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Preface

This book belongs to the science of science. The idea of this book appeared in
2007-2010 when I attended the interdisciplinary seminar of Prof. Sorin Solomon
in the Racah Institute of Physics, Hebrew University of Jerusalem. The purpose
of the seminar was to construct physical models of social phenomena. My long
experience with Web of Science suggested me to look for citations to scientific
papers and to try to model their dynamics as physicists do. The modeling of citation
dynamics has been popular among physicists, and almost all such models were built
by theoreticians. These models were quite general and mathematically rigorous but
lacked proper calibration, namely, comparison to measurements was insufficient. I
set my goal to build a fully calibrated and validated model of citation dynamics. To
achieve this goal, I hoped to use my background and experience in experimental
solid-state physics which should help me to design special measurements for model
validation.

This book presents a stochastic model of citation dynamics which is based on the
well-known copying or redirection mechanism and which was built using methods
of network science. The combination of modeling and measurement revealed
that citation dynamics of scientific papers is nonlinear. This nonlinearity has far-
reaching consequences including nonstationary citation distributions, diverging
citation trajectories of similar papers, and runaways or “immortal papers” with an
infinite citation life-span.

This book presents a fully calibrated and validated model of citation dynamics. It
can serve as a practical tool for quantitative analysis and forecasting of citations and
impact factors. This book appeals to students and researchers in network science,
citation analysis, and bibliometrics.

I am indebted to Sorin Solomon who introduced me into the wonderful world
of complexity, supported me through all stages of this research, and induced me
to write this book. I am grateful to Sidney Redner and Peter Richmond for their
encouragement and advices.

Jerusalem, Israel Michael Golosovsky
December 2018



Abstract

We consider network of citations of scientific papers and use a combination of
theoretical and experimental tools to uncover microscopic details of its growth.
Namely, we develop a stochastic model of citation dynamics based on copy-
ing/redirection/triadic closure mechanism. In a complementary and coherent way,
the model accounts both for statistics of references of scientific papers and for
their citation dynamics. Originating in empirical measurements, the model is cast
in such a way that it can be verified quantitatively in every aspect. Such verification
is performed by measuring citation dynamics of Physics papers. The measurements
revealed nonlinear citation dynamics, the nonlinearity being intricately related to
network topology. The nonlinearity has far-reaching consequences including non-
stationary citation distributions, diverging citation trajectory of similar papers,
runaways or “immortal papers” with infinite citation lifetime etc. Nonlinearity
in complex network growth is our most important finding. In a more specific
context, our results can be a basis for quantitative probabilistic prediction of citation
dynamics of individual papers and of the journal impact factor.
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Chapter 1 ®
Introduction Check for

Abstract We explain what is citation analysis and which role it plays in the
research of power-law statistical distributions, complex networks, and bibliometrics.

Keywords Bibliometrics - Power law distribution - Complex networks -
Citation analysis

1.1 The Place of Citation Analysis in Science

Science is an evolving network of researchers, projects, and publications. Citations
are links that glue the whole network together. Studies of citation statistics and
dynamics proved to be very important for several research fields. For example,
bibliometrics uses citations to build estimators of scientific activity and to identify
research fronts. Power-law statistical distributions are very prominent in bibliomet-
rics and historically this was one of the first fields where these weird distributions
were discovered. The emerging field of complex networks also originated in the
studies of citations of scientific papers (Fig. 1.1).

1.1.1 Bibliometrics

First scientific publications were handwritten letters and books with no formalized
style. The emerging scientific societies, such as Royal Society and Academy of
Scavants, established scientific journals with formalized style of correspondence, in
such a way that the letter of private correspondence had been replaced by a scientific
article. Initially, the scientists gave credit to previous works in the body of the letter
or article. With the growth of science and the concomitant increase in the number
of references to prior studies, these references became placed either in the end of
the text or in the footnote. The role of references was twofold: the credit to prior
work, on the one hand, and the means of retrieving scientific information backward
in time, on another hand.
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