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ABSTRACT

MODELING THE DYNAMICS OF ACADEMIC
PUBLICATIONS AND CITATIONS

Publication performance of researchers in scientific institutions is evaluated with
some performance criteria for purposes like promotion, tenure or funding decisions.
However, there is a common concern that measuring research performance, if not prop-
erly done, may damage science. Researchers tend to change their research practices
when they are asked to be good at some particular measure. In this study, a dynamic
simulation model is developed for analyzing the change in publication practices of re-
searchers towards improving the performance measures used. Reputation of the faculty,
skill level, total time devoted to research activities, acceptance fraction of the papers by
the journals, publication and citation pressure on the researchers are the basic variables
in the model. The model is constructed and calibrated using Bogazici University Engi-
neering Faculty data. The validation of the model is established by standard structure
and behavior tests. Scenario and policy analysis are performed with the simulation
model to find good policies, which will carry the engineering school to a better position

in academic world, while not damaging the scientific work of researchers.

Forcing researchers to publish in high numbers results in numerous spurious pub-
lications with lower citations. Upgrading standards by introducing high benchmarks
makes researchers increase the time that they devote to research activities. Allowing
researchers spend more time on research activities by easing their loads is found to
be an effective managerial policy. Surprisingly, encouraging the faculty to give more
internal citations provides a high reputation for the school in the end and thanks to
high reputation level, both citation receiving rates and publication production perfor-
mances improve. Encouraging mostly the high quality research is found to be a good

policy, by generating more high quality publications compared to low quality ones,



hence increased citations.
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OZET

AKADEMIK YAYIN VE ATIFLARIN DINAMIGININ
MODELLENMESI

Akademik yiikseltme ve “tenure” kararlarinda ve akademik ¢alismalara 6denek
ayirmak gibi amaglarla bilim insanlarinin yayin performanslari gesitli peformans olgiit-
leriyle degerlendirilir. Ancak, yaymn performansimmin 6l¢iilmesinin dogru yapilmadig:
takdirde bunun bilime zarar verebilecegi, yaygin bir endigedir. Yayinlar:1 bazi dlgiitler
ile degerlendirilen bilim insanlari, akademik caligmalarini o 6lgekler dogrultusunda
degistirme egilimindedirler. Bu calismada, performans olcme kriterlerine gore bilim
insanlarinin akademik caligmalarini nasil degistirdiklerini gézlemlemek iizere dinamik
bir simiilasyon modeli kurulmugtur. Modeldeki temel degigskenler bilim insanlarinin
iinii, yetkinlikleri, aragtirma faaliyetlerine ayirdiklar: toplam zaman, yayin gonderdik-
leri dergilerden kabul alma olasiliklar: ve bilim insanlar: iizerindeki yayin baskisi ve atif
baskisidir. Model, Bogazici Universitesi Miihendislik Fakiiltesi verileri kullanilarak kali-
bre edilmigtir. Modelin validasyonu standart yapisal ve davranigsal dogrulama testleri
ile saglanmigtir. Senaryo ve politika analizleri ile, bilim insanlarinin akademik calig-
malarina zarar vermeden, Fakiiltenin akademik performansimi arttiracak politikalar

aranmigtir.

Akademsiyenleri cok sayida yayin yapmaya zorlamak, kaliteli olmayan ve az
sayida atif alan yaynlardan olusan, anlamsiz bir yayin envanterine neden olmaktadir.
Yayin performansinin kiyaslandigi standardin yiikseltilmesi, bilim insanlarinin aragtir-
maya ayirdiklart zamani arttirmalarini saglamaktadir. Bilim insanlarinin idari ve
egitimle ilgili yiiklerini azaltip onlara akademik caligmalar i¢cin daha serbest zaman-
lar saglamak da yayin ve atif performansini arttirmaktadir. Bilim insanlarim yayin ya-
parken birbirlerine kurum ici atif yapmaya tegvik etmek, uzun vadede fakiiltenin iiniinii

arttirmakta, ve artan iin sayesinde atif alma oran ve yillik yayin sayilar1 artmaktadir.
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Son olarak, kaliteli caligmalarin tegvik edildigi, yayin sayisinin ¢oklugunun dikkate alin-
madig1 bir politika denenmis, ve cok atif alan kaliteli yayinlarin artan sayilarda yapildigi

gbzlenmistir.
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1. INTRODUCTION

“Measuring and analyzing science” has emerged as a new field of science recently.
Different names have been assigned to this science all of which dealing with the dif-
ferent aspects of the field (Hood, 2001). The terms bibliometrics, scientometrics and
informetrics are coined respectively over time. Bibliometric methods have been applied
in various forms for more than a century, indeed (Pritchard & Wittig, 1981). However,
it is after 1960s that this “science of measuring and analyzing science” phenomenon

has become a very hot topic among scientists.

Pritchard (1969b, p. 348) defined bibliometrics to be “the application of mathe-
matical and statistical methods to books and other media of communication”. In 1969,
Vassily V. Nalimov & Z. M. Mulchenko coined the term ‘scientometrics’ (Nalimov &
Mulchenko, 1969b). Scientometrics has typically been defined as the “quantitative
study of science and technology” (Van Raan ,1998, p. 5). What makes scientometrics
different than bibliometrics is explained by Wilson (2001) as, while bibliometrics only
measures and analyzes the literature output like publications and citations in number,
scientometrics measures and analyzes much more, like the practices of researchers, the
socio-organizational structures, research and development management, the role of sci-
ence and technology in the national economy, governmental policies towards science
and technology, and so on (Wilson, 2001). The most recent metric term ‘informet-
rics’ was proposed in 1979 by Nacke with a definition covering the domain of both

scientometrics and bibliometrics (Nacke, 1979).

Although the three ‘measuring science /information’ fields are defined to measure
different aspects of science and scientific outputs, they all emerged because of similar
concerns, which can be summarized as the necessity for measuring the performance in
academic work objectively. The greatest effort has been expended on finding compact
quantitative formulas as research performance measures. There have been numerous
attempts for inventing such performance measures and there are already many variants

in use. Tenure committees need the performance measures for tenure decisions and



promotions. Funding organizations need them for determining the amount of fund to
be assigned to a particular university. Performance measures are also necessary to be
able to compare the performances of countries, universities, research groups, or even

individual researchers and to get an idea of the reputation of researchers.

Researchers who study the above-mentioned metric sciences first counted the
number of publications. When the fact that number of publications does not provide
an indication about quality was realized, number of citations was included in the anal-
ysis of science. (Garfield, 1970) To be able to measure the research performance of
individual scientists, citation-publication balancing metrics like h-index, g-index etc.
have been introduced to academic world. Currently, there are different procedures

applied in different countries for measuring research performance.

Since 1986, higher education institutes receiving funding from UK Higher Educa-
tion Funding Councils have been subjected to Research Assessment Exercise (RAE) on
a regular basis (Moed, 2008). Over 90 percent of the Funding Councils’ research grant
to universities is determined by the RAE results (Barker, 2007). Barker (2007) shortly
defines RAE as a periodic national peer review organized by ‘units of assessment’,

which broadly relate to disciplines or subject areas (Barker, 2007).

In Australia, for more than a decade, a large part of the government funds that
support the research activities is allocated on the basis of formula that comprise three

elements: research income, postgraduate students, and publications (Butler, 2004).

Norway introduced a new performance-based funding model in 2002. The model
aims to improve education as measured by the credits and graduates produced, in-
crease research as measured by research publications, and enhance external relevance

as measured by external funding. (Frolic, 2006)

In Netherlands, The Center for Science and Technology which studies at Leiden
University developed a series of new bibliometric methodologies. The results of the

research evaluation are used by Organization of Universities in the Netherlands and



The Netherlands Organization for Scientific Research. (Moed, 2005, s. 29-30)

In Canada, the director of C.H.U.L research center at the University of Laval in
Quebec apportions resources and promotions in the lab on the basis of a grading system
in which the size of a researcher’s grants counts for 40 percent, the performance of
graduate students and postdocs for 20 percent, and citations impact for the remaining

40 percent. (Taubes, 1993)

In Turkey, there is not a formula or a model by which universities receive funding
from government. The necessity for performance measures appears in promotion and
tenure decisions. The minimum performance standards to be hired by a university or to
be tenured are determined by Yiiksek Ogretim Kurulu (YOK). Besides the standards of
YOK, universities define their own standards. In the recent years, a minimum number
for number of publications is specified. To be counted, the publications should be

published in journals that are peer-reviewed and covered by ISI.

Peer review, research income, performance of postgraduate students, publications
and citation impact are the main performance measures used by countries mentioned.
The source of absence of consensus is the complexity of the issue. Every indicator has
its pluses and minuses. Inventing a compact, single performance measure is not an

easy job.

Including citation impact in research performance measurement is based on the
belief that citation is a medium for communication of research results. A controversial

debate is going on about what citations measure.

In 1979, Garfield claimed that act of citing is an expression of the importance
of the cited material because, authors refer to previous material to support, illustrate
or elaborate on a particular point. He considers the total number of such expressions
the most objective measure of the material’s importance to current research. He adds
that number of times all the material in a given journal has been cited is an equally

objective and enlightening measure of the quality of the journal (Garfield, 1979, p.24).



Moed (2005, s.202) points out that citation analysis is a very good measure of the
quality of scientific work to be used in sociological studies of science. However, he adds
that it is not perfect and not for individual decisions (Moed, 2005, s. 202). There are
some technical complaints on the citation issue like self-citation, negative citation, the
type of the publication and the size of the units being evaluated. The reverse opinions
are very sharp, indeed. Nature editor John Maddox says that, “When it comes to
promoting somebody, it’s almost as bad to be presented with a list of citations to his
various papers, as to be presented with the weight of those same papers in grams”
(Taubes, 1993). R.C. Von Borstel, a geneticist at the University of Alberta says that

citation analysis is a bean counter approach. (Taubes, 1993)

In measuring publication performance, complexity arises around the incapability
of number of publications in showing the quality of the work. Hamilton (1990) indicates
that 10% of the journals get 90% of the citations. If citations are really an indicator of
quality and a way of communication of scientific works, then it can be concluded that,
90 percent of academic work is produced just to be wasted because of not contributing

to scientific knowledge.

Allan Bard, editor of the Journal of the American Chemical Society complains
that, she finds 60 papers in her mailbox when she is in tenure committee, and it is
obvious that she is not going to read them all. She says that, “publication is no longer
represents a way of communicating with your scientific peers, but a way to enhance

your status and accumulate points for promotion and grants” (Hamilton 1990).

Peer review is a more detailed analysis. However, it is not possible for high
aggregation level and it is subjective. Barker (2007) states that peer review is not
enough itself because there is a lot of uncertainty about consistency and comparability

of the peer judgments which make up the results.

The problem in ‘measuring science’ phenomena is not only its complexity, but also
the possible negative results in scientists’ research practices. The concern is ‘measuring

science’ may affect science negatively.



In literature, we see many examples of changing research practices of scientists
towards changing performance measurement criteria. Moed (2008) shows that, in UK,
when researchers are asked to publish in high numbers, they simply increase their
number of yearly publications. When they are asked only quality of their publications,
then they start publishing in journals, which have high journal impact factor. Dictating
high number of citations considering citations a quality measure, makes institutions
stimulate researchers to collaborate or at least to co-author. Similarly, Butler (2004)
presents the case in Australia as when the “publications” item is added to the funding
formula without adding any weight for quality of the publication or quality of the
journal that the publication is published in, there happens an obvious increase in
number of publications but increase concentrates in lower ranked journals where it is

easier to place additional articles.

Regarding the citation element in the performance measure formula, Columbia
University sociologist of science Jonathan Cole says that “people may have a tendency
to abuse the citations, reify their meaning, put too much authority in the individual

numbers as associated with individual scientists” Taubes (1993).

James Duderstadt, president of University of Michigan criticizes the academic
promotion system. He says that the growing number of journals and the high number of
uncited articles simply confirm the suspicion that academic culture encourages spurious
publication. Frank Press, president of the National Academy of Sciences notes that
most of the papers are me-too type of follow-on papers or the journals are printing too

much. (Hamilton, 1990)

Chairman of the astronomy department at Columbia University says that, “the
obvious interpretation that the publish or perish syndrome is still operating in force”

(Hamilton, 1990).



2. PROBLEM DESCRIPTION AND RESEARCH
OBJECTIVES

The studies and concerns summarized show the importance of a comprehensive
analysis of the problem. This study models the dynamics of above-mentioned citation-
publication issues. Leaving the complexity of measuring science issue behind, we will
focus on the question of what performance measures may improve the research perfor-

mance and what measures may harm it.

It is assumed that there is citation pressure on researchers rising from concerns
regarding quality. There is also publication pressure on researchers rising from concerns
regarding publication productivity performance. The source of concerns may be one of
or a combination of self-satisfaction of researchers, management they are responsible
to, some kind of funding formula or decision criteria applied by promotion and tenure
committee. The behaviors of faculty members are analyzed under the assumption that
publication pressure makes them publish for large numbers and citation pressure makes

them head towards journals with high journal impact factor.

Real citation-publication data is used for initialing the model and estimating its
parameters. The data belongs to Bogazigi University Engineering faculty for years

1981-2006.

The aim of the model is twofold. First, we seek to see the long run publication
behavior of faculty members under the assumptions we determined. We explored where
the faculty will be in terms of citation and publication performance in the future, if
she/he goes on making research in a particular manner. Secondly, some policies are
developed as different combinations of performance measures. The policies are; up-
grading the publication benchmark, concentrating on mostly publication productivity
rather than quality, allowing faculty members devote more of their time on research
activities, stimulating the faculty members to have more internal citations, stimulating

the faculty members to publish for quality while not focusing on quantity. The policy



analysis part aims at finding good policies that will take the faculty to better positions

by balancing different aspects of publications and citations.



3. LITERATURE REVIEW

Moed (2008) presents a detailed bibliometric analysis of the UK publication out-
put during the time period 1985-2004. He tries to understand the possible effects of
Research Assessment Exercise (RAE) upon scientists’ publication practices and the
effects of funding procedures upon the performance of a national research system. The
most recent RAEs had been done in 1992, 1996 and in 2001 when Moed wrote his
paper. In the RAE 1992, total publications counts were requested. Prior to that year,
UK scientists substantially increased their article production. In the RAE 1996, a shift
occurred in evaluation criteria from quantity to quality. The publication data requested
was up to 4 ‘best’ publications per research active staff member. UK scientists gradu-
ally increased their number of papers in journal with a relatively high citation impact.
In RAE 2001 the criteria were emphasizing quality again. During 1997-2000, institu-
tions raised their number of active research staff by stimulating their staff members to
collaborate more intensively or at least to co-author more intensively, although their
joint paper productivity did not. Moed (2008) concludes that, “along the way towards

777

the RAE 2001, evaluated units in a sense shifted back from ‘quality’ to ‘quantity’™.

Barker (2007) points out one weakness of RAE as it is a reward for research-
based institutions, since it counts the published research papers. She gives medicine
as an example. She says practice is very important in medicine but RAE has created
tensions between research, teaching and the practice of medicine in many university

medical schools.

Barker (2007) also criticizes the peer review in RAE. She says that peer Review
causes “grade inflation, reinforcement of existing hierarchies, underrating of areas which
are not strongly disciplinary or theoretical”. She adds that there is lot of uncertainty
about consistency and comparability of the peer judgments which make up the results.
However, she admits that substituting direct peer review with metrics would remove

many of these problems but bring other ones (Barker, 2007).



Butler (2004) used bibliometric data to examine the effects of the policy change
in Australian universities on academic output. She found that Australian university
publication output increased significantly in response to the “publications” item in the
funding formula. She adds that, as there is no attempt to weight for the quality of ei-
ther the output itself, or the publication in which it appears, increase in journal output
is concentrated in lower ranked journals, where it is easier to place additional articles.
Figure 3.1 is taken from Butler’s paper. She distributed the journals into quartiles
according to the journal impacts. For example, Quartile 1 includes the journals with
highest impact factors, and Quartile 4 includes the journals with the lowest impact fac-
tors. On the vertical axis, we see the percent share of Australian universities’ papers
in those journals. We see a sharp turning point at year 1993, when number of publica-
tions is linked to funding. In the figure that point is shown with the note “introduction
of publications collection”. She also makes us realize that the share of publications
in journals with lower impact factor increases more than in the journals with higher
impact factor. She adds that, for smaller institutions, this “number of publications”

item is more rewarding and easier to improve than the others (Butler 2002).

Butler (2004) also studied big research sites of Australia other than the univer-
sities which are; the Commonwealth Scientific and Industrial Research Organization
(CSIRO), the hospitals and the government research agencies. These research sites
are not subject to funding formulas like the universities are. She found that, there is
no new trend in the publication shares of those research sites. This also supports her

conclusions about Figure 3.1.
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Figure 3.1. Australian universities’ share of publication in the SCI, by journal impact

quartile: five year window (Butler, 2002)

Besancenot (2006) constructed a good model which examines the quality change
in research in response to the incentives. He considered the publication issues in a
publication market with supply-demand terms. The supply of papers is the outcome
of a simple game between researchers and deans. Researchers must decide on the
optimal publication strategy, where deans set up a publication incentive policy so as to
stimulate submissions with major journals. The demand is the paper selection process
by editors and referees. The model shows that when there is no incentive, top-tier
journals publish only high quality papers worked out by top scholars, while normal
journals publish good but lower quality papers drafted by normal scholars. When the
bonus exceeds a given threshold, at least some normal scholars may choose to submit
their work to major journals. Because more normal researchers manage to publish
with major journals, the quality of these journals slides down. Moreover, as more
submissions arrive into the hands of the editor, he is obliged to call on less accurate
referees. As a consequence, chances of top researchers to have their work published
decline, a phenomenon which further alters the journal’s quality. At the end of the day,

the compensation of the best researchers goes down and the research performance, as
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estimated by the number of papers published in top-tier journals, may fall for the best

research institutions.

Hamilton (1990) gives some remarkable statistics. He indicates that 10% of the
journals get 90% of the citations. James Duderstadt, president of University of Michi-
gan criticizes the academic promotion system. He says that the growing number of
journals and the high number of uncited articles simply confirm the suspicion that aca-
demic culture encourages spurious publication. Frank Press, president of the National
Academy of Sciences notes that most of the papers are me-too type of follow-on papers

or the journals are printing too much.

Allan Bard, editor of the Journal of the American Chemical Society complains
that, she finds 60 papers in her mail box when she is in tenure committee, and it is
obvious that she is not going to read them all. She says that, “publication is no longer
represents a way of communicating with your scientific peers, but a way to enhance

your status and accumulate points for promotion and grants”. (Hamilton 1990)

Chairman of the astronomy department at Columbia University says that, “the
obvious interpretation that the publish or perish syndrome is still operating in force”.

(Hamilton 1990)

Number of citations as a performance measure has been debated a lot. Taubes
(1993) briefly gives the opinions of scientists. For example Columbia University soci-
ologist of science Jonathan Cole says that “people may have a tendency to abuse the
citations, reify their meaning, put too much authority in the individual numbers as as-
sociated with individual scientists”. Some scientists tell that citations does not tell the
full story, especially when the analysis gets down to the level of individual scientists.
R.C. Von Borstel, a geneticist at the University of Alberta says that citation analysis
is a bean counter approach. Nature editor John Maddox adds, “When it comes to
promoting somebody, it’s almost as bad to be presented with a list of citations to his
various papers, as to be presented with the weight of those same papers in grams”.

(Taubes, 1993) There are some technical complaints on the issue like self citation, neg-
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ative citation, the type of the publication and the size of the units being evaluated.
Taubes (1993) presents those technical issues briefly. Moed (2005, s. 80) says that
“Scientists have many tasks and duties. Citation analysis does not take into account
all of them. Citation analysis assesses the contribution at the international research
front”. Moed (2005, s.202) points out that citation analysis is a very good measure
of the quality of scientific work to be used in sociological studies of science. But, he
adds that it is not perfect and not for individual decisions. (Moed, 2005, s. 202) He
also argues that what citation analysis measures is authoritativeness of a paper, its

rhetorical strength. (Moed, 2005, s. 203)

Journal impact factor is another performance indicator. Besancenot (2006) says
that a few of the journals can be considered as “major” or “top-tier” given their world
wide notoriety and ability to shape future research. Reedijk (2008) mentions the pos-
sible tricks that can make journal impact factor unreliable. One of the concerns of
Reedijk is that editors or even referees stimulate authors to cite their journal. He adds
that, since the calculation of the journal impact factor is based on a two absolute years,
i.e. the time period covers two years starting from beginning of the first year and end-
ing at the end of the second, the journals publish the “expected top-cited” papers early
in the year. He says that the journals may accept the fashionable topics. He concludes
that impact factor can easily be manipulated by editorial strategies and policy makers

should be aware of that.

In literature, there are some cautions and suggestions concerning how to use those
performance indicators. Some of them are presented below very briefly. Coccia(2008)
refers to a previous study which compared five measures of performance in UK uni-
versities during 1980s. The finding is that no university performed either consistently
well or consistently badly across all indicators (Coccia, 2008). So, a good performance

measure should never rely on one basic indicator.

Combining peer-review with bibliometric indicators is a very frequently suggested
policy. Coccia (2008) says that to reduce the risk of wrong research evaluation, the

mathematical techniques have to be associated with other qualitative approaches such
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as peer review. Maddox says that anyone on a tenure committee should have the time
and sense to read and understand the applicants’ papers and judge for himself, rather

than relying on citation impact data (Taubes, 1993).

Some universities have begun limiting the number of papers they will accept for
evaluation. For example, the promotion committee of The Harvard Medical School only
reviews applicants’ 5 to 10 most significant papers. (Hamilton, 1990) The purpose of

this application is to give the promotion committee more time to evaluate each paper.

Aggregation is another issue that should be taken into account according to the
findings in literature. Moed, who has studied a lot on the bibliometric analysis issue,
says that “bibliometric analysis may be highly useful to policy decision makers when
they are applied at higher levels of aggregation aiming at providing insight in more
general characteristics of scholarly activity”. (Moed, 2005, s. 33) As the most appro-
priate level of aggregation in citation analysis, Moed (2005, s.87) suggests “research
group” rather than a single individual. He adds that “a methodology, even if it pro-
vides invalid outcomes in individual cases, may be beneficial to the scholarly system as
a whole” (Moed, 2005, s. 34). Suzan Cozzens says that, “the smaller the unit you're
trying to evaluate with citation data, the more sensitive it has to be, and the more

dangerous it can be. (Taubes, 1993)

Making the measurements for different fields separately is also a widely accepted
strategy. In a study about RAE, Barker (2007) says that “it would be appropriate to

compile and publish rankings of universities per research field or discipline”.

Moed suggests some tips to follow to make the use of bibliometric indicators
more appropriate. He suggests that a bibliometric indicator should be “formal, open,
scholarly founded, supplemented with expert and background knowledge, carried out
in a clear policy context, stimulating users to explicitly state basic notions of scholarly

quantity, enlightening rather than formulaic”. (Moed, 2005, s. 28)
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4. METHODOLOGY

System Dynamics methodology is employed in modeling the dynamics of academic
citation-publication problem. Barlas (2002) explains the system dynamics discipline

with the words:

System dynamics discipline deals with dynamic policy problems of systemic,
feedback nature. Such problems arise from the interactions between system vari-
ables and from the feedbacks between the managerial actions and the system’s
reactions. The purpose of a system dynamics study is to understand the causes
of a dynamic problem, and then search for policies that alleviate/eliminate them.

The problem in hand is appropriate to be modeled with system dynamics modeling

due to typical properties necessitating systems approach.

There are circular causal relations between the variables which can be shown
by feedback loops. The ‘causal effect diagram’ showing the circular causal relations
between the variables can be seen in Figure 5.1. The problem is dynamic. Variables
change over time as they interact. The changes are not straightforward to predict.
There are time delays involved between causes and effects and between actions and
reactions. The main cause of dynamic behavior is the internal structure of the system.
This systemic/endogenous perspective is defined by Barlas (2002) as ‘the structure
causes the behavior of the system’. Since the dynamics are formed by internal structure
but not purely external forces, managerial control and improvement is possible, which

is the main purpose of the study.

The methodology consists of the following major steps:

Problem description and studying objectives

Conceptual model and data analysis

Construction of the formal model

Model testing and validation

e Scenario and policy experiments



e Policy recommendations and conclusions

e Implementation

15
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5. OVERVIEW OF THE MODEL

The dynamic simulation model consists of the faculty members of a school, their
publications and the citations those publications receive. The purpose of the study is to
examine the behaviors of researchers in response to the dynamics of various publication

and citation pressures.

The model is composed of 6 sectors. The sectors correspond to research time,

publication, publication and citation pressures, skill, reputation and citation.

In the following sections, general overviews of the sectors are presented. Underly-
ing assumptions, the approach used, data used in the initialization, structural details,

equations and the dynamics of sectors will be discussed throughout the next chapter.

5.1. Research Time Sector:

Faculty members have various kinds of jobs to do. These jobs can be admin-
istrative, attending lectures and making research. In this model we are dealing with
the research activities of the faculty. The Research Time shown in the first loop rep-
resents average time of the faculty members that is devoted to research activities. It
is assumed that those research activities end up with writing academic papers and
submitting them to academic journals. Research Time is not constant. It increases or

decreases depending on the publication pressure felt by the faculty members.

5.2. Publication Sector

In the model, the faculty members write three kinds of papers. Those papers are
called as A, B and C type; namely high quality, medium quality and low quality papers.
It takes very long time to write a high quality paper. In return that paper is published in
a high quality journal. On the other hand if you write a medium quality paper,which

requires a shorter time to be written, that paper is published in a medium quality
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journal. Similarly, a low quality paper which can be written very fast, is published
in a low quality journal. The journals are classified into quality categories according
the average number of citations received by the publications in the journals. In the
model, the journals are classified into 3 quality categories. A paper published in a high
quality, namely A type journal, receives more citations per year than a paper which is
published in medium quality, namely B type journal. Similarly a paper published in
a B type journal, receives more citations per year than a paper which is published in
low quality, namely C type journal. Approximately in the first two years after being
published, the publications are called newborn publications and are assumed to get
no citations. After about 2 years, the publications are active publications and they
get citations until they die. The life of the active publications are about 20 years. A
type publications become living publications faster than B type publications and B type
publications become active publications faster than C' type publications. On the other
hand, A type publications live longer than B type publications and B type publications
live longer than C type publications. After they die, the publications get no more

citations and they are called obsolete publications.

5.3. Publication and Citation Pressures Sector

There is an assumption that, research performance is quantifiable and the faculty
uses two main research performance measures. The first one is “average number of
publications per faculty per year”. The second one is “average citations received per
publication”. These two performance measures of the faculty are compared with reliable
benchmarks. World data is chosen to be the benchmark. The average number of
publications per faculty per year in engineering fields in recent years in the world is
calculated to be compared with the publication performance of the faculty. The average
number of citations received by the publications in engineering fields in the world is
calculated to be compared with the citation performance of the faculty. For the future
years, the world’s performance measures are estimated using the previous years’ data.
If the average number of publications per faculty per year is less than the world average,
faculty members feel a publication pressure. On the other hand, if the average number

of citations per paper is less than the world average, faculty members feel a citation
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pressure. The higher the gap between faculty’s and the world’s performance measures,

the stronger the pressure felt by faculty members.

An assumption is that, it is in the faculty’s hands to make decisions about how
to distribute their research time between research activities. The main dynamics of the
model comes on stage with this decision. Under the publication and citation pressures,
faculty members decide on writing A, B or C type papers. It is assumed that, if there
is publication pressure on the faculty, they tend to ignore quality and try to write as
many papers as they can. This pressure pushes them to write C type papers because
C type papers are easy to write and they are written in a short time. They tend to use
their research time more in writing C type papers and less in writing A type papers.
On the other hand, if there is citation pressure, quality will be indispensable because,
only high quality publications receive high numbers of citations. Citation pressure will
push the faculty members to write A type papers which are not easy to write, require
a long time but get higher number of citations. In the absence of any type of pressure,
B type papers are written. If both of the pressures are felt at the same time, faculty

members try to make both A and C type papers to deal with both of the pressures.

5.4. Skill Sector

Skill level of faculty is a combination of many qualities of the faculty. Experience,
financial support, accessibility to research materials are some of these qualities. In
order to keep the model simple, this variable is included in the model as an exogenous
variable. Skill level has a positive effect on publish rate. It can be said that thanks
to having a high level of skill, the required time for writing a paper is shorter, so it
is possible to write more papers in less time. Skill level has a positive effect on the

number of citations received as well.

5.5. Reputation Sector

Having reputation in academic world means to be known for making good re-

search. This good esteem makes your publications read by other researchers. Other
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researchers who read your publications give citations to your publications. The more
citations your publications receive, the more visible you are in the academic world.
Therefore, average number of citations per publication and reputation have direct ef-

fects on each other.

The papers submitted to journals are either accepted or rejected by the journals.
In the model, a particular fraction of the submitted papers are accepted by the journals.
Acceptance fraction changes depending on the reputation of the faculty. A type papers
are submitted to A type journals, B type papers are submitted to B type journals and
C type papers are submitted to C type journals. This makes it possible to assume that

acceptance fraction is roughly the same for all of the three paper types.

5.6. Citation Sector

The citations received by the publications accumulate in two kinds of stocks in
the model; Ezternal Citations and Internal Citations. FExternal citations are received
by papers which are not written by faculty members. Reputation has a strong effect
in this kind of citation. On the other hand, Internal Citations are given by known col-
leagues or the authors of the papers themselves. For this kind of citations, reputation
is not necessary because the colleagues already know each other well. Skill level of the
faculty has a positive effect on both citation types. Although each type of paper is
submitted to the related type of journal, like A type paper to A type journal, it cannot
be said that all the A fype papers in an A type journal receive the same number of
citations. Skill level provides this difference in citation receiving rates between two A

type papers in an A type journal.

Figure 5.1 provides a brief causal-loop diagram of the overall model.
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Figure 5.1. Causal-loop diagram of the overall model.

The model simulates the publication and citation dynamics of Engineering Fac-

ulty of Bogazici University between years 1995 and 2040. The model is initialized with

real data from Bogazic¢i University. Time unit is a year.

All model variables with their definitions, types and dimensions are provided in

Table 5.1.



Table 5.1. All model variables and parameters with their definitions, types and

dimensions
Variable Definition Type Dimension
Paper Submitted A Paper Submitted A Stock Paper
Paper Submitted B Paper Submitted B Stock Paper
Paper Submitted C Paper Submitted C Stock Paper
Newborn Pub A Newborn Publication A Stock Paper
Newborn Pub B Newborn Publication B Stock Paper
Newborn Pub C Newborn Publication C Stock Paper
Publication A Publication A Stock Paper
Publication B Publication B Stock Paper
Publication C Publication C Stock Paper
Obsolete Pub Obsolete Publication Stock Paper
External Citation External Citation Stock Citation
Internal Citation Internal Citation Stock Citation
Perceived Reputation Perceived Reputation Stock unitless
Desired fA Desired fraction for A Stock unitless
Desired fC Desired fraction for C Stock unitless
fract of Res T for A Fraction of Research Time for A Research Stock unitless
fract of Res T for B Fraction of Research Time for B Research Stock unitless
fract of Res T for C Fraction of Research Time for C Research Stock unitless
Tot Pub in 3yr Total Publications in 3 years Stock Paper
Research Time Research Time Stock | Year / Faculty / Year
Paper Writing Rate A Paper Writing Rate A Flow Paper / Year
Paper Writing Rate A Paper Writing Rate A Flow Paper / Year
Paper Writing Rate A Paper Writing Rate A Flow Paper / Year
Publish R A Publish Rate A Flow Paper / Year
Publish R B Publish Rate B Flow Paper / Year
Publish R C Publish Rate C Flow Paper / Year
Reject R A Reject Rate A Flow Paper / Year
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dimensions (Continued)

Table 5.1: All model variables and parameters with their definitions, types and

Variable Definition Type Dimension
Reject R B Reject Rate B Flow Paper / Year
Reject R C Reject Rate C Flow Paper / Year
Mature R A Mature Rate A Flow Paper / Year
Mature R B Mature Rate B Flow Paper / Year
Mature R C Mature Rate C Flow Paper / Year
Obsolete R A Obsolete Rate A Flow Paper / Year
Obsolete R B Obsolete Rate B Flow Paper / Year
Obsolete R C Obsolete Rate C Flow Paper / Year

Ext CR External Citation Receiving Rate Flow Citation / Year

Int CR Internal Citation Receiving Rate Flow Citation / Year
Per Rep Change Perceived Reputation Change Flow 1/ Year
change in fA Change in fraction of high Flow 1/ Year
change in fC Change in fraction of low Flow 1/ Year
transition A B Transition between A and B Flow 1/ Year
transition B C Transition between B and C Flow 1/ Year

Tot Pub R Total Publish Rate Flow Paper / Year

Trash Trash Flow Paper / Year
Res T adj rate Research Time Adjustment Rate Flow 1 /Faculty/ Year
Faculty Faculty Auxiliary Faculty
Initial Faculty Faculty Auxiliary Faculty
Faculty Increase Rate Faculty Increase Rate Auxiliary Faculty / Year
required T A Required Time A Auxiliary Year / Paper
required T B Required Time B Auxiliary Year / Paper
required T C Required Time C Auxiliary Year / Paper

Publish T

Publish Time

Auxiliary

Year
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Table 5.1: All model variables and parameters with their definitions, types and

dimensions (Continued)

Variable Definition Type Dimension
Reject Time Reject Time Auxiliary Year
Mature T A Mature Time A Auxiliary Year
Mature T B Mature Time B Auxiliary Year
Mature T C Mature Time C Auxiliary Year
Obsolete T A Obsolete Time A Auxiliary Year
Obsolete T B Obsolete Time B Auxiliary Year
Obsolete T C Obsolete Time C Auxiliary Year

Ext Cit /P/Y A External Citation per Publication per Year A Auxiliary | Citation / Paper / Year

Ext Cit /P/Y B External Citation per Publication per Year B Auxiliary | Citation / Paper / Year

Ext Cit /P/Y C External Citation per Publication per Year C Auxiliary | Citation / Paper / Year

Int Cit /P/Y A Internal Citation per Publication per Year A Auxiliary | Citation / Paper / Year

Int Cit /P/Y B Internal Citation per Publication per Year B Auxiliary | Citation / Paper / Year

Int Cit /P/Y C Internal Citation per Publication per Year C Auxiliary | Citation / Paper / Year

Avg Pub/F/y Average Publication per Faculty per Year Auxiliary | Paper / Faculty / Year

W avg Pub/F/y | World Average Publication per Faculty per Year | Auxiliary | Paper / Faculty / Year

Skill Skill Auxiliary unitless
Acc Percentage Acceptance Percentage Auxiliary unitless
Acc Fraction Acceptance Fraction Auxiliary 1/Year
Reject Portion Reject Portion Auxiliary unitless
Act Rep Actual Reputation Auxiliary unitless
Rep AT Reputation Adjustment Time Auxiliary Year
W avg Ext Cit World Average External Citation Auxiliary Citation / Paper
W avg Int Cit World Average Internal Citation Auxiliary Citation / Paper

AvgExtC/P Average External Citation per Paper Auxiliary Citation / Paper




Table 5.1: All model variables and parameters with their definitions, types and

dimensions (Continued)

Variable Definition Type Dimension
AvgIntC/P Average Internal Citation per Paper Auxiliary | Citation / Paper
W Avg Cit per Pub World Average Citation per Publication Auxiliary | Citation / Paper
Normal fA Normal fraction for A Auxiliary unitless
Normal fC Normal fraction for C Auxiliary unitless
fA goal Fraction for A goal Auxiliary unitless
fC goal Fraction for C goal Auxiliary unitless
fA AT Fraction for A Adjustment time Auxiliary Year
fC AT Fraction for C Adjustment time Auxiliary Year
AB AT A B adjustment time Auxiliary Year
BC AT B C adjustment time Auxiliary Year
Eff of Rep on Acc Perc Effect of Reputation on Acceptance Percentage Auxiliary unitless
Eff of Skill on Pub Effect of Skill on Publications Auxiliary unitless
Eff of Skill on Cit Effect of Skill on Citations Auxiliary unitless
Eff of Pub Press on Res T | Effect of Publication Pressure on Research Time | Auxiliary unitless
Eff of Rep on Ext Cit Effect of Reputation External Citation Auxiliary unitless
Eff Ext Cit on Rep Effect of External Citation on Reputation Auxiliary unitless
Eff Int Cit on Rep Effect of Internal Citation on Reputation Auxiliary unitless
Eff Cit Pr on fract A Effect of Citation Pressure on fraction for A Auxiliary unitless
Eff Cit Pr on fract C Effect of Citation Pressure on fraction for C Auxiliary unitless
Eff Pub Pr on fA Effect of Publication Pressure on fraction for A Auxiliary unitless
Eff Pub Pr on fC Effect of Publication Pressure on fraction for C Auxiliary unitless
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6. DESCRIPTION OF THE MODEL

In this chapter all the model variables and parameters are explained in detail.

The stock-flow structure of the whole model is provided in Figure C.1, C.2 and C.3.

6.1. Publication Sector

6.1.1. Background Information

Papers “live” in different conditions throughout their lifetimes. They are born,
get mature, receive citations, and then they die. But, every paper will not have the
same life. Some of them are good quality ones. They attract more attention and receive
citations more than the others. Those good quality papers mature fast and live longer
than the others. There are even some top quality papers which never die. Those are

the core papers of a field.

In the model, the papers start their lives and complete their journey through

different routes composed of stocks according to their quality class.

For modeling the aging structure of the papers, the findings of Lariviere (2008)
are adopted.

The papers and journals are categorized according to quality. The quality clas-
sification depends on the average number of citations received by the publications in
the journals. This categorization is consistent with ‘Journal Impact Factor’ which is
a measure of journal quality. The Journal Impact Factor was developed by Eugene
Garfield (Garfield, 1972). The impact factor of a particular journal in a particular
year is defined as: the number of citations received in that year by all documents pub-
lished in that journal in the last two years, divided by the number of citable documents

published in that journal in the last two years (Moed, 2005, p.92).
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Journal impact factor is exposed to many criticisms because of its weaknesses.
The most basic criticism is that it only measures the citation impact of articles in
the second and third year after publication. It is therefore biased towards journals
revealing a rapid maturing or decline in citation impact (Moed, 2005, p.40). However,
journal impact factor is now in use as a quality indicator. In addition, our model
considers not only the second-third year citations but all of the citations received by

papers throughout their lives.

6.1.2. Assumptions

When a paper is submitted to a journal, it is subjected to peer review. Some
of the papers are rejected by the journal. This model does not deal with the rejected
papers. Rejected papers are either discarded or revised by the researcher. The revised
papers are assumed to enter the system again as a new paper through the paper writing

rate flow.

In classifying the papers according to quality, the citations of the papers are taken
into consideration. The study is done with the citations received in the first 8 years
of the publications. This approach is based on the foundation of Lariviere (2007).
According to their findings, approximately 62 per cent of the citations are received in

the first 10 years of a publication.
6.1.3. Description of the Structure

Papers act differently throughout their lifetimes. After being written, papers stay
in four stocks for varying times. The four stocks are called; Paper Submitted, Newborn

Publication, Publication, Obsolete Publication. The details of the stocks are explained

throughout this section. Basic stock flow structure is seen in the Figure 6.1.

6.1.3.1. Paper Submitted Stock. The first of four publication stocks is Paper Submit-

ted stock. After a paper is written by researchers, that paper is submitted to a journal
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Figure 6.1. Basic Stock Flow Structure of Publication Stocks

to be published. The peers read the paper and decide on whether accepting or rejecting

the paper. This stock stands for representing the papers that are under peer review.

Papersubmitted(t) = Papersubmitted(t — dt)+

+ (PaperWriting Rate—Publish Rate—Reject Rate) x dt  (6.1)

The inflow of this stock is Paper Writing Rate. The equation of the inflow is:

PaperWritingRate = NumberofFaculty x EffSkillon Pubx

fractofResTforA
requiredtime

* ResearchTime

(6.2)

Number of Faculty is the real number of Bogazici University Engineering faculty
members. The numeric values are presented in the Section 6.1.4. Eff Skill on Pub is
a positive effect. It is assumed that, the more skilled the faculty members, the higher

the Paper Writing Rate6.2.
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Figure 6.2. Effect of Skill on Publications

Research Time is the fraction of time of the faculty that is devoted to research
activities. The parameter required time is the required time to write a single paper.

The outflows of the stock are Publish Rate and Reject Rate.

Acceptance Fraction = AcceptancePercentage/ PublishTime (6.3)

PublishRate = PaperSubmitted * Acceptance Fraction (6.4)

Publish Time is estimated from real data. Acceptance Fraction is the fraction of
papers in paper submitted stock that are accepted by the journals yearly, according to

the peer review. Reject Time equals to Publish Time.

RejectPortion = 1 — AcceptancePercentage (6.5)
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Reject Portion (6.6)

Reject Rate = Papersubmitted
J b RejectTime

Values of all parameters will be later given in Section 6.1.4.

6.1.3.2. Newborn Publications Stock. After being published, the publication does not

receive very much citation in the first years (approximately one and a half year). In
these years, the publications are called Newborn Publications. For being a citable
publication, the publication needs to be mature. MatureRate is the outflow of this

stock.

NewbornPub(t) = NewbornPub(t — dt) + (PubRate—M atureRate) * dt (6.7)

MatureRate = NewbornPublication/MatureTime (6.8)

Mature Time is estimated from real data, as will be described in Section 6.1.4.

6.1.3.3. Publications Stock. The papers in Publication stock are citable papers. The

papers stay in this stock until they die. Dying means getting too old to receive citation.
They are called Obsolete Publication in the model. The outflow of this stock is Obsolete
Rate.

Publication(t) = Publication(t — dt) + (MatureRate-ObsoleteRate) x dt ~ (6.9)

Obsolete Rate = Publication/ObsoleteTime (6.10)
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Obsolete Time is estimated from real data, as will be described in Section6.1.4.

6.1.3.4. Obsolete Publications Stock. When a publication becomes very old and gets

no more citation, that publication is assumed to be died. Such publications are called

Obsolete Publication in the model.

Obsolete Publication(t) = Obsolete Publication(t — dt) + (Obsolete Rate) x dt (6.11)

The papers written by the faculty members are grouped under three categories;
A, B and C depending on the quality of the papers. Class A papers are high quality,
class B papers are medium quality and class C papers are low quality papers. In the
model, the journals are classified into 3 quality categories as well. A high quality
paper is published in a high quality journal, a medium quality paper is published in a
medium quality journal and a low quality paper is published in a low quality journal.
The quality classification of the journals depends on the average number of citations
received by the publications in the journals. A paper published in a high quality A
journal receives more citations per year than a paper which is published in medium
quality B journal. Similarly a paper published in a medium quality B journal receives

more citations per year than a paper, which is published in a low quality C journal.

The complete stock flow structure of paper stocks is provided in Figure 6.3.

The parameters required T, fract of Res T, Mature T and Obsolete T are different

for these three kinds of papers, as will be described in Parameter Estimation section.

The required time to write an A type paper is longer than the required time to
write a B type paper. Similarly, required time to write a B type paper is longer than

required time to write a C type paper.
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An assumption is that, it is in the faculty’s hands to make decisions about how
to distribute their research time between research activities. The main dynamic of
the model comes on stage at this decision time. Under the publication and citation
pressures, faculty members decide on writing A, B or C type papers. It is assumed that
publication pressure pushes the faculty members to write C papers because C papers
are easy to write and they are written in a short time. They tend to use their research
time more in writing C papers and less in writing A papers. On the other hand, citation
pressure pushes the faculty members to write A papers which are not easy to write,
require a long time but get high number of citations. In the absence of any pressure,
B papers are written. This decision of the faculty members are represented with the
fract of Res T for A/B/C stocks. In the inflow of Paper Submitted stocks, the related
fract of Res T for A/B/C is included.

A publications live longer than B publications, and B publications live longer
than C publications. A publications become mature/citable publications faster than
B publications and B publications become mature/citable publications faster than C

publications.

6.1.4. Parameter Estimation

All of the stocks are initialized by using real data or estimations based on real
data. required T A/B/C are estimated according to observations on real life. Initial
Res Time and fract of Res T devoted to A/B/C research parameters are estimated
to be consistent with real data. Publish T, Mature T A/B/C, and Obsolete T'A/B/C

parameters are estimated by using real data in Section6.1.4.4 and in Section 6.1.5.1.

6.1.4.1. World Citations. The average number of citations per publication measure is

used in the model as the quality indicator. The benchmark value of this parameter is

the average citations per publication value of the world publications.

Data is obtained from Thomson Reuters InCites. InCites is a convenient source
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that delivers customized, citation-based research evaluation on the web. Data source

of InCites is Web of Science (WOS).

Worldwide biomedical engineering, chemical engineering, civil engineering, elec-
trical and electronic engineering, environmental engineering, industrial engineering,
manufacturing engineering, and mechanical engineering publications of years 1981-2009
and the total number of citations those publications received up to 2010 are obtained

from InCites. The publication type used in the analysis is only “articles”.

The number of publications in each field in each year is shown in FigureA.5. The

total number of publications in each year is shown in Figure A.6.

In the simulation model, the average number of citations per publication is com-
pared with the world average of that. This comparison is done continuously. For being
able to do that, we need the world average number of citations per publication every
year. The InCites data only provides the number of cumulative citations up to year
2010 of those 1981-2009 publications. We used the simplified world publications model
to calculate every year’s citations from the cumulative citations data. The MT and
OT parameters that are explained in Section 6.1.4.5 are used in the simplified world

publications model.

Where World Mature Time equals to 1.8 years and World Obsolete Time equals
to 9 years, total number of publications in each year is given to the model separately.
World Citations per pub per year parameter is found by trial and error such that it
gives the World Citations amount in the life time of the publications in question. For
instance, in 1990, 35547 articles were published in the world in the selected engineering
fields. Those articles received 402379 citations from 1990 to 2010. In the model, the
World Publish Rate is given as 35547 with a pulse function which provides a single
entry as the publish rate. Time of the simulation is restricted to 20 years since it
has been 20 years from 1990 to 2010. The World cit per pub per year parameter is
fixed at 1,478 so that the number of citations accumulated in World Citation stock is

approximately 402379. In the same manner, the World cit per pub per year parameter
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is calculated for every year for the years 1981-2006. This procedure is continued until
2006 because, the publications younger than 2006 publications are too young to show
a healthy, measurable citation behavior in receiving citations. The resulting World cit

per pub per year parameters for years 1981-2006 are provided in Figure A.8.

The values of the parameter World cit per pub per year for years 2006-2040 are
estimated with a regression analysis. The values of the parameters that are used in the
regression shows an increasing behavior every year. However, the slope of the increase
has been changed in about year 1995. The regression is based on the values of the
parameter after years 1995. The regression analysis is provided in Table A.1. The

estimated values are provided in Figure A.9 as well.

Number of Publications published in the world every year after year 2009 is also
estimated with a regression analysis. The regression analysis is provided in Table A.2.

The estimated values are provided in Figure A.11 as well.

The cumulative number of WOS publications and model publications of the se-
lected engineering fields in the world are shown in Figure A.10. The values obtained
from model represent the beginning of year values, but the values obtained from WOS

represent the whole year values.

6.1.4.2. Faculty. Faculty parameter represents the number of faculty members in

Bogazici University Engineering faculty.

Number of faculty members between the years 1995-2009 is obtained approxi-

mately and shown in the Figure 6.4.

A regression analysis is carried out for estimating the future values and for

smoothing the data. Results of regression analysis is provided in Table A.8.

The resulting number of faculty values which is used in the model is shown in the

Figure 6.5.
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Figure 6.4. Number of BU Engineering Faculty members each year

6.1.4.3. Required time A, Required time B, Required time C. In the model, the re-

quired T parameters are estimated based on observations from real life. If the total
time of a faculty member is taken as 1 year, the required time for writing an A paper
is assumed to be 0.8 years, for a B paper it is assumed to be 0.4 years and for a C

paper it is assumed to be 0.2 years.

6.1.4.4. Publish Time. Publish T is the time between the submission of a paper and

its publication in a journal.

71 randomly selected papers of 8 faculty members from engineering faculty of
Bogazici University are used as the data. The time the papers were submitted, the
time the papers were published, and the number of citations those publications receive

are obtained.

The average Publish T of the 71 papers is 19 months. Chemical engineering
is different from the other engineering fields. The average Publish T of 16 chemical
engineering papers is 9 months. When the chemical engineering papers are excluded,

the average Publish T in other engineering fields is 22 months.
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To see the effect of time in Publish T, the papers are sorted according to their
publication years. Figure 6.6 is obtained. Publish T of papers shows a similar behavior

from year 1996 to 2009. Publish T does not change in years.

Publish time (in months)

80

60

22 wWwSMAN A,

Figure 6.6. Publish time 1996-2009

The papers are sorted according to “average citation per year” values. The aim
was to see whether there is a correlation between the quality of the paper and its
publish time; considering the per year citation values as a measure of quality. No
correlation between quality and publish time is found. Figure 6.7 shows the publish

time and average citations per year values of the publications.
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Figure 6.7. Number of citations per publication per year vs publish time

According to the publish time analysis, it can be concluded that the average
publish time is not changing with time. It is not depending on quality. The values are

listed in the Table 6.1.

Table 6.1. Publish time of chemical engineering compared to other fields

Publish time in months

Average of all fields 19
Average of chemical engineering 9
Average of fields other than chemical engineering 22

In the model, since we are dealing with the engineering faculty averages in all

aspects, the number that is used as the publish time is 19 months = 1.58 years.

6.1.4.5. Obsolete Time & Mature Time for World Data. Lariviere et al. (2008) stud-

ied aging and obsolescence of scientific literature. They obtained the data from Thom-
son Scientific’s Century of Science, Web of Science and Science Citation Index for the
years 1900-2004. They measured the age and obsolescence of medical and engineering

publications. Their findings about engineering fields are employed in this study.
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They made their analysis by using the references of papers. In the long run, we
assume that behaviors of references given by the papers and citations are similar in
terms of age of cited document. With that assumption, we used the data they provide

safely for our citation analysis.

They provide the median age of cited literature, average age of cited literature
and number of references per article for the world data. In addition they provide the
“Price index” which is the percentage of references to material that is 5 years old or
younger. This measure was developed by Price (1986) to distinguish fields having fast
growth.

Figure 6.8 shows the share of the average number of references per article, by

class of age of cited document, for natural sciences and engineering in years 1900-2004.
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Figure 6.8. Share of the avg # of references per article, by age of cited document, for

natural sciences and engineering (Lariviere et al., 2008)
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We can obtain the percentage of references with respect to reference’s age from

Figure 6.8. The percentages are

shown in Table 6.2.

Table 6.2. Percentage of references by age
age percentage of references

0 1,2

1 6,0

2 8,3
3tob 22,6

6 to 10 23,8
11 to 20 21,4
21 to 50 15,5
51 to 100 1,2

6.1.5. Publish Time

From Figure 6.8 which shows the age distribution of cited documents, it is possible

to draw citation distribution of an average publication according to publication’s age.

The graph of citation distribution of a publication according to publication’s age is

drawn in Figure 6.9.

Distribution of citations according to age of publication
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Figure 6.9. Distribution of citations according to age of a publication



40

In the simulation model, after being published a paper stays in three stocks in
its life time. The time parameters which are called Obsolete Time and Mature Time
determines for how long a paper stays in a stock and receives citation. In order to obtain
the “age distribution of a paper” shape in Figure 6.9, a simplified model consisting of
the three publication stocks and a citation stock is constructed. The simplified model

is shown in Figure 6.10.

MatureTime ObsoleteTime
World Newborn
Publication

World World Obsolete
Public ation Public ation

p—
MatureRate

Obsolescence Rate

World

cit per paper
per pap Citation

pery ear

S O

Citation Rate

v

Figure 6.10. Simplified World-Publication Model

In the model in Figure 6.10, Mature Time and Obsolete Time and cit per paper
per year parameters are found by trial and error such that they will provide a behavior
which is similar to the age distribution of citations of a paper. When we initialize
the model with 100 papers (100 papers in the World Newborn Publication stock) we

expect the resulting numbers to be 100 times of 1 paper’s results.

With the parameter set shown in the Table 6.3, the behavior shown in Figure
6.11 is obtained. The behavior obtained in the model is close enough to the behavior

observed in real data.



41

Table 6.3. Parameter set which matches the behavior of distribution of citations

according to age of world publications

New Born Papers initial 1
Other stock initials 0
Obsolete T 9 years
Mature T 1.8 years
Cit/ paper/year 3.4

0 1. WY citation rate
1: .

Page 1 Y ears

?

Figure 6.11. Distribution of citations according to age of a publication in the model

As a supplementary validation information, the following data are given. Lar-
iviere et all (Lariviere et all) provides in the paper that, in Natural Sciences and
Engineering, in 2004;

Median age of cited literature= 7.1
Average age of cited literature= 11.5
Price index (percentage of 5 years or younger references) = 38 percent

# of references per article= 28

The model gives exactly the same numbers for the age of cited literature with the

given parameter set.
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Remember that, the behavior of references and citations are assumed the same.
However, the numbers of references and citations do not need to be the same. We
employ the Mature Time and Obsolete Time parameters found in this part but citation

per paper per year parameter is found in section 6.1.4.1with citations data.

6.1.5.1. Obsolete Time & Mature Time for BU Engineering Faculty. All of the pub-

lications written by BU Eng Faculty are obtained from WOS. Number of citations

received by those publications each year are obtained.

The publications are grouped into 3 quality classes; A, B and C. The BU Engi-
neering Faculty publications are listed from the highest to the lowest according to the
number of citations received in the first 8 year after being published. The publications
which receive more than 14 citations (two times the world average) are assumed to
be A type / high quality, the publications which receive less than 14 but more than
4 citations (half of the world average) are assumed to be B type / medium quality,
and the publications which receive less than 4 citations are assumed to be C type /low
quality publications. The quality boundaries calculated with the world data are shown

in Table A.3.

Since the purpose of this study is to see the behavior of citations versus age of
publications, old papers are required. Therefore, only the publications of years 1985-

2000 are examined.

Publications are observed in three different intervals.

First of all, the publications of year 1995-2000 are observed. This publication
group is more up-to-date. The purpose of selecting this interval is that it provides an
insight about how long it takes to reach the peak number of citations. The number of

citations versus age of publications of 1995-2000 publications is in Figure 6.12.



Avg # of citations received by 1995-2000
publications in each age of the publications

4,5

’

3,5

2,5

1,5

Avg # of Citations per Publication per year

0,5

Age of Publications

=—#=—A Publications
——B Publications

C Publications

43

Figure 6.12. Number of citations versus age of publications for 1995-2000 publications

Secondly, in order to see the long run behavior, older publications are observed.

The number of citations versus age of publications of 1985-1995 publications is in Figure

6.13.

Avg # of Citations Received by 1985-1995
Publications in each age of the publications

A"\

Avg # of Citations per Publication per year
=
w”

012 3 45 6 7 8 91011121314151617 1819 20

Age of Publications

—4#—A Publications
=B Publications

C Publications

Figure 6.13. Number of citations versus age of publications for 1985-1995 publications

To see how long the peak continues, the papers of years 1991-1996 are observed.

The number of citations versus age of publications of 1991-1996 publications is in Figure

6.14.



44

Avg # of Citations Received by 1991-1996
Publications in each age of the publications

4,5

3,5 A

s / N\ .
SN\

2 / \ —e—APublications

/ =—B Publications
1,5

1 / /l—.\._.\ ¢ Publications
s L L/ S

Avg # of Citations per Publication per year

Age of Publications

Figure 6.14. Number of citations versus age of publications for 1991-1996 publications

When the three figures are examined, the following conclusions are drawn. For A
type publications, the peak occurs in the 3rd year. The approximate number of citations
in the 1st year is 2.75, in the 2nd year 3.75, in the 3rd year 4.00, in the 4th year 3.75.
In the 10th year, according to 1985-1996 data the approximate number of citations is
1.6; according to 1991-1996 data, it is 2.4 and according to 1995-2000 data, it is 3.75.

We adopt the number as 3.5. In the 20th year approximate number of citations is 0.4.

For B type publications, the peak occurs in between 2nd and 3rd year. The average
number of citations in the 1st year is 0.8, in the 2nd year 1.3, in the 3rd year 1.3, in the
4th year 1.2. In the 10th year according to 1985-1996 data the approximate number of
citations is 0.6; according to 1991-1996 data, it is 0.9 and according to 1995-2000 data,
it is 1. We adopt the number as 1. In the 20th year approximate number of citations

is 0.35.

For C type publications, the peak occurs in the 4th year. The average number of
citations in the 1st year is 0.15, in the 2nd year 0.2, in the 3rd year 0.26 and in the
4th year it is between 0,28 and 0,30. After that, the number decreases to 0.2 and stays

there for a very long time.



45

To see the data in detail, each year’s publications are shown in big Figure A.1.

The simplified model constructed for world data is used for Bogazici Engineering

Faculty publications as well which is shown in FigureA.7.

Mature Time, Obsolete Time and cit per publication per year parameters are
found by trial and error such that they provide a behavior which is similar to the age
distribution of citations of Bogazici Engineering Publications. The model is initialized

with 1 paper (1 paper in the Newborn Publication stock).

The parameter set used in the model which gives the intended results is given in
Table 6.4.

Table 6.4. The parameter set used in the model for three publication classes

A Publications | B Publications | C Publications
Mature Time 1.4 years 1.2 years 1.8 years
Obsolete Time 18 years 18 years 20 years
Cit per pub per year 5 1.6 0.35

The resulting behavior in a 50 year time window is shown in Figure 6.15.
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Figure 6.15. Number of citations versus age of publications in the model
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Mature Time and Obsolete Time parameters are providing the intended citation
behavior. These parameters are used in the simulation model as found in this model.
However, the citation rates are changing in time. Therefore, cit per pub per year

parameter is going to be calculated again in a following section with citation data.

The real data of 1995-2000 is imitated with the A-B-C classification. In those
years 63 A type publications, 100 B type publications and 137 C type publications have
been published. The model is initialized with these numbers of publications. The real
citation data is shown in Figure 6.16. Citation rates obtained from the simulation

model are shown in Figure 6.17. The behaviors are satisfactorily close.
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Figure 6.16. Sum of citations received in every age of the 1995-2000 publications
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Figure 6.17. Sum of citations received in every age of the publications in the model.
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6.1.5.2. Initializing Publication Stocks. The publications published by BU Engineer-

ing Faculty from years 1981 to 2010 is obtained from Web of Science. The publication
data is shown in Appendix A.

6.1.5.3. Classification of the data according to quality. The publications that were pub-

lished from year 1981 to 2006 are classified into A, B, C quality classes according to
the number of citations received in their first 8 years. For the publications which are
younger than 8 years, the classification is done according to citations received up to
2010, without considering number of years. For classification, world data is used as
the benchmark. “Quality A” boundary is two times the first eight-year citations of
an average world paper. If the number of first eight year citations of a publication is
higher than two times the first eight year citations of an average world paper, that
publication is called an A type publication. “Quality C” boundary is half of the first
eight-year citations of an average world paper. If the number of first eight year citations
of a publication is lower than half of the first eight year citations of an average world
paper, that publication is called a C type publication. A publication, whose first eight

year citations is between the mentioned boundaries, is called a B type publication.

The quality boundaries are changing in years. For instance, an average world
publication published in year 1981 received 5.6 citations in its first eight years. If a
BU paper published in 1981 received 15 citations in its first eight years, it is called an
A type publication because 15 is more than two times of 5.6. If it received 5 citations
in its first eight years, it is considered as a B type publication because 5 is higher than
half of 5.6. On the other hand, an average world publication published in year 2000
received 11.54 citations in its first eight years. So, if a BU paper published in year 2000
received 15 citations in its first eight years, it is called a B type publication because 15
is less than two times of 11.54. If it received 5 citations in its first eight years, it is
considered as a class C type publication because 5 is less than half of 11.4. Table A.3
shows the quality boundaries for every year from year 1981 to 2006.

By using the model (Figure 6.18), which is a simplified version of the whole model,
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the publication stocks are initialized. Publish Rate A, Publish Rate B, and Publish Rate

C' is given to the model as exogenous variables from year 1981 to 2006. From the values

created by this model, 1995 values of the publication stocks are taken and given to the

simulation model as the initial stock values. The initial values are provided in Table

A MatureT
A Newborn A Publication it COSOItET A Obsolete P
Publish Rate A
:
N M
@ 6 ’D S V] Ly V
A MatureR A Obsolescence R
B MatureT B ObsoleteT
) B Newbom P B Publication B Obsolete P
Publish Rate B
B MatureR B Obsolescence R
C Newb p C MatureT C ObsoleteT
ewbom icati
Publish Rate C C Publication C Obsolete P
F "2\ N
@ S > N~ D N d
C MatureR C Obsolescence R
Figure 6.18. Simplified Publication model

Table 6.5. The initial (1995) values of the publication stocks.

Year 1995

Newborn Publication A 5
Publication A 19
Newborn Publication B 16
Publication B 59
Newborn Publication C | 25
Publication C 55
Obsolete Publication 31
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6.2. Research Time Sector

6.2.1. Description of the Structure

Faculty members have various kinds of jobs like; administrative jobs, attending
lectures, making research etc. In this model we are dealing with the research activities
of the faculty. The Research Time stock represents average time of the faculty members
that is devoted to research activities. It is assumed that those research activities end

up with writing academic papers and submitting those papers to academic journals.

Research Time is not constant. It increases or decreases depending on the pub-
lication pressure felt by the faculty members. The change cannot be sudden. In order
to add a time delay to research time changes, Research Time is modeled as a stock

variable. The stock flow diagram of Research Time sector is in Figure 6.19.

Eff Pub Press on

Normal Res T Res T

Mt

Res T Goal
Research Time

M

Res T Adj Rate

Res TAT

Figure 6.19. Stock flow diagram of “Research Time” sector

Normal Research Time is determined to be 0.3 in the model. Research Time
changes according to effect of publication pressure. When the average number of publi-
cations per faculty per year is below the world average, faculty members feel publication
pressure and they increase their research time. When the average number of publica-
tions per faculty per year is above the world average, research time decreases to below

the normal level. The effect function is shown in Figure 6.20.
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Figure 6.20. Effect of publication pressure on Research Time

Research Time Adjustment Time equals to 8 years, which means that it takes 8
years to adjust the time that is devoted to research activities. Initial Research Time

is set 0.2.

ResearchTime(t) = ResearchTime(t — dt) + (ResT Adj Rate) * dt (6.12)

Research Time stock is fed by a biflow; Research Time Adjustment Rate.

ResT AdjRate = (ResT Goal-ResearchTime)/ResT AT (6.13)

6.2.2. Initializing the stock:

We know the Publish Rates in each quality category in each year. Paper submitted
stocks should provide those publish rates. The flow Paper Writing Rate A/B/C feed
the Paper submitted stocks and Research Time directly affects the paper writing rates.
Initial Research Time is selected such that, it approximately gives the required Paper

Writing Rates and finally provides the required publish rates.
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PaperWritingRateA/B/C = Faculty x EffSkillonPubx

fractofResTforA/B/C

. 14
* ResearchTime x requiredl’A/B/C .

We know Faculty, Eff of Skill on Publication, fraction of Research Time for
A/B/C Research for years 1995 to 2006 and required time A/B/C. By using the param-
eters we know, initializing Research Time with 0.2 gives the intended Paper Writing
Rate A/B/C values. The change in the Research Time and the values of Effect of
Publication Pressure on Research Time parameters for the first eleven years are seen

in Figure 6.21.
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Figure 6.21. Research Time and Effect of Publication Pressure on Research Time

between years 1995-2006.

6.3. Publication and Citation Pressures Sector

6.3.1. Background Information.

For measuring quality with respect to citation, ¢mpact factor is a common ac-

cepted metric. Impact factor is originally defined with the name journal impact factor

for having an insight about the quality of the journals. Journal impact factor is de-
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scribed in Section 6.1.1. For measuring the quality of the publications, impact factor,
which can be defined as number of citations per publication, is used widely. In this

model, the citation performance of the researchers are quantified by mpact factor.

6.3.2. Assumptions

It is assumed that faculty uses two main research performance measures. The
first one is average number of publications per faculty per year. The second one is
average number of citations received per publication. These two performance measures
are compared with reliable benchmarks. World data is chosen to be the benchmark.
Average number of publications per faculty per year in engineering fields in recent years
in the world is used to measure publication performance of the faculty. The average
number of citations received by the publications in engineering fields in the world
is used to measure the citation performance of the faculty. If the average number
of publications per faculty per year is less than the world average, faculty members
feel a publication pressure. On the other hand, if the average number of citations per
publication is less than the world average, faculty members feel a citation pressure. The
higher the gap between faculty’s and the world’s performance measures, the stronger

the pressure felt by faculty members.

An assumption is that, it is in the faculty’s hands to make decisions about how
to distribute their research time between research activities. The main dynamic of
the model comes on stage at this decision time. Under the publication and citation
pressures, faculty members decide on writing A, B or C type papers. It is assumed
that, if there is publication pressure on the faculty, they tend to ignore quality and try
to write as many papers as they can. This pressure pushes them to write C' type papers
because C' type papers are easy to write and they are written in a short time. They
tend to use their research time more in writing C type papers and less in writing A type
papers. On the other hand, if there is citation pressure, quality will be indispensable
because, only high quality publications receive high numbers of citations. Citation
pressure will push the faculty members to write A type papers which are not easy to

write, require a long time but get high number of citations. In the absence of any
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pressure, B type papers are written. If both of the pressures are felt at the same

time, faculty members try to make both A and C type papers to deal with both of the

pressures.
6.3.3. Description of the Structure

The stock flow diagram of the Publication and Citation Pressures is seen in Figure
6.22.
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Figure 6.22. Stock flow diagram of Publication Pressure and Citations Pressure sector
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6.3.3.1. Citation Pressure. Citation Pressure occurs by comparing average number of

citations per publication of the faculty with average number of citations per publication

in the world.

The variables used in finding Average Citation per Publication is shown in Figure

6.23.

Publication B pyplication C

Publication A

Newborn P C

g Total Public ations 3

External Citation Internal Citation

Cit \ Pub Av g Internal Cit \ Pub

Avg Externd

Avg Cit \ Pub

Figure 6.23. Average citation per publication in the model

Total Publications = NewbornPublicationA + NewbornPublication B+
4+ NewbornPublicationC + PublicationA + Publication B+

+ PublicationC' + Obsolete Publication (6.15)
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ExternalClitation
A Ext (Citati Publication = 6.16
verage ExternalCitationsper Publication Total Publications ( )
InternalClitation
A Int (Citati Publication = 6.17
veragelnternalCitationsper Publication Total Publications ( )

AverageClitationsper Publication = Average ExternalCitationsper Publication+

+ AveragelnternalCitationsper Publication (6.18)

The parameter world average citation per publication is found in Section 6.1.4.1.

The function effect of citation pressure on Fraction A is seen in Figure 6.24. When
average number of citations per publication over world average citations per publication
ratio equals to 1, there is no citation pressure effect on fract of Res t for A. When the
ratio is lower than 1, the effect formula increases fract of Res t for A and when the

ratio is below 1, the effect formula decreases fract of Res t for A.
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Figure 6.24. Effect of citation pressure on fraction of research time devoted to A

research
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The function effect of citation pressure on Fraction C is seen in Figure 6.25.
When average number of citations per publication over the world average citations per
publication ratio equals to 1, there is no citation pressure effect on fract of Res t for C.
When the ratio is lower than 1, the effect formula decreases fract of Res t for C and

when it is above 1, the effect formula increases fract of Res t for C.

Effect of citation pressure on fract of Res t for A is stronger than that on fract

of Res t for C.
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Figure 6.25. Effect of citation pressure on fraction of research time devoted to C

research

6.3.3.2. Publication Pressure. The variables used in finding Average Publications per

Faculty per year is shown in Figure 6.26. Three year moving average method is used
for calculating this parameter. A conveyor stock, which keeps the publications waiting

for three years in it and then lets them go, is used.

Total Publicationsin3years

Average Publicationsper Facultyperyear = (6.19)

(year * Faculty)
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Figure 6.26. Average publications per faculty per year

World Average Publications per Faculty per Year equals to 1.57. This number is
obtained from the study (Bilge et al., 2007). It is assumed to stay the same throughout

the simulation period.

The function effect of publication pressure on Fraction C is seen in Figure 6.27.
When average number of publications per faculty per year over world average number
of publications per faculty per year equals to 1, there is no publication pressure effect
on fract of res t for C. When the ratio is lower than 1, the effect formula increases fract

of Res t for C' and when it is above 1, the effect formula decreases fract of Res t for C.

The function effect of publication pressure on Fraction A is seen in Figure 6.28.
When average number of publications per faculty per year over world average number
of publications per faculty per year equals to 1 there is no publication pressure effect
on fract of res t for A . When the ratio is lower than 1, the effect formula decreases

fract of res t for A and when it is above 1, the effect formula increases fract of res t for

A.
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Figure 6.27. Effect of publication pressure on fraction of research time devoted to C
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Figure 6.28. Effect of publication pressure on fraction of research time devoted to A

research

6.3.3.3. Stocks. Second order information delay structure is used for modeling the

research time allocation stocks.

Higher order information delays are used in cases

where the delay between the actual state of a system and the decisions that alter it

involves multiple stages. There may be administrative delays, cognitive and decision-

making delays — it takes time for decision makers to revise their beliefs and further

time to finalize a judgment and act on it (Sterman, 2000). In this model, second order



29

delay gives a satisfactory behavior.

In the second order information delay structure, Desired fract A/C stock is the

first delay and fract of Res T for A/C stock is the second delay.

The equations are as follows:

FractAgoal = NormalfractA x EffCitationPressureonfract Ax

« EffPublicationPressureonfractA (6.20)

FractCgoal = NormalfractC x EffCitationPressureonfractCx

« [ffPublicationPressureonfractC (6.21)

In these equations, it is guaranteed that sum of Fract A goal and Fract C goal

does not exceed 1 when the two effect functions are multiplied.

In the Figure 6.29, some extreme condition tests on fract A goal and fract C
goal are performed. The extreme conditions are no publication pressure with high
citation pressure, no citation pressure with high publication pressure, equal citation
pressure and publication pressure. Some values of pressures in between are also tested
and provided in the figure. On the x axis, average number of citations per publication
over world citations per publications and average number of publication per faculty
per year over world publications per faculty per year values are given. The values
correspond to the strength of citation pressure and publication pressure. The cylinders
represent the percentages calculated by using fract A goal and fract C goal. fraction B
is calculated by subtracting sum of fract A and fract C from 1, since the percentages
should sum up to 1. This figure shows the resulting values of type A, B and C fractions

of research time under extreme conditions. The first cylinder shows that, when there is
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no citation pressure and publication pressure, research time is allocated 100 percent to
B type research. Second cylinder shows that, when when there is no citation pressure
but a very high publication pressure, research time is allocated as, 60 percent to A type
research and 40 percent to B type research. The rest of the figure can be read in the

same way.
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Figure 6.29. Extreme condition tests on research time allocation

The equations of the stock flow structure are shown below:

DesiredfA(t) = DesiredfA(t — dt) + (changeinfA) * dt (6.22)

ChangeinfA = (fAgoal — DesiredfA)/fAAT (6.23)

DesiredfC(t) = DesiredfC(t — dt) + (changeinfC') * dt (6.24)
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ChangeinfC = (fCgoal — DesiredfC)/fCAT (6.25)

Fract of Res T for A/B/C stocks are like a close circuit. Transition A B and

Transition B C flows which are bi flows connect those three stocks.

FractofResTforA(t) = fractofResTforA(t — dt) + (—transitionAB) * dt (6.26)

FractofResTforB(t) = fractofResTforB(t — dt)+

+ (transition AB—transition BC) x dt (6.27)

FractofResTforC(t) = fractofResTforC(t — dt) + (transitionBC') * dt (6.28)

TransitionAB = (fractofResTforA—DesiredfA)/ABAT (6.29)

TransitionBC' = (DesiredfC—fractofResTforC)/BC AT (6.30)

6.3.4. Parameter Estimation

We know the publish rates for each quality type of papers for years 1981-2006.
The publish rates and the calculations of fract of Research time for A/B/C research
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are shown in Table A.4. In the calculations, number of faculty members are increasing
every year. Required time for A papers is 0.8, required time for B papers is 0.4 and

required time for C papers is 0.2.

The values of fract of Research Time for A/B/C research from years 1995 to
2006 is provided in Figure 6.30 to observe the values. In Figure 6.31, values of fract of
research time for A/B/C research obtained with a 3 year moving average approach are
shown. It is seen that, fract of research time devoted to B research is higher than fract
of research time devoted to A research and fract of research time devoted to C research.
Research time devoted to A research is a little higher than to C research. But the
fractions are almost stable for the years 1995 to 2006. There is a slow decrease in ract
of research time devoted to B research. In the last three years, (2003 - 2006) fract of

research t for A has been increasing and fract of research t for C has been decreasing.
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Figure 6.30. Research time percentages

Keeping the data analysis in mind, initial values of the stocks and some of the

relate parameters are determined as shown in Table 6.6.
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Table 6.6. Initial values of Research time

Normal fract A 0.3

Normal fract B 0.25
Desired fract A 0.3
Desired fract B 0.25
Fract of Res T for A | 0.29
Fract of Res T for B | 0.47
Fract of Res T for C | 0.24
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Adjustment Time parameters are selected according to assumptions. Fract A AT

and Fract C AT are 3 years. AB AT and BC AT are 1 year.

6.4. Skill Sector

6.4.1. Background Information

Skill level of faculty is a combination of many qualities of the faculty. Experience,

financial position, accessibility to research materials are some of those qualities. In
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order to keep the model simple, this variable is included in the model as an exogenous
variable. Skill level has a positive effect on publish rate. It can be said that thanks to
having a high level of skill, required time for writing a paper is short, so it is possible to
write more papers in less time. Skill level has a positive effect on number of citations

received as well.

6.4.2. Assumptions

Skill level of the faculty has a positive effect on both of the citation types. Al-
though each type of paper is submitted to the related type of journal, like a class A
type paper to A type journal, it can not be said that all the A type papers in an A
type journal receive the same number of citations. Skill level provides this difference

in citation receiving rates between two A type papers in an A type journal.

6.4.3. Description of the Structure

Skill is modeled as an exogenous variable. Scale of skill level is 0-100. The skill
level of 50 is chosen as normal skill level. If the skill level of faculty is 50, there is

no increasing or decreasing effect of skill on neither publications nor citations (Figure

6.32).

Skill

Eff Skill on Pub Eff Skill on Cit

Figure 6.32. Skill sector in the model

6.4.3.1. Effect of Skill on Publications. This function has an effect on Paper Writing

Rates. The equation of paper writing rate is below:
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PaperWritingRateA/B/C = Faculty x EffSkillonPubx

fractofResTforA/B/C
requiredT’A/B/C

* ResearchTime (6.31)

The effect function is provided in Figure 6.2.

Skill has the power to increase the Paper writing rates at most two times. If skill

level is very low, then the paper writing rates decrease to at most half of the rate.

6.4.3.2. Effect of Skill on Citations. This function has an effect on Eriernal Citation

Rate and Internal Citation Rate. The equations of the rates are below:

ExternalCitRate = (Publication Ax ExtCit\ P\Y A+ Publication Bx ExtCit\ P\Y B+

+ PublicationC x ExtCit\P\Y C) x EffSkillonCit x EffReponExtCit (6.32)

InternalCit Rate = (PublicationAxIntCit\ P\Y A+ Publication BxIntCit\ P\Y B+

+ PublicationC * IntCit\P\Y C) x EffSkillonCit x EffofPublishRate (6.33)

The effect function is provided in Figure 6.33.

Skill has the power to increase the Ezternal Citation rate and Internal Citation
rate at most two times. If skill level is very low, then the external and internal citation

rates decrease to at most half of the rates.
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Figure 6.33. Effect of Skill on Citations

6.5. Reputation Sector

6.5.1. Background Information

To have reputation in academic world means to be known for making good re-
search. This good esteem makes your publications read by other researchers. Other
researchers who read your publications give citations to your publications. The more
citations your publications receive, the more visible you are in the academic world.
Therefore, average number of citations per publication and reputation has a direct

effect on each other.

The difference in the definitions of external citations and internal citations should
be emphasized here. FExternal citations are received from researchers out of the uni-
versity. Visibility, namely reputation of the faculty is essential in receiving ezxternal
citations. However, internal citations are received from the colleagues of the author
of a publication. The faculty members know each other and are informed about each

other’s publications. Reputation is not essential in receiving internal citations.

Although reputation does not help receiving internal citations, average number
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of internal citations per publication has positive effect on reputation. The more the
average number of internal citations per publication, the more the average number of
citations per publication. Most of the time impact calculations are done by considering
sum of the citations without checking whether the citations are external or internal.
The before mentioned visibility in the academic world is twofold indeed. One is being
known with your name by other people. The other one is being in the list of good
researchers. If you have a high impact factor, you are considered as a productive, well-
publishing researcher no matter the source of the citations is. Knowing that positive
effect of impact factor in being in the list, people tend to cite each other more and

more. That’s one inevitable reason of the increase in collaboration in writing papers.

6.5.2. Assumptions

The papers submitted to journals are either accepted or rejected by the journals.
In the model it is assumed that mazimum acceptance percentage is 1. This acceptance
percentage provides the acceptance of 64 percent of the papers, that are waiting under
peer review in the paper submitted stock, each year. This fraction depends on the
reputation of the faculty. Only the universities that have a reputation level of 100 can
have the mazimum acceptance fraction. A type papers are submitted to A type journals,
B type papers are submitted to B type journals and C type papers are submitted to C
type journals. This makes it possible to assume that acceptance fraction is almost the

same for the three paper types.

Reputation adjustment time is assumed to be 5 years.

6.5.3. Description of the Structure

The stock flow diagram of the reputation sector is provided in Figure 6.34.
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Figure 6.34. Stock flow diagram of the reputation sector

6.5.3.1. Reputation. Reputation is modeled with a first order information delay. Ac-

tual reputation is formed with effect of external citation on Rep and effect of internal
citation on Rep. The actual reputation needs some adjustment time to be perceived
in the world. Effect of external citation on Rep is stronger than the effect of internal
citation on Rep. The formation of effect of external citation and effect of internal
citation on reputation is similar to formation of citation pressure. Average external
citation per paper and average internal citation per paper values are divided by world

averages. The scale of reputation is 0-100. Maximum actual reputation is 100.

The function effect of external citation on Reputation is seen in Figure 6.35. The
function effect of internal citation on Reputation is seen in Figure 6.36. The effects
are summed up in finding actual reputation and that sum is multiplied with mazimum
actual reputation. In this effect structure, external citations have four times higher
power than internal citations. The scale of effect of external citations on reputation is

0.2-0.8 where the scale of effect of internal citations on reputation is 0.05-0.2.
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Figure 6.35. Effect of external citation on reputation
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Figure 6.36. Effect of internal citation on reputation

Actual Reputation = Max Act Rep x (EffExtCitonRep + EffIntCitonRep) (6.34)
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PerceivedReputation(t) = Perceived Reputation(t — dt)+

+ (PerRepChange) * dt (6.35)

(Actual Reputation—Perceived Reputation)
RepAT

Perceived ReputationChange = (6.36)

Initial Perceived Reputation is taken as 40 because actual reputation is calculated
as “39.91” with the average external and internal citations per publication value of

Bogazic¢i University Engineering Faculty.

One of the variables that is affected by reputation is external citation rate. The

effect function is seen in Figure 6.37.
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Figure 6.37. Effect of reputation on external citation

The “normal” value of reputation is “50”. That means, citations of a university
which has a reputation of level 50 will not be affected from the reputation factor. If

reputation level is more than 50, number of citations received each year is higher than
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the normal level. Similarly, if reputation level is less than 50, number of citations
received each year is less than normal level. The equation of Frternal Citation rate is

below:

EaxternalCitRate = (PublicationA x ExtCit\P\Y A+
+ PublicationB x ExtCit\P\Y B + PublicationC'

x ExtCit\P\Y C) * EffSkillonCit * EffReponExtC  (6.37)

The second variable that is affected by reputation is Acceptance Fraction. Accep-

tance Fraction is described in the following section.

6.5.3.2. Acceptance Fraction. Acceptance Fraction is a value between 0.64 and 0.32.

The formula is seen below. The effect function is seen in Figure 6.38.

AcceptancePercentage = Acceptance Percentage M axx

x BffectofReputationonAcceptancePercentage (6.38)

Acceptance Fraction = Acceptance Percentage / PublishTime (6.39)

Acceptance Percentage Maz is 1. The corresponding Acceptance Fraction values

are seen in Figure 6.39.
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Figure 6.38. Effect of reputation on acceptance fraction
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Figure 6.39. Acceptance Fraction

Only if reputation is equal to 100, meaning that the faculty is well known by
every other university in the world, acceptance percentage is 1 and acceptance fraction
is 0.64. The less the reputation, the less the acceptance fraction. When reputation level
equals to 50, acceptance fraction is 0.32. In the model, initially reputation is 40 and

corresponding acceptance fraction is 0.43.
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6.6. Citation Sector

6.6.1. Background Information

Ezxternal citations are received from papers written by researchers who are not
faculty members. Internal Citations are received from papers written by authors of the
papers themselves or colleagues of the authors. The rates at which internal and external
citations are received are different. That’s why citation/publication/year parameters

are different for external and internal citations.

What we call internal citations in this study is widely called “self-citations” in
literature. Glanzel et al.(2004) analyzed the role of self citations for understanding
basic regularities of self-citations and for being able to set a methodological way for
criticizing self citation patterns in empirical studies. They define self citations with the

following statement:

A self citation occurs whenever the set of co-authors of the citing paper and
that of the cited one are not disjoint, that is, if these sets share at least one author.

For finding the parameters related to internal citations, the findings of Glanzel et al
(2004) are employed. Glanzel’s definition for self citation and our definition for internal
citation in this study coincide substantially. The only differing case occurs when a
paper written by members of the faculty cites a paper written by other members of
the faculty but none of the authors of the citing paper is an author of the cited paper.
However this rare case does not interfere with our assumption that the findings about

self citations can be used for internal citations.

High quality papers receive high number of citations. That’s why cit/pub/y pa-

rameters are different for A, B and C type publications.

The number of citations received by the publications are increasing every year.

One possible reason is the increase in number of publications in the world. The other
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possible reason is that, may be researchers tend to give more references in their pub-
lications. Whatever the reason is, the citation/publication/year parameter has to be
multiplied with a trend function to find the correct citation rates. The world trend is

calculated by using the real data and the values are shown in Section 6.6.4.

Reputation and skill are two important factors affecting the rate of citation re-

ceiving.

6.6.2. Assumptions

There are kinds of factors affecting citation-receiving rates but in the model, it

is assumed that all of the effects are covered with reputation and skill.

The parameter world trend in citations is assumed to be the same for A, B and C
type publications. The reason is that, it is calculated based on world data. World data
gives the most reliable and unbiased value, so we can use that value for any quality

type as the grand average.
6.6.3. Description of the Structure

The stock flow diagram of the citation sector is seen in Figure 6.40. As explained
before in Section 6.1, only the publications that are in Publication A/B/C stocks are

citable publications. The citations received by those publications accumulate in two

kinds of stocks in the model; External Citations and Internal Citations.

6.6.3.1. External Citations. Faxternal citations are given by researchers who are not

faculty members. The equations related to external citations are seen below.

ExternalCitation(t) = ExternalCitation(t — dt) + (ExtCitR) * dt (6.40)
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Figure 6.40. Stock flow diagram of the citation sector

ExternalCitRate = (PublicationA x ExtCit\P\Y A + PublicationBx
x ExtCit\P\Y B + PublicationC * ExtCit\P\Y C)x

« EffSkillonCit x EffReponExtCit  (6.41)

Citation per publication per year parameters are related to the citation receiving
rates of the A/B/C type journals and the publications published in those journals.
It is assumed that, the number of citations received in a year by an average A type
publication that is published in an A type journal equals to Ext Cit|P|Y A. The same
logic is valid for B and C type publications.

There are two factors positively effecting external citation receiving rate; reputa-

tion and skill.

FEzt Cit\P\Y A is an average value. If the author of the paper in that A type
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journal is from a very reputable university, then the number of citations of his papers
will be higher than Ext Cit|P|Y A thanks to the Eff Rep on Ezt Cit factor in the
external citation receiving rate formula. In the same manner, if the author of the
paper is from a university where skill level of the faculty members is very high, the
paper would be a good one . The citations received by that paper will be higher than
Fzt Cit|P|Y A thanks to the Eff Skill on Cit factor in the external citation receiving
rate formula. Again the same logic is valid in terms reputation and skill for B and C
type publications. Effect of skill on ext cit is explained in detail in Section 6.4. Effect

of reputation on ext cit is explained in details in Section 6.5.

The initial values of Ext Cit\P\Y A, Ext Cit\P\Y B and Ext Cit|P\Y C are
calculated according to real data of Bogazici University engineering faculty. These
average numbers are not constant. The numbers are increasing every year. The rate
of increase is called “world trend in citations” in the model. The world trend is cal-
culated from the world citation data (6.6.4) The Fzt Cit|\P|Y A, Ext Cit|P|Y B and
Fzt Cit|P|Y parameters are simply multiplied with “world trend in citations” in the

citation receiving rate formula.

6.6.3.2. Internal Citations. Internal Citations are given by the colleagues or the au-

thors of the papers themselves.

The equations related to internal citations are seen below.

InternalCitation(t) = InternalCitation(t — dt) + (IntCitR) * dt (6.42)

InternalCit Rate = (PublicationA x IntCit\P\Y A + PublicationBx
x IntCit\P\Y B+ PublicationC x IntCit\P\Y C)x
« EBffSkillonCit x EffofPublishRate (6.43)
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Internal citations have a different behavior than ezternal citations.

Glanzel (2004) found that, there is nothing arbitrary in self-citations from the
statistical viewpoint. They analyzed the publications of year 1992 and citations re-
ceived by those publications until 2001. They found that the conditional expectation
of self-citations for given number of foreign citation could be characterized as a square-
root law. They provide an equation for the expected number of self citations given the

number of foreign citations. The equation is seen below:

f(k) = (k +0.25)%%° (6.44)

where k=number of foreign citations and f(k)= expected number of self citations.

They add, about behavior of self-citations that, in the third after year of pub-
lications, the expected number of self-citation for a given number of foreign citations
becomes practically stationary. Therefore, the aging structure of internal citations is
different from aging structure of external citations. This fact is not adopted in the
simulation model for the sake of simplicity. Rather, the parameter int cit /p/y pa-
rameter is found to provide the same expected number of internal citations but in the
whole lifetime of the publication. Table A.7 which is from Glanzel’s paper, presents
the conditional self citation means for papers published in 1992 with at most 50 foreign
citations for 1-year to 10-year citations windows where k is number of foreign citations

and f(k) is estimated expectation.

There are two functions effecting internal citation receiving rate; skill and publish

rate. Reputation is not necessary in receiving internal citations.

Skill level of faculty has a positive effect on internal citations. Just as in the
external citation case, it is assumed that if the author of a paper is from a university
where skill level of the faculty members is very high, the paper would be a good one.

Moreover, the previously published papers of those faculty members would be good
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papers as well with regard to the high skill level. The internal citation traffic of such
a faculty will be heavier. Eff Skill on Cit factor in the internal citation receiving rate

formula provides the increment in citation receiving rate.

Publish rate affects the internal citation receiing rate. Since internal citations
are coming from the university in question, how much internal citations you get each
year is directly related to how much you publish each year. The effect of Publish Rate
on Int Cit in the model is seen in the Figure 6.41.

TntCitB\Y C Publication A

IntGt\R\Y A
2]

Publication B

Publish R A

Publish R B Publish R C

Figure 6.41. Effect of publish rate on internal citations in the model

This effect is included in this structure only for making sure that there is no
unreasonable behavior in extreme conditions. This effect formula makes sure that the
number of internal citations received by a paper can at most be 10. The publish rates
can increase enormously, but internal citations have an upper limit for each paper. In

the data analysis part this upper limit is explained in detail.

The effect of publish rate on internal citations function is seen in Figure 6.42.
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Figure 6.42. Effect of publish rate on internal citations

6.6.4. Parameter Estimation

A simplified paper-citation model is used for finding initial stock values of internal

and ezternal citations and ext cit /p/y A/B/C and int cit /p/y A/B/C parameters.

The publication stocks have been initialized and run as explained in Section 6.1.
Firstly, without distinguishing citations into external and internal categories, the pa-
rameter citation/publication /year is found with the same method applied in Section

6.1.4.1.

Number of publications of each type is given to the model year by year (one year
at a time). Cit|P|Y A parameter is found by trial and error such that it gives the
required number of citations in the life time of the A type publications. The same
procedure is repeated with B and C type publications for each year for finding the
cit/p/y B and cit/p/y C. Then, the model is run once more from year 1981 to 2006
with each year’s publish rates and with giving the Cit\P\Y A, Cit\P\Y B, Cit|P|Y
parameters of each year to the model. The number of citations accumulated in the
citation stock in year 1995 is taken as the initial value of sum of citation stocks in the

main model.
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The number of citations found with this procedure is “596”. cit/p/y parameter
of each publication type is provided in Table A.5.

In the main model, we need int cit /p/y and ezt cit /p/y for each publication
type of year 1995, which is the initial year. In 1995, 9 A type publications, 39 B type
publications and 60 C type publications were published. The number of citations those
publications received up to 2009 are 489, 447 and 117 respectively. Average number of
citations of an A type publication is 54, that of a B type publication is 11.5 and that
of a C type publication is 2. According to Glanzel’s table which can be seen in Table
A.7, 8 of the 54 citations of A type publications are of class internal, 3.4 of the 11.5
citations of B type publications are of class internal and 1 of the 2 citations of C type

publications are of class internal. The values presented here are included in Table A.6.

By giving the number of A, B and C type publications of year 1995 as publish rate
with a pulse function to the simplified publication-citation model, the ezt cit/p/y and
int cit /p/y parameter values are found such that they provide the mentioned external
and internal citations. For year 1995, the calculated parameter values are seen in the

Table 6.7.

Table 6.7. Ext cit /p/y and Int cit /p/y parameters for year 1995

Type A | Type B | Type C

intcit /p/y 0.49 0.21 0.06
extcit /p/y 5.45 1.00 0.12

With the int cit /p/y parameter, the internal citations are accumulated in inter-
nal citations stock. The number of internal citations is 96 in year 1995. This number
is subtracted from previously calculated number of total citations which is 596 and
number of external citations in year 1995 is found as 500. These two numbers are
carried to the main simulation model as the initial values of the internal and external

citation stocks.
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Int cit /p/y and ext cit /p/y parameters are multiplied with “world trend in

citations” for calculating the future values of the parameters.

World trend in citations is found simply by dividing the cit/p/y parameter for
each year with the cit/p/y parameter of year 1995. The trend can be observed in the
Figure 6.43.

World Trend in Citations
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Figure 6.43. Coefficient of trend in the world citations to be multiplied with initial
cit/pub/y parameters
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7. ANALYSIS AND VALIDATION OF THE MODEL

Stella 9.0.2 software is used for running the simulation model. Time unit is years.
Length of simulation is forty-five years, from 1995 to 2040. Time step is 1/8 in the

simulation. The integration method chosen in running the model is Euler’s Method.

In this chapter, first the base behavior of the model will be analyzed. Then, in the
validation section, the experiments conducted in order to test the validity of the model
will be summarized. The compatibility of model behavior with the real life behavior

of Bogazici University Engineering Faculty will be presented.

7.1. Analysis of the Base Behavior

Initially in the model, the avg cit/pub value is 2.84 where world avg cit/pub is
4.38. avg pub/f/y value is 0.28 where world avg pub/f/y is 1.57. There is pressure on
researchers in terms of both publications and citations. The most significant response
of researchers to this fact is the increase in research time in a very short time. We
see that in year 2006, research time increases more than two times and reaches a level
of 0.46 year per faculty per year, where it was only 0.2 year per faculty per year in
1995. The increase continues until 2012. Between 2012 and 2016, research time stays
steady at level 0.49, which is the highest level of research time ever. Starting in year
2016, research time decreases slightly and slowly. Change in the attitude of researchers

towards research time originates from the publication pressure on them (Figure 7.1).

With the increasing research time levels, publish rates increase. The behavior is
seen in Figure 7.2. From 1995 to 2006, where the pressures are very strong, the publish
rates of all three quality classes of publications increase. Publish rate B and C' increase
more than publish rate A. This is understandable because A type publications require
more research time and as we see in Figure 7.4, fraction of research time allocated to A
research is not as much as research time allocated to B and C research. Publish rate B

and publish rate C continue increasing until the end of the simulation period. However,
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A type publications reach the highest level in year 2014 with 19 A type publications,
and then decrease and stabilize. This is due to the lack of pressures, which motivate

researchers to make more A type publications (Figure 7.2).
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Figure 7.1. Research time in the base run
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Figure 7.2. Publish rates in the base run

The rapid increase in publish rates in the first years ends up with a rapid increase
in avg pub/f/y. As the parameter increases, the corresponding pressure decreases. We
see the effect of decrease in publication pressure on research time in Figure 7.1after
year 2016 as a decrease in research time. The decrease in research time slows down

the increase in avg pub/f/y. The parameter almost stabilizes at 1.18 at the end. Tt
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should be mentioned once more that world avg pub/f/y is 1.57. The publications get
very far from beginning to the end of simulation period where ultimate goal is to reach

the world average (Figure 7.3).
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Figure 7.3. Average publication per faculty per year in the base run

The fractions of research time allocated to A, B and C research are seen in Figure
7.4. Initially fract of Res T for A is 0.29, fract of Res T for B is 0.47 and fract of Res
T for C is 0.24. The ending values are 0.15, 0.46 and 0.38 respectively.

fract of Res T for A oscillates around 0.29 at the beginning. From 2009 to 2012,
it is at its maximum level. The faculty catches the world average in terms of citation
per publication in year 2015. After 2012, with the decreasing citation pressure, the
motivation for A type research decreases and this fact ends up with a stabilization of

fract of Res T for A in a low level.

fract of Res T for B oscillates around 0.45 and stabilizes at 0.46 at the end. The

pressures are easing off and this allows making B type publications.

fract of Res T for C is at the lowest level in the beginning. It increases due
to publication pressure. However, the increase is not very dramatic because although

publication pressure exists all the time, its strength keeps decreasing in the entire
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simulation period (Figure 7.4).
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Figure 7.4. Research time allocation in the base run

In the citation site, the situation is better off. Awg cit/pub value of the faculty
catches the world average in year 2015. From then on, citation pressure decreases. The
decrease in citation pressure results in lower fract of Res T for A but high citation
receiving rates continue because of both plenty of previously published A type publi-
cations and continuing high publish rate B. The satisfactorily increasing external and

internal citation receiving rates are seen in Figure 7.5.
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Figure 7.5. Citation rates in the base run



86

Awg cit/pub catches world average very soon as mentioned above. However, ez-
ternal and internal citations should be analyzed separately because the situation is
not the same for them. There is a sustained increase in avg ext cit / pub. After 2007,
the slope of increase increases and the increased slope continues ever. This provides a
much higher avg ext cit / pub than world average at the end. On the other hand avg
int cit / pub can never reach world average but the difference between them decreases
consistently during the simulation. At the end, avg int cit / pub is 5.15 where world

average is 5.25. The values of avg cit/pub parameters are seen in Figure 7.6.
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Figure 7.6. Citation per publication in the base run

Reputation increases during the simulation period. Initially reputation of faculty
is at level 40 out of 100. From the beginning to 2006, increase in reputation is very
slight. Starting in 2007, by coming closer to the world average cit/pub, increase in
reputation accelerates. The increase in reputation makes a saturating behavior and

reaches level 63 at the end of the simulation.

Acceptance fraction has a base level and its increase directly depends on reputation
changes. With the increasing reputation, acceptance fraction reaches level 0.54 where
it starts at level 0.43 in the beginning. The shape of its behavior is very similar to that

of reputation, which is expected (Figure 7.7).
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Figure 7.7. Reputation and acceptance fraction in the base run

The base run is actually one of the scenarios that can be drawn by using the model
in hand. What makes it presented in this section as the base behavior of the model
but not a scenario is that, the behavior exhibited by the model herein depends solely
on our base assumptions. Base behavior obtained from model for the first 11 years
is completely compatible with the real behavior of Bogazi¢ci University engineering
faculty as will be explained in Section 7.2. Considering this fact, we trust in our
base assumptions. The assumptions that are employed in the first years of simulation
continue being on stage for the rest of the simulation. Therefore, for the base run we
can conclude that, if the mental models of faculty members which produce both the
assumptions underlying in the model and results obtained with it does not change, in
the long run, the faculty will be in the position presented. In terms of citations, the
faculty will be in a very good place with much higher average citation per publication
values than world averages. In terms of publication productivity, faculty will be in
a much better place as well, but it will not be possible to reach the world average
publication per faculty per year value. Faculty members will spend about 44 percent of
their time in research activities and these research activities will be dedicated mostly
to medium quality, B type research. A type research will not be appreciated that much
because of the fact that publication pressure will overcome citation pressure. C' type

research will be performed to be able to increase the average number of publication
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per faculty per year because of publication pressure. The faculty will be more visible
in the academia with increased reputation level. It can be concluded that, the faculty

will be doing well if our base assumptions about real world are correct.

7.2. Validation of the Model

The purpose of model validation is to assure that the model is an acceptable
description of the real system behavior with respect to the dynamic problem (Barlas,

1996). Model validation is carried out in two steps.

7.2.1. Structure Validity

Structure test is to check whether the structure of a model is a meaningful de-
scription of the real relations that exists in the problem or not. There are two types
of structure tests: direct structure tests and structure-oriented behavior tests (Barlas,

1996).

Direct structure tests assess the validity of the model structure, by direct compar-
ison with knowledge about real system structure. Parameter and variable confirmation,
dimensional consistency and extreme condition tests are included in direct structure
testing (Barlas, 1996). In the model, all parameters and variables have real life coun-
terparts. The equations and logical relationships are compatible with our knowledge
about real system. There is no dimensional inconsistency in equations. Dimensions of
the variables and parameters are presented in Table 5.1. All the model equations are

valid under extreme conditions.

One of the tests in indirect structure testing is extreme-condition test via simula-
tion. Extreme values are assigned to selected parameters and model-generated behavior
is compared to the observed (or anticipated) behavior of the real system under the same

extreme condition (Barlas, 1996). Some extreme conditions are simulated.



89

7.2.1.1. Extreme Condition tests. Extreme condition tests with some key variables

are carried out in this section.

Extreme Condition 1: Skill level is very high: Skill level is set to 100. Publish
rates increase because it is very easy for researchers to write papers with a top skill
level. Avg pub/f/y reaches a very high value. Publication pressure does not exist any
more. Auvg cit/pub reaches very high levels as well which removes citation pressure. In
the lack of pressures, researchers are not motivated to make A type or C type research
but they tend to make B type research. Reputation becomes 99.8 which is acceptable
since everybody would know very well a faculty of 100 percent skilled faculty members.
Since it is easy to publish for researchers, they do not need to devote so much time in
making research. Researchers are already perfect, and they only spend 28 percent of
their time on research activities. Reputation is seen in Figure7.8. Other related figures

are provided in Appendix B (B.1, B.2, B.3).
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Figure 7.8. Reputation and Acceptance Fraction in Extreme condition 1 — perfect

faculty members

FEztreme Condition 2: Skill level is very low: Skill level is set to five. Avg pub/f/y
and avg cit / pub are very low. There are strong publication pressure and citation
pressure. When both of them are very strong, A type and C type research becomes

hard to do but researchers concentrate on B type research to balance both publication
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productivity and quality. Research time increases and reaches 57 percent of faculty’s
time. Thanks to increased research time and increasing number of faculty members,
publish rates continue increasing, but very slightly. Reputation decreases to 3. Research

Time is seen in Figure7.9. Other related figures are provided in Appendix B(B.4, B.5,
B.6).
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Figure 7.9. Avg pub/f/y and Research Time in Extreme condition 2 — Skill level is

very low

Extreme Condition 3: Number of faculty is set to 1: When there is only one fac-
ulty member, publish rates become almost zero. The publication stock levels decrease

as expected. The publish rates are seen in Figure 7.10.
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Figure 7.10. Publish Rates in Extreme Condition 3 - # of Faculty is set 1
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Extreme Condition 4: Number of faculty is set to 1000: When number of faculty
is set to 1000, publish rates increase substantially. Accordingly, the publication and
citation performance parameters change in expected direction. The publish rates are

seen in Figure7.11.
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Figure 7.11. Publish Rates in Extreme Condition 4 - # of Faculty is set 1000

Extreme Condition 5: Normal fract A is set to 100: Setting normal fract A to
100 and normal fract C' to 0 means giving an end to C' type research. Fract of research
time for C' decreases to 0 and publish rate C' diminishes as expected. However, fract of
research time for A does not become higher than fract of research time for B because
pub/f/y is at very low levels, causing publication pressure. The final fract of research
time for B is 62 percent where the final fract of research time for A is 38 percent.
By making only good quality papers, avg cit/pub values increase and this provides a
reputation level of 95 for the faculty. Research time is still very high because of high
publication pressure. Research Time allocation is seen in Figure 7.12. Other related

figures are provided in Appendix B (B.7,B.8, B.9).
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Figure 7.12. Research Time allocation in Extreme Condition 5 - Normal fract A is set

100

Extreme Condition 6: Normal fract C is set to 100: Setting normal fract C to

100 and normal fract A to 0 means giving an end to A type research. Publish rate A

converges to 0. Citation rates decrease dramatically. Citation pressure becomes very

strong. This prevents fract of Res time for C from being higher than fract of Res

time for B. Research Time allocation is seen in Figure 7.13. Other related figures are

provided in Appendix B (B.10, B.11).
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Figure 7.13. Research Time allocation in Extreme Condition 6 - Normal fract C is set

100
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Extreme Condition 7: Research Time is set to 0.01: Publish Rates decrease to
almost 0. There exists a little publish rate C. Avg pub/f/y becomes 0.03. Citation
pressure is not as much as publication pressure so most of the research time is allocated

to C type research. Publish rates are seen in Figure 7.14. Other related figures are
provided in Appendix B (B.12).
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Figure 7.14. Publish Rates in Extreme Condition 7 — Research Time is set 0.01

Ezxtreme Condition 8: Initial Reputation is 0: The model recovers the reputation
level of faculty in a short time. At the beginning, citation rates are low as expected,

but in time faculty reach the normal level of reputation and citation receiving rates.

Change in reputation is seen in Figure 7.15.

& 1 Percelved Reputation

1995 2006 2018

2029 2040
Y BArS

Figure 7.15. Reputation in Extreme Condition 8 — Initial Reputation is set 0
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Ezxtreme Condition 9: Initial Reputation is 100: Reputation does not stay in that
high level so long, the model recovers the reputation level in a short time. Avg cit /pub
value reaches the world average in a very short time because of high citation receiving
rate at the beginning. The expected results are obtained in terms of other parameters.

Related figures are provided in Appendix B (B.14).

Extreme Condition 10: Acceptance Fraction is set to 0.01: Faculty cannot publish
what they write. They tend to write C' type publications because of the very strong
publication pressure on them. As a result, paper writing rates increase very much
where publish rates are very low. Papers accumulate in Paper Submitted Stocks and
reject rates increase a lot. Paper Writing rates are seen in Figure 7.16. Other related

figures are provided in Appendix B (B.15, B.16, B.17).
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Figure 7.16. Paper-Writing Rates in Extreme Condition 10 — Acceptance Fraction is
set 0.01

7.2.1.2. Sensitivity Analysis. Behavior sensitivity test consists of determining those

parameters to which the model is highly sensitive, and asking if the real system would
exhibit similar high sensitivity to the corresponding parameters (Barlas, 1996). Most
of the parameters are tested to find out if there are such parameters that the model
is highly sensitive. For that purpose, Required time A/B/C, Publish Time, Ext cit
per pub per year A/B/C, Int cit per pub per year A/B/C, various adjustment time
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parameters and normal fract A and normal fract B are tested. The tests verified that
the model is valid in terms of those parameters. Some of the results of the sensitivity

tests are briefly given in the following sections.

Sensitivity Analysis on Acceptance Fraction: When Acceptance Percentage Max
is changed, Acceptance Fraction is changed accordingly. In the base run, we assume
that Acceptance Percentage Magz is “1”. The values “0.9”, “0.8” and “0.7” as Acceptance
Percentage Mazx are tested respectively in Sens Exp 1, 2 and 3. Finally, a different case
where Acceptance Percentage Max changes from 0.7 to 1 gradually is tested (Sens Exp
4). The corresponding final values of some important variables in the model are shown

in Table 7.1.

Sensitivity Analysis on Required Time A/B/C : In the base run, the required time
for writing an A type Paper is 0.8 year/paper, for a B type paper it is 0.4 year /paper and
for a C type paper it is 0.2 year /paper. In sensitivity experiment 1, the required times
to write the three types of papers are more different than each other. In Sensitivity
experiment 2, the required times are much more different than each other. In sensitivity
experiment 3, the values are closer. In the sensitivity experiment 4, all of the three
values are higher than base run values. And in sensitivity experiment 5, all of the values
are lower than the base run values. The corresponding final values of some important

variables are shown in Table 7.2.

The values of research time allocation with sensitivity experiment 2 are seen in
Figure 7.17. With the very low required time C value, publication pressure decreases

and most of the research time can be devoted to A type research.

The values of research time allocation with sensitivity experiment 3 are seen in
Figure 7.18. The required times are close to each other. They are neither very low nor
very high but they are all close to the required time B in the base run. In this case,

citation pressure decreases, and publication pressure is high.
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Table 7.1. Final Values of Key Variables in Sensitivity Experiments with Parameter

Acceptance Percentage Max

Base

Sens Exp 1

Sens Exp 2

Sens Exp 3

Sens Exp 4

Acceptance
Percentage
Max

(Sensitivity

Parameter)

0.9

0.8

0.7

0.7->1

Acceptance
Fraction

(start->end)

0.43->0.54

0.38->0.47

0.35->0.41

0.30->0.35

0.30->0.51

Fraction of
Research Time

(FA-fB-fC)

0.15-0.46-0.39

0.15-0.45-0.40

0.15-0.43-0.42

0.15-42-0.43

0.16-0.46-0.38

Research Time

0.43

0.46

0.48

0.50

0.45

Avg Pub / F /

y

1.10

0.92

Publish Rate
(A+B+C=

Total Pub R)

11+70+116=197

10+62+111=183

9+55+105=169

9+47+97=153

124+67+113=192

Paper

Submitted C

Avg Ext Cit / 39 37 35 32 35
Pub
Avg Int Cit / 5 5 5 5 5
Pub
Reputation 63 60 58 55 57
Paper 21 22 23 25 24
Submitted A
Paper 130 132 134 135 132
Submitted B
215 235 256 277 222
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‘ 1: fract of Res TforA 2 fract of Res TforB 3 fract of Res T for C
1: A gL
2:

Figure 7.17. Research Time Allocation in sensitivity experiment with required time

values in experiment 2

Q 1: fract of Res Tfor A 2 fract of Res TforB 3 fract of Res T for C
2
1:
2

Figure 7.18. Research Time Allocation in sensitivity experiment with required time

values in experiment 3

7.2.2. Behavior Validity

Once enough confidence has been built in the validity of the model structure
via structure validity tests, one can start applying certain tests designed to measure
how accurately the model can reproduce the major behavior patterns exhibited by the

real system. It is crucial to note that the emphasis is on pattern prediction (periods,
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frequencies, trends, phase lags, amplitudes ...), rather than point (event) prediction in

behavior validity testing (Barlas, 1996).

By using the real data, behaviors generated in the model and real behaviors of
faculty are compared for the first eleven years. The model generates almost the same
behaviors as the real life behaviors. The future behavior is found to be consistent with
our assumptions in all aspects. Real behavior of the system versus model results for

the tested parameters are presented in the following subsections.

7.2.2.1. Total Publish Rate. Total publish rate is the sum of Publish Rate A, Publish
Rate B and Publish Rate C' (Figure 7.19). Real data and model results are compatible.
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Figure 7.19. Total publish rate

7.2.2.2. Publish Rates with quality classification. Real publish rate versus model pub-

lish rate for each class of publications are provided in the following figures. Publish
rate A is seen in Figure 7.20. Publish rate B is seen in Figure 7.21. Publish rate C
is seen in Figure 7.22. Reproduced publish rates with model are compatible with real

publication performances.
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Figure 7.20. Real publish rate vs model publish rate A
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Figure 7.21. Real publish rate vs model publish rate B
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Figure 7.22. Real publish rate vs model publish rate C
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7.2.2.3. Average Pub / F/v. In calculating average publication per faculty per year

parameter, 3 year moving average method is employed in both real data and model

results (Figure 7.23). Real values and model results are close.
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e

/7
_— /
A

s e 9o o
o~ 2 W

=
L

number of publications
=]
kS

2 2
[ERY

i

m—

P N S R R R TP TN - WU
o $° $ S
RN, L LG LN S SR s S SR P A

= Real avg pub fffy Model avg pub /Ty

Figure 7.23. Real vs model average publication/faculty /year

7.2.2.4. Research Time. Estimated real research time and research time in the model

are seen in Figure 7.24. In the model, research time values seem higher than real
values during the analysis period. However, the gap between real and model values are
not too big to violate our study. Although the values are not exactly the same, the

increasing behavior in both curves are similar.
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Figure 7.24. Estimated real research time vs model research time
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7.2.2.5. Fractions of Research Time. Fraction of research time for A type research is

seen in Figure 7.25. Fraction of research time for B type research is seen in Figure 7.26.
Fraction of research time for C type research is seen in Figure 7.27. In all three figures,
it is seen that, there is not an apparent increase or decrease in real life behaviors. The

model consistently reproduces the real life values for all three fractions of research time.
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Figure 7.25. Estimated real fraction of research time vs model fraction of research

time for type A
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Figure 7.26. Estimated real fraction of research time vs model fraction of research

time for type B
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Figure 7.27. Estimated real fraction of research time vs model fraction of research

time for type C

7.2.3. Citation Rate

Real citation receiving rate data is taken from Web of Science. The increasing
behavior of citation rate is seen in Figure 7.28. Web of Science provides the curve from

1992 to 2010.
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Figure 7.28. Citations in each year
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In the model, citation receiving rate is almost the same as real citation receiving
rate. The behavior is seen in Figure 7.29. Although Web of Science provides the curve
from 1992 to 2010, the model is started to run in 1995, so in the figure for real values,

1995 is taken as the starting year.

Citation Rate
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Figure 7.29. Model citation rate

Real average citation per publication in 2010 is given as 9.59 in Web of Science
where it is calculated as 3.14 based on Web of Science publications at the beginning of
1995. In the model, average citation per paper is 9.32 in 2010 where it is 2.84 at the

beginning of 1995.
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8. SCENARIO AND POLICY ANALYSIS

8.1. Scenario Analysis

8.1.1. Scenario 1: Skill level improving over time

In the model it is assumed that, skill level of faculty is a given feature of faculty.
Once we decide on a faculty body to simulate, we give its skill level to the model and

continue with that.

In this scenario, it is assumed that, skill level is changed by some internal effects.
The internal effects can be counted as experience gained by publishing publications,

age, hiring new more skilled faculty members etc.

In the model, no internal effect formulation is done; rather skill level is increased
from 50 to 65 gradually after year 2006. The increase in the skill level represents the

overall effect of possible internal factors counted above.

Skill has a positive effect on paper writing rate assuming that high skilled re-
searchers are able to finalize their research in shorter time than low skilled researchers.
The high paper writing rate provides a high publish rate. Increased average number
of publication per faculty per year results in lower publication pressure on researchers

(Figure 8.1).

When faculty members realize that they are publishing more than before even
though they are spending less time on each publication, they lower the time they devote

on research activities (Figure 8.2).
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Figure 8.1. Publish rates in scenario 1
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Figure 8.2. Research time and average publication per faculty per year in scenario 1

Fract of Res t for C increases at most to 0.36 in 2019 and then, when the decrease
in publication pressure is felt by faculty members, it starts decreasing. Its final value
is 0.32. Fract of Res t for A stabilizes at a higher value than its value in base run.
The reason is the weak publication pressure. Nevertheless, it does not reach very high
values either because; citation pressure is not very strong as well. Rather than A type
or C type research, faculty members tend to make B type research with the absence of

both of the pressures (Figure 8.1).
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Figure 8.3. Research time allocation in scenario 1

Average citation per publication values increase very much. The reason of this
increase is twofold. Firstly, skill has a positive effect on citation receiving rate. As ex-
plained in description of skill sector, average number of citations a publication receives
in a particular kind of journal is obvious. However, publications of high skilled faculty
members receive more citations than average. In the same manner, publications of
low skilled faculty members receive less citations than average. Secondly, once citation
receiving rates increase, reputation starts increasing. The positive feedback loop works

here and high reputation level makes citation receiving rates higher (Figure 8.4).
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Figure 8.4. Citation per publication in scenario 1
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The final values of selected variables in base run and in scenario 1 are presented

in Table 8.1.

Table 8.1. Final values of selected variables in base run and in scenario 1

Base

Scenario 1

Fraction of Research Time (fA-fB-fC) 0.15 — 0.46 — 0.39

0.16 — 0.52 - 0.32

Research Time 0.43 0.34
Avg Pub / Faculty / Year 1.18 1.55
Avg Citation/Publication (internal+-external) 43 57

Publish Rate (A+B+C= Total Pub R) 11 + 70 + 116 = 197

17 + 107 + 133 = 257

8.1.2. Scenario 2: Worsened skill level

Besides the possibility of increasing skill level, there is the possibility of decreasing

skill level as well. In this scenario, this possibility is analyzed.

In the model, skill level is decreased from 50 to 40 gradually after year 2006.

Publish rates stabilize in lower levels due to low paper writing rates. Decreased

skill level affects paper writing rates negatively (Figure 8.5).
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Figure 8.5. Publish rates in scenario 2
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Low publish rates result in a strong publication pressure. With the publication
pressure, faculty members keep the research time at a high level. Although researchers
spend very much time on research activities, publish rates do not increase very much

due to low skill level (Figure 8.6).
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Figure 8.6. Research time and average publication per faculty per year in scenario 2

With the high publication pressure, fract of Res t for A stays in a low level. fract
of Res t for B and fract of Res t for C stabilize at high levels (Figure 8.7).
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Figure 8.7. Research time allocation in scenario 2

Awverage citation per publication values are lower than them in base run. However,
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external citation per publication is still higher than world average and internal citation
per publication is very close to the world average. That is due to the continuing effects
of beginning high skill level. The previously published high quality publications keep

receiving high number of citations (Figure 8.8).
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Figure 8.8. Citation per publication in scenario 2

The final values of selected variables in base run and in scenario 2 are presented
in Table 8.2.

Table 8.2. Final values of selected variables in base run and in scenario 2.

Base

Scenario 1

Fraction of Research Time (fA-fB-fC)

0.15 - 0.46 — 0.39

0.15 - 0.43 — 0.42

Research Time 0.43 0.48
Avg Pub / Faculty / Year 1.18 0.96
Avg Citation/Publication (internal4-external) 43 38

Publish Rate (A+B+C= Total Pub R)

11 + 70 + 116 = 197

9 + 51 + 100 = 160

8.1.3. Scenario 3: Increasing internal citations

Knowing that number of citations per publication is an important performance

measure and quality indicator, faculty members hope their publications receive many
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citations. If the number of citations received by the publications seems unsatisfactory,
they may start citing each other’s papers or citing their own papers more to reach
the intended citation per publication level. It is a fact that, this scenario is a well
accepted one in academia. Citation networks have been formed between authors for
this purpose recently. Researchers, who are interested in scientometrics, study this
citation network phenomenon. In literature review section, results of some of these

studies are mentioned.

This scenario will make faculty members cite the previous publications of the
faculty more than usual while writing a new paper. In the model, Int cit /p/y is
increased to two times the base run value. Eff of Publish R on Int Cit is removed.
This effect was preventing the internal citation rates from being unreasonably high.

Under this scenario, high internal citation receiving rates are allowed.

Under this scenario, average internal citations per publication increases. Impact
is calculated by dividing number of citations by number publications regardless of
paying attention to the kind of citations. Therefore, although a considerable amount
of citations are of type internal, impact is high. High impact provides high reputation.

Increased reputation results in high external citation receiving rates (Figure 8.9).
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Figure 8.9. Average Citation per Publication values in Scenario 3.
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High reputation level results in high acceptance fraction as well. Thanks to the

high level of acceptance fraction, publish rates are at high levels (Figure 8.10).
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Figure 8.10. Reputation and Acceptance Fraction in Scenario 3.

Since publish rates are satisfactory, research time stays the same as it does in the

base run (Figure 8.11).
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Figure 8.11. Average Pub/f/y and Research Time in Scenario 3.

Citation pressure is not very heavy due to the high citation receiving rates. So,
fract of Res t for A stays the same. In addition, publication pressure is not very

heavy due to high acceptance fraction which results in high publish rates. Decreased



publication pressure allows a slight increase in fract of Res t for B in exchange for a

slight decrease in fract of Res T for C.

Final values of selected variables in base run and in Scenario 3 are presented in

Table &8.3.

Table 8.3. Final values of some important variables in base run and in Scenario 3.

Base

P4

Fraction of Research Time (fA-fB-fC)

0.15 - 0.46 - 0.39

0.15-0.47 - 0.38

Research Time 0.43 0.42
Avg Pub /Faculty / Year 1.18 1.24
Avg Citation / Publication 43 50

Publish Rate (A+B+C= Total Pub R)

11 + 70 + 116 = 197

12 + 75 + 121 = 208

Avg External Citation / Publication 39 41
Avg Internal Citation / Publication 5 9
Reputation 40->63 40->76
Acceptance Fraction 0.43->0.54 0.43->0.59

Results obtained with this scenario are very satisfactory. Increased average in-
ternal citations per publication provide an increase in reputation. Increased reputation
results in high acceptance fraction and high exzternal citation receiving rates. There-
fore, both citation receiving performance and publication production performance are

satisfactory.

8.2. Policy Analysis

It is a fact that, there is an increasing tendency towards pushing researchers to
produce high numbers of publications. There are various motives for this tendency.
Publication productivity is connected to tenure decisions or grants are provided to
those who publish more. Different policies can be adopted to try to increase pub-

lication production performance. With the first two policies, this “publishing more”
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phenomenon will be handled.

Under the third policy, faculty members will be able to increase their research time
in exchange for decreasing the time they spend on other administrative or educational

duties which are assigned by university management.

Forth policy is kind of an imaginary policy. It tells that, faculty members should
do research for only high quality outcomes. Number of publications per faculty is of

very low importance, but quality is everything.

While performing new policies, the first 11 years of the simulation is not violated
since those years are based on real behavior of faculty. Policy analysis aim at finding
out policies, which will take the faculty to better positions in terms of quality and

performance in the future.

8.2.1. Policy 1: Upgrading the publication benchmark

The reason of the emergence of publication pressure is that, faculty compares its
yearly publication production performance with the average yearly publication produc-
tion in the world considering the world average as a benchmark. Faculty members feel
under pressure as long as they are below the world average. In the base run, it is seen
that, taking world average as the benchmark did not make faculty members very well

performed publication producers regarding number of yearly publications.

The policy makers in the school may select a different benchmark hoping a better
publication production performance. For that purpose, world avg pub/f/y parameter,
which is compared with avg pub /f/y is gradually increased from 1.57 to 3 throughout

the simulation period.

By increasing the performance measure, which is the direct source of publication
pressure, publication pressure increases. Increased publication pressure causes research

time to increase as well. The increasing behavior of research time is seen in Figure
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8.12. In the base run, research time was increasing at first, but in time, when avg
pub/f/y reaches a satisfactory level, publication pressure decreased and research time
saturated at a lower level, 0.43. This time, research time started to increase and never
decreased again. Saturation occurred at level 0.53, which is much higher than that in

the base run (Figure 8.12).
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Figure 8.12. Research Time under Policy 1

Allocation of research time with this policy has a very different behavior than
the base run allocation. fract of Res t for A decreases to a lower level and fract of Res

t for C becomes very high (Figure 8.13).
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Figure 8.13. Research Time allocation under Policy 1
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Although fract of Res t for A and fract of Res t for B decrease, publish rate A
and publish rate B stay almost the same as base run values because research time is

increased. Publish rate C increases lot (Figure 8.14).
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Figure 8.14. Publish Rates under Policy 1

Increased Publish Rate C provides a high number of avg pub /f/y (Figure 8.15).
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Figure 8.15. Average publication per faculty per year under Policy 1

The final values of selected variables in base run and under policy 1 are presented

in Table 8.4.
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Table 8.4. Final values of some important variables in base run and under Policy 1

Base

P1

Fraction of Research Time (fA-fB-fC)

0.15 - 0.46 - 0.39

0.13 - 0.41 - 0.46

Research Time 0.43 0.53
Avg Pub / Faculty / Year 1.18 1.44
Avg Citation / Publication 43 37

Publish Rate (A+B+C= Total Pub R)

11 + 70 + 116 = 197

11 + 71 + 160 = 240

In the table, it is seen that, although avg pub/f/y reaches a higher level, avg
cit/pub is at a lower level compared to base run. The reason is that, with this policy,
publish rate C increases while publish rates A and B stay the same. C type publications
do not get as much citations as A type or B type publications. Therefore, compared
to base run, increase in publish rate is much higher than increase in citation receiving

rate.

This policy brings the behavior what it is intended to do, so this is a successful
policy. Motivating the faculty members by comparing them with not an average value
but with very good benchmark values makes faculty members increase their overall
research time. They continue publishing A type and B type publications; in addition,
they publish many more C type publications. avg cit/pub being in a lower level may
seem worrying but although it’s level is lower than that in base run, it is still higher

than world avg cit/pub.

8.2.2. Policy 2: Stronger Publication Pressure

In order to make the faculty members publish more, the strength of the publi-
cation pressure on research time allocations can be increased. There may be different
ways of doing that. Publication pressure phenomenon is related to the motives of
faculty members regarding publication production performance. To motivate the fac-

ulty members, benchmark publication production value staying the same which is the



118

world avg pub/f/y, being close to benchmark can be rewarded more or being far from

benchmark can be punished more.

In this policy, strength of publication pressure on research time allocations is
increased. Faculty members are expected to make adjustments in their research time

allocation so that their work will make them closer to world avg pub/f/y.

The slope of effect of publication pressure on fract A and effect of publication

pressure on fract C' are steepen in the model.

Starting in 2006 where the policy is started to be applied, faculty members con-
tinuously increase the fraction of research time that is devoted to C research. At the
end of simulation fract of Res t for C' almost saturates at level 0.49. Both fract of Res
t for B and fract of Res t for A are decreasing. fract of Res t for B decreases to a
level which is not very low due to the continuing citation pressure. They try to keep
the citation receiving rates at sufficiently high levels. However, fract of Res t for A
decreases to a very low level. A type publications require very much time to be written.
Faculty members avoid spending that much time on papers which will not contribute

to pub/f/y measure very much (Figure 8.16).
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Figure 8.16. Research Time allocation under Policy 2

Publish Rate A stabilizes at 7 publications per year which is a very poor quantity.
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Publish rate B is almost constant at the equilibrium level of 57 publications per year.

Publish Rate C increases to 134 publications per year (Figure 8.17).
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Figure 8.17. Publish rates under Policy 2

Throughout the simulation, Research time shows a very similar behavior with
it shows in base run, an increase followed by a decreasing saturation. The final level
of research time is the same as its base run level, 0.43. The reason of not increasing
research time under this policy is that, publication pressure is stronger than citation
pressure. Faculty members believe that reaching the required publication performance
level will be adequate; they don’t need to worry that much about citation receiving
performance. They increase number of yearly publications by only allocating their

current research time to C type research rather than A type research.

Although faculty members make the new allocation on the purpose of increasing
avg pub/f/y, the measure only increases to 1.19 finally. The value of the measure was

1.18 in the base run (Figure 8.18).

The reason underlying the wrong belief of the faculty members is twofold. First,
by decreasing A type and B type publish rates compared to base run, citation receiving
rates are caused to decrease. Lower avg citation/ publication level results in lower

reputation. And, acceptance fraction is lower than that in base run because of low rep-
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utation level. Secondly, if they were only increasing publish rate C without decreasing
publish rate A and B, total publish rate would have been increased. But, what they
are doing is just trying to increase publish rate C' while decreasing the other publish
rates. This provides only a very minor increase in total publish rate and in avg pub/f/y

measure (Figure 8.19, Figure 8.20).
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Figure 8.18. Average publication/faculty/year and research time under Policy 2
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Figure 8.19. Reputation and Acceptance Fraction under Policy 2.
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Figure 8.20. Average citation / publication values under Policy 2.
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Final values of selected variables in base run and under policy 2 are presented in

Table &8.5.

Table 8.5. Final values of some important variables in base run and under Policy 2

Base

P2

Fraction of Research Time (fA-fB-fC)

0.15 - 0.46 — 0.39

0.10 — 0.41 - 0.49

Research Time 0.43 0.43
Avg Pub / Faculty / Year 1.18 1.19
Avg Citation / Publication 43 36

Publish Rate (A+B+C= Total Pub R)

11 + 70 + 116 = 197

7+ 57 + 134 = 198

Acceptance Fraction

0.54

0.50

This policy does not bring what it is intended to do. In order to increase avg

pub/f/y level, making publication pressure stronger than citation pressure only results

in decreasing citation receiving rates while total publish rate stays the same. All in all,

in order to publish in higher amounts, faculty should not ignore high quality, A type

publication production.
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8.2.3. Policy 3: Research Time is affected more from publication pressure.

Publication pressure makes faculty members increase their research time. As a
new policy, strength of effect of publication pressure on research time can be increased.
In addition, change in research time can be done more quickly. This may require
arrangements in other loads of faculty members. Faculty members are responsible
of attending lectures and they have some administrative loads. Management may
take decision about easing some of the loads of faculty members to make them able
to increase their research time when publication performance is not adequate. So,
this policy can be described as, when publication production performance is not good
enough, faculty members will increase their research time to higher levels than they do

in the base run, with a shorter time delay.

Effect of Pub Pressure on Res Time function is steepened and Research Time AT

is decreased in the model.

The behavior of Research time with this policy looks like that in base run but its
value is much higher. Research time increases very fast and reaches level of 0.59 in 2020.
After that with the decreasing publication pressure, research time starts decreasing.
The final value in the simulation is 0.53 which is much higher than base run value

(Figure 8.21).
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Figure 8.21. Research time and average publication /faculty /year under policy 3
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Increased research time provides very high publish rates. At this point, publish
rates and research time allocation should be examined together. fract of Res t for A
makes a similar behavior with it does in base run but the final value of it is 0.17 under
this policy. In the base run it was 0.15. This is due to the fact that, with decreased
publication pressure, it becomes possible to allocate more time to A type research.
Similarly, fract of Res t for B has a higher value here than it has in the base run.
Publish rate A and publish rate B are very high. This provides high citation receiving
rates. Although fract of Res t for C is at a lower level than it is in the base run, publish
rate C is higher. That is again due to high research time (Figure 8.22, Figure 8.23).
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Figure 8.22. Research Time allocation under Policy 3.
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Figure 8.23. Publish Rates under Policy 3
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Avg pub/f/y keeps increasing from the beginning to the end. Thanks to that,
publication pressure decreases in time. Among all three policies applied up to this

point, pub/f/y has reached the highest value under this policy (Figure 8.24).
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Figure 8.24. Average Citation per Publication values under Policy 3.

Average external and internal citations per publication values are high. Reputa-

tion results in the same level as it does in base run.

Final values of selected variables in base run and under policy 3 are presented in

Table 8.6.

Table 8.6. Final values of some important variables in base run and under Policy 3.

Base P4
Fraction of Research Time (fA-fB-fC) 0.15 - 0.46 — 0.39 0.17-0.50-0.33
Research Time 0.43 0.54
Avg Pub /Faculty / Year 1.18 14
Avg Citation / Publication 43 45
Publish Rate (A+B+C—= Total Pub R) | 11 + 70 + 116 = 197 | 16 + 94 + 126 — 236
Reputation 63 63

This policy provides faculty members more flexibility about deciding on which
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kind of research they are going to carry out. Under the previous two policies, re-
searchers had to give up writing A type papers because of high publication pressure.
However, under this policy, they don’t need to give up high quality, A type papers
but they increase research time and write all three types of papers in higher amounts.
Both avg pub/f/y and avg cit/pub measures increase. This means that, both publi-
cation production performance and citation receiving performance reach higher levels

compared to base run. Reputation level turns out to be same with its base run level.

8.2.4. Policy 4: Emphasizing research for Quality

It is in faculty members’ hands to decide on how much of research time will be
devoted to each research category. This policy says that, normally researchers are
supposed to do A type research. Under publication and citation pressures they adjust
their research time allocation but they keep devoting the highest portion of research
time to A type research. The most important thing is quality. Researchers should not

worry much about numbers.

In the model there are normal levels for fraction of research time devoted to each
research class. The normal levels are fixed according to current behaviors of faculty
members. Citation pressure and publication pressure have an effect on those fractions.
The perceived fractions are determined by those effects. In order to apply this policy,
the normal level of fract of res t for A is increased from 0.3 to 0.6 and the normal level

of fract of Res t for C is decreased from 0.25 to 0.1 gradually.

Under this policy, fract of res t for A reaches its highest value compared to its
value under the other policies applied. In 2014, the peak value occurs at 0.44 and it
decreases and stabilizes at 0.26 at the end. Fract of Res t for A cannot stay at the
peak level or go any further because of the increasing publication pressure. Normally,
we expect to see fract of res t for C' to be higher with the publication pressure. But
under this policy, publication pressure increases B type research rather than C type
research. Fract of Res T for C is at its the lowest value compared to its value under

the other polices applied (Figure 8.25).
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Since research time is distributed mainly between A type and B type research,

publish rates are lower than them in base run because of the fact that A type and

B type publications require higher time to be written. With the lower publish rates,

pub/f/y measure is at a lower level which causes publication pressure. This pressure

makes research time a little higher (Figure 8.26).
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Figure 8.26. Avg Pub/f/y and Research Time under Policy 5.

This policy provides the highest avg cit /pub values among all other policies

(Figure 8.27).
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Figure 8.27. Average Citation per Publication values under Policy 5.
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Final values of selected variables in base run and under policy 5 are presented in

Table &.7.

Table 8.7. Final values of some important variables in base run and under Policy 5

Base

P6

Fraction of Research Time (fA-fB-fC)

0.15 - 0.46 - 0.39

0.26 — 0.57 — 0.17

Research Time 0.43 0.45
Avg Pub /Faculty / Year 1.18 1.13
Avg Citation / Publication 43 61

Publish Rate (A+B+C= Total Pub R)

11 + 70 + 116 = 197

24 + 102 + 62 — 188

We can say that, this policy provides what it is intended to do. Although avg

pub/f/y is low, if citation performance is more important than other measures, this

policy is good enough to be adopted.
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9. CONCLUSION

With the increasing necessity to measure the academic/research performance of
scientific institutions, a new field which can be summarized as “measuring science” has
emerged. This new science tries to provide objective and comprehensive performance
measurement tools. Finding such tools is a difficult, complex task. Moreover, if the
measurement tool is inappropriate, measuring of research performance may actually
harm research performance. The common concern is that if some formula is dictated
to motivate researchers, then researchers would change their research practices in the

direction of the formula.

Number of publications and citation impact are two most basic components of
performance measure. This study focuses on these two performance measures and
investigates the following question: in what directions will the dynamics of publications

and citations evolve in the long term, under different scenarios and policies?

A dynamic simulation model is constructed by employing the system dynamics
methodology. The system modeled is a complex one consisting of many variables
in connection. Reputation of the faculty, skill level, total time devoted to research
activities, fraction of the papers accepted by the journals, publication and citation
pressure on researchers are the basic variables in the model. Real data from Bogazici
University and estimations based on the real behaviors observed are used for initializing
the model. The model is tested and validated with extensive structural and behavior
tests. The model is found successful in reproducing the behaviors observed in real data

collected at Bogazigi University.

The principal aim of modeling this complex system is to find good policies, which
will carry the institution to a better position in terms of research performance, while
not damaging it in any aspect. For this purpose, extensive scenario and policy analysis

are performed.
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With the first scenario, we analyzed the effects of increasing skill level of the
faculty members. Both the citation and publication performances become better with
higher skill level. On the contrary, the second scenario showed that, if skill level

decreases in time, both the citation and publication performances become worse.

Encouraging researchers to cite each other more often is an issue in academia. In
the third scenario this issue is simulated by encouraging the researchers to give more
internal citations. This scenario carries the faculty to a better position in terms of both
publication and citation performances. This good performance occurs due to the fact
that, having more citations even if they are of internal type, lowers citation pressure
on researchers. With the lowered citation pressure, they feel freer to decide what type

of research they are going to carry out.

In the policy analysis part, firstly, the well known ‘publish or perish’ approach is
handled in the first and second policies. We know that there is an increasing tendency
of management to push the researchers to publish more. In the model, publication
pressure is exerted on researchers by dictating a benchmark value for the yearly pub-
lishing rate. Under the first policy, the benchmark value for yearly publishing rate is
increased in time. This made the publication pressure on researchers more persistently
perceivable. Researchers tend to increase total time devoted to research activities to
catch the dictated benchmark value. This results in an increase in only C type, low
quality publications. Through increasing research time, A and B type publications are
continued to be published. However, there is no improvement in citation performance,

in fact, number of average citations per publication decreases.

With the second policy, the benchmark for yearly publishing rate is not changed,
but faculty members are forced to reach the benchmark value in the expense of a
decreased citation performance. This makes researchers produce mostly low quality
publications, which are written in shorter time. They submit those papers to low
quality journals where it is easier to publish papers. Citation performance decreases
dramatically, but there is no improvement in yearly publishing rates either. This policy

does not bring what it is intended to do.
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The third policy examines the situation where the management allows researchers
to devote more time on research activities by easing their administrative or educational
loads. Under such a policy, researchers become better publication producers. More-
over, number of high quality publications increases remarkably, resulting in increased

citations.

Finally, a policy stating ‘publish for quality’ is examined. The sheer number of
publications becomes less important in time. This eventually results in the highest
‘citation per publication’ value in all experiments. That is to say, if researchers are
expected to make high quality research, then if the pressure regarding number of pub-

lications is lowered, they act in the expected direction and make high quality research.

The policies are not imaginary, from the literature it is known that they are
being applied in various forms in real life. This study provides a platform for analyz-
ing long term behaviors of researchers under different policies regarding citations and

publications.

As future research, new factors can be included in the model. Skill level of faculty
is an exogenous variable. A good extension of the model can be representing the skill
level as an endogenous variable, affected by internal structure of the model. Number of
journals covered by ISI has been increasing significantly in recent years. Investigating
the reasons underlying the increased number of journals, together with journal impact
factor and modeling their dynamic effects may constitute a good extension for the
model. An interactive simulation game can be constructed based on this model and

decisions of players can be analyzed under publication and citation pressures.
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Appendix A: DATA ANALYSIS

Avg # of Citations Received by 1985-2000 Publications in each
age

=4=—2000 publications

== 1999 publications

== 1998 publications

1997 publications

==1996 publications
=—®—1995 publications

=+=1994 publications
12345678 910111213141516171819202122232425

Age of Publications

Avg # of citations per publication

= 1993 publications

Figure A.1. Average number of Citations received by 1985-2000 publications in each

age
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Figure A.2. Average number of citations received by 1995-2000 publications in each

age
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Avg # of citations per publication
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Figure A.3. Average number of citations received by 1991-1995 publications in each

age
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Figure A.4. Average number of citations received by 1985-1991 publications in each

age
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Figure A.6. Total number of world publications of the selected engineering fields in

each year
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Figure A.7. Simplified World Publications Model
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Table A.1. Regression Analysis: cit per paper per year

Regression Analysis: cit per pub per year versus year

The regression equation is
cit per pub per year=1.28 + 0.132 year

Predictor Coef SE Coef T P
Constant 1.28273 0.06707 19.12 0.000
year 0.131927 0.009114 14.48 0.000

S=0.108982 R-Sq=95.4% R-Sq{adj)=95.0%
Analysis of Variance

Source DF SS MS F P
Regression 1 2.4889 2.4889 209.55 0.000

Residual Error 10 0.1188 0.0119
Total 11 2.6076
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Table A.2. Regression Analysis: WOS publications versus year

Regression Analysis: WOS publications versus years

The regression equation is
WOS publications = 47764 + 2574 year

Predictor Coef SE Coef T P
Constant 47764 2597 18.39 0.000
year 2574.2 352.8 7.30 0.000

S$=4219.02 R-Sq=84.2% R-Sq(adj)=82.6%

Analysis of Variance

Source DF SS MS F P
Regression 1 947600089 947600089 53.24 0.000

Residual Error 10 178001562 17800156
Total 11 1125601650

Number of Publications

WOS publications versus estimated number of world publications
180000
160000 an®
140000
120000 =
100000 .
80000 yes{Lie

60000 ‘“.=:" = Estimated W Pub

40000 .
as®®
20000 egeif

0

1980 1990 2000 2010 2020 2030 2040

+ WOS Documents

Figure A.11. WOS publications versus estimated number of world publications
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Table A.3. Quality boundaries for publications for each year.

year \%\% A quality | C quality
citations boundary | boundary
per paper (avg*2) (avg/2)

1981 first 8 years 5,6 11,2 2,8
1982 first 8 years 5,73 11,46 2,87
1983 first 8 years 5,88 11,76 2,94
1984 first 8 years 5,99 11,98 3
1985 first 8 years 6,09 12,18 3,05
1986 first 8 years 6,19 12,38 3.1
1987 first 8 years 6,29 12,58 3,15
1988 first 8 years 6,41 12,82 3,21
1989 first 8 years 6,56 13,12 3,28
1990 first 8 years 6,74 13,48 3,37
1991 first 8 years 6,98 13,96 3,49
1992 first 8 years 7,28 14,56 3,64
1993 first 8 years 7,63 15,26 3,82
1994 first 8 years 8,02 16,04 4,01
1995 first 8 years 8,47 16,94 4,24
1996 first 8 years 8,95 17,9 4,48
1997 first 8 years 9,5 19 4,75
1998 first 8 years 10,15 20,3 9,08
1999 first 8 years 10,86 21,72 5,43
2000 first 8 years 11,54 23,08 5,77
2001 first 9 years 13,81 27,62 6,91
2002 first 8 years 12,85 25,7 6,43
2003 first 7 years 11,63 23,26 5,82
2004 first 6 years 10,1 20,2 5,05
2005 first 5 years 8,28 16,56 4,14
2006 first 4 years 6,24 12,48 3,12
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Table A.5. cit/p/y parameters for BU EF publications found with simplified

publication-citation model

year cit/p/y A cit/p/y B cit/p/y C
1981 14 0,02
1982 0,03
1983 1,45 0,2
1984 0,5 0,04
1985 0.8 0,48
1986 0,72 0,17
1987 3 0,88 0
1988 1,9 0,82 0,09
1989 2,74 1,07 0,27
1990 2,47 0,62 0,36
1991 3,1 1,12 0,16
1992 2.9 0,975 0,255
1993 3,65 1,23 0,245
1994 4,15 1,17 0,33
1995 6,42 1,33 0,23
1996 4.9 1,67 0,255
1997 12,45 1,85 0,305
1998 8,06 1,95 0,405
1999 7,9 1,91 0,3
2000 9,05 2,02 0,425
2001 14,6 2,14 0,39
2002 9,8 2,1 0,385
2003 9,2 2.3 0,52
2004 10,35 2,39 0,47
2005 7,52 2,33 0,48
2006 9,1 2,3 0,43
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Table A.6. The values used in calculation of Ext cit /p/y and Int cit /p/y parameters

for year 1995.

A B C

Publications 9 39 60
Total citations 489 | 447 | 117

Average citations per paper 54 | 11,5 | 2

Average internal citations per paper 8 3,4 1

Average external citations per paper | 46 8,0 1
Resulting int c¢it / p /v 0,49 | 0,21 | 0,06
Resulting ext cit / p / y 545 1 | 0,12
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Table A.7. Conditional self-citation means for papers published in 1992 with at most

50 foreign citations for 1 to 10 year citation windows. (Glanzel, 2004)

k 1 2 3 4 5 [ 7 ] 9 10 Tik)

1] 0.10 029 0.3 044 047 0.48 049 049 0.8 048 047

1 038 062 0% 0.89 088 0.9% 1.00 1.01 1.2 102 i3

2 057 080 1.10 120 127 1.31 135 138 L.y 138 156

3 0.80 1.1%5 1.37 1.48 155 1.60 1.54 165 1.64 166 197

4 093 138 1.60 1.74 182 1.88 1 8% 150 1.90 151 222

5 1.10 1.58 1.83 187 208 209 2.10 2.14 216 2.14 249

6 123 1.70 2.04 222 226 230 233 2358 23 236 2.74

7 138 192 22 239 248 283 257 254 284 254 297

] 134 205 254 256 249 24 2.73 2.78 2m 2nm 3

9 184 2.17 2.5 2.76 292 289 2858 295 254 292 340
10 1.76 241 7 259 306 17 3.18 3.15 316 3.10 340
11 201 251 2m 3.2 322 3% i3l 329 i 333 3.7¢
12 164 2560 e 328 337 344 348 348 348 349 3.97
13 2.19 252 3.24 340 387 3140 347 3561 3.67 353 4.4
14 282 293 3.3% 368 3462 in 387 386 376 373 437
15 143 296 3.45 373 397 kX5 400 406 3.90 392 445
16 191 313 3.71 388 4.19 4.2 4.16 407 414 4.13 4463
17 278 298 374 407 420 431 427 436 433 425 4.79
18 250 3.10 387 401 429 4L 444 451 454 456 494
19 2.10 338 383 442 433 4.8 458 4467 4.61 462 s09
20 186 338 3.90 454 4566 464 472 477 4™ 474 523
21 22% 387 428 442 485 4.88 485 489 488 493 537
22 338 338 4.4 4568 458 4.9 5.11 5.00 5.0 5§22 58
23 1.50 358 431 485 508 514 517 5.16 526 450 564
24 2460 4.15 438 451 525 5.21 525 532 5.34 534 578
25 6.17 391 4.68 503 5.16 5.4 553 545 483 546 59
26 483 358 4.5 24 559 5% 551 555 568 557 .03
1 400 380 498 548 §44 5.5 §.72 $43 sn 585 LN
28 - 3.40 4.5 527 538 5.9 574 6.02 £.81 578 625
29 333 423 4.88 849 LX) 575 §88 6.09 &.11 6.11 640
30 533 469 .3 542 585 6.04 589 608 4.10 608 652
3l 387 459 4.85 $.76 607 6.01 631 $59 587 624 .64
32 0.00 458 539 5§59 597 6.30 625 623 6847 6.14 8.74
33 447 4.16 5.3 6.15 583 6.45 645 6.70 655 622 457
34 1.00 452 .35 $68 6558 .85 663 6.53 6.45 661 6.95
is 247 556 5.0 593 688 6.54 689 7.00 £.68 689 709
36 250 421 5.18 6.15 682 6.55 689 6.76 684 696 7.20
37 200 502 573 6.11 6.72 6.78 682 6.89 7.06 6.71 7.3
s - 7.00 §.32 6.62 647 6.67 645 7.04 667 7.19 742
39 7.50 475 5.45 6.76 6.61 .85 722 682 7.4 707 753
40 1.00 545 6.18 6.18 698 7.12 127 734 7.38 7.19 743
41 250 493 653 6.59 690 7.50 7.03 744 7.7 732 774
42 1000 491 6.67 7.00 6658 7.58 730 747 7.62 737 754
43 - 471 559 6.77 735 7.38 744 782 7.53 762 794
44 - 627 6.52 651 585 7.60 b1 7.50 7.92 7.59 504
45 - 4.72 & & 7358 739 7.62 8§21 7.7% 7.31 831 514
46 3.00 555 629 7.00 790 42 8.06 823 824 8.14 524
47 300 454 665 750 8.17 1.6 778 7.78 806 765 534
48 - 493 6.53 722 733 7.63 788 £.19 213 787 543
49 - 458 689 760 741 7.74 8.70 846 852 851 553
50 1.00 $07 698 7.19 743 819 843 843 818 832 5462
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Table A.8. Regression analysis for projecting the number of faculty into the future

Regression Analysis: C4 versus C1

The regression equation is
Faculty=111+ 1.17 Year

Predictor Coef SE Coef T P
Constant 110.955 1.531 72.47 0.000
Year 1.1695 0.1684 6.95 0.000

$=2.81769 R-Sq=78.8% R-Sq(adj)=77.1%

Analysis of Variance

Source DF SS MS F P
Regression 1 382.94 382.94 48.23 0.000
Residual Error 13 103.21 7.94

Total 14 486.15

Unusual Observations

Obs Year Faculty Fit SE Fit Residual St Resid
2 2.0 119301 113.294 1.245 6.007 2.38R
7 7.0 113.087 119.141 0.747 -6.054 -2.23R

R denotes an observation with a large standardized residual.
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Appendix B: EXTREME CONDITION RUNS
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Figure B.1. avg cit / p / y values in Extreme condition 1 — perfect faculty members
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Figure B.2. Avg Pub /f/y and Research Time in Extreme condition 1 — perfect

faculty members
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Figure B.3. Research Time allocation in Extreme condition 1 — perfect faculty
members
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Figure B.4. Avg cit / pub values in Extreme condition 2 — Skill level is set 5
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Figure B.5. Research Time allocation in Extreme condition 2 — Skill level is set 5
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Figure B.8. Reputation and Acceptance Fraction in Extreme Condition 5 - Normal

fract A is set 100
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Figure B.10. Publish Rate in Extreme Condition 6 - Normal fract C is set 100
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Figure B.12. avg pub /f/y in Extreme Condition 7 — Research Time is set 0.01
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Figure B.13. Research Time allocation in Extreme Condition 7 — Research Time is

set 0.01
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Figure B.15. Reject Rates in Extreme Condition 10 — Acceptance Fraction is set 0.01
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Figure B.16. Publish Rates in Extreme Condition 10 — Acceptance Fraction is set 0.01
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Appendix C: SIMULATION MODEL
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