research performance routes. Using this metho4 we may gain a

deeper knowledge of the factors that contibute to research excellence and recommend

methods to encouage continual prcgr€ss in academic institutions. The implementation of

learning-based bibliomertric research performance evaluation for degee-grmting

institutes using stochastic models. The technique, difficulties, and potential advantages of

this 4proach will be explained. By doi4g so, we seek to cncourage research elraluation

practices and aid in evidence-based decision-making at higher education institutions.

1.4 Rccearch Pnoblemr

There is a noticeable gap in the literature regarding the application of learning-based

stochastic models specifically for Pakistani degreawarding institutes. The existing

r€s€arch performance assessment mahodologies primarily r€ly on deterministic models

and aggregoted metrics, which may not fully capture the inhereirt uncertainties and

dynamics in bibliometric data.

1. Llmltcd Integredon of Qudltadve tr'actorc : There is a research gap in

incorporating qualitative factors, such as research collaboration networks, fundfutg

sources, and interdisciplinary rrsearch, into the learning-based stochastic models.
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Incorporating such factors can provide a morE comprehensive and holistic

waluation of research performance.

Lock of Attention to Contextual Veriations: Existing approaches often neglect

these contextual variations, leading to biasd evaluations. Addressing this

research gry involves dweloping stochastic models that can account for the

contextual nuances and variations.

Inadequete Consldenfron of Temporal D5mqmicr: There is a research gap in

dweloping stochastic models that can effectively capture and predict temporal

dynmics in research performance.

Limited focus on Unceitelnty end Stoe.herticity: There is a research gap in

dweloping stochastic models that explicitly consider the probabilistic nature of

researchperfonnmce. This involves incorporatiag random variables, Monte Carlo

simulations, or Bayesian approaches to capture the inhereirt unc€rtainties and

stochastic ele,ments of research performance.

5. Insufficient Yalidation rnd BenchmarHng: This rpseanch gap needs

comparison studies thd compare the efficiency and aocuracy of the proposed

models to established bibliomefric methodologies, proving their reliability and

utility in assessing the research performance of degree-granting schools.

Addressing these research gaps can help to dwelop the subject of bibliomertric

researph performance assessment greatly. The proposd leaming-basod stochastic

models can provide more accurate, nrancd and informative erraluations of

research performance in degree ay/ading institut€s by incorporating qualitative

2.

3.

4.
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and temporal df'namics' considering

uncertainty, and conducting rigorous validation

1.5 Rccearch Quectionc

Which leaming based models are used Detecting Risrng Stars in D5tnamic

Collaborative Netwotk for degree awarding institutes of Pakistan?

To what extent are the autho,r-lwel bibliometric indicators, outlined in the

exploratory study, app,ropriate in the evaluation of researchers from differelrt

disciplines and different academic seniorities?

Which models are used to Prredict Citation-Based hpact Measures for learning

based techniques?

1.6 Obiectivec of the Study:

The objectives ofthe shrdy ar€ as follows:

l. To dwelop t leamlng-bared apprtrch for bibliometric reseorch

per{ormrnce o$essment of dcgree awarding instihrter.

To captgre precise patterns, cornelations, and prediction relationships in research

data, machine leaming techniques should be applied.

Incorporate qualitative and contextual aspects into the perforrrance evaluation

approach.

1.

3.

a)

b)
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2. To employ ctoetrartic modeling to account for the dynrnic end uncertain

nature of rereorch performence.

a) Dwelop stochastic models that consider mndom flucnrations, nariability in

publication rates, and wolving research fimds.

b) Prrovide a probabilistic framework to better understand and assess research

puformance.

3. To identifr key predtctors of res@rch excellence and dwelop prcdictive

models.

a) Utilize machine learning algorithms to id€rtify factors that contibute to research

excellence.

b) Dwelop models that can anticipate future research performance based on

historical data.

4. To evaluate the efrec{iveners ond potentid benefiB of the propoced

leamlngbescd and stoehastic modeling appnoach.

a) Compare the performance waluation results of the proposed technique to those of

knom bibliometric appnraches.

b) Evaluate the produced models'prodiction powers and accuracy.

c) Examine the effect of combining qualitative ele,ments and stochastic msdsling on

the evaluation of research performmce.

By achiwing these objectives, this research aims to contibute to the advancement of

research performance assessment in degree awarding institutes needs to dwelop a more

comprehensive md accrrarc evaluation framework. The results of this shrdy have the

poteitial to support evidenoebased decision-making rEcource allocation, and policy

formulation in higher education institutions.
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1.7 Significenoe and ConEibudon

The inrcgration of learning-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 b*ween quantitative mefrics and

probabilistic modelin& this study offers a novel methodology that enriches the

asscssme,nt prrrcess with multidimensional insights. The findings of this rcsearch can

gtride DAIS, policyrnakers, and stakcholders in dweloping more informed stategies,

fostering intemrlisciplinary collaborations, and refining their contibutions to knowledge

advanceureirt.

l.t Overview of the Prktstrnt Highs Educafron Landscepe

Pakistan's higher education brusiness has upanded dramatically in recent years, with a

grcwing mrmber of degregranting schools emerging around the country. The Higho

E6gcation Commission (tDC) of Pakistan is in c;harge of regulating and improving th€

qrulity of higher education in the nation- The HEC is in charge of establishing rules,

rcgulations, and recommendations for degreegranting institutions, as well as providing

financial aid for research and dcvelopment endeavors. Despite improvements, Pakistan's

higher education industy has a number of obstacles, including a lack of rpsoupes, P@r

facilities, aod disuepancies in access to excelle,lrt education. Assessment of research

performance is crucial for identifying areas of shength and wealmess, facilitating

cooperation, and cultivating an excelle,nce culture in Pakistani degr€e-grmting institutes.

The IIEC's initiatives have had a significmt impact on research productivity and quality

in Pakistan. The availability of research grants and funding prcgrams bas ld to m

increase in research outpu! as wideircd by the growing number of publications by

Pakisani researchers in reputabte national and internationd journals. The IIEC's

emphasis on r€scarch quality, integrity, and ethical practices has also contributed to

€nhancing the standard of research conducted within the country. These efforts have

r€sulted 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 imtitutions [8a].

1.9 lhesls Organization

The remainder sf this study is organized as follows: Chapter 2 preseirts a literature rwiew

of research performance assessment, bibliomerics, existing models and methodologies,

and the application of stochastic models in research ass€ssment. Chapter 3 intoduces the

theorretical framework for the sMy, including the inrcgration of bibliometric indicators

and stochastic models. Chqter 4 d€scribes the metbodolory, including data collectiotr,

model dwelopment, and validation. Chapt€rs 5 and 6 present the restrlts, analpis, and

discussion of the findinp, followed by the conclusion and recommendations for fuure

research Chapter 7.rn
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Chapter 2

2.1 Ovenicrw of Rercarch Performance Arsessment

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 rrsource allocation, and the overall courpaitivmess of institutions. Methods

for evaluating rcsearch performauce often entail the investigation of numerous

quantitative aod qualitative variables that indicate an institution's research p,oductio&

impact, aod quality. The literature on rcsearph performance assessm€nt oovem a wide

range of topics, incltrdiag the dwelopment of assessment frameworks, the idmtification

of 4propriate performance indicators, the comparison of waluation methodologies, and

the exploration of challenges aod opportunities in rcsearch perforrnance waluation [7]

t8]. Thc assessment of research performance is critical in daermining the scholarly

output and influence of researcherq research grcups, and academic instihrtions. It entails

a systernatic and quantitative examination of rcsearch activities, publications, aod

citations in oder to assess the quality, pmdustivity, and impact of research efforts. The

significance of research performance erraluation st€ms fiom its potstrtial to give

significant insights and indicators that drive academic institutions' decision-making

pnrcesses, rcsourpe allocation, and stategic planning. Institutions can identify areas of

strelrgttr, recognize r,esearchers' achieveme,nts, and provide tesoulpes to support

cmtinuing greatness by waluating research performance Furthermore, rpsearch

performance assessment may be used to facilitate parfiraships, obtain fimding

possibilities, and improve institutional reputation. The primary goals of research

performance evaluation are to uneover research strengths aod shortcomings, to promote

accormtability, to assist career advancement and tenurc choices, and to facilitate

widencebased decision-mnking in research policy ad fuding disfibrution. Institutions

may efficienfly tack progress, set goals, and optimize researph outputs by analfzing
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research performance, resulting in increased competitiveness and excellence in the

academic e,nvircnmeirt.

22 Bibliometrics in Reccarel Performence Evaluadon

Bibliometrics is the quantitative enaluation of scientific publications and their ciation

patte,rns to assess the research pcformance of individuals, organizations, or nations.

Bibliometric indicators such as publication productivity, citation impacq research

cooperation, and flrnding have been widely used in assessing research success t9]t10].

Serreral bibliometric databases, including Web of Science, Scopus, and Google Scholar,

give extensive data on publications and citations, allowing researchers md institutions to

assess their research suscess across multiple dimensions. Howwer, the use of

bibliometic indicators in research performance waluation has been criticized for

potential bias€s and limitations, such as an emphasis on quantity over quality,

undenepresentation of certain research fields, and the possibility of citation pattern

mmipulation t7]tl l]. Traditional approaches to research performance assessm€nt involve

the use of established bibliometric indicators and metrics to waluate the productivity,

impacq and influence of research activities. These approaches focus on quantitative

measulEs and often rely on daa derived from scholarly publications and citation

databases. Here is a detailed overview of traditional approaches to research performance

assessment:

2.2.1 hrblication Count

One of the fimdamental metrics usd in research performance assessm€Nrt is the number

ofpublications. It provides an indication of the quantity of research output by individuals,

r€search gn ulrs, or institutions. The total number of publications is often considered a

simple measurE of researchproductivity [39].
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22.2 Cltetion Count

Citation counts are widely used as a measur€ of research impact and visibility. They

reflect the number of times a research article has beeir cited by other rcsearphers. High

citation coutrts zuggest that a publication has made a significant conEibution to the field

and has beeir influential in zubsequent researph l26llfil.
2.2.3 h-lndex

The h-index is a composite measure that combines publication quantity and citation

impact. It measures both the productivity and unpact of a researcheds work An

indivifual's h-indcx is the highest number h for which they harre published at least h

papffi, each of which has received at least h citations [Z].
2.2.4 Joumal Impact tr'actor

Journal hpact Factor (IIF) 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 pedod. Researchers often aim to publish in

journals with high€r impact factors to enhance the perceived qualrty md visibility of their

research [27].

2.2.5 Field-lYeightcd Cltetion Impact

Field-Weighted Citation lnpact (FWCD adjusts citation cormts based on the average

citation rates within a specific research field. It allows for morrc accurat€ comparisons of

research impact across different disciplines, accormtiag for variations in citation practices

among fields.

2.2.6 Colhboratlon Metrics

Collaboration mefiics evaluate the extent and impact of research collaborations. They

include measures such as co-authorship networks, which assess the lwel of collaboration

among researchers or institutions. Collaborative research is often consider€d a positive

indicator of rcsearch quallty md innovation.

I"cuningBasedBiblimEicRaaoh PcrfrrrorncAscmcdofDcgrccAryrdirg hrti0rEr uring Sloe,hrrtbModclg 17



Cftraltrr2 Literature Rsview

2.2.7 Grent Funding and Awardr

Research performance can also be assessod by considering the acquisition of extemral

research gmnts, fellowships, and prestigious awards. The ability to secure competitive

fundhg aod roceive recognition thrugh awards highlights the perceived excellence and

impact of research work.

22.t PeerRcview

Although not strictly a bibliomerric approach, peer rwiew is a naditional method used to

evaluate the Erality and significance of research. Peer-rwiewed publications are often

considcr€d more rpliable and of higher quality compared to non-peer-rwiewed sources.

These taditional appmaches to researre,h puformance asses$n€nt provide quantitative

measurcs that aid in waluating research productivity, impacq and visibility. While they

offer valuable insights, it is important to acknowledge their limitations, zuch as potential

biases, disciplinary variations, and the focus on quantitative indicators rather than

qualitative aspects of research.

23. Bibliometrics in Rctcorch Performance Evduadon of Pakirteni Universlfies

There has been a rise in interest in the use of bibliomerics to measre rcsearch

performance at Pakisani universities in recent years. The use of bibliometric measunes,

such as publication outpuq citation impact, research cooperation, and financin& gives a

quantitative u/ay to assessing Pakistani higher education institutions' (tIEIs) research

productivity and impact. This sestion provides an ovenriew of the literatur€ on the

application of bibliomefiics in Pakistani institutio,ns.

23.1 hrblicafron Output and Citetion Impect:

Several studies have waluated the publishing output and citation effest of Pakigtani

institutions, focusing on various academic domains and disciplines U2][3]. These

studies have provided valuable insigbts on the research productivity of Palcistani IIEIS,
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emphasiziag the need to increase the quality and quantity of research oulput in order to

boost their global competitive,ness [1a]. In addition, citation analysis has been used to

investigate the citation patterns and impact of research produced by Pakistani institutions,

indicatiag the impact of foreign collaboration and financing o,n citation impact tl4]tls].

23.2 Roceanch Collaborefion

Research collaboration is a cnrcial aspect of researchperformancg as it contibutes to the

sharing of knowledge, tresources, and expertise. Several sMies have investigated the

research collaboration patterns of Pakistani rmiversities, both at the national and

intemrational lerrels tl3]tl4]. Ttese sMies have found that international collaboration is

positively correlated with research productivity and citation imFact, emphasizing the

importance of fostoing collaborative research networks for Pakistani IIEIs. Research

fuding is an important factor in influencing university research success. In Pakistan, the

Higher Education Commission (tGC) is a significant source of financing for R&D

emdeavors. Sweral studies have been conducted to investigate the link benveen research

fiDmcing and research performance at Pakistani institutions, dft findings indicating a

favorable relationship betweeir furdi4g and publication output, citation rnpacq aod

research collaboration.

23. Challenger and Limitefions:

Despite the increasing use of bibliometrics in assessing research prcgress in Pakistani

universities, thrc are several isses and constaints to employing bibliometric indicators.

These include possible biases in citation and cooperation patterns, undem,epresentation of

certain research topics, and bibliometric database constraints in capturing the complae

spectum of research oulputs tl[tl2]. Furthermore, the specific setting of Pakistani

higher e&rcation, with limited lEsoulces, weak facilities, and inequality in access to

excellent education, prcvid,es additional hurdles for the use of bibliometrics in rcsearph

performance evaluation.
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Mle 21: Blbllmet*s h Rcrr;ardt P*fotnucc

Author&Ycu Focur Mcttodr trlnrllngr
Krurr& Publicationouput Bibliomctric Rcvcald the gowth of rcscarch ouput
Mrhnood fitl analysis in Pakistmi univc,rsities, with variations

rcscarch conducrcd by Pakishni
unfuersities.

I20l

Anhrd&
Arcer I21l

Rcscarch
prcauctivity

Bibliomctic
aulysis, inuvicws

Higilig[ilcd the need for irpmving thc
quality and quamity of rcscarch ou$ut
in Pakistani rmivcrsitics.

Youreftel et eL Citation impact and

1221 collaboration
Bibliomctric
aml,r3is

C,onfrmed thc influcncc of inHnatimal
colhboration aod ftoding m citation
impoct in Pakistani univcrsitics.

Khm&
Frtim I22l

Rcscarch
collaboralion

BibliomcEic
ambrsis

Found that imcrnational collaboration is
pooitively conelated with rcscarch
prodrctiYitv and citation impact

Ctallcngcs and
Etctnctd 17| limitstioos

Rsvicw Criticizod the use of bibliomctric
indicabrs h r€scarch pcrformancc
evduation for potcntial bia$s and
limitations.

Rafolr ct d [1l| Challcngcs and
limitations

Review Discusscd thc
limitations.
associsted with
bibliomctics in
cvaluation.

chdlcngps ad

the application of
rcscarch pafonrancc

Chmsotal Datacruclopmcnt
I23l otrslysis (DEA)

Non-paranetic
technigc

Inroduced DEA as a mcthod for
evaluating thc rclativc cfrcicncy of
docision-mrking units, such as highcr
cducation instiutions.

Contributio,n of difrereirt authors for bibliometric r€search performance is presented in

Table 2.1 Higbtightd the focus of the shrdy, methods and findings their researctr" These

studies have contributed to the understanding of research performance in the cont€xt of

higher education institutions, inchrdi4g Pakistani universities. Howwer, further research

is needed to address the unique challenges and opportrmitics in the Pakistani higher

education sector and dcvelop novel apprcaches forresearchperformance waluation.
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2.4. Erirfing Models

Sweral models and methodologies have been dwelopd in the literature to assess

rpsearch performance usfurg bibliometric indicators. Some of the widely used approaches

are grven in table 2.4 oovers the distinction of the modeUmethodology, key

metricedindicators and the applicatioos of differeit authors.

Ifrlc 22: Rw* Pcfonutw ufrng Bnfunct* IndcoWz

Modcl/Mcthodolory Ilcrcrlpdon trftvMctricr/Indlceton Apnlicrtionr
Cttdon Mctrlcr 126l Mcasurcs thc influcnce rnd Total Ciatimr, Ciations per Individud

impact of scholuly pocumem, H-indcr(
publications bascd on thc
number of ciuions receivcd.

rescarchcr
cvaluatiotr,
comparison of
rcsearch imoct

Joundlmpact McHcr
127l

EvahuEs the influencc and Journal Iryact Facbr (Itr), Journal ranting
prcstigc of acadcmic journals. Eigcn frctor Scorc and

GOmPAnSOn,

asscssmcnt of
iournal quslitv

Cornthonhlp
Netruorh l2tl

Analyzcs co-uthorship
pafffins and nct[,odrs to
idcntiry colabontive rescarch
ctrofts.

Co-urthorship nctwork
visualizatioq dcgrcc of
collaboration

Collaboration
enelrlsis,

idcntificationof
rcscarch
ncntorts

Inrdtudonrt
ColhborrfronIndex
12el

Measurcs the degrcc of
collaboration bgturccrr
instiurtions bascd on sharcd
arthonhiD.

Degree of collabontion
barccn institutions

Asscssmclil of
collabomative
rcscorch effo,rts

ScicnccMrpplng rnd
Ybuatlzeflon I30l

Utilizcs biblionctic
bchiquca 5 mnf thc
intellcctral structu€ of E
rcscarch ficld.

C,ocitation analysis, co-
authomhip analfais,
visualization Echiqucs

Idcntificdion of
rcsearch
chuHs,
inErdisciplinary
collaborations

These models and methodologies provide a framework for assessi.g rcsearch output,

i-pr"q collaboration, and visibility. They serve various purposes in research waluatio,n,

including individual researcher waluation, institutional assessment, funding allocatio&

aod policy dwelopment.
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2.5 Ranking Syrtemr

TIIE World UniversityRankings assess ruriversitics globally basd on teaching rcsearch,

citations, industry income, and international outlook, providing insights into institutimal

excellence and reputation [32]. QS ranks universities worldwide using indicators like

academic reputation, employer rcputatioq facrrlty/student ratio, citations per faculty, and

international faculty and student ratios, offering a comprehensive view of uiversity

performance [31].

ARWLJ ranks universities primarily basd on research outpuq quality, and impact,

focusing on factors like Nobel laureates, highly cited researchers, aod publications in

high-impact journals t33]. News ra*s universities globally basd on rpsearch

performance, global research rcputatiotr, publications, and collaboratio,n, aiming to help

sMents make informed decisions [34]. I-eid€Nr Ranking focuses on scie,ntific impact,

measuring universities'contributions to scientific publications and their influeirce relative

to their size and zubject area [35].

Nature Index track highquality rcsearch oulput publistred in natural scie,nces journals,

showcasing institutions' contributions to scientific advancements [36]. Wcbometrics

raoks universities based on their web pesence, visibility, and impact, offering insights

into their digtal engageme,nt and online influence [37].

Ite Acadmic Ranlcing of World Universities (Shangh6i R nking) waluates ruriversities

worldwide based on research performance, ahrmni 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 consider€d and key features.
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Thbtc 2. 3 : Rotking Slsans

Rrnldng Sy.tcm Dclcrtpdon Crltcrle Coprlddrd trGy Fc.tnrcr
fimcr Elg[cr Globol rankings Teaching" nescarct, Brood mnge of
Educrdon World basd on various Citrtions, Industy Incomc, indicatom,
Untventty
Rruldnsrl32l

indicators. Inrcrnational Divenity inErnational
scope

QS World Univcnity
RanHn$ t31l

Coryrchcnsivc nnkiags of
globol uiversities.

Acadcmic Rcputation,
Employcr Rcputatio4
Facultylstudcnt Ratio,
Citations per Faculty,
InffirrBtiotrsl Faculty/Studc,nt
Ratio

Acedcmlc Rroling of Roldng system focnsing Publicetions, Citations, Emphasis on
World Unlvcnrttlcl on rcscorch pcrformarcc Highly Citd Rcsearph€rs, rcscarch
(ARwrr) I33l and productivity. Nobcl Prizcs ard Ficlds ougut aod

REDort Bat Globd rmivcrsitics bssod otr Rcgional Rescarch bssd
UntvcnltlcrRrnldngr acadcmic rescarch Rcputatiorq Publications, indicabn,
I3ll pcrformancc. Nonnalizcd Citation Inpact citation impact
IddcnRruHry I35l Ranking sysEtrt bascd om Publicationg IEpa4 Emphasis on

bibliomctric indicabrs. Collabonation publication
output and

Rcpration-
basd
hdicalon,
frculty-b-
studcm ratio

their conribution to high- C,out, Shrrc
qulity scicntific rcscarch.

quality
scientific
ouFttt

2.6. Composite Indicrtors

Multiple bibliomeric indices, such as the H-index or thc g-index, arc combined into a

single composite index to provide a suurmary waluation of research performance

t24lt25l. In these models, many bibliometric variables are combined into a single

composite index to provide a summary assessme,lt of rcsearch performance. Here are a

few exarrples:

2.6.1.E-index

The h-index is a bibliometric metric that talrcs into account a rcsearcheds researph output

(number of publications) as well as impact (nuurber of ciations). The h-index is the

LcuairyBaaodBiblfuffiic Rc nch FcrfrmarccArsmrof lhgrccAurudiog h*ituu usiag S.bcha*ic ModcU 23



C\rprr2 Litcrature Rcvierv

highcst value of h for which a researcher has at least h papem that have each been

referenced at least h times [25]. To compute the h-indcr(, perfonn the following stcps:

Compile a list of publications for a researcher, research grcup, institutiotr, or natioq as

well as their ciation cormts. This data comes firom.sources srch as Web of Science,

Scopuq and Google Scholar. Where 'rankn refers to the position of a publication in the

sortd list, and 'citationsu represe,ntr the number of citations received by the publication.

It is important to note that the h-index has some limitations, such as is inse,nsitivity to

highly cited publications and its dependence on research field and caroer stage.

Therefore, it is essential to use th€ h-inds( in conjunction with other bibliomefric

indicators for a more comprehensive assessurent of research perforrnance. The h-index is

defind as the maximum value of h for which a researcher has at least h publications that

have each beeir cited at least h times. The h-index can be represented as:

h- index - nnx(h) where h = C(h) (2.1)

Where: h-index is the value, we want to calculate. Ax(h) represeirts the maximum nalue

of h that satisfies thc condition(h) is the nuurber of citations fon the h-th publication when

publications are sorted in descading order by the number of citations.

2.6.2.C-index

The g-index is a bibliometric mcasune that, like the h-index, combines an individual's

research ouput (number of publications) wittr impact (number of citations). The g-index,

on the other hand, gives greater weight to publications that have been widely refere,nced.

The g-index is defined as the greatest value of g at which the top g articles have garnered

at least 92 citations co,mbined. Ttis data oomes fronn sources such as Web of Science,

Scopus, and Croogle Scholar [25]. The g-index may be calculated mathmatically as

follows: Matherratically, the g-index canbe defined as:

g - htdex = nax(g)where g 3 Cumulatiue Citatiotu(g) Q2)
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Whoe g-index is the value, we v-ant to calculate. maxG) represents the maximum nalue

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 arc giveir ntable2.4.

Ilrblc 2.'{ Comporltc Indlcrtor I25l

Flndlngr Limttrdonr
Imprct Fector Highcr inprct facbr fudicatos Focuscs solcly on journal-lwel impecT not individual

highcrpcrccivcd prestige rnd articlcs. Can bc influcnccd by sclf-citations and ciation
inflrmcc ofa journal. uacticcs.

h.indcx IZI Measurcs an urthods DoGE not considcr the disribution of citrtions acmss
prcductivity and iryact basd pEpcrr. Csn be influcmccd by sclf-citstiom.
on 0rcir most highly citcd
D0Gr8'

Hcld-Srdg[tcd Mcasrrcs thc citrtion impact LiniEd to articlcs hdcxd in specific dahbascs. May
Cttedon Impct of articles rclrtive o the not captrc lhe full iryact of inErdisciplinary rcscarch"

fiWCDI 4fl avcraqe irnooct in thc ficld-

These oomposite indicators offer valuable insights into research performance, impact,

collaboration, and fimding success. Howwer, they also have limitations that slrould be

considered when interprreting their findings. It is important to use these indicatrors as part

of a comprehensive erraluation pnrcess, considering disciplinary variations, qualitative

aspects ofresearch, and contextual factors.

2.63. BenchmarHng

Benchmarfring approaches involve the comparison of an instinrtion's research

performance agpinst a set of peem or best practices, using a range of bibliometic

indicators [8]. These models involve comparing an instinrtion's researph performance

against a set.
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2.7 BenchmarHng Approaches

Benchmarkiag provides valuable insights into research perforrrance, ide,ntifies areas for

imprrovement, aod facilitates knowledge sharing. Howwer, it dso has certain limitations.

That should be considered whm interpreting its frndings. Additionally, benchma*ing

should be used as part of a comprehensive evaluation pnrcess that considers disciptinary

variations, qualitative aspects of research, and specific institutional goals. The

performance approaches ar€prcs€nt in Table 2.5.

Wc 2. 5 Bcnchruffiq,lppouhcs

jspghm11,Llnc f .imltriionr

Comprrrdve
InrdtutlondAdytL
1421

Allows instiaftions to compore their Difficulty in idc,ntifring
rescarch performancc with pccr apprcpdatc pccr instinrtions for
institrtions. conparison,

Difrcrcnccs in institutional sizq
focus, and rEsourEcs can afroct

SubJcct+pcdf,c
Bcnchmrldry I13l

rcEcarph
specific disciplincs or subjcct arcas. citrtion practiccs across

disciplincs.

2J Date Envelopment Analyrtr (DEA):

DEA is a non-parametric technique that uses linear prcgramning to erraluate the relative

efficiency of decision-making rmits, such as higher education institutions, based on

multiple input and oulput indicators [23]. This diagram is a simplified rtpresentation of

the vuious bibliometric models, and there msy h additional models and variations not

included in this illustration.

Data Envelopment Analysis (DEA) is a flexible and widely used metlrod for assessing

the efficiency and productivity of decision-making units. It considers multiple inputs and

outputs and p,rovides effrcieircy scores, benchnarki4g informatio,n, and insights into

rEsourpe allocation md performance improve,nrent.
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The choice betweeir iryut and output orientation, as well as the consideration of returns

to scale, enables a comprehensive analysis of efficieircy. Additionally, DEA can be used

to comparc performance over time and identify sourpes of productivity change using the

Mdmquist hoductivity Index.

2.9 Stochasdc Models in Rcccarch Arsersment

Data Enveloprment Analysis (DEA) is a flexible and widely used method for assessing the

efficiency and productivity of decision-making unitr [44]. It takes into account a variety

of inputs md oulputs and delivers efficiency ratings, benchmarking datg and fusights into

rEsourte allocation and performance imprcveme,nt. The ability to analpe effrciency in

depth is enabled by the option between input and oulput direction, as well as the

consideration of returns to scale. DEA may also be used to monitor perforrrance over

time and identi$, productivity change factors using the Malnrquist hodrctivity Index

[4s].

The use of stochastic models in rcsearch performance erraluation has grorm in popularity

in rece,nt )rears. By accounting for the inherent uncertainties and dynamics in bibliomefiic

dat!, thcse models provide a mor€ robust and flexible way to measuring rcsearth

productivity and effect. Adoption of stochastic models in Pakistani higher education

institutions (tCIs) has the potentid to deliver morc ascurate and context-sensitive

insights

regarding research su@ess. the purpose of this literature mrieur is to investigate the

prcs€nt level of knowledge on stochastic models in resealc,h waluation, with a special

emphasis on their use in Pakistani institutes. Some of the key stochastic models used in

r€search assessnr€Nrt include:

2.9.1 Stochartic Bloch Modelr (SBMs)

Stochastic block models are a class of probabilistic models that partition a network into

blocks, wher:e the probability of connections between nodes (e.g., authors, institutions, or

research articles) dqcnds on their block me,mberships. SBMs have been used to analyze
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collaboration netc/orts and to detect commrmities or clusters of rescarclrers with similar

r€search interese [46]. Stochastic Block Models (SBMs) offer valuable insights into

communitydetection, netrvork generation, linkpredidion, and network comparison.

Howwer, they also have certain limitations that should be considered when int€rpeti4g

their findings. These limitations include challenges in handling complex networts with

overlapping communities, se,nsitivity to parameter choices, diffrculties in capturing

dynamics beyord the block sEucture, and limitations in link prediction accuracy.

Awareness of these limiations is cnrcial for thc appropriate application and interpretation

of SBMs in network analysis. The Stochastic Block Model (SBM) is a generative

probabilistic model for representing the stnrcture 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 rcpresentation of the SBM:

L(GIB,P) = fl(u,z)ea P (u,u) * fl(z,r)e r(1 - P (u,v)) (2.3)

lA G = (V,E) be an undirected gfaph, whei,e V is the set of nodes, and E is the set of

dges. Partition the nodes V into K disjoint blocks (groups) represeirted by By 82,. . . , Bk.

Each node belongs to one and only one block. Define a KxK symmetric matix P, where

P (i, j) r€pres€,lrts 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 e [/, an edge (u,v) € E exists

with p,robability given by the corresponding enry in the connection. Probability rnaEix P,

i.e., P (u,u) = P(i,j) if z e Bi and vE\. Thegoal of fittiagthe SBMto agiven

netrvort is to find the optirnal partitioning of nodes into blocls and the connection

probability matrix P that best explains the observed network data. This can be achiwed

using various statistical inference techniques, such as maximum likelihood estimation,

Bayesian infocnce, or spectral clusering. The maximum likelihood estimation involves

fuding 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

analping the stuctur€ of networks, zuch as co-authorship or citation networls, in the

context of research performance waluation By modeling the probability of edge

formation based on node grorry menrbership, the SBM enables the identification of

research communities and the quantification of collaboration pafterns among nesearchers

or institutions.

Wc 1.6: Saicheeltc NE* Modds (SBFts)

Stochrrdc BhcL Fltrdltrgr Llmltrdonr
Modcb (SBMI)1461

Ilctecdon Ia| communitics or clustcrs within a communitics may rnt hold in complex
rctrrcd$ with overlryping or
ambiguous commrmity structurcs.
- Difficulty fu1 hendling hrgc-scale
tr€twod(s due to co,ryutrtional

v
01

o-

k
I

,\
F\

Gcucrrdon[4tl thatmimictheobccrvednctwotts
charactcri*ics.

accuralely rrprcsc,nEd by a block
stsucturE, which may not dways be thc
casc.
- Rcplication of obscrved
characrcri*ics docs not gurrantc an
accurate reprcscntatim of thc
undcrlviu ccnc,mti\rc Eocess.

2.9.2 Stocherdc Citation Models

Stochastic citation models are probabilistic models that describe the citation prcoess as a

random mechani$n, with the likelihood of a pryer receiving citations depe,nding on

various factorc, such as its age, quality, and visibility [49]. Sorre notable stochastic

ciation models include the Pri,ce model [50], the Yule-Simon model [51], and the

Barabdsi-Albert model [52]. Here is a mathe,matical description of Price's Model:

P(') Q.4)- -9L
2t",
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Consider a set of papers, where each paper i has a citation count cj. At each time st€p q

a nsw citation is added to the s),st€m. The new citation is assigned to a pqer i with

probability: where the sum is taken over all pryers j in the system. Repeat steps 2 and 3

to grow the citation counts over time. Price's Model results in a power-law distribrution of

citation counts:

P(c) x c-a Q.s)

where P(c) is the probability of a paper having c citations, and a is a constant exponent

that tpically falls betneen 2 and 3 for real-world citation netwo*s.

ruc 27 SbchcdcCtffin Mods (SCLIO, Furd,/,l8!, Linitfurts

Stoehudc Flndlngr
CitrdonModdr
(SCMr)

Ltrmltrtlonr

Citation
Dynamics [26]

SCMs providc insighB into thc tsmporal srolution
of citation nctuo*q caphritrg thc growth, doeay,
and patEns of citrtions ovcrtimc.

Simplified assumptions about citrtion
bchavior mEy not fully capturc tlrc
complcxity of real-vorld citation
dnamics.

Ncturork
Gencmtion [a8]

SCMs can gcnc,laE synthctic citation nctwor*s thst
rcplicatc obscrvcd strtistical pmeertic$ srrch as

dcgrrc distsibution, clustcring, and community
stnrcturE.

Assumptions madc in thc modcl Esy trot
ftlly caporc thc udcdying mechanisms
that drive citation na*ork formation.

IryactPrcdiction
l53I

SCMg allow for thc cstimstion of futrc citrtion
impact basod on past citation patEru and nawort
sEucturE.

Prcdictivc accurcy is afrccrcd by the
assunptions and limitations of thc model
uscd.

Stochastic Citation Models (SCI\[s) offer valuable insights into citation dlmamics,

network g€nqation, impact predictiotr, and pohcy evaluation. However, they also have

c€rtain limitations that slrould be considered wheir interprcting their findings. These

limitations include simplifying assumptions, c,hallenges in accurately capturing real-

world citation dlmamics, diffrculties in reproduciag all observed network properties,

semsitivity to model pararnet€rs, and the inability to fully account for extcrnal factors and

non-citation indicators. Awaneness of these limitatioos is cnrcial for the appropriate

application and interpr,*ation of SCMs in citation analysis. Another important class of
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stochastic citation models is the fitress-based models, which incorporate an intinsic

quality or fitness factor for eachpaper.

In these models, the probability of a paper receiving a new citation depends on both is
curqrt citdion 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_r and a

fitness value f_i. At each time $cp q 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 systenr. Repeat steps 2 and 3 to grow the citation counts over time.

p(i)=ffi Q.6)

In fitness.based models, papers with higho fitness values are mort likely to rpceive

citations, wen if they have feurer citations than other papers. This allows for the

possibility of papers with high intrinsic quality to accumularc citations faster and

wentually surpass papss with lower quality, teading to a morc diverse and dylramic

citation distribution.

2.9.3 Stochertic honfrer Anelyrtr (SFA)

Finally, stochastic citation models provide a theorr*ical framework for investigating the

grourlh and stnrctup of citation networ*s, as well as the factors that influence citation

patterns t54]. By modeling the citation accumulation pnrcess as a probabilistic

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

impact the cleation of more robrust and accurate citation-based assessurents.

Y = f (X,p) * s(e-u) (2.7)
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wherc: Y represents the observed output variable. X is a vector of input variables. p is a

vector of unknoum parameters (X,P) is the deterministic production firnction, which

represents the best-practice production firontier's is a rando,m errcr term assumed to be

normally distributed with mean zerc represents the inefficiency componelrt, which

crytures the deviations from the frontier due to factors such as managoial inefficiency or

measur€m€nt emr.

Ibilc Zt Srr,chcsdc FtordaAnd$nj

Stoe.hufrcf,londcr fhdlng!
Ardwb(SrA)
1!i'll

Llmltaflonr

Efidcncy
Mmrurement [i!il

SFAa[ows fortbc cstimstion of
Echnical crfficiemcy by correEdng
obocnrcdpro&rction lcvcls to thc
maximum achianble pro&rctim lcvels
givcn thc iryutr and cchnolory.

Roquircs assurrytions about the fungtioml
fqm of the proaum fionticr; which may
mt accurdely roprcscnt th€ udcrlying
prcduction proccss.

Scositivity to nodcl specification and
choice of distributional asrumptioms.

Difrculty in discntrngling incrfficicncy due
to managaial fictom from exEnal frctqs
bqrodtlrc cordrol ofthc firm.

Pnoducdvtty
Amlydr 156l

SFAprovidcs insigb inb thc gources of
productivity diffcrcnccs across firms or
unitc by dccoryoaing total frctor
prodnctivity into eclmical cfrcimy and
Echnological change componcnts.

Assumes a specific prmduction rccholory
and may not accouil for variations in
tcchnolory across firms.

Rdiancc on datr quality and accutucy for
prccise estimstion of prodrrctivity
coryoncnts.

Limited ability to coptur€ and mcasurc non-
Echological frcton influming
pmdrrctivity, such as Ead(st conditions or

InprtAllocrflon SFAhclpsidc,ntifroptimalfuput
end Rgource allocation shrEgics by asscssing the
Mrugcurcntt5T cfrcicrrcyofresourceutilization lt

p,tovidcs guidancc on rtsrupe allocation
dacisions for irytovcd performrncc.

choices.
Assumcs that rclationship
is known and accurably rcercs€ned by lto
poduction ftomicr.

IgDorcs wriations in ftctor priccs, ma*ct
irycrfcctionq and othcr exbrnal frctors
that inllucncc rcsrurco allocation docisions.

LimiEd abilrty to account for qualitativc
aspccts of rcsourcc mmry€m€ot, such as

imo

Errrluationl5tl ofpolicy inEvcntions or managcrial rclationships bcttretr policics and
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pacticcs on firm efficicncy aod
prcfuctivity.

cffcicncy impovcmcnE duc to cndogeneity
and poHrtial ruvcnc causality.

Limircd ability to coptruc the full range of
policy cffccts bcllod thc cfrcicncy
dimc,nsion.

SFA can help with efficiency measur€m€nt, prodtrctivity analysis, input allocation, and

policy evaluation It does, howwer, have certain limitations that strould be considered

before drawing conclusions fiom it. These constraints include assumptions about the

production frontier, model sensitivity, difficulties disentengll4g various factors affecting

efficiemcy, reliance on data quallty and accuracy, and difficulties cryturing non-

technological factors and establishing causal relationships in policy erraluation.

Understanding these constraints is critical for the prcper implementation and

interpretatio,n of SFA in efficieircy and productivity analyses.

2.9.4 Stochardc Actor-OrienH Models (SAOMS) [591

Stochastic actor-orientod models are dynamic network models that describe the evolution

of a network (e.g., a collaboration nctwork) because of individual actots' 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].

Toilc2.9: S'bchoclic Actor4hicr.tcd Mdels MOMs)

StocherdcActor- Ilndlngr
OdcntcdModolr
(SAOMrl J59l

Dynenicr 160l proccscs of na*ork formrtion, cvolution, dccision-maldng prrrccsscs, which may not
and adaptation. Thcy captre how individrul fully cryture rcat-wodd conrplcxitics.
acbrs' bchavior md retworh afiributcs Difficulty in accuratcly capturing and

inEract ovcrtimc. modcling the fult nngc of mcchanisms
driving nctuort dynamics.
- Limitd ability to ircorporat unobscrved
or latcnt variablcs that may influcncc rcbr
bchavior.

Actor SAOMs can account for actor hacrogcncity Chaltcngcs in accurrtcly spcciffing and
Ectcrogcncity by Eodcling individual-lwel characEristics mcasuri4g individrul-lcvcl chamrctcristics

Linltrdonr
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I6U ad ftcir influcnce on networt dynamics and and thcir impact on nctmrk dynarnics.

bchavior. Thcy cap0ue variations in DifEculty in capturing and modcling thc
indivifualpropcnsitiesandprcftrcnccs. inrcrplay bctrm individrul attribubg

I*Xititffiffiff*; bias and
unoboervod heErogeneity.

2.10 Applicetion of Stoelestic Models in Pakistsni HT.Is

The application of stochastic models in research assessment of Pakistani institutes is an

emerging arpa of research. Some notable studies that have ernployed stochastic models in

the context of Pakistani HEIs include applied stochastic frrontier analysis to assess the

research efficiency of Pakistani universities. They found that larger rmiversities with

greater research frmding and international collaboration tend to have higher research

efficiency. The study also highlighted the importance of government support and research

infrastnrcture in promotiag research productivity and impact. Siddiqi a al. Stochastic

block models used to analyze the research collaboration netrrorks of Pakistani

universities [62].

Stndy SbchgdcModd AnplicrfionlnPrErtrnlEEk
AlroHl ct.t [46] Stochastic Block Ambzing collaborrtion nctwods ard dcccting communities

Modcls (SBMsl ofrcscamncrs with similarrcscarch iner€sts.
dc SolL Prlcc Pricc Modcl Decribing the citrtion pn scss as a nndom mechanism, with

likElihood of a papcr rcciving citrtio,ns aceenAing on various
factom.

Slmon I51l YulcSimon Modcl Atr8bzi4g citrtion pottcms and undcrltrrding the pnobability
of citations for rcscarch publications.

BrnMrl& BaraMsi-AlbcrtModd InvcEtiglting prcfcrential attachmeirt and nctwork glou4h in
Albert l52l citationnctwor*s.
Worthlngton& Stochastic Fronticr Ass€ssing rcscarch cfficicncy of HEIs, considcring rcsearch

Lec ISfl Analfisis (SFA) imuts, oubuts, 8d €nvironmcntrl variablcs.
Sdldcn ct d Sbchastic Actor- Ansbzing co'authonhip nawor*s aod factotrs influcncing

Oricmtcd Modcls collaboration patErns ad rcscarch productivity.
(SAOMs)

Khrttdrctrl Sochrstic Frolrticr Asscssing rcs€arch cfficicncy of Palistmi uiversities,
I54l Anatwis (SFA) rccormtine forsize. fudinc. ard intcrnational collaboration.

ls0l

Isel
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Ihblc 2.10: Applicrdon of Stochrdc Modclr

The table pr€s€ntr application of stochastic models in research assessment, covering

various models and their applications, such as analpiag collaboration networks, ciation

patter:rs, and research effrciency. While the application of stochastic models in Pakisani

IIEIs is an emeqging area of research, existing studies have dernonstratd the potential of

these models to provide more aocurate and context-sensitive fusights into research

performance in this context.

2.11. Gaps and Opporhnlties

The literature on research performance assessm€,nt using bibliometric indicators has

extensively covered various models and methodologies. Howwer, there is a noticeable

gp in the application of learning-based stochastic models specifically tailored for

Pakistani degree-awarding instinrtes. Most of the existing research performance

asscssm€nt methodologies focus on deterministic models and aggregated mefiics, which

may not capturc the inhereirt uncertainties and dynamics in bibliometric data. Moreover,

these methodologres lack adaptability to the wolving nature of rpsearph fields and the

trnique challe,nges faced by Pakistani high€r edtrcation institutions.

The opportunity lies in the dwelopment and ap,plication of a novel leamiag-based

bibliometric research perfonnance assessment model using stochastic models for

Pakistani degreawarding institutes. By addressing the limitations of existittg

methodologieg the proposd model can offer a morE aocurate, adaptable, and robust

framework for waluating research performance in the Pakistani context. The integration

of leaming-based techniques can e,nable the model to adapt to the wolvi4g nature of

research field+ as well as acoourt for the rmique challenges and opportunities faced by

Pakistani higher oducation institutions. In addition, the proposed model can contribute to

the literature on research perfonnance assessmeNrt by providiag valuable insights into the

application of stochastic models in the context of Pakistani higher education The
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dwelopment of a tailored assessment model for Pakistan can also support staketrolders in

the higher education sector, such as policymakers, firnding agocies, and institutional

administrators, in maldng informed decisions about rcsource allocation, policy

dwelopment, and the prcmotion of research excellence.

Iffic 211: R*sah P*fonunuAw;cnt Gry

RscrrchPcrformrnee Grpr
Arrormcnturlng
Btbttonctrtc Indlceton
K}I

Opportutdcr

Qurndtrdvc
Arcrmcnt [641

Ovcnpliancc on hrditional bibliomctric
indicatons likc citrtion cormtc, which
may notcrytrc the full impact or
qulity of rescarch"

Difficulty in accounting for vrriations in
rcscarch dieciplircs and mcthodologics.

Limircd considqation of non-traditional
ouguB and irpurts' such as datas€tq
softwarc, paEntq and socictal
comibutions.

Dcvclopmcnt of trsw biblionctic
indicators that go bct/od citation counts
and incorporatc altcrnativc mctrics and
qualitrtivc asscssmilts.

Incorporation of divcrgc rcscarch outpuB
and iryacts, including non-tnditional
oulputs and contsibutions to society.

Customization of indicators bascd on
rcscarch disciplincs and mcthodologies
to etrsw€ frir md mcaningful
comparisons.

f,l1j 1a{I.inltrdou
I65l

Iack of studErdizrtion in biblioroctric
data collection and proccssing, lcading
b itrconsistcnt and unreliablc rcsulB.

Inhcrcnt biascs in citation prractices, srch
as hnguagc biag sclf-citrtion bias, and
disciplinary dificrrcnccs.

Inability to fully capturc
inbrdisciplinory rcscarch and
collaborations.

Dcvclopment of nansporcnt and
sirndardizcd &t8 collcction and
proccssing probcols for bibliornctric
data.
Advances in mertods to addrcss biascs in
ciation pacticcs and account for
inrcrdisciplinary rcscarch.

Inrcgndon of divc,rsc daia sourtcs,
including non-traditioal sourccs likc
social mcdia and altimctic, to providc a
roorc comurhcnsivc asscssmcnt.

Contexturllzrdon rnd
Itrtspttrtion [661

LiniEd ability to accout for rcsearch
contcxt, such as collaboration patErns,
ftndiag sourpcs, and institutionsl
difrcrcrrccs.

Diffrculty in distinguishiag bctwscn
high-impoct rcscarch od rcsearch with
high citation ratcs duo to factom likc
self-citations or topic popuhdty.

Clullcngcs in intcrprcting bibliomctic
irdicabrs in rclotion o ottcr forms of

Ihvclopmcnt of contcxtualizcd
bibliomctic indicators thst considcr
collabontion pstffitrs, frtndiry souoes,
and instihrtional chuactcri*ics.

InEgration of qualitative asscssmcnts
and peer revicw to complcmcnt
biblioncric indicaors and providc a
morc holistic cvaluation

Incrcascd cryhasis on responsible usc
and intcrorctation of bibliomctric
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asscssmcd, such
socictal imDsct

as pocr rwiew or indicators, considcring their limitations
and biases.

The assessment of research performance usiqg bibliometic indicators bas several limits

and areas for improvement. Addressing quantitative assessment gaps, bias and

limitations, contextuElization and interpretation, and contextualization and interpraation

can lead to more rigorous and meaningful waluation practices. Tlrere are several

possibilities for dcveloping nerv indicators, standardizing daa collection, addressing

biases, adding non-traditional oulputs, contextualizing assessrne,lrts, aod integnting

qualitative evaluations. By t uing use of these opportunities, research waluation may

beorne more complete, fair, and representational of research's numercus contib,utions

ard ramification.

Summary:

The challenges and rpsearch questions presented shd light on the intricate landscape of

bibliometric analpis and its limitations when waluating nrsearch impact and quality.

Traditional bibliometric indicators, such as citation counts, often fall short in capturing

the nuanced dime,lrsions of scholarly contibrutions. They may not fully account for the

quality and societal impact of research outputs. Additionally, these indicators may

disregad interdisciplinary collaborations, hinder the assessment of diverse research

metbodologies, and overlook non-traditional outputs like datasets, softivane, and patents.

The first research question, which dclves into the emplolme,lrt of learning-based models

to identify Rising Stars in Dynamic Collaborative Netrrorks among Pakistani degree

awarding instinrteq directly addresses the challenge of overreliance on conveirtional

metrics. By seeking innovative methods, this queetion aligns with the broader challenge

of capturing impactfrrl research bepnd traditional boundaries, while also acknowldging

the variations in research practices.

The second research question explores the appropriataress of author-lerrel bibliometric

indicators across disciplines md acade,mic seniorities. This question is particularly

relerrant in light of the challenge posed by variations in research disciplines and
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methodologies. It underscores the complexities of waluating rcsearchers with diverse

backgrounds and acknowldges the limitations of generic erraluation metrics.

Lasfly, the third research question examines models forprodicting Citation-Based Impact

Measrrcs using learning-based techniques. This aligns with the challe,nges related to the

inhertnt biases in citation practices and the overemphasis on citation counts. The research

question zuggests a forward-looking approach that inrcgrates machine learning to

potentially mitigate biases and enhance the assessment ofresearch impact.

In zummary, the research questions miror the recognized challe,nges of bibliometric

analpis. They seek to explore alternatives, such as leaming-based models,

intodisciplinary waluations, and context-awane assessme,nts. By addressing these

challenges head-or, the questions reflect a commitrrent to advancing research waluation

methodologies and embracing a more comprehensive uderstanding of scholarly

contributions.
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Chepter 3 Prcposed Methodolory

l. Ertsdng Llterature

The existing literature s€ryes as the foundation for any scholarly endeavor. In this

sMy, a comprehensive rwiew of existing literature in the field of learning-based

bibliometric rpsearch assessm€Nrt will be conducted. This tpview will encourpass

studies that have investigatod novel methodologies for assessing r€search impact,

waluating scholars, and understanding scholarly networks. By analping the

existing body of work, the study will idctiliry gaps, trends, and key insights that

contribute to the advurcemeirt of learning-based bibliometric assessrnent.

2. Shrt
The study begins with a clear objective to e,nhance the rurderstanding of research

impact assessmoNrt through learning-based bibliometric malrodologies. By

e,mbracing innovative app,roaches, the study aims to ovetpome the limiations of

traditional metrics and provide a mort comprehensive view of scholarly

contributions.

3. Determinlnglftyrvordr

To initiate the researc,h, a stategic approach to determining keywords will be

undertaken. This involves employing various search strategies, including author

searches, zubject categories, and affiliation-based searches. By identifying

rclevant keywords, the strrdy ensur€s the inclusivity of pertinent publications

within the research scope.

4. Determine Data Source of hlblieedons (Seopuc)

The selection of an apprropriate data source is crucial for reliable research

outcomes. In this study, Scopus will be chosen as the prfunary data source for
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publications. Scoptrs offers a comprehensive repository of scholarly articles,

confenence papers, aod other acade,mic materials, making it a suitable choice to

cryture a wide spectrum of learning-based bibliometric research.

Errmlne Trcnds of Learning-Bored Bibliometric Rcseerch Assecsment Using

Stochestic Model

The study aims to explore the trre,nds in leaming-based bibliomefic research

assessnrent by employing st@lrastic models. Stochastic models offer a

probabilistic frame$ro* to understand uncertain and dynanric systems. This

approach allows for a nuaoced analysis of bibliomeric hends, considering factors

such as author collaboration patterns, citation dynamics, and the errolution of

impact overtime.

Chapter 4 Nctwork Andysis (Co-euthor, Power Greph, Impact Graph)

In Chapter 4, the study delves into netrrork analysis techniques. Co-authorship

networks p,rovide insighB into collaboration patt€flrs among rpsearchert. Power

gaphs rweal influential nodes in the networlg and impact graphs rurveil the

relationships between scholarly impast and collaboration. These analyses

co,ntribute to a holistic understanding of the researctt ecosyste,m.

Chrpter 5 Muldvariate Stochesdc Modelr Ucing Domlnancc OIders

Chapter 5 focuses on multivariate stochastic models unploying dominance orders.

This approach eirables the integration of multiple variables to assess rcsearch

impact. By establishing dominance relationships, the study enriches the

evaluation process, acconrmodating divuse fastors that influence scholarly

contibutions.

5.

7.
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8. Chepter 6 Learnlng-Barcd Modelr (Author Agg Paper Age, Author Impact,

Paper Impect)

Chapter 6 infioduces leaming-based models that consider author age, paper age,

author unpacf and paper impact. These modcls leverage machine learning

techniques to predict research impact befond raditional metrics. By incorporating

these dynamic elenrents, the study enhances the accuracy of impact assessurent.

9. Overlay Vlsuallzrdon of Analysir for Rerults of Selectcd Publlcationr

The study eurploys overlay visualization techniques to present thc analysis results

of selected publications. Overlay visualization provides a graphical representation

that allows reseachers to discern patterns, tnends, and relationstrips in the daa.

Ttis approach enhances the accessibility and interpretability of complex

bibliomeric analyses.

10. Dircussion

The discussion section critically €Nrgages with the findings of the study. It

contextualizes the results within the existing literature, identifies implications for

research assessmen! and addresses any discrepancies or novel fuNights that

emergd during the analysis. The disctrssion contrib,utes to a deeperrmderstandi4g

of the strrdy's contributions to the field.

I l. End

The conclusion marts the culmination of the sttrdy's joumey. It succinctly

srmmarizes the key findings, discusses their significance in the broader context of

research assessment, and offers avenues for future research. Tlre conclusion

underscores the importance of learning-based bibliometric approaches in

advancing the accuracy and comprehensiveness of research impact erraluation.
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Chepter4 Detecdon of Rlslng Stars using Coauthor, Power graph and
Dahmining Teelniques

4.1 Introduction:

In recent yeart, the academic environment in Pakistan has seen hemeodors expansion,

with an expanding number of degrae awardi4g institutes (DAIs) snivrng for excellmce in

research and innovation. Identifying and dcveloping errerging stars, or prospective

researchers with great potential for future success, is critical for these institutes to

establish a flourishing research eirvircnment. By waluating timewolving co-authorstrip

grryhs and power graphs, this work proposes a thorough data mining trchnique for

identiSing rising stars in Pakistani DAIs.

Co-authorrhip Saphs provide a valuable source of information on the patterns of

collaboration arnong acade,mics, reflecting the dynamics of reseanch cornmtmities and the

stnrcture of academic networts t28]. In contrast, pow€r Saphs depict the hierarchical

relationships between rpsearchers based on their influence and production. We may

acquirc significant insighB about acadernics' pcformancc, cooperation habits, and

network influence by examining these nefivorks, which can then be utilized to identify

prospective rising stars.

Our zuggested methodology combines data mining tcchniques such as clustering

algorithms, commrmity identification m€thds 1471, cenEality measunes, machine

leaming algorithms, and te,rnporal analysis techniques [82]. These tools are used in a

multi-stage procedure to analyze time-wolving co-authorship gaphs and power graphs,

which capture the dparrics of research cooperation aud the dweloprnent of emerging

stars in Pakistan's DAIs. To begin, we gather publishing data from a variety of sourpes,

hcluding the Higher Education Commission (tGC) of Pakistan and foreign databases, in

order to crEate timewolving co-authorship graphs. We then use clustering algorithms
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and community identification approaches to group acade,rnics that collaborarc ia gimilar

wrJE, exposing the underlying structw€ of research commtmities.

Then, in the ceauthomhip and power graphs, we constnrct centality measur€s for each

reseancher to identify researchers basd on their location and connectcdness

within the netrvork. High centrality ratiags zuggest a major involvemeirt in the networ*,

which might be linked to emergi4g stars.

We use machine learning methods to forecast the potential of researchers based on

prwious performaoce data and network factors. Support vector machines, decision fiees,

aod neural networts, for example, are traind on a labelled dataset of known rising stars

and non-rising stars to categories researchers basd on keyperformmce indicators (KPIS)

and netwod( properties. The evolution of co-authorship and power Saphs across time is

studied usiag temporal analytic 4proaches. lVe may gpt insights into the dynamics of the

research elrvimnmerrt and the rise of emeaging stars in Pakistan's DAIs by waluating

changes in cooperationpattems, research commrmities, and rcsearchers'importance over

time.

The validation and sensitivity studies indicate that our technique is reliable and robust,

gving us confideirce in our findings aod their implications for spotting rising stars in
pakistmi DAIS. The combination of these {216 rnining apprcaches enables a full

exomination of researchers' performance, cooperation patter:rs, and network influence,

providing significant insigbts for identifying and de,rreloping talmtcd researchers in

academic institutions. The study provides a thorough exemination of relerrant works

concentrating on identifying €merying stars in acaderria, network analysis of co-

authorship graphs, and the implementation of data rnining techniques in the academic

arena. This rcview is divided into the areas listed below:(l) Risrng Stars in Academia, (2)

Co-authorship Netrrorks, (3) Powo Graphs, (4) Data Mining Techniques in Academia,

and (5) Ideirtification of Rising Stars using Data Mining. Researchers with outstanding

pot€ntial for future suocess and a substantial effect on their rcspective srbjects are

referred to be rising stars in acade,mia. It is critical to id€ntify and nurture these talented
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individuals in order to stimulat€ research and innovation in academic institutions. This

section exemines risrng stars'qualities, factors influencing their success, and apprcaches

used to detect them in the acadernic arena. In conclusion, understanding the

characteristics of rising stars, the factors affectiag their performance, and the

merhodologies used to ide,ntify theur is cnrcial for fostering rcsearch md innovation in

acaderric institutions. By recognizing and supporting these talentcd individuals,

institutions can cultivate a thriving research environment and contribrute significantly to

the advancement of knowledge in their respective fields.

4.2 Ch*tctcrictics of Rldng Sterr

Rising stars often possess a unique combination of traits and abilities that set them apart

from theirpeers. Some eommon characteristics of rising stars include [87]:

l. Htgh Productivity: Rising stars tend to publish fr,equcntly, connibuting significantly to

the body of knowledge in their fields [88].

2. Hlgh Impect: Their publications often receive more citations than thcir peers, indicating

their work is influential and recognizd by other researchers [89].

3. Col[rborafron: Rising stars t€nd to have extensive collaboration networks, working with

researchers from various institutions and counties [28].

4. Interdirciplinarity: They are often engaged in interdisciplinary research, bridging gaps

baweendifferent fields and fostering innonation [84].

5. Fundtng suosecc: Rising stars arc more likely to secur€ research funding; reflecting their

ability to derrelop compelling rpsearch proposals and their potential for significant

contributions to their fields

6. tr'rctorr AffecrEng Rtring Starsr Performance: Various factors can influeirce the

pcrformance and success of rising stas in academia, including [87].
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7. Institntiond Support: Access to rpsources, mentorship, artd a zupportive

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

8. NetrvorHng: Building strong professional networks can lead to increased

collaboration opportunities, better access to rpsources, and higher visibility in the

academic community t87] t88].

9. Ilme Management Balaocing rcsearch, teaching and administrative

responsibilities can be challenging for rising stars, and effective time manageme,nt

is essential for rnaintaining productivity [87]. The following notation for thc

periods that we strdy since wc lrrooess the coopcmation Saphs at difrcrent points in

time to examine the errolution of an author through time: tg describes ttre period that

the author publishod a research work frr thc first timc. t, thc pcriod wc examine,

which must be after h. to,atlrc most reent pcriod in the publication databasc.

10. Career Stege: The career stage of a rpsearpher can influe,nce their potential as a

rising star. Early-career rpsearchers may have a higher potential for future

suecess, while establishd researchers may alrcady have a tack recorrd of high

impact [89].

4.3. Methodologlc for ldendSing Rising Starc

Various methodologies have been proposed to identify rising stars in academia. Some of
these methods include t87lt88lt89l.

1. Bibliometric Indlcetors:

Researchers often use publication output, citation impacq and other bibliometric

indicators to assess the performance and potential of rising stars Il][7][9].
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2. Network Analysis:

Co-authorship networks md centrality measures can pmvide insights into reseanchers'

collaboration patterns and their influence udthin the academic cornulrnity, which can be

usod to idcntifypotential dsing stars [60].

3. Mec.hinelearning:

Supervised machine learning algorithms cm be taind on historical performance data

and network prcperties to predict the future su@ess of researchers, helping identify

pot€ntid rising stars [90].
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i. CoeuthorshtpNetworks

Co-authorrhip networls are a useful technique for analping research cooperation hends

and acadcmic co,mmunity stnrctu€. These networks depict rpsearchers as nodes and their

partnerships as edges, allowing them to provide insights into the dynamics of research

communities through time. This section examines the featurres, analpis 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 sMies investigate the

structure, dwelopment and firnction of individual and environmental elemenE in co-

authorship networts.

cit (i, t): Citations that paper i received at period r1.

aul({) defines Number of authors of publicatioa i.

Whilepe(ftThe p€riod of publication for article i.

The generic co-authorship graph of a given p€riod (e.g., year) tn is formally rcpr€scnted

as: QGtn = (V, WE), where V is the collection of authors and a weightod edgg we = vl,

2,wl,2WE signfy that author I and2 co-authored wl,2 works frrom t() to tn. The weight

includes the aggregated information fiom all articles publislred within that time perio4

whether it be just the number of publications or the cumulative number of citations, or

any other time peiralized cumulative lloorE. More specifically, in the Quantity Graph, we

define a quantity edge weight W Equan as the number of articles co-autho,red by authors

x and y in a certain period 1. On the other side, in the influence Graph, we define an edge

weight lV Imp as the influe,nce of two authors' collaboration 3. More specifically, when

we gencratc the Quantity Graph for a given time period tn, we collect all articles uritten

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

WEoruo(a, b) {vi e panpo . I (4.1)

In general, a co-authorship gaph built at a speific point in time can contain information

from the past up to that point; howerrer, taditional such graphs provide only a snapshot

of publications while ignoring useful inforrration about past chmges in the gaph (e.9.,

the point in time when an edge was first created, or whe,n an author appeared in the

graph).

To circumve,lrt this limitation, we adopt the edge weighting technique to compensate for

the otherurise lost information. The citations obtained by an article from the time it was

pubtished till time period tn are not dl equal m the Impact Graph. The most r€c€,nt are

more significant since they dernonstrate the papeds dircct inlluence on currcnt sciemce.

As a result, the edge weight in the Impact Grryh is now denoted by.
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wEt^oo"t(a,b): zvtcpanpo".ffi @.2)

Where

w(p€(r)):# (4.3)

Normalizing citations based on time is a tlpical bibliometrics principle [Bornmann and

Ivlar& 20l5l.It has also been used in connection with bibliometric networks as an

asscssmcNrt measulE for research goups dweloped frrom the Iouvain community

discovery method [Blondel d d., 2008]. Normalization of citations by document t1pe,

publication channel tlpe, or strrdy field might be naluable and must be applied 4 rhis

step, depending on the dataset being analyzd aud the purpose. In this ca*, WE1^o

calculates the total effest of a set of publications co-authored by authors x aod y. In

essence, the effect of an article at a particular time t, is proportional to the uumber of

citations it received up to that poinq and inversely related to the nrmber of writers who

co-authored it and the nrmber of years since is publication. the values aod represents au

authot's interest in the influmce of his/h€r work or the nrmber of his/her publications.

Serreral metics md methodologies have alreadybeenpresented forbalancing impact and

quantity, as well as for simultaneously analping the influence of authors, journals, and

publications individually or all of them togethu. For the sake of simplicity, we use a

weighting method with {.7 and {.3 to prioritize impact above quantity. Of course,

morc rescarch and eveNr a training program are required here. If we want to finetune

these two weights or train a classification model that distinguishes between uniters of

diff€nent styles, we rnay do so. Furlhermore, the clear differe, .ce in the complexity of the

two models derives frrom the fact that we wanted to see if a classic and snaightforward

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 c€rtainly reflect

rcality far better than more complicated ones in many circumstances. Our approach to

this hypothesis is dependent on which of the two graphs is more imporht in the

clustering prooess.
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4;{ Properdec of Co-authonhip

Co-authorship netrrorks exhibit various prcpcrties that have been studied extensively in

the litemature. Some oftheseprceerties iocludc [10U.

7. Smell-world Phenomenon: Co-authorship ne-tworks often exhibit small-world

propcrties, charactcrizd by short average path l€ngths betrveen nodes and high

clustering coeffi cients [95].

2. Scatefnee Topologr: The degree distibution of co-authonhip netrrorks often

follows a FrwerJaw distibtrtion, indicating the presence of a fw highly

connectod nodes (hubs) and a large number of nodes with low connectivity U02].

3. Communlty Strrcture: Research conmunities in co-authorship networks are oftelr

characterizd by dense connections f,rithin communities aod sparse connections

between communitics, reflccting the nature of research collaboration in specialized

fieHs [a7].
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4. Evolution over llme: Co-authorship networls evolve over time as new

rpsearchers enter the field, collaborations are established or dissolved, and

research interests shift [03].

4.5 Andysis Tee.hnlquer for Coeuthorshlp Netrvorks

Various tehniques have been de+eloped to analpe the properties and stnrcture of co-

authomhip networks. Some of these techniqtres include tl04].

4.5.1 Network Visusliztdon:

Visual representations of co-authorship neturorts can provide intuitive insights into the

stnrcture md patterns of research collaboration [99].

452 Clurtering Algorithms:

Clust€ring techniques can be used to idcrtify grcups of researchers with similar

collaborationpatte,rns, revealing the undalying structur€ of research communities [105].

45.3 Community Detecfron Methods:

Commrmity daection algorithms cm be applied to co-autho,rship networks to uncover the

stnrcturc of research communities md the relationships between them [47].

45.4 Centrelity Measurec:

C€ntrality metrics, such as degree c€ntrality, closeness cenrality, and betrreenness

centrality, can be used to identify influeirtial researchers in co-authorthip networks basd

on their connectivity and position within the networt [82]. The centrality of an author x
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at period tr measures the sociability of x, which is directly linkd with that of his/her co-

authors. Thru, an authot's weight is proportional to the sum of weights of his neighbors

normalized by 15 whictr is the maximum weigtfi in the gaph

4.6 Applications of Coeuthorrhip Netrvorks

Co-authorship networks have been widely used to study various aspects of academia,

inchdine [28].

4.6.1 Perforuance Assessment:

Researchers have used co-authorship networts to assess the performance and impact of

r€searchers, institutions, and countries [106]. Each researcher has a set of features that

depict his/her success as an individual, without takitg into consideration the co-authors'

nettrork Such featues generally account for the prcductivity, or else the volume and

frequency of publications, and the impact they have, which is calculated using citatims.

Both productivity and impact have a sfiong temporal dimension, which must be

co,nsidered when building an anthot's profile.

1. Weight€d Cumulative hoductivity The rumber of articles uritten by an author x

ftrom t() until a gven time tr, weighted by oldness (i.e. by the paiods that have

passd from the publication period of each article until tn).

WCP = E?*.#l .Pub (x,t) (4.4)

2. Weight€d Cumulative Impacfi The nurrber of ciations made to the articles of

author f weighted by oldness (i.e. by the periods that have passed from the period

of each citation until t").

Ios€rt formula here.
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4.62 Colleboretion Pattemc:

Co-authorship networls have been ued to investigate the nattu€ of research

collaboration, such as the formation and dissolution of collaboratio,ns, interdisciplinary

research, and the role of geogrryhic proximity in collaboration [28].

4.6.3 Reserrch Communities:

Researchers have applied community detection methods to co-authorship networks to

identify research communities, sttrdy their wolution over timg and uderstand the

dyramics of knowledge production in diffenent fields [47]. Co-authorship networks

provide a valuable tool for *f* research collaboration pattems, the stnrchue of

academic communities, and the dynamics of research communities over time. By

examining these networks, researchers can gain insights into various aspects of academia"

such as performance assessment, collaboration patterns, rpsearch communities, and the

identification of rising stars.

4.7 Power Graphs

Powq grryhs ane a tpe of network representation that captures the hierarchical

relationships betrreen researchers based on their infhre,nce and productivity. In power

grphs, nodes rcpres€nt researchers, and edges r€pr€seNrt the dominance relationships

betrreen them. This section discusses the properties, analysis techniques, and applications

ofpower gaphs in the academic domain. Power grryh research is relatively less explored

compared to co-authorship netrvorts. Howerrer, below are three studies that discuss

pourer grryhs or power Saph analysis, highlighting their key findings U07]. Power
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gfaphs provide a compact and readable representation of gaph stucture, allowing for

morc efficient visualization and analysis of complex networks [108]. The weights in the

influence Power Graph measurE the cumulative influence of a group of uriters or their

collaborations, whereas the weights in the Qumtity Power Graph measur€ one authot's, a

group of authors', or a specific collaboration's productivity. Consider the example of an

author x, lvto belongs in PowerNode, to betterundemtand the concqts of the grryhs and

what they re,presented. In the Power GraptU a clique motif will connect Power Node with

itself through a Power Edge. In the de notions of Power Graphs we useZ or yr to refer to a

Power Node (i.e. an author or goup of authors).

P N 7 =Ttrs set of Power Nodes conrectod to Power Node 7.

P C7 ='yhs set of PowerNodes that contain PowerNode 7.

W P N(i =TheweightofPowerNodeT.

W P E OhV) =Weight of Power Edge cmnecti4g Power Nodel and Power Node

vr.

The weight of the Power Edge represents the snength of the clique's collaboration among

writ€rs, whmas the weight of the Power Node r€presents the clique's size. Similarly,

there will be Power Edges that link to other Power Nodes, for examplg or. Given the

qrantity Power Grapb we choose the following clraracteristics for an author x who

belongs in PowerNode:

Sociability (r) = WPN(hi).WPE (tt,x) (4.6)

Where Sociability considcrs the size of the collaboration group to which x belongs

(the weight of the Power Node) as well as the author cooperation stnength within the

clique. The number of coanthored prblications is reprresented by the coopemation

snength in the Quantity Power Graph.

Psoc (xlxef,) :Evg.arv' WPN(|).!\PE G 0 @.7)

P"o" stands for Poteirtial Sociability or the expanded clique. This approach aggregates
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the power of all possible collaboratorE i.e., the autbors contained in the Power Nodes

ftat link to through a Power Edge, multiplied by the weight of that Power Edge, since

the stnonger the connwtion, the more likely the author would wentually collaborate

with them.

Given the Impact Power Graph, we cboose the following characteristics for an author

y who belongs in Power Node: Power graph analysis can be extended to weighted

networls, providing a morre comprehensive understanding of the sfiictur€ aod

organization of complex weighted networks tl09l. As power Saph r,esearch is m

emerging fiel4 there are fewer studies available than in the co-authorship netrvork

domain. Nevertheless, hm arc two morc sMies relatod to power gaphs: Power

Ssphs can be employed to analpe dynamic netrrorhs by considaing the evolution of

the network stnrctur€ over time, providiog insights into the temporal patterns and

changes in complex networls U l0].

Power grryhs can be utilized to model and analpe the stnrchre of power distrib,ution

networts, helping to improve the design and management of these systems. These

shrdies, together with the prwious three, illusEate the potential of power gaph analpis

in various domains [1] U. They highlight the benefits of power gaph representation and

analysis for understanding complex nefirorls, including their organization, structurp, and

te,mporal dynamics. Further research could explore the application of power graphs to

other arpas, srch as social networks, communication networts, and evelr co-authorship

networts, to better und€rstad their structure and dynamics. Xlue to the relatively nascent

field of pow€r grqh research, finding additional studies specifically focused on power

grrybs canbe chdl€ngtutg lll21.
Craph compression techniques can be errployed to analyze and represent large social

networks, improving the efficie,ncy of network visualization and analysis while

prcs€rving important stnrctural featunes [13]. While these studies do not focus

specffically on p<)wcr gr4hs, they demonstrate the broader relevance of graph

compression techniques, which include pow€r graphs, in analping and representing

complex networks. The insights from these studies can be useful for firther rpsearch
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exploring the poteirtial of power grryhs in various domains, such as co-authorship

networks, social networks, and commrmication networks, among othqs.

Tfrle hi: Parq @qry,lrs

# Author&Yerr KeyElndlng Mcthod Llmitrttont
S Ghonirm I[4] C,oryrct and readable Powcr grryh analysis Limitcd to

rcercscntadon of graph
stnrcturc

biological netu,orks application to biolory biological
nctwork

l-
Iff6l nctworts sPccific

rcighEd
trGtxro[*g

spocific
trEtu/o*

4 T.O.Fctd
I114

enalysis of dynamic rctworlc Power grryh analysis' tcryorBl
nctrork

Limibdto
spccific
dynrmic
n€lu/ork

K.R ct d [11q Efrcicntrcprescntationof logc
social nctworks

Gnaph conpression @hniques,
including powcr gaphs

Focuscd on
social
nctworks, not
specifically
powgraphs

The thesis contains exclusively focrrs on finite groups. The vertex set of the uodirected

polver gaph of a finite Soup G consists of the ele,me,nts 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 inhoduced [19]. The concept of an undirected power grryh was

inuodrced by tl20l. Numemus intriguing findingp about power grryhs have recently

been acErired, as orideirced by the references.

The concept of the intersection pou,er graph for a finirc goup [21]. fire concept of the

inters€ction porver gaph. Irp(G) for each finite group called G. This graph is constnrcted

by comsidering the group ele,ments as the vertices and two distinct vertices a and b are

connected in frp(G) if (a) n (D) + {e} and e is adjaceirt to all other vertices of flp(G),

where e is the identity elerrent of G. A grryh containing an edge coonecting every pair

of distinct vertices is called a completc grryh. For the entire graphical analysis with n
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vertices, we use the notation. Krr. fu indep€ndent set of a graph $ is defincd as a subset d

of its vstices such that the inducod subgraph onAcontains no edges.

The indepeirdeirce mrrrber of a graph $, denoted a ao($)., is defined as the maximum

cardinality of an independent set in 9.The notation ao($) wiU be used to represent it. A

grryh that is connected and contains only a single cycle is referred to as a unicyclic

gr4h. A grryh 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 gnph. A

friendship graph, denoted I F, is an undirected planar gaph with 2n i 1 vertices and

3z edges. The friendship grryh can be construct€d by connecting n instances of the cycle

grryh. Cs at ashard vertex.

The properties of the independent set polytope, denoted as f1p(G), are being discussed. In

this section, we prrselrt a comprehensive overview of the fundamental characteristics of

the fimction. fip(G).

Theorem 4.1: Consider a finite group G. The rmicyclic property of t1p(G) holds if and

only if G is isomorphic to either Zs or 53, where ,S3 represents the symmetric grcup on

three letters.

Proof. It is wident that the gloup t,p,(Z) can be represented as a cycle with a length of

3. The goup fip(Ss) exhibits a single cycle of length 3 that is generated by the id€t$ity

element, along with two ele,ments of order 3. On the other hand, let us assume that the

induced subgaph fip(G) is unicyclic. Subsequently, we shall de,monstate the following:

1. The grouplcl does not possess any prime divisor p where p is greater than or

equal to 5, as the gaph Ilp(G) exhibits unicyclic behaviour. Consequently, the

cardinalityofthegoup IGI = 2m34.

2. Irt 1s consider a Sylow 3-srbgfoup, denoted I M, of the goup G.Lefus assune

that thc cardinality of set lM! is greater than or equal to 9. If the group G contains

an element r with an orrder of 9, then the zubgroup ge,nerated by r, denoted as ( r
), will have at least two cycles in the pennutation rqreseirtation trp(G). Ttis

leads to a contradiction. If the sct l{ does not contain any ele,ments with an order
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of 9, then e\rery non-trivial elemeirt in M must have an order of 3. This in turn

implies that the goup [lp(6) must hane at least two cycles, which contradicts the

prwious statement.

3. According to condition 2), it can be deduced that the order of the group G,

denoted as llcl = 2m3. Additionally, it is known that G possess€s 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 ordem ofboth 4 and 6

5. I,e., P = (r) dmote the distinct Sylow 3-strbgroup of group G. The subgroup P is

considered to be normal in the Soup G. Accordiag to the nN/C'Theorcm, it is

possible to embed the group GlCc(P) into the automorphism grcup of Aut(P).

Let us assulne the existeirce of an elemeirt y in the set G \ P

snch that the elements r and y commute,i.e., t! = yx. The order of y is 2. Given

that the orders of r aod y are coprime, it follows that the order of ry is 6, which is

dee,med unaffiinable. This implies that the composition of the function C6(P) = p.

Furthermore, it is widely recognized that the automorphi$n grcup of the set

Aut(P) =22. Therefore, the cardinalrty of the quotient group lil =, 2. In the

scenario, one. Thc condition G = P - Zs is satisfied as intended. In the latter

scemario, it can be obsen'ed that the order of the gloup lGl = 6, and it can be readily

demonstratodthat G = Se

Iheorcm 4.2 states that for a finirc Soup C with order z --pqr'pqi"'pl#, where

pt,pz,-.,?m and are distinct prime numbers nd ppp2,...,P- are natural numbers, G

possesses unique srbgroups with orders ?t,Pz,.-pm,t and z are non-adjacent in the

Saph Irp(G), where u,v(* e) e G <+ if and only if the gr€atest oommon divisor

betrreen the order of u aod the order of u is one.

Pr,oof. Assuming that the highest oommon factor between the order of element z and the

order of ele,meirt u is one, it follows that the intersection of the zubgroups generated by u
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ail v, denoted as (u) and (v) respectively, consistr solely of the identity element e.

Hence, the vertices z aod tr art oot adjacent.

On the contrary, let u assume that u orl.d v are not adjacent. If the greatest cortmon

divisor betrreen the order of z and the order of z is not equal to me, then there exists a

prime number pi such that pr divides the order of o(u) arlrlpi divides the order of o(z).

This zuggests that the elernents (u) aod (u) should possess a zubgroup characterizd by

an order of pr Given that the Soup h+o a distinct subgroup with an order p1,l(z) n

(ull > p;, it follows that the int€Nection of the srbgroups genenated by elerrelrts u aundv,

Hencg the adjacency of u to rr leads to a contradiction. Therefore, the greatest oorlmon

divisor between the order of z and the order of z is one.

Theorem 43. In the case sf tr fin,1s gFoup C urith an orrder expressed upfr'pfi "'p#,
wherp ?r,pz, -. ,?m are distinct prime numbers d PD Pz, ... , F^ are natural numbers, it

can be observed that thc gaph fip(G) is connected and has a diameter that is less tban or

equal to 4. This holds tnre when 6 contains only zubgroups with orders corresponding to

?t'?z' -. 'Pm.

Proof. Given that h is a divisor of the order of the gr,oup lGl, for i = t,2, -.,m, it

follows that thcre exists an element \ E G such that the order of ri is precisely Pu for

i = L,2,...,m.[-€t xl ad ry denote two distinct elementr in the gnoup G, eachhaving an

order of p1 dpl,where i * j arlc-1- < i,i 3m.LA,tVr = (rr) -d ilt = lxi denote the

zubgroups of G. Basd on our presumpions, IVi ald IV, denote distinct subgroups

charact€rized by their respective ordus, p1afrfi.lt cnbe infemed that both IVr ,nd ill

arp nonnal zubgroups of the goup 6. Furthermore, it can be obserrred tlrat & and ill;,

being a normal zubgroup of G, possesses the property that its order is equal to the product

of pipi. Given that wr aod lVyare cyclic subgroups, it follows that their prduct, NllV; is

also a cyclic subgroup. Conseque,ntly, there orists an elemeirt y in IVIlV;with an order

equal to the product of the orders of IVr and l\I,J, denotd N ptpi. Based on our

assrmpions, the intersection of the sequence (rr) n (yl = (xi) and (rl) n (yl -- kil-
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This zuggests that the product of xgry forms a path in tbe grryh Irp(G). Le/.,tt,u denote

two elements in the gloup G. Next, we consider the exist€Dce of p; and P1, whene i aodi

are specific integers within the rangp of I to m, inclusive. It is required thatpl divides the

order of z, while p1 divides the order of u. It should be noted that the expression ?L:r1!x1v

represeirts a path connecting vertices u and u within the graph Irp(G). Therefore, it

follows that the induc€d subgrryh trp(G) is connected ad has a diameter of at most 4 i.g

(rrP(G)) < 4).

Iheorcm 4.4.

The co,nrplete graphs Ks and K33 arE examples of non-plmar gfaphs.The non-planarity

of Ilp(G) cm be obserrred in the case of an abelian goup G with an onder of either 12 or

18.

Pnoof. Case 1: The group G is cyclic.

For f Gf - 1^Z,G =7.r2. 
Because G includes four elements of order 12 Nd a rmique

snbgoup of order2, K5 is a zubgraph of tlp(C). According to Theorem 2.4,2.4,Irp(G)

is non-planar.

For l6f = 18, G =Zrs.Because 
G includes six components oforder 18,K5 is a subgraph

of f1p(G). According to Theorerr 4.4,11p(G) is non-planar.

Case 2: G is not a cyclic gloup.

For lGf - !2,G = 22 x Lz xZ3. G has six elements of order 6, hence K5 is a zubgraph

of f1p(G). Accondiag to Theorem 2.4,fp(G) is non-planar.

For G - 1g G = 2z xZ' xl4. G baseight ele,ments of order 6, hence K6 is a srbgraph

of flp(G). According to Theorem 2.4,\p(G) is non-planar.

Lemma 4.1. For any two finite groups I[ and Hz,lrp(Ht) = lrr(Hr) if H, = H,
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hoof. Assume t&rat f z Ht + Hz is a group isomorphism.l*t a,b e Hrbe such that a is

next to b in frp(IIl). Since (al = lf @)1, for each o E Hy l(c) n (b)l = lf(a)) n

A (Dll > 1. In Hz, f (o) is next to f (b).As a result, Irp (HJ 
= lp(H).

Remark 4.1: The oonverse of Lemma 4.1 is false. Consider (Zs,+s) aod the quatenrion

Soup 0s urift order 8. It should be noted that Zs is not isomorphic b 0a, but rather

Irp(Za) = Kr= Irp(Qe).

Theorem 4.5t G,Ilp(G) is a tr:ee e G = D2 or Da for any dihedral gnoup G.

Proof. If G is isomorphic to D2 or Da, then its itersection power Saph is K2 or K6. As a

r€sulq fip(G) is a tnee.

Consid€r the case wherc tlp(G) is a tree. Assume there is a prime number p 2 5 that is a

divisorof lcl.BecauseGcontainsanelementoforderp,tp(G) contains Ko(P25) as

a srbgraph. This trp(G) is not a tree, which is a contradiction. As a result, lGl = 2'3^,

where n 2 L aurrdm 2 0 are two integers.

AssumelGl =2n3m, where n23 and m = 0. Then, as a subgrryh, Ilp(G) contains

Kpt-r.This [p(G) is not a tree, which is a contradiction.

Assnme IGI = 2n3^, where n21- and m 21 are integers. This mems that G has an

elemeirt w of order 3. The srbgraph induced by (w) now contains K3. This frp(G) has

K3 as a subgraph, which is a contradictiom. Ttis means that G can be isomorphic to either

D2 ot D+. h this section, sweral finite groups ar€ categorized as as whose Irp(G) ha^o a

maximum book thickness of two.

Pnoblem 4.1. m>4,bt(Km) = [Tl.

Preblem 4.2.1f G z Dznwhere n = 1,2,3,4,bt(lrr(G)) is at most two for a dihedral

goup G.

Proof. Given that the intersection pow€r graph of D2,Da aod D6 contains at least one

edge it can be concluded that the book thickness for these grryhs is at least one. Each

subgnph in this context rcfers to a zubset of a larger graph, specifically the one-page
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embeddable gaph associated with a gven integer n. Therefore, the thickness of the lines

representiag the graphs in the book is one. The inclusion of the zubgraph Ka within the

intersection power grryh of Ds implies, according to Theorem 3.1, that the minimum

book thickness for this graph is two.

Pnoblem 43, if G is a finite abelian gpup and isomorphic to the trivial group of order

orre, 22 x Zz x ... \ Z2,Zs x 23 x ... \ Zs ot 4. then the number of bt(lrp(G)) (G)) is

at most two.

hoof. The book thickness of the intersection powcr graph of the trivial gloup of order

one is zeno, as thc graph is a null graph. Given the intersection power gaph of the

Cartesim product Z, XZ2 x ... X 22 ailZ3 XZ, X ... X 23, it can be obserrred that there

exists at least one edge. Consequently, the book thickness for these grryhs is det€rmined

to be no less than one. The isomorphism betrneen the intersection pow€r graph of Za and

Ka cao. be observed. According to Theorem 3.1, th€ grryh in question has a book

thickness of two. In the cument sectio& the values of cs(f;p(G)) arc achiwed.

Pnoblem 4.4. For a finite grorp G with oraorpqieq{..-p!#, wher€ pt,pz,.-,pm aru

distinct prime numbers and FuFz,...,F^ are positive integers, the inequaltty

cs(Ilp(G)) 2 m holds.

Prroof. Given that each pi is a divisor of !Gl,G, it follows that G possesses elemelrts c;

such that the order of each element 41, dmoted as o(c1) = p1, for 1 < , < m, where i

mnges from I ta m. lt is imnortant 1s highlight that the intersection of the sequence

(ar) n loil -- {e}, for each i # i,fot every i not equal to j. The set {4,1, a2,...,a*} is n
independent set of the induced subgrryh Ilp(G).. Therefore, the desirod outcome can be

irf€rred.

Problem 45. For a finirc goup with order peipfi"'p!#, where ?r,?2,.-,pm ate

distinct prime numbm and Fr,Fz,...,P^ are positive integers, it is truc that
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cs(tlp(G)) = m a 6 if and only if. The group G possesses a distinct zubgroup

characterizd by order of p, ufuere i ranges fr,om I to z.

Prrof. Lctus considera scenario inwhichthc gloup G possesses a solitarysubgroup that

ha^s an order deiroted a pi, where i=1,2,...,m.If the independence number of the

indnced subgraph cs(I;p(G)) ) m,G, then the graph G contains an independeirt sA X

with at least m * 1 elernents. Acco,rding to Theorem 2.2,he orders of elements in set X

are mutually prime. Given that the goup G has precisely m distinct prime divisors, it is

not possible to ideirtify m*l elemens within G whose orden are mutually prime. The

ineqnalitr cs(f;p(G)) > m holds. Furthermore, according to Theorem 4.1, it can be

concluded that the lower bound of as(I1p(G)) > m is greater than or equal to zl.

Therefore, the value of cs(f;p(G)) > m is equal to zr.

On th€ other han4 let us assurne that the value of as(I1p(G)) = m. According to

Canchy's Theorem, the set G contains ele,ments that have an order denoted by pu whqe

i=l,2,...,m.ConsiderasetofelerrentsqcG,whereo(a)=p1,rvh€Ei=L,2,...,1n.

Lpt us consider a grcup G that possesses two distinct subgroups, each having an order

deiroted by pu wherc i represents a specific index. Let the eleurents b1e G be such that

the order of each element, denoted as o(bJ = pr .It is evident that the intersection of the

sequenoes (ai) n (Dr) = {e} and so {a1,a2,...,o1ntb1} is the indepemdent set in in Irp(G)

with m * 1 ele,ments. This observation leads to a confiadiction. Hence, the group G

Ixrssesses a distinct subgoup of size p1, wherc i = t,2, ...,m

4.7.1 Pruperties of Power Grephr

Power graphs €xhibit sweral properties that distinguish them from other types of nefivork

rc,prcscntations [122].

1. Ilirected Edgcc: Unlike co-authorship networks, power graphs have directed

edges, representing the dominance relationship betrve€Nr researchers [23] A
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dir@td edge from node A to node B indicates tbat researcher A is morc

influeirtial or productive than researcher B.

Hiererrchlcal Structure: Power grryhs exhibit a hierarchical stnrcture, with

rpsearphers rankedbasd ontheir influence andproductivity. This stnrcture canbe

used to idcriliry key players and understanrl the distribrution of power within

research commuities [12a]
rteighted Edger: Edges in power Saphs can be weighted to reflect the stre,ngth

of thc dominance relationship between r,esearphers. For examplg the weight of an

edge can be determined by the diffelence in citation counts or publication output

betwee,n the connected rcsearchers [125].

4.7.2 RanHng Ngorithms

Raoking algorithms can be applied to power graphs to detennine the relative imporrtance

of researchers basd on their influence and productivity. Exarrples of ranking algorithms

inclnde U27l d HITS tl28} A ranking system basd on multiple KPIs to identifr the

rising stars in the degree awarding institutes (DAh) of Pakistan. The rauking systein

integrates the clustering rezults, co,mmunity detection rcsults, and centrality measures, as

well as other KPIs zuch as publication oulput and ciation impact. In this Thesis a

weighted average mefhod to calculate the overall ranking score for each researcher,

whre the weights are ddermined based on the importance and rplerrance of each KPI to

the research field aod context. The rising stars are their identifid basd on their ranking

soores and other criteria, srch as their career stage and potential for future impact.

4.73 Community Detection Methods:

Commgnitydetection algorithms canbe applied to power gfaphs to uncov€rthe structure

of research comrlrnities "nd the hierarchical relationships betwee,n them 1471.

Commrmity detection methods arp used to ideirtify the zubgroups or commrmities of

rcsearchers within the co-authorship and power graphs. The [ouvain algorithm' which is
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a modularity-based metho{ to detect communities in the graphs. The louvain algorithm

optimizes a qualityfunctionbased on the modularity soorc, which measures the degree of

clustering or separation of the nodes in the graph. We waluate the quality of the

community daection results using the modularity score and the participation coefficielrt.

Givm the [npact Power Graph, we choose the following charactcristics for an author y

who belongs in Power Node:

tnpact (y) = (S/PN (Y).lVPE (V,Y) (4.8)

Where Impact takes into account the size of the clique that ybelongs to (the weight of the

Power Node) and the crmulative impact of all the collaborations between authors within

the clique. The collaboration impact between two authots in thc case of the rmfact Power

Graph is based on the respective edge, hence it is the impact of their paper.

Conturyact (yly eY) -Xvr.r"v IIPIV(f).WPE (Y, f) (4.9)

Where Imlract is Comrrunity fnpact aod acts in similar to equation 4.8.

43.4 Centrelity Meerurec:

Centality mefiics, zuch as eigenvector centality and tr(atz cemtrality, cm be used to

identify influential researchers in power graphs based on their position within the

hierarchical structur€ [82]. Centality measurEs are used to assess the iofltrence and

promineirce of rcsearchers in the co-authorship and power graphs. We calculate various

centality measunes, such as dcgree centrality, betweeirness centrality, and eigenvector

centrality, to identify the most cormected and influeirtial rpsearchers in the network.

Degree cennality measur€s the number of direct connections a node has in the gapb

while betwe€,Dn€ss centality measurts the number of shortest paths that pass through a

node. Eigsnvec"tor centrality measurts the influeirce of a node based on the influence of

its neigfuboring nodes. ]Ve waluate the cennality measures using various network

analysis tochniques, such as node ranking and visualization.
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The cennality of an author x at period tn measurrs the sociability of x, which is directly

linkd with that of his/her co-authors. Thus, an authot's weight is proportional to the sum

of weights of his neighbors normalized by 15 which is the maximum weight in the graph.

Centality : lZv xecx (C enter otity @)) (4.r0)

Weightd Collaboration Impact An authot's x lVeighted Collaboration Impact measurur

the impact of the author's collabormions at a given time. It is the sum of weights of all

dges that contain x inthe Impact gaph.

lnpact = 2v xecx(W E qual (x, Y))

4.7.5 Applicafronc of Power Graphs

(4.11)

Power gaphs can be used to study various aspects of academia, including:

1. Dlsfiibution of Power rnd Influence:

By analfzing pow€r graphs, rpsearchers can gain insights into the distrib,ution of power

and influence within research communities, which can help understand the dynamics of

knowledge production and dissemination I I I t ].

2. Identificedon of key Phyerr:

Power gaphs can be used to id€N*iry key plaprs in academic networks, who may be

inflnerntial in shaping research ageodas and driving innovation U291.

4.S Idendftcation of Rking Sters:

Power Saphs can be used to idcnti8, rising stas in acade,mia by studyiag their position

within the hierarchical structur€ and their dominance relationships with other r,esearchers

t87]t88]t941. In conclusio,n, power gaphs provide a valuable tool for analping the

hierarchical relationships between researchers based on their influence and pro&rctivity.
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By examining pow€r graphs, researcherc can gain insights into the distibution of power

within rpsearch cornmunities, ide,ntify key players in acaderric networks, and id€tfiS,

rislng stars in acadeuria. The collaboration Saphs give us an idea on the sociability of an

author and the impact of his/her dir€ct collaboration. Power graphs geirerated fiom these

collaboration graphs allow us to examine the potential of an authot's collaborations,

under the prism of the extended co-authorrhip society that the anthon belo,ngs to. Thus,

we assume an increased pot€ntial for authors who belong to an ernine,lrt co-authorship

gloup or are part of a scientific (sub)network sf high impact. Each of the following

features are defined both for the impact and the quantity power gaph.Author Power

Node Weighfi An authot's PowerNode weightAP Nw measures the volume or irnpact of

pap€rs published by authot's x close comrrunity (authors that belong in the sarne lrcwer

node Xwith x.

APNw(xlxeD - WPNOD (4.12)

Author Power Clique Weiglt An authods Power Clique weight APC\v rueasruEs the volume or

iryact of papers published by authods x wider comrmrnity (including the co-authors of co

authors ofx).

APcw(xlx e t) = XVpeP NxW Plv(p) 'w Pe(tu.{) * XvvePCTWPN(v)

(4.13)

Data Minlng Teetrniques ln Acedemie

f,)sta mining techniques have grown in popularity in acade,mia for analping enormous

amormts of bibliometric data aod exfiacting significant patterns and insights. These

stategies can assist in identi$ing notable scholars, research fiends, and patterns of

collaboration, among other arcas of academia. This section examines several ft,equently

used data rnining techniques and their applications in acade,mia. In the acade,mic realm,

many d616 mining ryproaches have been used to analpe bibliometic data aod acquire

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

By studying their position in the hierarchical structu€ and dominance connectio,ns with

other academics, power graphs may be utilized to detect budding academic star [87] [94].

K-means, hiqarchical clustuing, aod DBSCAI{ are examples of oorlmon clustering

techniques. To analpe the collected publication data, we employ various d31s mining

t€chniques, including clustering algorithms, community detection methods, and centality

measur€s. Clustering algorithms are used to Soup similsr researrhers based on their

publication and citatio,n data. We use the K-means clustering algorithm, which is a

popular unsupertrised learning metho4 to gnoup researchers based on their citation

counts, h-indsx, and collaboration indices. K-means clustering partitions the data into K

clusters, where K is a predefined number chosen based on the data aod research context.

We use the elbow method and silhouette analyais to daermine the optimal nalue of K and

evaluate the quality of the clustering results using various meEics, zuch as the within-

cluster sum of squares and the silho'rette soore.

Min Change: The minimum change of an ruthot's feature value benreen two consecutive

poiods (minchangpD.

min change f = min1611nt U G) - f (4 - l) (4.14)

Max Change: Tte maximum change of an author's feature value betwee,lr two

consecutive p€riods (nax Changef ).

Max change f : tw*p11,O U (t) - f (4 - 1) (4.ls)

Last Period Change: The change of a featurp lastChange_f fr,om the last period depicts

the anthot's dynamics at time tn.

last period change f : last chnngel U G) - f (t" - t) (4.r6)
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Sum of Change: The sum of the features changes through the periods totalChange_f,

porEays authot's stability and showx the total change throughtime.

Totalchangef{vr.r(/(tJ - f@-1-)) (4.r7)

Overall, ou data mining approach provides a comprehensive and systematic method to

identify the rising stars in the DAIs of Pakistan, basd on a ralrge of publication and

citation data, netrrork analysis, and KPIS. However, it is important to note that our

approach has c€rtain limitatiorns, such as the reliance on quantitative data and the

potential biases md limitations associated with the use of data mining tochniques. Further

rcsearch is needed to validate aod extend our apprcach to different contexts and research

fields, and to address these limiations and challenges.

4.9.2 Clasrlfication

Classification algorithms can be usd to categories rcsearchers, organizations, or

publications based on their characteristics. Researchers, for example, may be classified as

emergiag stars, established researchers, or inactive academics based on their publication

oulpu! citation impacq urd collaborationpattqns.[87]t%]t130]. Decision Ttteo, Support

Vector Machines, and Nave Bayes are examples of common classification methods.

4.9.3 Arrociation Rule Mining ,

In bibliometric data, association rule miniag techniques can be used to find interesting

links orr nemds. For example, association nrl6 mining can be used by acadernics to

lunoover co-occrrring tenns, sttrdy srbjects, or collaboration patterns [13 U.

4.9.4 NetworkAnalyris

Netwoft analysis techniques can be used to analpe the stnrcture and dpamics of co-

authorship nefirorks, citation networ*s, and power grryhs. These techniques can help
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identify influential rpsearchers, research communities, and collaboration patterns

t871t1301.

4.9.5 TextMlning

fsil mining tochniques can be employed to analye the content of research publications,

such as abstacts or full-text articles, to ideirtify research Emds, ernergiag topics, and

interdisciplinary research patterns [%].

4.10 Dete Collecdon

The collection of co,mprehensive and rrpresentative data for research performance

assessm€nt involves the integration of multiple features, each offering a distinct

perspective on the scholarly landscape. Universities, as the focal points of knowledge

creation, serye as essential data sources. Information about the universities' research

ouput, faculty compositio,n, collaborations, and institutiooal affliations provides insights

into their confibutions 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 lrnroess can capture the

diversity of research endeavors and their alignment with various acade,mic domains.

Faculty datq encompassiag acaderric expertisc, rtsearch interests, aod instinrtional

affiliationrs, offers a granular vie$, of individual researchers' contibutions and their role

within the univqsity's research ecosystem. Authorship dat4 detailing the identities of

authors, order of atrthorship, and collaboration pattffns, contibutes to undostanding

interdisciplinary collaborations, research networks, and the diffirsion of knowledge.

Finally, publication data, including publication titles, abstracts, publication venues, and

citation sounts, forms the core of bibliometric analysis.lhis data offers insights into the

quallty, impacq and disse,mination of research outputs. Integrating these features in data

collection cnsunes a comprehensive and multi-dimensional rmderstanding of research

performance, enabling more accurate and holistic assessments that encompass university

dynomics, disciplinary stnengths, collaboration patt€rns, individual contibutions, and
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scholarly impact. Objective of the work: idotify Scopus publications autho,red by each

Palcistan professors.

The Table contains the 'tmequivocal" ideirtification of each university in the daasa

(university names must be standardized). The first column must contain a primary key

(Universit/) which is denoted by UID_I of the record. The other fields can be the

location, the nature @ublic/private), etc.

Univenit UnlvenltyNrmc Scctor Chrtcrcd Dldplltr h,ovlncc
yByG

City

IIIID 1 Abdul lVdi Khan Public Govcrrmmt Crflcrd
Univcrsity ofKhyber

Pakhunkhw
a

Khyb€r
Pakhtmkhwa

IJII' 2 A$ KhrnUnivcrsity Privrt Croverommt Clcncrrl

c ofPdristan
Karachi

this table contains the 'tmequivocal" identification of fields used to classify professors in

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

Toblc 15 : Subjca Cugotbs of tutu end mc Uniffi of Petun
SC.IID Sublcct Cetcgory Namc

scl Agriculhrc

sc2 Biochcmistry

sc_3 Ctcmistry

sc_{ C.oryuErSciencc

sc_s Economics

Each professor must be identified by a unique ideirtifier, so define a primary key

(Prrofessor) 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 catego$' listed in Table 4.5.
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Teilc 4G Futfry olW errd htu Unitatu of PaHfrn

Pnofcuor Udvcrdty_Ill NAME GENIDER RANK SC ID

PTD I I,'ID_I Mujahid Shrh Ctairman/Assishnthofcssor SC 4

PID 2 VID_2 NovcodurRchmm Male AssisbntProftEsor sc4
PID-3 T'ID I Irfrnulhh Assishnt Pnofcssor sc2
PID-4 I.]ID 2 fvlakukh Shkir Fcmsle AssiEhntProfcssor sc_2

PD5 VID-2 RafiqNawab Assistant Profcssor sc4

For each professor indexed in the faculty data, able 4.6 lists the unique ideirtifiers of

SCOPUS publications (ED) associatd to thatprofessor.

Tobrc 17: Authorshilt ID of Publb otd Pritwe Univcrsitics of Paflttat

Pr,ofsmr

PDl 2-O.0-t503072t27t

PDl

For each EID listed in theAuthorship table, this table contains the complde r€cord of the

corresponding SCOPUS publications. In the *Export document settinp" flag both

"Citation information' and 'Bibliographical information". so to have a r€cord with these

fields: EID; Authors; Title; Year; Source title; Volume; Issue; Art. No.; Page start; Page

end; Page count; Cit€d by; DOI; Link; Afliliations; Authors with affrliations;

Conesponde,nce Address; Editors; Publisher; ISSN; ISBN; CODEN; PubMed ID;

Ianguage of Original Documernt; Abbreviated Source fitle; f,locument Tlpe; Source.

2-O.0-8489177010,
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Mlc fit: Anthwdtb II|of Public t rt Prfue anbcxilics of Pfun
EID 2{2.0-tll0l566ll640 2{2.0-t1t021176570

Antbon AzizL,Siraj-ul-Islam,AsifM. AliU.,BaigAQ.,Im nM.,

tkecdincngionalcllipticprtisl ccrtainboronuaostucturcs
diftrcntisl cquations

Year 2017 2017

Sorcc titlc C,oryuEn and Itflathcmatics with Journal ofCoryutrtional and

Amlications TheorcticalNanoscicnce -
Volume 73

Isgrc 9
Art. No.

Paec sfft 2023 887

Pagccnd 2034 t9t
Pasc cormt

CiEdbv 3

Link
Affiliations

Authon withaffiliationg Azia I., ...
ConcsponacoccAddrcss AziZL;Departmem of

17.02s34

Mathcmatics, Univcmity of
Pcshswr Pakistan; email:

Strdics in Puc and Applid
Itflathcmatics, Bahsuddin

DOI l0.l0l

inrrn aziz@uocsh.cdu.ok Zakariya Univcrsity Pakistan

{H:#:t"t-",,-"-
ISBN

@
ebtreviarcd Sorupc tiUc COmnrttttafrlo,pt L COmput. tneo,r. Nanosci.

4.11 Methodolory to Ihtect Riring Strrs for Spedfic DAI

Q1lr studys approach entails gathoing publishing data ft,om a variety of sourcee,

including academic databases and institutional repositories. We focused on scholars

connected with degregranting institutes in Pakistan and gothered their publication data

from 2010 to 2020.Using publication data, we created time-wolving co-authorship

graphs to reflect acadeinics' cooperation patterns through time. The nodes in these graphs

r€prcscnt rcsearchers, while the edges show their co-authorthip ties. We utilized the

Gephi prcgram to create and show the co-authorship grqhs, and we employed serreral
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network analysis apprcaches to determine the netwotk's essential characteristics and

stnrcturps. To quantify the importance and prominence of rcsearphers in the networ*, we

estimatod sev€ral network c€nEallty metrics zuch as degree centrality, betweenness

centality, and eigenvector centrality. We created powcr gaphs using co-authorship

grryhs to reflect the impact and prominence of nrsearchers in the networL Ponrer gaphs

arre a sort of nodeweighted Saph in which each node has a weight gven to it depending

on its degree cennality in the original gr4h. Highly linked nodes, or "hubs," at€

allocated larger weights in power grryhs, indicating their greater impact and importance

h the networt. We utilized the Net Miner programmed to generate and analyses the

pow€r grryhs, which we then compared to the co-authorship gaphs to discover the

networt's emerging stars.

We also estimated citation @uots, h-indexes, and cooperation indices for each researcher.

Citation cormts are the rrrrnber of times a rcsearpheds articles have been refere, ced by

other researchery whereas the h-index is a measure of the researcheds productivity and

influence basd on the number of publications and their citation counts. cooeeration

indices quanti$ the brcadth and variety of a researchcds cooperation network and may be

estimated usiag the number of co-authors, the ntrmber of different universities or

countries rcprese,nted in the partnerships, and other parameters. lVe used a variety of data

mining approaches, including clustering algorithms and machine learning models, to

idatify the network's emergiAg stars. We perforrred the data mining study with the Weka

softrnare and er/aluat€d the performance and acoracy of the models with various

validation and sensitivity analpis methodologies. Overall, our methodology employs

timewolving co-authorship graphs, pow€r graphs, and other KPIs and {s1s mining tools

to pr€s€nt a complete and datadriven qproach to identifying emerging stars in academia.

It is cnrcial to highlight, howwer, that our study has sweral limitations, slch as the focus

on a specific geographical location and research zubject, as well as the possible biases

and restrictions connected with the use of biblio,metric and netrrork analpis approaches.

More researph is required to test and expmd our methodologes to other settings and

study disciplines, as well as to overcome these limie and problems.
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4.12 Rerulfi and Dircusslonr of Method apply to Dllferent DAI

p6tu mining investigation uocovers nurnerous insights regading cooperation tretds aDd

emeqging stars in Pakistan's degree awarding institurcs (DAI$. The time-wolving co-

authorship graphs depict collaboration tendencies among DAI researchers fiom 2010 to

2020. Tte co-authorship network appeas to be stongly linked aod concentrated,

showing significant collaborative relationships among academics ioside and across

universities. Basd on their r€search interests and connections, we also identiff different

subgroups or communities of researchers inside the network. The Louvain algorithm

discovers these conrmunities and emphasizes the need of multidisciplinary connections

for academic achiweme,lrt. The power graphs created fr,om the co-authorship graphs

highlight the significant scholars Ey€,n more md e,mphasize the necessity of cooperation

for academic achiwe,ment. The power gaph analysis indicates goms highly linked and

prominent scholars, or "hubs,n who play sa imFortant role in linking diverse groups and

boosting network collaboration lVe also see that errerging stars are stnongly linkd and

have a significant networt prEsenoe, highlighting the importance of teamwork for their

acaderric achiwement.

The KPl-based rating methodology confrms the identified ernerging stars by providing a

quantifiable enaluation of their acade,mic influence and future sucoess potential. The

ranking method incorporates nurnerous tr(Pls, such as citation @unts, h-index,

cooperation indices, and others, 1p enalyze each researcheds overall perfonnance and

potential. We see that e,merging stars have high rankings across numerous KPIS,

suggesting persistent and diversified contributions to their profession.

Ei?.r"ffi ' Pub(x, t) (4'18)

The nrmber of articles written by an author x frrom to until a given time t , weighted by

oldness (i.e., by the periods that have passed fr,om the publication perid of each article

until m).
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E*rr"L^tewffi (4.1e)

Overall, our findinp shows that data mining approaches may be used to rweal

collaborative fiends and id€riliry emerging stars in academia. Otr fudings can assist

academics and efircational instinrtions in making better decisions about research

cooe€ration, fimding distributiorq and acadernic emplolment. It is cnrcial to emphasize,

howwer, that our fudinp have certain limitations, zuch as the focus on a specific

geographic location and study zubject, as well as the inherent biases and restictio,lts

comec.ted with the use of bibliomertic and network analysis approaches. Morc study is

requird to confirm and expand ou findi4p to other contexts and research domains, as

well as to overcoure these limits and cmstraints. Our findi4gs have important

implications for the degree awarding institutes (DAIs) in Pakistan. The identification of

risrqg stars can help these institutions allocate resources more effoctively, promote

intemdisciplinary research, and foster a vibrant research culture.

Firft, id€ntifiing rising stars can help institutions allocate resources more effectively by

targeting their support to the most promising and impactfrrl researchers. Institutions can

provide these rising stars with more funding lab space, and mentori4g, and crcate

incentives for them to continue their research and collaboration efforts. This can help

institutions build their research capacity and reputation and attract more talented

rpsearchers and studeirs.

Secord, the ideirtification of rising stars can promote interdisciplinary research by

highlighting the importance of collaboration and communication across different research

fields and disciplines. Institutions can e,lroourage these rising stars to form

intemdisciplinary teams and collaborate with researchers frrom diffenelrt backgrounds and

prcvide them with opportunities to participate in interdisciplinary research programs and

projects. This can help institutions address complex aod int€rdisciplinary research

challenges and generate new insights and solutioms.
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Tbirq the ideirtification of rising start can foster a vibrant research culture by inspiring

and motivating other research,ers to pursue excellence and innovation. Institutions can

celebrate and showcase the achieveraents of these rising stars and crpate a supportive and

inchuive environment that encourages creativity, risk-taking, and continuous learning.

This can help instinrtions attract and retain top alent and promote a culture of excellence

and innovation

Howwer, il is important to note that the identification of rising stars is only one aspect of

building a vibrant and zuccessful research culture. Institutions need to create a supportive

and inclusive Gnviroment that provides researchers with the resoulpes, infrastnrcture,

and mentorship they need to succeed. This includes investing in research facilities,

equipmenq and staff, providing access to firnding and grant opportunities, and promoting

collaboration and communication among researcherr. Institutions also need to address th€

challenges and limitations associated with the use of bibliometric and network analysis

metbods and ensur€ that ttreir evaluation and prromotion policies ar€ fair, transpareNil, and

based on a range of criteria and indicators. In this section, the results and interoperations

of the analysis are docum,entpd. Said differently, by considering the sample universities

results and graphical analysis are docurr,ented s€parat€ly for each uiversity.

4.12 Nr Unlverrity

Air University is a degree-awarding institute in Pakistan in Network Visualization. There

are 408 items,20 clusters, and links comect€d arc 2255, and the total liDk sfiength are

5y23. An analysis was conductpd on several authors'publication recolds, considering the

nuurber of documeirts they authored and the "Total link shengthn metric. Among the

authorc, I.M. aur€shi em€qgd with the most documents, havi4g authorod 131

publications. Additionally, Qur€shi exhibitd a significant total lhk stnength of 311,

indicating stnong connections and collaborations with other researchers in thc network.

Following Qu€shi, A. Jalal rankd second with 90 dosurn€,nts and a crrrrulative link

stnength of 227.A.R. Javed secured the third position with documents and a cumulative

link stnength 192. Similarly, M.S. Arif had 53 docume,nts and a total cumulative link
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she,ngth of 150, while M.Y. Malik produced 58 docunents with a total cumulative link

sfrength 149. ICU. Rehman contibnrted 69 documents with a total link sfiength 147,

while N. Naseer authored 58 documents with a total link suength of 133. Y.Y. Ghadi,

wlrth 2l docuurents, showed a high total link stnength of 124, indicating stung

collaboratio,ns despite a comparatively lower publication corurt. M.A. Khan and A. Raza

published ,16 md 35 docum,ents, respectively, and shar€d a total linh strength of 124.

'lhese findinp shd light on these authors' research productivity and collaborative

networ*s, emphasizing the significance of the number of documents authored and the

shength of their conncctions with other rcsearchers in the field.

Tlillc 4.9 Collrborrdre Clurtcr Bucd on Producdvity ofAir Univenlty

Author Documcntr Totrl Ifit( Strcngth

Qrcshii.m l3l 3ll

Jdal a.r 90

Javed ar r9272

Arifm.s 150

AIR UNIVERSITY

I Documents lTotal Lrnk Strength
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We can analyze the informationbas€d on thepmvided atrthors'data, docum€nts, and total

link str€ngth to id€nti& pot€ntid chuters or grcups of authors. Clustering can help rweal

patterns or associations among the authors basd on their publication records and

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

t
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lhgh-Pnrductrvity Drruumcntr. Iotal I rnl' Strcngth

Rehman K.U.
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Figure 43(b) Gnphtcel Rcprcrcntrtion of Modcretc Producdvity Documcntr of Alr Unlvcnlty

I.os.l'mxluctrrrt1' Drlcuntcrrtr. Iotal I-rnk Strengtlt
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22 Bahrie Unlverslty

Bahria University consists of 4M ircms which make 22 clusters of the researcheds linls

which connect them are 2l9l ad the total link stnength is 5010. An analpis was

conducted on the publication records of several authors, considering the quantity of

documens they authored and the "Total link snength" m€tric. Among the authors, M.

Ramzan stood out with th€ highest number of documents, having authored 115

publications. Furthermore, Rmzm displayed a notable total link suength of an

unspecified value, indicating strong comections and collaborations with other researchers

in the networt.

Following Ramzan, K.N. Qur€shi securcd the second position with 73 documents and a

btal link sfiength of 169. Similarly, M. Usman ranked thid with 52 documents and a

66f link stength of 167. G. Jeon contibuted 58 docum.ents and exhibited a substantial

link strength of 158, while A. Ali urthored 51 documents with a total cumul4iv6 link

shength of 145. R.U. Haq produced 56 docunents with a toal link sfiength of 144, while

A. Waqar hod, 42 docume,nts and a 1661 link sfrength of 122. S. IGdry authored 3l

documents and exhibit€d a total link str€ngth of ll5.

M. Ilamid contribruted 36 docume,nts with a total cumulative link stength of 113, while

A. Ahmad had42 documents and a cumulative linlc strength of lfi).S. Khalid authored 52

docnmens with a total link stength of 97, aod S. Iqbal producd 42 documents with a

total link streogth of 95. J.D. Chung displayed 26 documents and a 93 total link snength.

A. Shafec and M. Hussain published 26 utd 39 docum,eirts, respectively, with total lirk

streneths of 90 and 82.
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Ibblc 4.10 Collebontivc ClurterBrrcd on hnductivity of Bohdr Unlvcrrity
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Basd on the gven data of authors, documents, and total link shength, we can analye the

information to id€ntiry potential clusters or grcups of authors. Clustering can help reveal

patterns or associations among the authors based on their publication records and

collaborative connections. Here is a chutering based on the provided data:
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4.13 Comsatr Univenity Islamabad

Comsats University consists of 567 items, m*i4g 27 chuters of the researcheds links,

which connect them with 4191 aod the total link stne,ngth is 1010. An analysis was

conducted on the publication records of sweral authorc, taking into account the amount

of documents they authored and the 'Total sharcd linkn metric. Among the authors, K.

Ayub merged with the highest number of documents, havirry authored 59 publications.

Additionally, Ayub displayed a total shared link value of 205, indicating strong

connections md collaborations with other researchers in the networ*. Following Ayub,

M.I. Khan rankd second urith 57 doctme,nE aod a total shrrcd link valuc of 203.

gimils'ly, S.U. I(han secur€d the third position with 55 docume,nts and a toal sharcd link

value of 186. M. Imran contributed 48 docrrmens with a total shard link value of l8l,
while A. Ati has authored 43 docum,ents, urith 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 sharcd link value of t3l. A. Bol:hari contributed 29

documeirts with a total sharcd link value of 120. J. Iqbal exhibitd a total sharcd link

value of 117, and S. Ahmad authored 4l documents with a total sharcd link value of

ll3.Furthsmse, M..{. Khan and A Hussain sharcd a total link value of ll2 and 107,

respectively. S. Khsn authored 39 documents with a total shrred link vrlue of 104, while M.A.

Gilani contributed 25 documents with a total of 103.

thblc 4.11: Collrborrtlvc Clurtcr Bercd on Productvfty of Comnt Unlvcrrlty

High-hoductivity ModcmatlProductivity I.ow-Productivity

Authorr D,ocumcnts/Total Authors Documsnts/Totrl Authors Docuncnts, Tottl
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Bas€d on the prcvidod daa of authors, docuu.ents, and total shard linls, we s6ern,alyz.a

the information to identify potential clusters or gnlups of authors. Clustering can help

rweal patterns or associations among the authors basd on their publication records and

collaborative connectio,ns. Here is a clustering based on the provided data:
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I hgh-l'rtrductrr rty l)ocurrrcnts
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4.14 Fast Unlvercity,Islamabad

An analysis was cotrducted on sev€ral authors'publication records, considering the total

numlgr of documentr they authored and the nTotal lir* stnength" metric. Among the

authors, M.A. Jaffar stood out with the highest total number of documents, having

authored 75 publications. Additionally, Jaffar exhibitd an impressive total link strength
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of 18(X), indicating strong connoctions and collaborations with other rcsearchers in the

network Following Jaffar, A.M. Mitza achiwed the socond positioq haviag authored 59

documents and possessing a total link sue,ngth of 143. Similarly, A. Hussain secured the

third position with 49 documemts and a total link stnength of 135.

M. Ahmad contibuted 5a docunents with a totat link strength of l2l, while M.A.

Gondal authored 49 documents with a total lfutk snength of 98. I. Hussain produced 42

documene with a total link stnength of 96, while F.A. Khan and M.A. Khan both had 59

ard27 documeirts, respetively, with total link snengths of 93 and 89. M. Ali contrib,utod

37 documents with a total link stmgth of 88, and M. I(han authored 57 documents with a

total liol( shength of 81.

Additionally, T. Shah had 33 documents with a total link shength of 79, while A.R. Baig

and I. Lrllah both exhibited a total link stength of 75 with 52 and 45 d(rcuments,

respoctively. S. Anwar authorod 18 documents with a total link shength of 73, while S.

Ali contrib,uted 33 docume,nts with a total link stnength of 72. A. Ali and M. Asim both

published 46 and 34 documents, respectively, withtotal link strengths of 71.

TfrlaLl2: Cildudye &et h*l on ft.odttctiyily ol Fssr AnMq
Hlgh-htducdvlty Modcrrtchroductivity I.ow-Producdvtty
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lVlotlt'rutc-Pnxluctrvrly Documcntr
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4.15 Inteinationd Idrmic University, Islamabad

An analysls was conducted on the publication r€cods of sweral anthors, consid€ring

both the docum,ents they authored and the nTotal link strength" m€tric. Among the

authom, T. Ivlahmood stood out with the maximun numb€r of docume,nts, having

authored 128 publications. Additionally, tvlahm.ood exhibit€d an impressive total link

strength of 2901, indicating shong conn@tions and collaborations with other researchers

in the network. Following Mahmood, Z. Ni secured the second positioru having author€d

98 documents aod possessing a total link suength of 219. Similarly, M. Arshad secur€d

the third positio,n with 75 documents and cumulative link shength of 208. I. Ahmad

contributed 9l documents with a 1p6[ link shength of 195, while N. Ali authored 75

documents with a total link stnength of 180. K. LJtlah produced 57 documents with a
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Chapter 4 Detection of Rising Stars Using Co-author, Power gaph and Data Mining Tecluriques

sfi€ngth of 166, and A. Hussain had il docum,ents with a total A. Ali contibuted 42

docum.ents with a ldal link stength of 131, while S. Khan exhibited a total link shength

of 129. R. Ellahi authored 63 doctmeng with a total link sftngth of 122, and A. Zeeshan

contibuted 55 documents with a total link sfiength of 113. Additionally, M. Ahmad lud

40 documents with a total link sfi€ngth of l11, while B. Uzair had24 documelrts and a

cumulative total link snength of 98. M.M. Bhatti contibutod 35 docum,ents with a total

linh sfength of 90, and A. Ghani had 33 documots with a currulative 1e6l link strength

of 83. M. Ali and M.S. Khan sharcd 1s1al link sfi€nglhs of 82, with 33 aord26 documenB,

respectively. Fbrlhennor,e, A. Ishad ruthored 30 documeirts with a total link shength of

81, while A. Khan and A.A. Khan contibutod 27 nd 39 documents, mpectively, with

c,mulative link strengttrs of
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Based on the prcvided authors'data, documclrts, md total link stnength, we can nalyzn

the information to id€ntify pot€ntial clusters or gpups of authors. Clusterilg can help

reveal patt€ms or associations among the authors basd on their publication records and

collaborative co,mwtions. Here is a clustering based on the providod data:
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fuilc 113 : C.albbordvc dt*r hd on ho&tclivily of In@ffiml Idffi AniYaiey

E|gFPloducdvtty Modcrrtchoducdvlty Iow-Producdvlty

Aut[on Docuncnts Authors
Total
Linlc StGngth

Documcms/Totrl
LitrkSftnglh Totsl

Litrkstfu
MrhmoodT AIiA. UzeirB 24

AIdz

ArrhrdM

KhmS Bhgtti
M.M
GhaniA

Hrgh-Pt rrtlucll r lly Docutnunlr

Naqvi S.R

AIiM
lbrahrum H.A

Awwad N.S

lqbal 5 47

5010 20

Document and link Strength

Ilgurc 1.11 (r) Grrphtcel Rcprcrcntrtion 6f stgh koductrvlty Documcnb of IIIII Unlvenity

Nlotlcratc-Purductrr lt1 Docttlttctttr

Khan A

AhA
Q,,E xhan K
tU

Isaab H O

t Javed M
TJ
l!l!

Document and Link Strength

fEurc 4.11 O) Grephtcel Rcprcrcntrfron of Modcrde koducdvfty D,ocumcntr of IIII Univerdty

59

37

24

24

O)

E
.!z
E,(,
iEr

706040

35

38

25

40

19

2015

Laning Bt$d Bibliffiic R.gr.h Hummcc Asssm.ot of l)cgrc Awrdiru hstil@s ttliog sbc'hdfu Modcb 91



Chapter 4 Ddection of Rising Stars Using CGauthor, Pow€r graph and Data Mining Techniqucs

l-trs - Prrrtl ucl i r i t-v I )or,- unrr'nts
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4.16 Nafional Unlversity of Science and TcetrnoloryIslamabad

An analysis was coodlrctod on the publication rcconds of several authors, considcring

both the higher nrmber of documents md a greatcr total link sE€ngth m€tric. Anong the

authors, S. Iqbal stood out with the most documents, having authored 47 publications.

Additionally, Iqbal exhibited a zubstantial total liDk snength of 217, indicating shong

connections md collaborations with othq rcseanehers in the network. Following Iqbal,

N.S. Awwad and H.A. Ibrahim ranked second with 24 documents each and a total link

ste,ngth of 162. Similarly, M. Javed co,ntibuted 19 docum,ents with a total link stren$h

of 131, while M. Ali authored 59 documents with a total link stength of 123. E.B.

Elka€ed and H.O. Alsaab shar€d a total link strength of 105 dn,r€spectively, with 14

docnments each. S.R. Naqvi contrib,uted 37 documents with a total liok shength of 94,

while Z. Said had 60 docume,nts with a total link shength of 93. M.A. Kban and A.H.

Khoja shard a complete link sfielrgth 90, with 33 and 27 docum,ents, respectively. K.

Khan authored 25 documents with a complete link stnength of 86. Additionally, A. Ali

contibuted 33 documents with a link strength of 84, while A. Khan had 35 docum€,nts

with a complete tink strngth of 80. M. Imran authored 40 documents with a complete

link strength of 76, and M. Hassan contributod 25 documents with a total link strength of

73. M. hbal had 34 documents with a whole link stength of 72, while S. Nadeem

authored 9 documents with a complete link stnength of 69. Mor@ver, A. Htrssain

contibuted Z documents with a total link strength of 68, andN. Iqbal had 26 doctrments

3025201510
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with total link strngth of 67.
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Based on the pmvidcd data of authors, documents, and aggrcgate link stnengtb, we can

uilyznthe information to ideirtifypotential clusters or gmups of authors. Clustering can

help rweal patterns or associations among the authors based o,n their publication records

and collabo,rative connections.
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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 2T2links,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 dissernination among

professionals in the field. Moving ahead, the FAST cluster, encompassing 17 links and a

renrar*able 10,882 authors, signifies the extensive reach of research conducted at this

institution. Equally noteworttry, the IIUI cluster; spanning 17 links and an impressive

13,221authors, showcases the extensive scholarly network associated with the university.

Overall. these clusters and their associated links and authors exernplifr the profound

impact of academic collaboration and research output within these estee'med institutions.
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Chepter 5
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5.1. Intnoduction:

Research is critical to the gFowth of a knowledgebased economy, since it drives

innovation aod boosts global competitiveness. Paldstan's higher education industry has

grown significantly in recent )rcars, with an increasing number of degree awarding

institutes (DAIs) contibuting to the research envimnme,lrt. Evalutiag these institutions'

research $tocess is critical for politicians, educators, and stakeholders to effrciently

allocate resouroes, create strarcgic goals, and track prcgress. In recent yea$' the higher

education envircnment in Pakistan has seen zubstmtial modifications, with an inmeasing

emphasis on research and innovation. Degree awarding institutes (DAIs) play an

important role in dweloping a knowledgedriven economy through advanci4g research,

technology, and humm cryital. These institutes'research output is critical not just for the

country/s economic prcgrEss, but also for the cormtt's capacity to compete worldwide

and addrcss significant societal concems. However, the higher education syste,m in

Pakistan faces various problems that have an influence on rpserch performaoce. These

difficglties iDclude a lack of financial rEsourpes, inzufficient research infrastnrcture, a

purcity of competent academic me,mbers, and a lack of incentives for rpsearch

participation. Despitethese limig, nurne(rus DAIs inPakistan haveproduced outstanding

research and made significant contributions to their respective disciplines. Evaluating the

r€search performance of Pakistani DAIs is critical in this setting for a variety of reasons.

For starters, it assists policyrralcers, educators, and other stakeholders in understanding

the preseirt condition of the country's r€search eNrvironmeNil. This knowledge may be used

to guid,e strategic plnnning and resource allocation choices, allowing for the crcation of

tailored interventions to improve research performance. Secon4 waluating research

performance can aid in the ideirtification of areas of sfiength and weakness in the higher
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education sector. This data may be utilized to crcate c'ustomizd capacity-building

pmgrms and boost national and international relationships across institutes. Finally,

assessing rpsearch performaoce can help to foster a competitive research culture among

Dais. Institutes can be pushod to consistently enhaoce their research production and

impact by creating benchmarks urd promoting a competitive spirit. Given the

significance of waluating research performance, a stnong and dependable assessment

system that can account for the inhereirt uncertainty and rmpredictability associated with

rpsearch activities is required. This work tries to fill that void by building a multivariarc

stochastic model that provides a full and nuanced view of research performance in

Paldstanh degreegranting institut€s.

52. Key obiecdver of the Multivariatc Stoetrasdc Model

The fimdamental goal of this project is to create a multivariate stochastic model to

evaluate the research performance of degreegrantiag institutes in Pakistan. The model is

int€ndd to provide a complete and rigorous evaluation frameryork by including a variety

of quantitative and qualitative indicators that represent the many elements of research

suoeess ac(rss disciplines.

To account for the inherent uncertainty and randomness in rpsearch activities,

offering a mort reliable and accurate assessment of research performance

compared to taditional deterministic approaches.

To facilitate a comparative analysis of research performance among Pakistmi

DAIs, enabling stakeholders to id€ntify areas of shength and weakness within the

higher education sector, and foster a competitive research culture.

To provide insights into the researoh landscape in Pakistaru helping policynakers,

educators, and stakeholdcrs make informed decisions regarding r€source

allocation, strategic plenning, and capacity-buildiag initiatives.

To evaluate the rpsearch performance of Pakistani DAIs acrrrss various

disciplines, including natural sciences, social sciences, engineering; and

hummities, highlighting disciplinespecific trends and challe,nges.

l.

3.

4.
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5. To beirchmark the nrsearch performance of Pakistani DAIs against international

standards, offering a global context for the assessneirt and identiffing

opportunities for collaboration and knowledge exchange with international

partners.

53. Scope of the Multivariate Stochastic Model

This study encompasses the ryplication of the multivariate stochastic model to waluate

the research performance of degree awarding institutes in Pakistan. The sttrdy focuses on

public and private universities, institutes, and colleges offering undognduat€ aod

gnduarc dcgrees acn ss the country. The key areas coverod within the scope of the strrdy

are as follows:

l. Disciplinary Focus

Tte 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

identiff disciplinespocific tnends, challenges, and opportunities.

2. Quanfitedve and Quelitative Indicatorr

The study will incorporate various quantitative and qualiative indicators that capture

diverse aspects of researph performance. These may include research output (e.g.,

publications, patents), research quality (e.g., citation metrics, journal impact factors),

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

5.4 Data Collecdon and Sourccc

The study will utilize data from multiple sources, such as higher education institutions,

government databases, research firnding agencies, and global databases like Scopus and

Web of Scieirce. This will help ensre the accuracy and rcliabilrty of the model and its

results.
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lNefional and Internadond Compariron

The research performance of Pakistani DAIs will be analped within the national context

enabling comparisons among different institutes and disciplines. Additionally, the strrdy

will beirchmark the research perforoance of Pakistani DAh apinst intemational

stmdards, providing a global context for the assessmeNrt and identi$ing potential

opportunities for collaboration and knowledge exchange with intemational partners.

2}oHcy rmp[cationr rnd Rmommendations:

The findings of the strrdy will offer valuable insighB for policymakers, educators, and

stakelrolders, informi4g stategic planning, resource allocation, and capacity-building

initiatives aimd at enhancing the rcsearch perforrnance of degree awarding institutes in

Paldstan.

5.5 Mulffvffhte Stoe.hectic Modeli

Multivariate stochastic models have e,rnerged as a prcmising ryproach for reseanch

performance assessurenf, as they can accotmt for the inherent uncertainty and randomness

in research activities, otrering & mor€ accurate and reliable assessrnent of research

performance [aa]. These models can incorporate multiple indicato,rs and consider their

interrdcpendencies, providing a comprehensive waluation of research performance acnlss

different dimensions. This allows for a mor€ nuanced trnderstanding of research

performance, capturing the complex inte,ractions between various aspects of reseanch

activities. In the contsxt of degree awarding institutes in Pakistao, the dwelopment of a

multivariate stochastic model addresses the need for a robust and reliable waluation

framewort that captur€s the complexity and multidimensionality of research

performance. By incorporating various quantitative md qualitative indicators, the model

provides a comprehensive assessmeNil of research performance, talcing into accormt the

uncertainty md randomness inhmt in research activities. Ttis approach can help inform

policy decisions, allocate lesouroes effectively, and foster a competitive rcsearch culture

among degree awarding institurcs in Pakistan.
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55.1 llpes of Stoe.hestic Models

Stochastic models are mathematical models that incorporate randomness or uncertainty to

describe the behavior of a system over time. Here are some oommon tlpes of stochastic

models:

1. Ilfiarkov Chelns: A ]vlar*ov chain is a sequence of wents where the future sate

depends only on the crurent state, aod not on the sequence of we,nts that precedd it. It's

widely used in varioru applications, inchdiqg finance, physics, and biolory U321.

2. Stochastic Proceccer: Stochastic prcoesses are mathematical models that describe the

wolution of random variables over time. Examples include Bromian motion, Poisson

processes, and birth-death processes [ 133].

3. Monte Carlo Simulation: Monte Carlo simulation involves generating a large number

of random smples to estimarc complex systems or perform numerical integption It's

widelyused in financer physics, and engineering [34].

4. Queuelng Theory: Queueing theory deals with the study of waiting linas, such as

those found in rclecommuoications, tansportation, and crrsto,mer service s]rstems. Modcls

often involve raodomness in arrival times and sertice times [35].

S.Stochertic Dilferential Equafions: Stochastic differential equations incorporate

random noise into differential equations to model syst€ms affected by uncertainfi.

Thefrre commonly usd in financial mathematics and physics [136].

6Dtssrcte Event Slmulation: This involves modeling systems where errents occur at

distinct points in time. It's used to analpe co,mplex slate,ms with raodom inputs, such as

manufacturing lrnrcess€s and computer networls [137].
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T.Hidden Markov Modets: Hidden Martov models involve observing a sequence of

outputs that are influenced by an undolying sequence of hidden states. Theyre used in

speech recognition, bioinformatics, and natural language processing [38].

S.Raudom Wdk Models: A random walk is a mathematical forrralization of a path that

consists of a succession of random st€ps. Ifs often used to model stock prices, pamicle

motio& and diffirsion prccesses [139].

9.Gau$ian kocesses: Gaussian prrcesses are used in machine leaming and statistics to

model functions where observations are zubject to uncertainty. Theyre used in

regression, interpolation, and optimization problems [140].

l0.Agent-Borcd Modets: Agent-based models simulate the actions and interactions of

individual ag€Nrts within a system. firese models are used to studycomplex systems in

econo,mics, social sciences, aod ecolory U4U.

ll.Spetial Stochartic Modets: These models incorporate randomness into spatial

systems, zuch as population dynamics in ecology orthe spr€ad of diseases U42\

l2.Renewal Theory: Re,newal theory studies the times between consecrrtive events in a

stochastic prccess, such as arrivals at a queue or faihres in a system [143].

5.6. Multivariatc Stochestic Models in Etgher Educafion

Multivariate stochastic models have gained promin€trce in higher education research

performance assessrnent due to their ability to account for the inhement rmcertainty and

randomness associated with research activities. These models provide a mole accurate

and reliable assessm€Nrt of research performance compared to traditional deterministic

approaches [44].
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5.7. Adventegec of Multlvariate Stochastic Models

l. trleribllity:

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

perfotmance, capturing the complex interactions betrreen various aspects of research

activities U441.

2.Uncertrinty and randomnes:

By accounting for the inherent uncerainty and randomness in rpsearch activities,

multivariate stochastic models offer a more reliable and accurate assessnrent of research

performance. This feature allows staheholders to make informed decisions based on

realistic expectations and accurate waluations U45].

3. Intcrdependenclec:

Multivariate stochastic models can consider the intendependencies befiveen different

indicators, p,roviding a mor€ nuanced trnOerstmAing of research performance. This

approach allows rcsearchers to explore the relationships betrveen various aspects of

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

4.Comperabllity:

Multivariate stocbastic models facilitate the comparison of research perforrnance acrcss

institutions, disciplines, and time periods, enabling stakelrolders to benchmark p(rgrcxts,

identify teods, and recognize areas of stength and weakness [147].

5t. Appltcations ln Higher Educadon Insdtutes

Multivariate stochastic models have been applied to various problems in higher

education, including:
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l. Performonce eveluetion :

Assessi4g research performance of higher education institutions, departueirts,

aod individual researchers, considering facton such as research oulpuq quality,

impacL collaboratioru and firnding [48].

2. Resource allocafion:

ftiding the allocation of rcsources, srch as fuoding and infrastructure, based on

performance assessments and expected outcomes [149].

3. tr'orecasfrng:

Prodictiag future research performance and tnends, informing strategic planning

and decision-making in higher education institutions [150].

4.RanHng:

Dweloping ranking syst€ms for higher education institutions basd on

comprehe,lrsive and robust asses$n€nts of research perforrrance ll27l.By

applying multivariate stochastic models to assess r€search performance in higher

education, stakelrolders can gain a comprehensive and nuanced understanding of

the research landscape, informing policy decisions, resource allocatiou and

cqacity-building initiatives. In the context of degree awading institutes in

Pakistan, the dwelopment of a multivariate stochastic model offers a robust and

reliable evaluation frameworl$ capnuing the complexity and multidimensionality

of research performance and addressing the unique challenges and opportunities

faced by these institutions.

5.9. Rccerre.h Per{ormence Evaluafion in Pakistsn

Research performance evaluation has been a growing area of interest in Pakistan, with

serreral studies focusing on assessing the performance of higher education institutions

wittrin the country. These studies have errolved over time, moving from simple metrics to
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more comprehensive evaluation frameworks, higbtighting the unique challenges and

opportunities faced by Pakisani institutions.

5.9.1. Eer{y Approachec: Simple Metrics

In the initial phase, studies primarily relied on basic metrics such as publication counts

and citation analyses to evaluate the research perfo,rrrance of Pakisuni higher education

institutions (Mdrmood & Shafique, 2010; Hameed d d., 2012). While these metrics

provided a starting point for understanding the research laodscape in Pakistan, they often

faild to capture the nuanced aspects of research performance and could not account for

tlrc inherent uncertainty and randomness in ncsearch activities.

5.9 2. Blbllomctric rnd Scientometric Indicetors

To address the limiatioos sg simple meEics, rpsearchers began to employ bibliometic

and scientometric indicators in the evaluation of research performance in Pakistan. These

indicators prcvided more daailed insighb into research oulpuq quality, and impact,

allowing for a more comprehensive understanrting of the research landscape in the

country [44]. Howwer, these approaches still predominantly focused on quantiative

aspects, poteirtially overlooking qualitative factors such as rcsearch telwance,

collaboration, and societal impa,st.

5.93. Comprchensive Evduadon Xtameworkr

Recog[izing the need for a more holistic assessmeNrt of research performance, motre

r€cent studies have attcrnptod to dcvelop comprehensive evaluation frameworks that

incorporate both quantitative and qualitative indicators t44ll45l. These frameworls

provide a mot€ balanced view of research performance in Pakistan, considering facto,rs

such as research output, quality, impact, fiuding, and collaboration. Howwer, thm

rcmains a need for a rob,ust and reliable evaluation model that can account for the

uncertainty md randomness inherent in research activities.
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5.9A. Multivariate Stochastic Models for Pelirtan

The dwelopment of a multivariate stochastic model for assessing research performance

in Pakistan addresses the need for a comprehensive and reliable evaltration framework.

By incorporating narious quantitative and Eralitative indicators, the model provides a

morc accurate assessment of rcsearch performance, accounting for the inhenent

uncotainty md randorrness in research activities. This approach can he$ inform policy

decisions, allocate r€sources effectively, and foster a corrpetitive research culture arnong

degree awarding institutes in Pakistan.

5.f0 Methodology for Devcloplng e Muldvarlete Stochastic Modet

The matrodolory for dweloping a multivariate stochastic model to assess rpsearch

performance in degree awarding institutes of Pakistan involves serreral key steps, ranging

from selecting appropriate indicators to validating the model's results. This section

provides an extended ovenriew of the methodolory and its various comlron€Nrts. The first

st€p in dweloping the multivariate stochastic model involves selecting a comprehensive

set of quantitative and qualitative indicators that accrrately capture various aspects of

research performance. firese indicators may include Publication counts, conference

presentations, patents, and books. Citation meEics, journal impact factors, and

normalizcd citation impact. External and int€rnal grants, research budget, and fimding per

rpsearpher. National and international research partnerships, co-authorchip networks, and

interrdisciplinary collaborations. Research addressing societal needs, technology tansfer,

and policy influence. Number of PhD studeirE, graduation rates, and faculty

qualifications.
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Flow chrrt of Stochsdc llomlnruce Approrch
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5.11 Data Collecdon

Data forthe selected indicators will be collected frrom various sourpes, including:

Degree awardlng lnsdhrter: Institutional databases, annual r€ports, and rpsearch

profiles.

Government detebaccs: Higher Education Commission (tEC) of Pakistan and

Pakistan Research Repository (PRR).

Rercarch funding egencier: National and international fiDding o,rganizations.

Globd databaccc: Scopus, Web of Scieirce, and Google Scholar.

5.12 Stochasdc Model Development

Stochastic dominance models are oonstructed to compane the research perforrrance of

Pakistani universities basd on the calculated performance measur€s. These models allow

for a sptematic and quantitative ass€ssm€nt of the dominance relationships among the

universities. the constnrction of stochastic dominance models involves the following

steps: Explanation of First-Orrder, Second Orrder, and Higher-Orrder Stochastic

Dominance Models:

5.12.1 Fint-Order Stochectic Dominrnce:

In first-order stochastic dominmce, one university is considered to dominate another if it

has a higher value in at least one perfonnance measure and a lower value in none. It

means that for every possible performance lwel, the dominant university performs at

least as well as the other ruriverslty and stictly better for at least one perfotmance level.

First-order stochastic dominance can be representod mathematically using the cumulative

distribution fimctions (CDFs) of two random variables. kt's consider two random

variables X and Y, where X rrpresents the performance measure of one university and Y

represents the performance measurE of another university. Thc mathematical equation for

firct-ordcr stochastic dominance is as follows:

CDF =Xt) < CDF Y(t) for all t

3.

4.

(5.1)
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This equation states that ilre cuurulative probability of observing a value less than or

equal to t for variable X (CDF_X(I)) 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 tems, 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 corrcsponding p,robability for Y. In other words, one univertity's performance

measur€ (X) dominates the other universit/s performance measur€ (Y) in terms of the

cgmulative distribution. It's important to note that the specific form of the CDFs may

vary depending on the disribtrtion of the random variables being considered. The

equation for first-order stochastic dominance holds regardless of the specific firnctional

form of the CDFs, as long as the inequality CDF_XD S CDF-Y(I) holds for all t.

5.12.2 Second-Order Stoelestic Domlnance :

Second-order stochastic dominance requires that one university dominarcs another in

terms of all performance measucs simultaneously. It means that ttre dominant university

puforms better in every performance measurE or has a superior distribution of outcomes

across all measures. Second-order stochastic do,minance provides a mol€ stringent

criterion for one rmiversity to be considered dominaot over another. Second-order

stochastic dominance provides a mole stringe,nt criterion for dominance than first-order

stochastic dominance. It requires one random variable to dominate another in t€rms of all

possible linear combinations of cumulative distribution ftrnctions (CDFs). Let's consider

two random variables X and Y, rep'resenting the performance measurEs of two

gniversities. The mathematical proof for seond-order stochastic dominance is as follows:

For all o,) 0, tle eqution

I p_xql - F_Y(t)l da < o (s.2)
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where F_X(t) and F_Y(t) are the CDFs ofXandY, respectively, and the integration is

performedover oll a> 0.

In simlrler t€rrns, this equation states that the inrcgal of the differo.ce between the CDFs

of X and Y, weighted by a, must be less than or equal to zrlro for all positive values of a.

The proof involves comparing the expected values of linear corrbinations of random

variables X and Y. For any fixed o, ) 0, consider the random variable Z = aX + (l-a) Y,

representing a linear combination of X and Y.

Using the properties of CDFs, we have:

J r_xttl - F_y(t)l da = I tp(x s D - p(y s 0l do = J p(x s\ zs D - P(Y st" z s

DI da =lP(zs D tP(x =tlzsD - P(Y <tlzsDI da slp@s 0 tF-x(t) -

F_Y(t)l do

Since P (Z=t) Z 0 for all L and tF_X(t) - F_Y(t)l S 0 (by assumption of first-orrder

stochastic dominance), it follows that.

lp @s 0 tF_x(t) - F_Y(tI da s o (s.3)

Thu,efore, for all o, ) 0, the inequalityJ tfXt) - FY(t)l do S 0 holds, establishing second-

order stochastic dominance. This mathernatical proof demonstrates that second-order

stochastic dominance is a sticter criterion for dominance rhan first-order stochastic

dominance. It considers all possible liner combinations of the CDFs and requires the

integral of their differcnces to be non-positive for all positive weights. By applying this

prcoq rpsearchers can det€mnine if one rmiversity's perfonnance measutE dominates

anotheds acmss all possible linear combinations of performance measures.

5.12.3 EtghenOder Stochastic Domlnence :

Higher-order stochastic dominance extends the concept to higher levels of comparison.

Higber-order stochastic dominance models allow for comparisons that consider multiple
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levels of performaoce measues and their distibrutions. They assess dominance

relationships acrcss multiple dimensions simultaneously, providing a mor€

courprehensive uderstanding of the relative research performance of universities. The

mathematical prcof for higher-order stochastic dominance is as follows: For all possible

linear combinations of weights a_i 2 0, where i ranges from I to n, the following

inequality holds:

I [ai * Fx(D-ci t FYi(t)] S0 (5.4)

for all t, where F_X(t) and F_Yi(| arp the CDFs of the ith performance measune for X

aod Y, respectively. This inequality states that the zum of the differences between the

weighted CDFs of X and Y must be less than e1 equal to zero fo,r dl t and all possible

weight combinations ci. The prcof involves considering the joint disribution firnctions

(JDFs) of the random variables X aod Y for each performaoce measulE. By comparing

the JDFq we can establish higher-order stochastic dominmce.

IEt J_X ond J_Y represent the JDFs of X and Y, respectively. The ioint

distrikttion can be represented as J-X (t-1, t-2, ..., t-n) : P(X-I S t-1, X-2 
=

t-2, ..., X-n 3t-n), where X-i rcpresents the irt perfurmarce measwe of X.

Using the properties of JDFs, we have:

Z [a_i * F_X(o - a_i ] F_Ydql :Za_i * P 6_i 3t) - P(Y-i 3t)l =Za-i
P(X_i 

=i 
Y_i > t)

since q,_i>-0 atd P (x_i 
=t, 

Y_i > t) > 0lor all i and t, itlollows thilt tlre sumz

a_i t P(X_i34 Y_i> t) <0.

Therefore, the inequalityl [a_i * F]fr(t) - a_i * F-Yi(t)l < 0 holds for all t and all

possible weight combinations cl_i, establishing higher-order stochastic do,minance. This

mathe,matical proof demonstrates that higher-orrder stocbastic dominance provides a mol€

comprehensive comparison of the joint distributions of multiple performance measures. It

lrraingBucdBiblimicRcrcur.hffirrrreAsrrdofDqrEGAvrdiryfusfitr163nring$!6ctadicModclr



Chapter 5 Multivriarc Stochastic Model toAssesg R€search P€rftrmance

ensurEs that the surr of the weight€d differences betrreen the CDFs is non-positive apfi)ss

all possible weight combinations and for all values of t. By applying this proof,

rpsearchers can deterrrine if one university's performance dominates anotheds acfi)ss

multiple dimensions of research performance simultaneously.

It is inappropriate to recommend a single performance metric due to the diversity of

objectives among rpsearch organizations and overtime. Howwer, this does not justiffthe

widespread use of multiple indicators. The present research also presents a collection of

five bibliometic indicators. TUo of them are in areas where the co-authors' diverse

conributions are acknowledged by their rcspective places in the papeds byline. Some

many assmptions and simplifications must be used to waluate research perforrrance

using bibliometric measurement.

As in other sMies, a signifisant difficulty in the cur€Nil study is the fair accessibility of

resourtes acfirss scientists within a certain profession. Research productivity is

commonly regarded as the primary and essential performance indicator in most

erraluation exencises. The current snrdy examines this pheno,m,enon by utilizing the FSS

metric, which erraluates published worls'quantity and quality. Following is the formula

ofFSS:

FSSp = lZl=, 
"1n

(s.5)

Tte professot's work history is indicated in the obserrred period by the letten t, /V, and cs,

respectively, while N deirotes the number of publications and c1 denotes the number of

citations each article has received. The citation distribrution means fon all referenced

works from the same Jrcaf, and subject area as the publication in question is re,presentod

by the variable "c." The variable fi" denotes the fractional contribution of the researcher

to the publication labelled as "i". As opposed to the method of "full countingn which is

used in this case, the methodolory of "fractional cotmtiqg" of research contibutions is

used. It is beliwed to be more in line with the microeconomic theory of production The
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methodology e,rrployed 1a this study allows for the syste,matic assessment of individual

author contibrutions, considering their respective positions in the byline.

In certain academic disciplineq the fractional contribution is determined by arranging

authors in alphabetical order and is mathematically defined as the recip,rocal of the total

number of authors involved. Howwer, the fractional contribution is assigned diffenent

weights in various other disciplines. In life sciences, it is custooary, both within Italy and

intcrnationally, for authors to indicate their contibutions to published research by

arranging their names in a specific order within the byline. Within these academic

disciplines, the relative importance assigned to individud co-authors is contingent upon

their position within the by{ine and the type of co-authorship involve{ namely inha-

mural or extra-mural. A publication's first and last authors affiliated with the same

nniversity rweive #/o of the citations, with the remaining 2U/o gorng to the other

authors.

When the first two and last two authors of a publication are affliat€d with differe,nt

universities, the citation distribution can be described as follorvs: According to the data, it

is observed that3W/o of citations are atfiibruted to the atrthors list€d first and lastd in the

publication. Additionally, l5o/o of ciations are ascribed to the authors listd second and

second-toJast. The rwraini4g l@/o of ciations are distribruted among all other authors

involved in the publication Abramo et al. (2015) suggest that neglecting to consider the

number and arrmgement of authors in the pqrcr's byline may result in notable distortions

in indivifiral rankings.

Ihoductivity is an essential indicator for assessing the efficiency of production systms.

Nwerthcless, measring nesearch excellence is a crucial metric in waluating

performance, as it relates to the ability to g€n€rate pioneering findings. As a result, we

quantify the number of articles attributed to the tsp lo/o (HCAa"i and 5o/o (HCA5e6) of

global publications based on their citation cout, concerning each profcssor, Within the

rcalm of life sciences, it is customary for the initial authot's byline €ntry in a publication

to indicate the individual who originated the primary idea and the researcher who made

the most zubstantial contributions to the study and composition. The fioal authot's
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position tpically denotes the role of rcam leader in the research project in a

corr€spomding manner. The assignment of primary or final authorship is considered a

mart of prestige and is widely acknowledged in the scientific cornmunity. 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 Firsta ot Lasta, respetively. In general, it

can be deduced that the Pakistan context is improbable o yield distorted performance

measur€s due to variable r€tums to scalg which could be attrib,uted to disparities in

rmiversity sizes.

5.13 Appticetion of Domlnance Reletionships to Compare Receerrch Performance:

Once the stochastic dominance models are constnrctd they are ryplied to compare the

research performance of Pakistani universities. The models identify the dominance

relationships between universities basd on the calculated performance measrues. By

ernployiug the dominance relationships, r,esearchers and policynakers can waluate the

relative performancc of universities and rank them accordingly.

5.14 Formuletion of Dominance Ruls Bosd on Calculated Performance

Measuner:

Dominance rules are formulated based on the performance measur€s 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 universrty A has a higher

value in at least o,ne performanoe measure and a lower value in none.

5.15 Consideretion of Difrerent Lwels of Comperlson and Dsta Avsilabltity:

The constnrc'tion of stochastic dominance models considers different levels of

comparisonbased on the rcsearch objectives and available data. It dlov/s for comparisons

between individual universities, gtoups of universities, or across specific perfonnance
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measures. The availability and quality of data play a cnrcial role in determining the extent

of comparison and the rcliability of the stochastic dominance models. Researchers need

to ensure that the data collected is comprehensivg accurate, and represe,ntative of the

research performance of the universities rmder consideration. By co,nsidering diffenent

levels of stochastic dominance and formulatiag specific dominance rules, rcsearphers can

obtain a nuanced understanding of the research performance of Pakistani universities.

These models allow for a syste,matic evaluation of dominance relationships, enabling

inforrred decision-making and resource allocation strategies. Howwer, it is essential to

int€rprct the results of stochastic dominance models in conjtrnction with other qualiative

and contextual factors to obtain a comprehe,nsive picture of research perfo,rmance.

5.16 Stochertic Dominrnoe Model Velidation

Stochastic dominance models for research perfornrance assessment of HEC Pakistan can

be validated through sevenal apprcaches to ensure the accuttcy and reliability of the

results. Given the specific context of HEC Pdristan, herc are some key validation

methods that can be applied:

5.16.1 Comparicon with Establiched Rankings:

One way to vdidarc the stochastic dominsrce model is by comparing its rankings or

dominance relationships with established rankings of Pd<istani universities. HEC

Pakistan itself publishes rankings based on various criteria, such as ttre Quality Research

Rankings (QRR) and the G€neral University Rankings. Comparing the model's rankings

with these established ranlcinp can help assess the model's consistency and aliEmment

with existing assessments.

5.162 Erpert Evduation end Peer Revlew:

Seeki4g expert evaluation and peer rwiew frcm researchers, acade,micians, and subject-

matter experts in the field of higher education and research can provide valuable

feedback on the model's methodology and oulputs. Experts can erraluate 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.

5.163 Empirical Valldation through Case Studiec:

Empirical validation thrcugh case sttrdies can be conducted by selecting a sample of

rmiversities from HEC Pakistm and comparing the model's results with their actual

research performance. This can involve examining specific indicators, such as

publications, citations, greB, or awards, and comparing the model's rankiqgs on

dominance relationships with the observed performance of the selcted universities. this

validation ryproach helps assess the model's ability to capture the real-world research

performance of IIEC Pakistm's universities.

5.16A Longitudinel Andysis:

Validation can also be performed by conducting a longitudinal analysis using historical

data. By ryplymg the stochastic dominance model to multiple time periods, researchers

can obserrre the consistency of the model's raokings and dominance relationships ov€r

time. If the model consisteirtly identifies rmiversities that naintain their performance

levels or exhibit improvenrents or declines over time, it provides evid€ncc of the model's

validity.

S.l7 Sensitivity Anatyris and Roburhes Checks:

S€nsitivity analysis involves t€sting the model's sensitivity to changes in iryut

parameters, strch as weights assigned to performance measurEs or threshold values.

Researchers can assess how nariatiors in these parameters impact the model's rokings or

dominance relationships. Robustness checks can also be performed by employing

dternative weighting schemes or modifying the set of performance measures. If the

model's rezule r€main stable and consistent under differ€Nrt scenarios, it adds to iE

validation

5.1t Stakeholder Feedbee.k rnd Ucer Setisfection:

Validation can also be achiwed through stakeholder feedback and user satisfaction

surveys. Collecting fedback frrom IIEC Pakistan officials, university administrators, and
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other stakeholders involved in research performance assessment can help evaluate the

model's utility, relwance, and effective'ness. Incorporating their feedback into model

refinenrents enhances its validation and ensures it meets the needs and expectations of the

intended userc. It is important to note that validation is an iterative prcoess, and ongoing

fedback and continuous imprcve,nrent of the stocbastic dominance model ar€ necessary

to enhance its validity for rcsearch performance assessm€Nrt in the oontext of IIEC

Pakistan. By combining multiple validation approaches, rrsearchers can shengthen the

reliability and credibility of the models results.

5.19 Andysic and Interpretetion of Rcsearch Performence

The results of the multivariate stochastic model will be malyed and interpreted to

provide insighg into the research performance of degree awarding institutes in Pakistan,

considering factors such as disciplinary differences, institutional str€ngths and

weaknesses, and tnends over time. The analysis will also involve benchmarking the

rcsearch performance of Pakistani institutes against international standards, providing a

global context for the assessment. Table 5.1 documents the research performance of two

departrnents of Islamabad's five universities through descriptive statistics of corp

indicators of research performance.

The deparments are named: Mathe,matics and Courputer Sciences. The Table consists of

three columns. Coltrmn I lists those core indicators that mainly contribute to professors'

research perforrrance. Columns 2 fid 3 give the values of the core indicators for the

mathematics and computer sciences dgparm€nts, rcspectively. The table presents a

concise overrriew of the productivity and citation impact results about the professors

afliliated with trro distinct acadernic aeeartments.

The purpose of the productivity indicators, as shown in the upper s*tion of Table 5.1, is

to provide a comprehensive overtriew of the publication output, specifically focusing on

the tlpes of documents and the order of authors. 1Xs impact indicators in the lower
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section of the table consist of two t,?es: The primary data considered in this study

include total citations, the proportion of self-citations, and citations per publication.

Tffic 5.1 : WnW Pqlmnu of lln Dcp*aa* 6 frw Unffiia of ldutW, P.ful
Mathematics Corputcr Scicnccs

Article
Proccoding Prpcrn
Book
BmkChryter
Rcvicws
Editorid
Total Publications

__ 
5351__

ll43
I
3l
90

_!1.?l
2008
4 __

93

232
2t

7524
l0

ffi26
Total docunents consisting of articles, prccocdiry paptrs 736t
an4l9$g!!l-
Dnration of Samle 24 24

flp.4can.ofPu,b_ligatignslgr_y_ear_ -.. __n!l_ 313.5--
Impact _!!#r TI1# -Mcan of ciqliomsgq publ&*io:q_ 

-
The rrtio of sclf-citations to total citations. 1.to/o 9.9r%
Mean of h-indcx 10.37 5.21

of thc five rmivcrsitics of Islamaba4 Pakistan Thc rcccarch indicamn irclude thc colt rcscarch

indicaors, totd publications during thc sa@lc ad their impact.

Additionally, the widely utilized h indq is also consid€red. These various tlpes of

indicators offer distinct forms of information pertaining to scientific performance. The

aggregate count of citations aDd the average number of ciations per publication exhibit

minimal deviation from the raw data for the grven analysis.

The inclusion of the h index is necessary due to its widespread adoption within the

scientific commuity. Due to the disparate mahodologies e,mployed bV differert impact

indicators, there is a potential for conflicting outconres in their assessrnent of rpsearch

performance. We prcpose using advanced indicators, such as the h-index, s o

recommendation. firese indicatotr alone enable a comprehensive and equitable

assessmelrt of perforrrance. It is cnrcial to consider the unique characteristics of each

Departmelrt and the specific requirements of the evaluation process when interpreting the

rcsults, eve,n wheir utilizing advanced indicators.
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Figrue 5.2 displays each Department's overall number of publications dividcd by

documeirt t1pe. For firther details, please refer to Table 1. It should be noted that the

classification of publications by docurnent tJDGs, as determined by Thomson Reuters,

often derriates from the classification used by journals (7hamg, W-9, & ZnaE.,2017).

According to Costas, Van Leeuwen, and Van Raan (2010), database producers tpically

cilegorize original research findings as "Articles" and extensive literaturc surveyt as

"Rerriewsn upon publication. According to the data presented in Figure 1, publications

classified as "Article" alE the predominmt docum.ent tlpe for both departnents.

koceedings papers are important in various academic departments, including computer

sciences and mathe,matics. the matherratics deparhent has published significantly more

articles (rc752$ than its counterpart deparhent (n4626).

In conjunction with consideratioms of atrthorship and document classificatioq the timing

of the issuance of publications also constihrtes a noteworthy aspect of the tesearchers'

assessm€nt. Is there an qpal or unequal distibution of publications? Is there a

discernible fiend in productivity over the years, indicating whether it increases or

decreases? As dcpicted in Figrre 2, the variability in article publication amo4g the

rpsearchers of the departmeirts exanined in this strdy is evid€Nt (also refer to Table l).

Publications hy T[vo Departments

1000 3000 5000 5000

Number of Publications

r @mputer Sclences r Mathematlcs

Fr$e 5.2: fttilbotfutttsttrlfr ffiavnt lbctttturt llpcs by llw Dqufrcnt

I

F
F

.e Editodal

E Revtews
cl BookChaoter
C

e Book

.8 Proceedlng Papers

E Artlcle
=4
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The Departnent of Computer Sciences attained peak lerrels of productivity

approximatelytwo decades into its academic trajectory marked by the initiation of its

publication e,lrdeavors. Subsequently, the Deparhe,nt has consistelrtly produced a

zubstantial volume of scholarty publications. The publications of both deparheirts

exhibitd an upward trajectory since the oommenceurent of the year, which reached a

plateau between lWz ad 2017. Nwertheless, there is a noticeable disparity in

publications between the mathematics deparment and its comterpart.

Thblc 5.2: Pcrlonnme of two Uparawnt Based on Publiutbn

Mettcmrdc vaus Computcr Sdcocct Conpuen Sdcnccr ruxrsMrttcmrthr
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Following the documentation of results thrcugh summaries and descripive analysis, we

employed the non-parametric method knonm as stochastic dominance (SD) to erraluate

the poformmce of both deparhents with rcspcct to the publications parmeter. In this

study, the KS test by Bar€tt and Donald (2003) assesses the satistical significance.

Specifically, the first-, second-, and third-order staodard deviations (SDl, SD2, and SD3,

respectively) are utilized. Table 2 displays the p-values obtained frrom the Kolmogorov-

Sminrov (KS) test.The purpose of this test is to assess the null hlpothesis 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 rezults iodicating the

order of p-values for SDl, SD2, aod SD3. The statistical significance of the p-values

indicates that the null hlpothesis, which posits that computer sciences stochastically

dominarc mathematics, is primarily srpported. The findings of this study indicate tbat the

Departnent of computer sciences exhibits stochastic dominance over other deparments

in its field. In a broader context, upon u.amining the p-values of the panel of publications

series, it becomes evident that we can reject the null hlpothesis that matheinatics

stochastically dominarcs computer sciences in all instmces of SDs. This rejetion is

zupported by the observation that the p-values exceed significance levels. In an

alternative pespective, we posit the hpothesis that the computer sciences departnent

exhibits stochastic dominance over mathematics, as widencd 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 de,parments under examination. By examining these descriptive statistics, one

can acquire valuable insights about the measures of the dataset's central tendency,

variability, symmetry, and Sape. Such insights are instnrmental in comprehending the

characteristics and bchavior exhibited by the data.

In refereir,ce 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 qrhibits moderarc variability, widenced by a

standard dwiation (SD) of 3.2 ad a coefficient of variation of 1.23. The obtained
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skeumess value of 3.29 indicates a positive skcvmess, implymg that the distribution is

slletred to the right.The hrtosis value 28.3 also zuggests that the distib,ution has hearry

tails and exhibits exfieme values.

The average value for Firstl is 1.25, and the mediaq is also l. The upper limit of the

observed values is 21, while the lower limit is 0. The data set's staodarrd derriation (SD) is

1.15, and the coefficient of variatio,n (CD is 1.41. The skewness value of 3.25 zuggests

that the distib,ution is skeured to the right, indicating a longer tail on the right side of the

distribution On the other hand, the kurtosis value 20.18 indicates heary tails and the

presqrce of extre, e values in the distibution.

The average value for Losts is 2.54, and the median value is 1. The upper limit of the

observed values is M, while the lower limit is 0. The standard deviatio,n (SD) is

calculated to be 1.61, while the coefficient of variation (CD is determined to be 5.9,

suggesting a substantial lwel of variability. The obtained skeumess value of 5.12

indicates a highly skewed distribution to the right. Additiooally, the calculated kurtosis of

75.15 suggests tbat the distibution has hear1y tails and exhibits exheure values. The

average value for HCAph is 0.15, similarly, the average value for

HCAsqis 0.67,

Regarding the lvldhematics Deparrnenf the average FSS (Index) is2.2; 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 dsviation (SD) is calculated to be 4.27, while the

coefficient of variation is determined to be 1.71, zuggesting a moderate lerrel of

vriability. fire obtained skewness value of 6.4 indicates a highly skeured distibution to

the right. At the same time, the calculated hrtosis of 80.12 suggests the presence of

heavy tails and exteme values in the distrihtion.

The average nalue for Firstl is 1.15, and the middle value is 0. The upper limit of the

observed nalues is 22, while the lower limit is 0. The standard dwiation (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 skeged to the right, while the calculated hrtosis of 25.34 indicates the prese,nce of

hearrytails and extnenre values.

The average valge fot Lastsis2.56, and the middle value is represe,lrted by the median,

which is 1. The upp€r limit of the obserrred values is 42, while the lower limit is 0. The

standard deviation (SD) is calculated to b€ 2.31, while the CV is determined tobrc2.7l.

Ttese values suggest the presence of moderate variability within the data. The obtained

skewness value of 4.l2indicates tbat the distribution under consideration exhibits a right-

skewed pattern.

Ifrlc 5.3: Dmfitttc Sffi of Pafotmne InMrs of lw Dqofincaa
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Nob: Thc trble rhowr tho dCIcrlpttvc rtrtirdo of flve corc pctformrncc lndfurton of two rdcctcd dcprrtncrtl

Wheir examining Figrre 5.3, a visual assessment can be conducted to compare the

average performance indicators of the two deparhernts. In figure I deirotes FSS, denotes

for Firstl 3 denotes for Lasta 4 de,notes HCAl%and 5 deirotes fot HCAsy for In

Computer Scie,lrces, it is evident that the third performance indicator exhibits the highest

mesn value, followed by the first indicator. In contrast, the fourth indicator deinonstrates

the lowest mean value. The second and fiffh indicators are situated in an intei:nediate

position
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In the field of Mathematics, it can be observed that the initial performance indic*or

exhibits the highest average value, with the subsequent indicator ranking second in tsrms

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

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

It is important to acknowledge that this interpretation is derived orclusively from the

average values presented in the bar chart. The analysis fails to consider additional

vuiables or the wide disnibution of the dataset. E:ramining the bar chart' a visual

assessme,nt can be made regarding the average performance indicators of the two

departnents. In Computer Sciences, it is wident that the third performance indicator

extribits the highest mean value, followed by the first indicator, whereas the fourth

indicator demonstrates the lowest mean value. The second and fifth indicatorc are situated

at intermediate positions.
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In the field of Mathenratics, it can be observed that the initial performance indicmo,r

exhibits the highest mean value, with the subsequent indicator ranking second in terms of

magrritude. The mean valucs of the second and fifttr indicators are comparatively lower,

while the fourth indicator exhibits the lowest mean value.
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Table 5.3 pr€s€nts dcscriptive statistics for core performance indexes indicator,

specifically citations and h-krdex, bas€d ottfuHCAle5 index. In the Computer Sciences

Departneirt context, it is impemative to adhere to proper citation practices. The values in

thc dataset exhibit a mnge spanning frrom 573 to 1729. The data extribits a risittg

trajectory in the number of citations, zuggesting a future expansion in the research impact

of the Departne,nt. The h-index values in this range span from ll to 21. Tlre h-index is a

metric that quantifics the maximum number of papers within a dataset with equal or

gr€ater citations. The data indicates a moderate disnib,ution of h-index values, suggesting

daectable research productivity and inlluence level.

In the context of the Mathenratics Department, the cited values er.hibit a mnge spanni4g

from 1277 to 21260. The data demonstrates a notable disparity in citation @unts,

suggesting a diverse spectnrm of rcsearch influence arnong various publications. The h-

index values in this study span a mnge of 19 to &4. The data indicates that the h-index

values in Mathematics arE relatively higher than those in the Computer Sciences

Departue,nt, zuggesting a potentidly greater research impact and productivity in

Mathematics.

Ibblc 5.'f : Dcrcrlpflve brrd on (ECA)- (l7d Performtnoe Indlcetors
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2t?fi E4

Figures 5.4 drarm based on Table 5.4. The pcforrnance based on the citation score of

sampled deparments of the top lo/o of researchers. Similarly, Figure 5.4 also considered

the data of the top lo/o of research€rt btrt here we show the performance based o,n h-

inderL It is seen that the citation score of the matherratics deparfinent is high compared to

its couoterpart. Similarly, it would be obvious that tlre h-index is also hig! for the

mathematics departrnent.
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Chaptcr 6

[,s11ning to Predict Citation-Based Impact Measunes: Evidence from
PaHstan

6.1. Intnoduction

h toda/s globally connested academic worl{ the impact of scientific rcsearch is often gauged

through sev€ral key performance indicators. Among these metrics, citation-based impact

measunes, such as the h-indef ilO-indeyv and citation counts, have been recognized as reliable

indicators of an institution's acade,mic quality and research influence (HwinS, 2013)- These

measures provide an insight into the academic recognition and relerrance of a scholar or an

institution's research output, reflecting the influence they wield in their respective fields

@ornnann & Mux,2015).

Howwer, the qplicability of these citation-based measurcs and the ability to predict the'm

accurately pose considerable challe,lrges, partiorlarly in the context of developing cormtries like

Pakistan. The wolving natu€ of the acade,mic and research landscape, the disparate r€.search

cultgre, the limited rresources and infrastnrcture, and the lack of comprehensive data-driven

syrte6s are some of the facton contibruting to this complexity. The Study aims to delve into this

congndnrm and dwelop a predictive model for ciation-based impact measulEs for degree-

awarding institut€s in Pakistan.

The use of predictive modeling in academic research has emerged as a powerfrl tool to

anticiparc future 1pends based on curreot and historicd data (Haang, et ol" 2018). Serreral studies

have attempted to predict the citation counts of individual papers or scholars uslng different

models (WaaS, et dr 2013; Yut, d alr 2017). Howwer, the scope of these snrdies is tpically

limited to derreloped nations with well-establishd research cultures and data-driven academic

sptems.Incontast,thelandscapeofacademicrpsearchinPdcistanprrese,ntsadistinctsetof

challenges and opportunities.
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In the context of Pakistaq higher education and research have been gaining momentum, with the

establishmqil of Higher Education Commission (IDC) ta2UJlz aimd at improving the quality

of higher efircation and prromoting research culture (Ra$, d d, 201D. Despite these effo,rts, the

imple,mentation of datadriven approaches in the acaderric and research sectors lp6ains

unduexplored. Hence, there is a critical need to dwelop a predictive model for citation-based

impact measurts that would allow institutions to proactively enhance their research impact and

qualrty.

The goal of this study is to apply machine learning tehniques to crpate a predictive model that

could forecast citation-based impact measurres for degreeawarding institutes in Pakistan. The

shrdy will consider variables such as annual research output, toal faculty sizg the number of

PtrD faculty, fiDding allocation, and the research collaboration netrrork. By dorng so, this study

aims to p,rovide actionable insights that institutions can employ in their strategic planning to

maximize their research impact.

The present study examines the iszue of forecasting the scientific influence of partiorlar authors

and papcrs for up to l0 )rearc in advance. Due to the abse,nce of a universally agreed-upon

staodarrd for assessing scientific impact, we adlrerp to previous research tU aod employ the h-

index to evaluate the effect of authors, while citation counts are utilized to gauge the impact of

papers. The effectivemess of our approaches is erraluated using a dataset of about 35666 computer

science publications urthorod by approximately 28825 individuals and publishd between 1908

and 2018. The data set, made accessible to the public, F)ssesses distinctive characteristics in

size, srpassing existing data sets bymore than tenfol4 and its scope.
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Thc exponential fit predicts a huge

trn ogrpredictive analpis, we utilize data from 1908 to forpcast the influence during the coming

decade from 2009 to 2018. Ilue to their inherent simplicity and widespread usage, citation couots

have merged as a widely adopted metric for assessing the effect of scientific r€oearch. Althoug!

citation oounts arc commonly used as a straigfudorward and practical measure of effect, they

inclgde certain limitations, particularly when errployed to evaluate uriters. An often voiced

critique of citation counts pertains to their inability to account for the distibution of citations

acnoss a rcsearcher's body of urcrk. For example, it may be anticipated that an author with 60

citations would have a greater inllueirce if those citations werc erremly distibuted throughout six

pap€rs rather thao dispersed among 30 pryers.

Similarly trroublesome is thc scenario where an author's career is b,rief;, consisting of only one

highly cited paper, sgch as a surv€y or multidisciplinary publication. In this case, the author may

appeaf to have a greater influe,lrce rhan a rcsearcher with a lengthy track record of somewhat

significant publications. Recognizing these deficiencies, as initially advocatod by [2], has

prompted a recent zurge in dcveloping alternative indicators to assess impact. Sweral indicators

that can be gsed to evaluate scholarly impact include the h-index, g-indeir, c-index, eigen factor,

and hip-index t3-5]. The h-index is a quantitative measul€ employed to erraluate the impact of an

author. It is detemin€d by sel*ting the highest value of N, where N is the number of articles
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authorod by an individual, and each article has giarnered 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 ntrmmus

pap€rs that receive feu, citations, 0s I publication only confiibutes to the h-index if it obtains a

zubstantial mrmbq of citations.

Quantifying scientific influence in the prese,nt is a topic of considerable intsest. Howwer, there

are nume(rus issues nfiere the signifrcance of the future outweighs that of the present such as

the matter of aunarding telilrre. Furthermore, considering the rapid proliferation of scholarly

articles, as depicted in Figure 6.2 ,itis of uhost importance to develop automated mecbanisms

to identify influential research at th€ earliest stages. To more effectively tacHe these inquiries,

thoe has been a notable increase in scholarly investigations about the anticipation of scientific

influence for authors and individusl works.

There are two principal methodologies for the anticipation of impact. The initial coDc€pt 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 learniag methodology to forecast

impact. This involves utilizing considerable feature e,ngineoing and implementing supervised

learning using a regession [2, 8]. In this study, we conduct a comparative analysis of truo

distinct ways using our dataset. Additionally, we offer a novel method to address the disparity

bdweeir thcse approaches in predictiag article citations. It is noteworthy to notice that there have

been rpcent endeavors that do not align precisely with the aforementioned categories. In their

sMy, [9] employ K-Spectal Clustering as a method to det€ct cluster centoids in author ciation

histories, while ensuring that the results are not influenced by scaling and shifting. The data

genemated frrom these cenhoids is firther integnted with firndamenal author-lerrel variables in

order to F€dict author cluster affiliation and future citation counts.

The zubsoqueirt sections of this work are stnrchrod in the following manner. We provide an

overview of the characteristics employed to delinearc individual publications and authors. Next,

we illustrate how these characteristics can be Etrl.loyed to forecast an authot's h-index and the
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ngmber of citations their papas neceive. In academic articles, a cornparison is made betrnreen

machine learning approaches and those that draw inspiration fiom probabilistic modeling. It is

important to note that there is oureirtly a lack of predictive probabilistic models specifically

designed for determining an authot's h-index. Consequently, conductiag a courparative analysis

acrcss authors using such models is impossible. The analysis concludes by examiniag the

features that exhibit the sfiongest correlation with our prediction objectives, followed by a

comprehensive discnssion of oru findingp and potential avenues for firther research [7].

6.2 Featurc Selecdon

To effectively utilize zupervised learning methods in the cun€nt study, it is imperative to initially

constnrct a comprehe,nsive set of features that accurately e,ncapsulate the conte,lrt of individual

pap€rs as well as the characteristics of the urthors. This study primarily emphasizes extacting

feahres from the citation netrrorlq coauthor gnpb and paper metadata, such as authors and

venue. Howwer, extacting content-based features from the text of papers is defen€d to futur€

rcsearch" Table I contains a cmpreh€nsive list of 44 author taits, which have beeir influenced

by prwious research tlCl2]. The 63 features of papers €xhibit similarities and are intentionally

omitted from being presentod to coos€rve space. Howerrq, 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 PaP6, authors, and velures in Table 6.1.

6.3 MetaData

Certain attributes can be derived frrom the metadata of a research aricle with minimal or

negligible processing. For exarrple, the author considers many factors, zuch as the authot's

citation comt, the natgre of the work (whettrer it is a survey or not), and the number of years that

have elapsed sinc,e the study's publication

6.4 Impact Etstory

Sweral key indicators of future influence can be derived directly from the temporal patterns of

citation cormtr and h-indices for partiorlar works and authors. These features eircompass the

crrmulative ngmber of citations, the qnual variation rn citation rarc, and the average citation rate
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over an ext€Dded period. Additionally, we considor the historical significance of venues by

extracting similar attributes for venues as we do for uriters. We then compile this information for

specific articles and authors.

6.5 Cltation and Coaut[or GmPhs

The citation and coauthor graphs' topology providcs valuable insights into the centality and

inflgence of papers and their respective authors. It is reasonable to anticipate that coauthors will

tend to circ each otber. Consequently, a high degr€e within the coauthor graph can indicate a

potential future rise in the h-index. According to [2], c€ntallty measurements within the

coauthor ship network yield significant indications of prospective achierrements. To enhance

computationd efficiemcy, our main indicators of centality consist of the in-degree and out-

degree.

6.6 Authorlmpect:

In this stgdy, we initially examine the prediction of the author's h-index usiag a machine learning

methodology. A set of 44 distinct features is generated for each author, and these features are

srbseqtrently employed in sweral regression models. To make predictions for a time borizon of

up to 10 years, we extract characteristics for authors who published their initials on or before 20.

The authot's h-indices observed from 1908 to 2018 are e,mployed as objectivee forprediction. It

is important to aoknowledge that we conduct many tnaining sessions for identical models, each

corresponding to one of the ten target years. We adopt the methodolory t8] proposed to exclude

uriters not actively engaged in sc,holarly wort. Spocificalty, we consider only authors with an h-

ioder( of no less thon 4. The regression models we employ in our training prrrcess are arranged in

ascending order of complexity, comureircing with basic baselines and concluding with cutting-

edge machine-leandng algorithms.

1. Plus.k (PK)

The prroposcd baseline model involves the addition of a constant value to the h-indices of atrthors

on an annpal basis. This constant, d€noted as 0.402, is determined by linear regession utilizing
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the Huber loss firnctio,n, which is known for its mbustness in handling outli€rs compared to the

conventional squred error loss [13].

2.Simple Mrrkov (SM)

The proposed model for linear regressionr incorporates characteristics of the autbor's h-index.

3. Lasso (LAS)

The regularized linear regression model incorporates all features, and the regularization value is

determined by a lO-fold cross-validation process [14]

4. Random forest (RI') The utilization of randomization approaches in conjunction with an

emsemble of regressio,n fiees has been proposed as a means to enhance performance [15]

5. Gradient boosted regrecsion trecs (GBRI) The approach involves ernploying a series of

basic regression fiees that are tained in an iterative rnann€r using a variant of firnctional gradieirt

descent [16]. Ciradie,nt-boosted fiees have demonshated high performance; nwertheless, 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 meEic rmder consideration is widely

recognized. Rz measure. The coefficient of deterrrination, de,noted 8s R2, is a statistical measure

that assesses the relative effectiveness of a model compared to a predictor tbat outputs the

average value of the labels. To assess our foreasts' effectiveness, we consider three performance

measures as outlined in the following section. The initial metric under consideration is widely

recognized. Rzmeasure. The coefficient of determination, denoted ss R2, is a statistical measure

used to assess the relative effectiveoess of a model in comparison to a predictor that gives the

average value of the labels. Within the framevrcrk of our research, the coefficient of

daermination of CV Rzholds the same meaning as:

. EE, (vu-ftu)'L-E""-6;ff
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In this shrdy, lV represens the ovsall count of writers. The variable !r,i denotes the h-inden of

the ith author in the jth year. On the other han{ f1,1 represents the anticipated h-index for the

author dnring that qpecific year. Additionally, h = f,}!=OU is calculated as tbe average h-

index acrcss all authors, computod by srmming the h-indices of each author and dividing the

total by iV. The variable iV represents the average h-ind€x across all authors, denoted as !ti.
Although R2 is widelytrsed as a metric to waluate the performance of regression models, it has

been observed that it t€ods to over€stimate th€ fdictive capability in the context of impact

prediction [17]. The phenome,uon of inflation in citation counts and h-indices arises due to their

inherent inability to drop and their sfiong positive cotr,elation, indicating a reliance on their

prwious )reat's values. To mitigate the presence of auto-conplation, an adjustrrent is made to the

R2measgre by deducting the established count of citations in 2009 from the projected targets in

theyears 1908-2018.

The PastAdjustd Rz(pA - Rz) is a new metric that we describe as

" El!, (yu-flu)"L-8-*d;4 (6.2)

where zll = !t,l - *,zoos Md Zi = f,E!=rrr,1. By performing the subtraction of the knoYm

amormt li,zoos 6pm /il in the denominator of the PA- Rzequatioq the de,nominator is

effectively reduced, eliminating certain deceptive inflation in the statistic. The commonly held

belief is that the R2 metric typically falls within the range of 0 to l. Howwer, it is important to

note that this assertion holds tnre only in certain specific scenarios, such as when calculating the

Eaining enor using linear regression. Both the coefficie,lrt of determination (R1 ard the adjusted

coefficient of detemnination PA- R2 are bounded by a maximum value of 1, inclusive, although

they can also take on negative values.

The R2 and PA- R2 measures are computed for all models using a test set consisting of 28825

authors. J[s findings are presented in Figurc 2. Concerniag the coefficie,lrt of determination R2,

it is evid€Nrt ftrom the analfrsis pr€s€ntcd in Figlr,g2q that the first CART and then gadie"t-.
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boosted regression tees exhibit significantly superior performance compared to the simple

baseline models. Aurong the three machine learning models, the disparities in perforrrance are

rather modesf the GBRT and RF models qrhibit comparable rezults, while the lasso model

derronstates.

(a) PA- R2, CART and baseline modelo wlth R
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(c) P,t- R^2. SYII and baseline models nith udiusted R^2
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The utilization of the PA- R2 metric sheds light on the unexpected challenges associated with

accurately forecasting the h-index during relatively brief intervals of l-2 years. This obserrration

stands in contrast to the pattenrs shown in Rz plots, where short-term poiods exhibit a high level

of predictability. The increment of an authods h-indeir is limited to integrat values, which results

in gndual gpu/th. While the long-term cumulative impact of these increments can be

anticipated, the short-term impact are less predictable. It is worth noting that the PA -
Rzmeasre indicates a significant enhancement provided by the S\/IVI model courpared to the

other machine leaming models (Figure 6.3 d). t8] examine the objective of predicting an indor

using elastic-net regularized linear regression on a dataset provided by neuroscientists. Our

findings are presented in Table 6.1, which is presented alongsid€ theirs. orr modcl de,monstrates

a significant improvement of 5}o/o in relative. R2 when n*ing predictions for future outcomes.

Ttese da1g sets were combined to fotm a cohesive whole, and hence, our models were tained

using this specific data set.

Although R'-tlpe measurEm.€,nts are widely used. We prefer Mean Percentage Error (lvIAPE),

which calculates the average error pencentage for each prediction. The Meur Absolute

Percentage Error (MAPE) is a metric used to measurc a forecasting model's accuracy.

iri:, l#l
In this context, the rth surnmand rrpresents the absolute pocentage enor, de,lroted * l(yr; -
qr,)lyr,i which quantifies the deviation between the i-th prediction aod the corresponding

actual valge. The IvIAPE, or Mean Absolurc 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. R2)

Where a higler nalue is preferred.

(6.3)
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Thbre 67 f*c unadiud R2 vatualor iltc auflw's h-fitbpedbfurc oya 7, 5, and lbycu

authot's h-itrdErr predictims ovcr l, 5, atrd l0-year periods arc

rqorted. Tlre Rzscorcs achisvcd by our CART and SV[d nodcls cxhibit a notoble incrcasc corpared to thc

findings p,royidod by [S], particululy whcn forccasting a dccadc ahcad.

Acunaetd (2012)

2.t7%

Upon analprng Figrue 3b, it becomes evide,nt that the srperiority of GBRT compared to the

other models is further e,mphasizd particularly in tsrms of Mean Absolute Percentage Error

(MAPE).In addition to its straightforward characterizatiorU the Mean Absolute Pocentage Error

(MAPE) possesscxt two major advantages compared to the R-squared measures. Initially, the

prooess involves standardizing the inaccuracy in each publication's forpcast. In the abse,lrce of

this normalizatioq the impact of being offby three units is deemed equally unfavorable for an

author possessi4g an h-index of one as it is for an author with an h-inder( of fiffy. This outcome

lacks intuitive coherence. Furthermore, in connast to the Mean Absolute Percentage Error

(MApE), Rz Measurements exhibit a heightened susceptibility to outliers and are srbject to

significant flgctuations when encout€ring a limited nrrrber of inaccurate predictions. The Mean

Absolurc Percentage Error (MAPE) yields results that are readily comprehensible. Notably, the

h-ind€x demonstrates remarkable predictability, even when forecastiag a decade ahead in FigurG

a.
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6.7 Paperlmpact

Tte 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 achiwement in

the modelling of this phenomena was accomplishd by [6] who dweloped a model that

established a proportionate relationship betwe€,lt the probability of a newly published pap€r'

de,noted I pncw, citing a prwiously published paper, dcttot€d I Pon, &d the number of

citations PoH had received at the time of p_ne#s publication. Price (Year) demonstrated that a

networt that expands using the "rich get richer" mechmism has node degrees that closely

resemble the power law distribution observed in actual citation networks. The preferred

attachment mechanism was later rediscovered and popularizd by [18], who ttamed this model.

The prefaential att chmeNil model bas lately served as a sourpe of inspiration for the

dwelopmelrt of probabitistic models aimd at forecasting the citation counts of particular pap€rs

[Z]. One particular predictive model characterizes citation tajectories through the utilization of a

Reinforeed Poisson Process (RPP). According to the RPP model, the act of acquiring a citation

e,nhances the likelihood of gaidng firther citations, hence exhibiting a self-reinforcing

mechanism akin to the concept of prefercnce attachmelrt as proposed bV [7].

In the RPP model, obtaini4g a citation enhances the likelihood of receiving futtre citations,

hencc exhibiting a form of self-reinforcement that might be likened to the concept of preference

attachment. Specifically, the rpsearch productivi$ and impact models use Cp(t),, which

represents the mrmber of citations rcceived by a paper p at time t > 0 fo[owing its publication.

This model assurnes that the citation pfi,cess follows a Poisson distibrution with a rate fimction.

ro(t) = 4' fo? | e)' (co1t; + m) (6'41

In this context l, represe,nts a fitness parameter; fp is anon-negative temporal decay function

with parameters Op, nd 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 zusceptibility of maximum likelihood esrimation to

overfitting it is advantageotrs to enhance this model by incorporating the Bayesian frameu'ork,

wherein t, is postulatod to be derived frrom a prior disnibution In this particular sc,enario, we
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gse the assurnption that the variable fris created by a Gamma distribution with parameters c and

9. The aforementioned approach significantly decrcases the quantity of factors that need to be

waluated and aids in mitigpting the impact of overfitting. Regr€ttably, the performance of this

rerrised model falls short of the anticipated outcoures. To enhance the precision of this

sophisticated model, we take into accormt the subsequent three alterations.

(r) The RPP model necessitates precise information of the spocific pubtcation dates of

articles. In this study, we expand upon this model to accorrmodarc a more realistic

scenario when only the publication year is available.

(ii) Regularization is utilized as a means to alleviarc the model's inclination towards

overfitting.

(ru) Inst€ad of imposing a constraint on the sharing of the Gamma prior values, a and p,

ac(rss all articles, we lropose an alternative ryproach ufiere these parameters can be

dAermined by a fully connected single layer naral network. This neural network

would take the same atfibtrtes used in the machine leaming models described below

as iryut. This enables a more nuanced understanding of the work by incorporating

morp information to suppleme,nt orn existing knowledge.

please refer to Appcrdix A for a comprehensive understanding of the methods errployed to

achiwe the aforr,mentionod three objectives. After implementing the alterations as mentioned

above, ogr analysis results in the existence of two potential models. The first model, referred to

as an RPPNeq incorporates all three modifications by utilizing the extacted features.

Conversely, the second model, knoum as an RPi only incorporatee the first two modifications.

In additio1, a machine learning methodology is employed to extact a total of 63 distinct

attributes for each publication, utilizing solely the information accessible in the year 2018.

Subseqqently, the aforementioned variables are employed to train the ide,ntical set of regression

models, as prwiously outlined for the prediction of author h-indcx. The objective is to forecast

citation corm6 for the period spnnning from 20(D to 2018. The data is zubjected to a filtration

prcoess wherein only publications that have grarnered a minimum of five citations before the

conclusion of 2018 are include4 establishing a threshold for impact. By substinrting author h-
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indices with pryer citations, we modify the MAPE , PA- R2,, and Rz metrics to di$ with the

cont€xt of a work's influence.

Figrge 3 displays the Mean Absolute Percentage Error (MAPE) for all the aforementioned

models, using a test set comprising 10,000 pap€rs. In terms of predicting author influence, it can

be shoum that CAR[ and SWI models consistentlybeat the baseline models over sweral )Ears,

as depicted in Figrue 3a. Among all models, the CARI and S\Ad models consistently

demonstate zuperior performance. Howwer, the observed performance primarily indicates these

measurEs' seirsitivity to outliers.

Error (MAPE) forecasts the author's h-

index with 95% confidence intervals. It is worth noti4g that these intertrals exhibit a

high lwel of precision
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Models Companed with CART and SVM models
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6.8 Factors involved in h',ediction.

One cnrcial elemeirt that bas been neglected in our prior analpis pertains to the investigation of

the influence of author carper and article age on the prediction performance. It is hlpothesized

that the rate of citations for a scholarly article will wentually stabilize over timg hence

facilitating the prediction of citation oount for older wor*s with increased acqracy. In a similar

vein, it can be posited that an urthor who has attained a significant level of professional

accomplishment is likely to possess a more consistent and enduring h-ind€x compared to an

author who is relatively new to the field. In order to examine this inquiry, Figur€ 5 illustrates the

percentage inacctgacy of our CARI aDd S\Ad predictions for each author and publication in our

test sets, stratified by age, over a period of l0 )rears. It is worth noting that althoug! the

inaccuracies in our forecasts appear to be primarity clustered around zero, indicating a lack of

bias, we observe a significantly gleater lwel of variability in the precision of our predictioms for

authors and publications of a younger age. This obseryation aligs with our prwious conjecture

that writers and publications of greater age exhibit higher predictability. Figr[e 6.6 also presents

the Mean Absolute Percentage Error (MAPE) pertaining to authors and papers within each age

goup. It is noteworthy that the predictability of citations and h-indices' as quantified by the

mean absolute percentage enor (MAPE), exhibits a zubstantial initial increase for both authors

and articles, followed by a subsequent lweling off.

1980
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As an illustration, those who had pursued a uniting career for 25 )lears by 2009 exhibited a mean

absolute perce,lrtage error (MAPE). This nalue is merely four pocentage points lower then that of

individuals who had been engaged in the profession for a decade. This obserrration implies a

firndanental lwel of fluctuation in citation cormts md h-indices that our model cannot accormt

for, wen gnder opimal circumstances. This obsenration urderscolts the necessity for future

research endeavors to expand the existi4g set of features in the citation history.

In addition to comprehending the extent of vriability in our predictions, we also pr)ssess a keen

cgriosity in disc€rning the primary factors that influenced those projections. To assess the

significance of this particular characteristic, we employ the t' SAtistic, a non-parameffic

correlation measure, to quantify the relationship between our features and the observed scientific

impact measurc [19]. The utilization of t'is advantageous as it eircompasses any potential

interdcpeod€nce between two variablGs, h contrast to the Pearson conplation coelficient which

solely crytur€s linear relatio,nships. Our analysis will only concelrEate on the characteristics that

contibute to the predictions of the h-inder( (refer to Figrue 4), as the findings are comparable for

prodicting paper citations. Notably, the relative significance of certain factors und€rgoes

alterations when examining forecasts throughout different forecasting p€riods. For instance,

while making predictions m an authot's h-indcx in 2010, it is evideirt that the moS significant

element is the authods h-ind€x in 2009. Howwer, in the prcdiction of the h-index in 2018, the

significance of the h-indcr( in 2009 is somewhat diminished compared to the quantity of articles

published over the period of 20G,2005 (Figure 6.5). ft is reasonable to anticipate that the

scholarly articles authorad by an individual in the present time will require a considerable

ngmber of years to amass a sufficient number of citations that would significanfly impact the

authods h-index. However:, once a substantial period of time has elapsd these papers become

influeirtial in dCIermining the authot's h-ind€rL The findings presented in this study are consistent

with the patterns observed in the rpsearph conducted by t8].

6.9 AModifleedon to The Rcinfored Polrron Prucelr Model

It is crgcial to acknowledge that within the framewo* of reinforced Poisson prccess models, the

variable Ce(t), deirotes the count of citations received by a paper p at a specific time t ) 0
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following its publication. lte observed variable in question adheres to a Poisson prccess

cherar/.r;rizd by a rate firnction.

ro(t) = t t(t t e)(q1t1+ m) (6.s)

The parameters \,lp,and m are utilized in conjunction with the temporal decay firnction /. The

pararreters la d 0o ue estimated by maximum likelibood estim*ion. [7] discovered that the

valge of m minimally inflgeirces the performance. Therefore, we adopt the app'roach of [7]and

us€ m = 10 as a oonstant value. In order to mitigate the issue of overfitting it is possible to

impose a Gamma( a,p)pior distribrution o'n the t, parameters. As mentioned in Section 4, the

model rmdeqgoes three adjustments, which will nowbe elaborated upon.

6.9.1Discretefime

As an evid€nt expmsion of the contimrous time RPP model, we proceed to describe Ce(n),

denoting the ngmber of citations received by an article p has n 2 | years srbsequent to its

publication, as a discrete time Poisson prccess characterized by a rate firnction.

ro(a) = 6pojn- 1) + d II-, 1(t t e)at. (6.6)

It should be noted that the variable d€noted as rr(n) indicates the average vatre for the full

dnration betwe@ n- L and n. In acrcordance with previous research, we define the firnction

f(tlO)=h"rrp(-#(lnt-f)z), where / represents a log-noroal probability densrW

firnction for 0 = (tt,o) € lR x In>g.

In order to prwent the occrrreirce of degenerate situations, it is imperative that we consisteirtly

make the assrmption that the value of p is more than or equal to -1, and the value of o is grcat€r

than or equal to 0.5. Co,nsider the log-normal cumulative distribution ftrnction denoted a Oa,

which corr€spoods to thc probability density firnction f (t I 0). For any i > l, we define AOa(r)

as the difference between AOa(D = Oa(i) - Oa(i - 1).. By employing the given notation, it is
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possible ro express the rate funcion as re(?r) = h(Cp(n- 1) + m)tOs(n1. IIre formulation

p,rovides a self-reinforci4g relatimship for any values of n greater than or equal to 1.

ce@)- Cp(n- 1) I ce(n- 1) - Poisso"(hGo@- 1) + m)4o614) (5.71

Given the initial condition Ce(O) = 0. In order to sheamline notation, we shall temporarily o'mit

the subscripts denotod by p.

Letnsusethep€r-yearcitationcountsC(1)-C(0)=d1,-.,C(n)-C(n-1-)=4-andour
objective is to conduct maximum likelihood estimation of l,and 0. In ordsr to proceeq it is
nocessary to obtain m explicit rqresentation of the likelihood firnctio,n According to its
definitiou

P(C(r) - C(i- L) = dil dr, -.,drr) - e-tcp$tDs(t)7t'16qt$)o'#' (5'Sl

Bas€d on the afore,meirtionod analysis, it becomes erride,nt that the probability of the observations

is easy.

L(tr, o I dt, -., h)= [lL, g-M Flao s(D Nt lo e (i)a' tJ'

= erp(-tEL1 cr-lao ery))],z!=,r,(*, aorli)o,-9Il 
(5'e)

It should be noted that the }l=rhis equivalent to the cumulative count of citations up to time n'

de,noted as IV. Considering the provided explicit fomr of the likelihood,

(a) The percentage inaccruacy in the forocast of an authot's h-index after a perid of 10 years.

When we impose the criterion of include only authors with an h-index of 4 or higher, we

observe that there arp no urthors at the age of one, and only a limitd number of authors at

the ages of two andthrce.

O) The percentage inaccrracy in the prediction of citation cotmt per manuscript after a period of

l0 years.
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Lcngth of Author Carcer in 2009

Years

r Author Career rn 2009 I %Error after 10 Years

trIgurc 6.6 Length ofAuthorCertcr in 2lXl9

Paper age in 2009

--

--
30

ycars

r Crted by l%"Error after 10 Years

f,lgutr 6.7 : The pclrccnfage error of thp GBRT forccasts aftcr a dccadc is plottcd for each urthor and

p"p"r i" our tcst s6ts. Thc iuthon and publicatione havc bm cabgorizcd into groups aepcmding on their

,96 r" of thc conclgsion of 2009. Aftcr ryplying restieions on thc publications and urthors wiftin that

go,p, *o have also inclqdcdtheMcanAbsolub PcrccntageEnor(MAPE) forcachgroup.

The estimation of I and 0 can be performed directly using maximum likelihood estimation. It is

important to observe that the logJikelihood extribits the following structure.
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L(1', 0) = loEL(1, 0 I dt, -', h)
-- -78!=tc1-1Aoe(i) * Mogt + ELr dllog(Aas(,)) + ELr b8(4J, (6'10)

diffaentiating we find that:

g =ftLo,e) e r= 
-L,.,_Lorrcr

(5.111

Plugging this optimum value, l' = t4i,_*r,_+"r<ry 
into.c gives

L(f ,O)= EL, dllog(AA6(i)) - MogQfl C1-1ArDe(r)) + const. (6'121

The diffsentiation of the above exprcssion is now performed with respect to lt,o. LcJ 0e

r€prcscnt the probability density function associated with a Normal Distribution with mean p and

variance o2. Subsequently, it may be inferred that:

ft

ftt<t,t>= f {"0-, -#J(oaGog(i)) - 0a0og(, - 1))) (6.13),

fi ,<*, r>= f {" o-, - #*,,J (ry oa oog(i))

- 
loe(' :1) - P 

oa(log(, - rll). (6.14)

By employing derivative-based optimization methods, the paranreters p,ando can be

dAemnined based on the infonnation above. By utilizing the estimated parameters 0 = (lt,o), we

cm make future predictions based on the mean of the Poisson prrrcess, t*ing into account the

previotrs data. The expression cn(t I l,g) represeirts the conditional orpectation of E[C(n + t) I

C(1), ...,C(n)\,

Apositive correlation exists between feature values and obserted h-indices within the period of

201;9-2013. Higher values of feature variables indicate a gr€ater degree of dependence. All

featnres utilize data that was acoessible in the year 2005. The evaluated characteristics

encompass the Hind (h-index), Cites (aggregate number of citations), Ave. Cites (average

ngmber of citations pq Yer), Cites '05 (number of citations in the year 209), Papers '04-'05

(quantity ofpapers published betrreen 2004 and 2005)'
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The number of published papers md the authot's PageRank inside the coauthor netwoft are two

important metrics to cmsider in acade,mic rpsearch. The data indicates a decrease in the

importance of authors'h-indices in 2009, but there is an incrcase in the value of other predictors,

such as the number ofpapers produced by an author between 2m4 and 2005.

NexL we can €mploy a recursive approach to calculate cn(J lf,O).This allows us to determine

the valuc of c,.(t I t,0)fort geater th r or equal to 1.

cn! I 1,0) = (C(n) + m) [Ii=r (1 + lAo6(n + i)) - at. (6.1s)

ftrUlc C.Z: Lerrnhg to Predlct CttrdorBored Imprct ltficerurcr

Avg
Cltcr

Pegc
Rrnkhlndcr r09

2009

2010

2011

2012

2013

2014

2015

2016

2017

2018

0.210

0.t77

0.239

0.146

0.121

0.261

0.199

0.263

0.274

0.195

0.200

0.201

0.173

0.r91

0.160

0.146

0.t32

0.211

0.191

0.134

0.115

0.195

0.107

0.1t6

0.123

0.181

0.106

0.117

0.158

0.107

0.150

0.t29

0.151

0.210

0.161

0.t26

0.171

0.1t0

0.232

0.062

0.063

0.065

0.06t

0.w7

0.092

0.116

0.121

0.135

0.138

0.103

0.r09

0.1(D

0.u5
0.120

0.122

0.123

0.134

0.138

0.149

0.052

0.055

0.05t

0.058

0.0t3

0.090

0.104

0.1r5

0.135

The table 6.2 provides the learning predictions citations based on impact fastors measurE such as

h indsx, cities, average cites, cites oa )rear 2OW .papers on year 2008-09 and page rank'
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6.9.2 Prior Ertensionr and Regularization

AGamma distribrutionwithparmeters o and p is employed as apriordistibution forthe

parameter 1,. Subsequently, the marginalization likelihood is computed. In order to sheamline the

re,preseirtation, we shall denote A as the product of the iterated difrerential operator AtD6 raised to

the power of dldividod by the factodal of d;, and waluated at Cp1 raised to the power of d-i,

ndl
thatis11 = ([ILrAO0(i)dtfrln"n*rirangesfromlton.similartotheprocedingsection,it

is assumod that we have ruade observations of C(1) - C(0) = dr, ...,C(n) - C(n - L) = dn,

for which we may exprcss the marginalization likelihood.

L(o,u, p I dt, -.,h) = 1i t tl,o I dt, ...,d)#//4-tr-Fty1
(6.16)

Upon carefirl ex@inatiotr, it becomes rypar€Nrt tbat the posterior distibution of the parameter 15

gven the observed data 1d1,.-,dn, follows a Gamma distribution with parameters (af
N , p + Z?=rCi-rAOa (r)). This distribution enables us to readily calculate the posterior mean.

150

l= EVI dt,-.,dnl=
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The logarithm of the minimiz6fl likelihood is obtained by applying the natural logarithm

function.

L(O,a,p) -- Bt [il, d/og(aoe(i)) + alog4 - logt(a)
*logr(a + Iv) - (a + Iv)tog(p + E?=r Ct-lAoa(i))

where9=f,frloteJisconstantwithrespecttotheparameterc 0,a,F'Nowtettingrpbethe

dlgamma function we have

(6.18)

(6.1e)

(6.20)

(6.2L)

(6.22)

ftlite'o'P1

fi4e'o'P1
that fitg,o,P1

fitP,o'P1=

= losF - {@) + {(a+ Iv) - log(p + ELr cr-raoe(i)
q. c+N _-g-1

p;'r=, cF,aoec' - i- n'

= EIL, (1r,-r- ;L.J (0a0oe(,)) - peQog(, - 1))),

EL, Qc,-' - #J ffi o, ttos('))

_ los(t:l)-r qa(toe(i _ rl))

It is noteworthy that, when comparing the derivatives concerning p and o to those computed in

the preceding section, the oetimal l' in that context ha" been substituted with the posterior mean

1.

h theprwious section, when conducting maximum likelihood inferencg treatiry each docrument

as an indep€Ddent €ntitywas deemed satisfactory as there wet€ no shar€d parameters alnong any

pair of papers. In the present context, it is notable that all pap€rs possess identical c and p

parameters, necessitating the execution of maximum lilclihood estimation for all pap€rc

simultaneogsly. To this eird let P be a collection of papers. For each p e? suppose we have

obseryations ce$) = dl.,ce?) - ce(L) = dl,,-.,co(n) - co(h - l) = dl*,, and let

Lo(1r,c,p) calorlate the log-likelihood for the specific paper, denoted as p. The log-tkelihood

of all pryers concurre,ntly can be expressed as the summation

b (u, P,{er}r.r) = Ep.o .%(ep, a, F) (6.23)
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The computation of gradients for .Cp can be easily achiwed by lweraging the derivatives that

have been prwiously computed for each individual Lp. Hace, the procedure of performing

maximum likelihood estimation for the parameters a,p, ard{0olo., can be carried out by

utili"i"g any gradieit-based optimization algorithm that is accessible.

I"et ns consider a scenario wherc a,,p,and,0o arc held constant. The acquisition of future

forecasts can be easily accomplished through the utilization of posterior techniques. Through the

pnrc€ss of iterated conditioning one rnay readily veriff that.

,o,",(t I a,p,ao) = elc"(h+ t I h,ee) I ce(t),...,co(q)l (6.24)

Given a constant valuc of 7p, we can calculate cr(h + t I Lp,O) bV utilizing the findings

presented in the preceding section. firerefore, it is possible to estimate the aforeinentioned

expectation with arbitrary precision by employiag a Monte{arlo approach. Specifically, we

extract samples from the posterior distibution of lp, which follows a Gamma distibution with

parameters a * N and (9 +ET+Cr-1AOa(r)), Subsequently, we calculate cn(3o + t I

Lr,flo)fot each of these samples and then compute thc average of the obtained results.

In light of the observed issue of overfitting associated with utilizing maximurr likelihmd

infere,nce, we prcpose incorporating a rregularization penalty into the optimization pnrcess.

Specifically, we suggest the inclusion of a penalty term of the fomr -rG)' ,y 2 0 is a hlper

parameter. Instead of aiming to maximize Lo,ow objective is to maximize.

4 (r, p, {eoloo) = hLoo t o(eo, a, p) - | e)' (5.2s)

Tte value of ulp corresponds to the average of the prwious distribution Gamma(c,F), so

serving as a detetrent against excessively large prior distributions. In practical applications, the

value of 7 is tpically daermined through the process of crcss validation.
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6.9.3 Neurel Network Structure

To faciliarc the incorporation of nuanced infomration into our prior distribrution, we additionally

conternplate the possibilrty of a and p being leanrt functions derived fro,m attributes retriwed

from each manuscript. For wery paper p let h e IRe be a set of features that correspond to the

paper. Next, we denote c and p as firnctions of the variable r, represented as a(xo),p(4),

rcspectively. Consequently, the distibution h is approximately Gamrnadistributd with

parametem ("(+),p(rr)).rn fuirctions c and p are acquirod as the output of a neural network

with a single layer that is frrlly connected and utilizes soft plus nonJinearities. This is achieved

by maximizine the penalized log-likelihood.

6 (o,p,{e,loo) = A}(o7r,,o1ry 
p(,,)) - rm G.26)

The empirical frndiags presented in the main study demonstrate that performance can be

enhanced by allowing c and F to vary based on rp.
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Chapter 7 Conchuion and Future trrod<

Chepter 7 Conclusion tnd Future IYork

The use of bibliometric research performance erraluation to evaluate degree awarding institutes'

research output is a commonly utilized approach since it offers essential information for

policymakers and organizations to allocate resourpes and money to encourage research. kr this

wodq we employed stochastic models to analpe and evaluate the bibliomefic data of Pakistani

institutes.

Data found that established and largq institutes produce morc rcsearch than younger and smaller

institutes. This is most likely owing to established and larger institurcs having more resouroes,

financing, and research infrasructure. We also discovened that the bulk of Pakistani institutes'

research output is in the field of natural sciences, followed by social sciences and engineering.

This means that sttrdy in other subjectg such as humanities and arts, should be encouraged.

Thirdly, we found that international collaborations significantly impact the rpsearch outprt of

Pakistani institurcs, with institutes havrng higher nrmbers of international collaborations

producing more rcsearch output. This highlights the importance of international collaborations in

enhancing r€search oulput and promoting knowledge exchange.

While our analysis gives significant insights into ttre rpsearch performance of Pakisani degree

granthg institutes, there are sevfial constraints to consider. For starters, our appnoach solely

consid€rs bibliometric data and ignores other factors that may impact research oulput, such as

institutimal policies, research infrastnrcturc, and firnding sourpes. As a result, future study might

look at these characteristics to present a mone complae picture of research performance.

Second our analysis is limitod to Pakistani institut€s and does not talre into account other nations

or areas. Future study might compare Pakistani instinrtes to those in other nations to uncover

parallels and variations in rcsearch performance.
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There arc yarious options for additional exploration in tems of future r€search proposals.

Investigating the variables that lead o the difference in research output among Pakistmi

institutes is one such option. This might enail investigating different institutes'ftmding sourlees,

research facilities, and institutional rules. Another area of future research would be to look at the

effect of rpsearch production on the reputation and ranking of Pakistani institutes. This might

entail investigating the relationship between research production and ranks in international

univasity rankings like the QS World University ranks. The effoct of inte,rnational cooperation

in incrcasing research oulput is required. Anallziqg the nature and effect of various sorts of

international partnerships, such as collaborative research projecs, joint publications, and joint

funding ryplications, might be part of this. Overall, our analysis eurphasizes the importance of

better collaboration and resource shariag among Pakistani institutes to boost research output and

performance. Tlre use of bibliomefic rpsearch performance erraluation to evaluate degree

awarding institut€s' rpsearch output is a commonly utilized approach since it offers essential

infonnation for policyrnakers and organizations tO allocate t€sources and money to encourage

research. In this worh we employed stochastic models to aoalye and evaluate the bibliometic

data of Pakistani institurcs. The skeu,ness of research output is most seen in the amount of

citations obtained by Pakistani institutes, with a small handful of institutes ganrering the vast

bulk of citations. This srggests that there is room for improvement in Pakisulti institurcs'

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

e,ncouraged.

Thind, we discovened that foreign collaborations had a considerable influence on Palcistani

institutes' research production, frfr institutes f,rith a larger number of international

collaborations creating morc rcsearch output. This emphasizes the significaoce of international

cooperation in improving research output and fostering knowledge exchange.

While our analpis gives significant insights into the researrch performance of Pakistani degree

granting institutes, thre are sev€ral constraints to consider. For starters, our apprcach solely

considers bibliometric data and ignores other factors that may impact research outpuq such as

institutional policies, research infrastructure, and firnding sourpes. As a result, future study might

look at these characteristics to present a mor€ co,mplete picture of research performance.
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Secon{ our aoalysis is limited to Pakistani institutes and does not consid€r other nations o'r

arcos. Future study might comparc Pakistani institut€s to those in other nations to ucover

parallels and variations in rcsearch performance. Finally, our analysis only analyses research

output in the form of publications and citations, and does not waluate other types of research

outpu! such as patenm or policy effect. Future studies might investigate how research output

affects non-academic sectors like industry and policy.
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