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Abstract
Scientometrics is the field of quantitative studies of scholarly activity.
It has been used for systematic studies of the fundamentals of scholarly
practice as well as for evaluation purposes. Although advocated from
the very beginning the use of scientometrics as an additional method
for science history is still under explored. In this paper we show how
a scientometric analysis can be used to shed light on the reception history
of certain outstanding scholars. As a case, we look into citation patterns
of a specific paper by the American sociologist Robert K. Merton.
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Introduction

Scientometrics is a field of information and communication sciences devoted to
quantitative studies of science. The term was coined by V.V. Nalimov and Z.M.
Mul’chenko as title of a book about the measurement of scientific activity. [35]
The systematic study of systems of thoughts was and still is inherent part of
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philosophy. But the growth of the academic system after World War II, the
need for accountability of public spending, the increasing role of technological
innovation for economic wealth, and critical debates about the role of science
for society lead to a formation of a new special field devoted to the study of
scholarly activity. In this newly emerging field the more traditional epistemic
and historical perspective has been combined with studying the sciences as a
social system using approaches from social-psychology, sociology, and cultural
studies. Bernal [3] has been called one of the grandfathers of this emerging field
[46], and the foundation of a society called ‘Society for Social Studies of Science’ in 1975
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was a first sign of an institutional consolidation of the scientific

community interested in the ‘sciences’ as an object of studies. At the very beginning, quantitative studies and qualitative approaches were closely together.[13]
The sociological theories of Robert K. Merton about feedback mechanisms (social enforcement) in the distribution of award in the science system [30, 32, 33]
resonated with stochastic mathematical models for the skew distribution of citations as proposed by Derek de Solla Price, a physicist and science historian.
[41, 42] Dobrov and others proposed a socio-economic theory of the academic
systems shedding light on necessary preconditions of scientific labor and related,
so-called input indicators. [12] The emergence of (digital) databases of scientific
information such as the Science Citation Index of the Institute for Scientific
Information (ISI, now Thompson Reuters) [11] triggered a wave of systematic,
statistical studies of scientific activities - the core of scientometrics still today.

1.1

Texts and authors

Not surprisingly, the number of quantitative studies grew with the availability
of data. Most of the scientometric studies were devoted to products of scholarly
activity, namely publications. They are based on a so-called “literary model of
science” and have been boosted by the groundbreaking innovation of a bibliographic information system which includes the references used in a paper - on
top of authors, title, abstract, keywords and the bibliographic reference itself.[50]
The last decades have witnessed a bias of quantitative studies about the prod2 See

http://www.4sonline.org/
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Figure 1: Objects of scientometrical and bibliometrical studies arranged by their
main units of analysis: texts and authors
ucts (texts and communication) of scholarly activity compared to studies of their
producers (authors) or the circumstances of the production (expenditures). In
Fig. 1 some relevant branches of research inside of scientometrics and some of
their representatives are named.
This illustration does not claim any completeness. For a more comprehensive
introduction into scientometrics we would like to refer the reader to a recently
published book on bibliometrics [2] which also discusses the social theories used
in scientometrics. Further useful sources are the lecture notes of Wolfgang
Glänzel devoted to the main mathematical approaches to scientometrics indicators [20], the website of one of the authors3 and, of course, main journals in the
field such as Scientometrics, Journal of the American Society for Information
3 See

www.eugenegarfield.org. In particular, we recommend the use of the ‘search function’

which allows a full text search through all fifteen volumes of the Essays of an Information
Scientist.
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Science and Technology, Journal of Documentation, Research Policy, Research
Evaluation, and Journal of Informetrics.
The representation in Fig. 1 suggests that for large parts of scientometrics
authors were the “forgotten”units of analysis. There is indeed a rationale behind
the focus on texts. For the elements of textual production - or more specific
journal articles - databases as the Citation Indices of the ISI - Web of Knowledge
have introduced standards for the units of a bibliographic reference: the journal names, the subject classifications, and other meta data such as document
type. However, the identification of authors by their names creates a problem
(i.e., occurrence of common names, transcription of non-English names, name
changes). Only recently attempts have been made to also make authors automatically traceable. One way is to introduce standardized meta data for authors,
for instance by introducing a unique digital identity for reserchers. Currently,
different systems – commercial and public – coexist and compete. Publishers
as Thompson Reuters (see www.researcherid.com) and Elsevier have introduced
ID’s for authors. For the Dutch national science system the SURF Foundation
has introduced a Digital Author Identifier (DAI). Open repositories also aim for
the identification of authors (see http://arxiv.org/help/author identifiers). Another way is to automatically allocate articles to authors using author-specific
characteristics or patterns (e.g., a combination of a specific journal set, subject
categories, and addresses).
For large scale statistical analyses of the behavior of authors the ambiguity
of person names is less important. Examples are investigations of authorship
networks [39], author’s productivity [14], or author-citation network models [6].
But without a researcher identity, or additional knowledge about the author it
is usually not possible to trace individual actors. The above mentioned steps,
including a ResearcherID, might allow more systematic author based studies
beyond samples sizes which still can be cleaned by manual inspection. In the
future a combination of following the creators of scientific ideas and the influence
of these ideas themselves seems to be possible and promising.[25]
However, the dichotomy between texts and authors as introduced in Fig. 1
is not a strict one. Scientometric studies cannot be always fully separated into
either text and author centered. There is a gray area between both directions
4

and interesting studies can be found – also in the history of scientometrics –
which trace authors in threads of ideas and vice versa. Two of them have
inspired this paper: algorithmic historiography and field mobility.

1.2

Algorithmic historiography and field mobility

The so-called historiographic approach has been proposed by the second
author of the present article. This approach allows to reconstruct the main
citation paths over years starting from a seed node. The seed can be one paper
of an author, or a collection of papers characterizing an author or a scientific
speciality. Based on ISI-data, the tool HistCite allows to extract and to visualize
the citation network.[19] Based on the citation rates of all nodes in this network
either in the network itself (local – G1 graph) or in the whole ISI database
(global – G2 graph) graphs can be displayed showing the citation tree of the
most cited papers in this directed graph ordered along a time axis.4 Through
a historiographical analysis one can reconstruct schools of thoughts; paths of
influence and the diffusion of ideas.[26] In this paper, we use one of the recorded
HistCite files, namely the historiograph of Merton’s paper of 1968 [30]. A part
of the global HistCite graph G2 is displayed in Fig. 2.
A novel aspect applied in the present paper is an analysis of the nodes in
the historiograph in terms of their disciplinary origin. This approach has been
inspired by the study of field mobility – a term coined by Jan Vlachy.[48]
Vlachy introduced this notion of mobility, generalizing geographic and occupational mobility or migration towards the movement of researchers through
cognitive spaces. Field mobility describes one aspect of the cognitive mobility of
a researcher who during the life span of her or his career moves from scientific
field to scientific field. In the past, this approach has been integrated into a dynamic model of scientific growth.[9] Recently, the concept has been used again
to trace the activities of a researcher in different fields.[21] The crucial point
for an application of this concept is the question how to identify the fields. For
the traces of individual authors mobility Hellsten et al. [21] used self-citations.
4 The

description of the tool and an extended number of cases results are available on-line,

see http://garfield.library.upenn.edu/histcomp/guide.html.
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The nodes represent selected papers citing Merton’s paper. Node 5 on top is
Merton’s own original paper [30]. The size of a node (paper) is proportional to
the number of in-coming links (citations).
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Self-citations represent a self-referential mechanism which automatically leads
to a clustering of papers which have a common focus. Often in these thematic
clusters we also find different co-authors, and different keywords and title words
can be used to label the different fields of activity on the micro-level of an
individual researcher.
The analysis we present in this paper is a combination of a historiographic
and a field mobility approach. We extend the approach of field mobility from the
mobility of a researcher between fields to the mobility of a paper between fields.
While one can easily imagine that a researcher by her or his on-going creativity
travels between topics and fields, this is intuitively less clear for a published
– and therefore stable – paper. So, what do we mean by this? Once a paper
is published, it has a certain location in an envisioned landscape of science.
This position can be determined by the journal in which the paper appeared.
The disciplinary classification of the journal can be seen as an attribute or
characteristics of the paper which allows to place it on a map of science.[8] While
this landscape seems to be relatively stable or, at least, slowly changes over
time, citations to a paper represent a more fluid and faster dynamics. A paper
published in sociology, for instance, can suddenly gain importance for different
areas as distant as physics or computer sciences. If we look at this paper through
the lense of citations its position can be variable. Eventually, the changing
perception of the paper causes its travel in this imagined landscape. Referencing
to papers can be seen as a process of re-shaping the scientific landscape. Due to
sequential layers of perception the actual ‘location’ of a paper, now determined
by the position of the recent papers citing it, can shift. This travel of a paper,
or more precisely its perception, between fields is an indicator for the diffusion
of ideas and field mobility in a generalized sense. In difference to the earlier
mentioned author mobility study [21] in this paper we determine different fields
by manually inspecting and classifying journals. This way we identify fields of
activity on the meso-level of journals, rather than on the micro-level of individual
behavior (as done in the case study on self-citation pattern), or on the macrolevel of disciplines (as represented by larger journal groups).
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1.3

The Matthew effect of science – Merton’s famous paper of 1968

Due to its broad and persistent perception beyond sociology, Merton’s work
seems to be a good candidate for studying the diffusion of ideas. Moreover,
looking at citation behavior over time and mobility phenomena we want to shed
light on the micro-dynamic processes at the basis of past, current and future
structures of the landscape of science. In a certain sense, we study the same
questions as Merton who himself asked for generic mechanisms in the dynamics
of science. In the paper under study – his 1968 paper on the Matthew effect of
science [30] – he proposes a specific mechanisms, namely the accumulation of
reward and attention. With our study, we ask to which extend we can use the
dynamics of the perception of his work as a case to shed another light on these
generic mechanisms.
The influence and relevance of Merton’s work has been discussed earlier by
one of the authors.[15, 17, 18] Historiographs of his Œuvre or part of it are available for further inspection.5 Still, it remains a question what actually bibliometrics can add to science history based on text analysis and eye witness accounts.
Recently, Harriet Zuckerman [52] has thoroughly discussed the Matthew effect
and carefully analyzed its perception in past and presence. In her analysis she
uses bibliometric information for the global pattern of perception of Merton in a
kind of bird’s-eye view. The current bibliometric exercise complements her study
on a meso-level. In this paper, we concentrate on the perception of one specific
paper of Robert K. Merton [30] out of the three devoted to the Matthew effect
[30, 32, 33]. Instead of looking on the overall citation numbers (macro-level) or
following the nodes and paths in the historiograph of this particular paper in
depth (micro-level), we analyze the citing papers according to the disciplinary
distribution of the journals in which these papers appeared (meso-level).
5 See

www.eugenegarfield.org
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2

Merton’s legacy – the surprising longevity of
his paper of 1968

Robert K. Merton (1910-2003) is known for his theory of social structures as
an organized set of social relationships, the discussion of their functionality or
disfunctionality, and for his definition of culture as an “organized set of normative values governing behavior”.[28] Applied to science(s) as a social system,
he defined four scientific norms or ideals: communalism, universalism, disinterestedness, and organized skepticism. Looking for empirical evidence supporting or undermining theoretical frames, he was also interested in social behavior of scientists which actually contradicts the norms and values functional
for science.[29] In particular, he drew attention to mechanisms of reward in
science. In 1968 he published a paper in the journal Science entitled “The
Matthew Effect in Science: The Reward and Communication Systems of Science are Considered” [30]. In this paper he addressed the phenomenon that
well-known scientists often receive more reward for the same contribution than
other, less-known researchers.
While this “the rich get’s richer effect” has often been described as a sign of
injustice and malfunctioning, Merton also discussed that this deviant behavior
from an ideal one has a constitutive, positive function for the whole system.
It creates a focus of attention, a kind of pre-selection, and a structuring which
allows an easier orientation in large amounts of information.

2.1

The Matthew effect of science – an example of a positive feedback mechanism

It has been argued elsewhere that the essence of the Parable of the Talents
as told in the Bible, does not so much concern an unequal distribution of
wealth or reward as such, but the difference between an expected and eventually
achieved position in such a rank distribution depending on an appropriate use
of talents.[4] In an empirical study of the scientific performance of countries in
terms of citation gathering it has been shown [5] that “privileged countries” in
terms of expected citation rates receive even more citations than countries with
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smaller expectations. Not only is the distribution of talents, gifts, strengths a
skewed one, their further use seems to even increase this skewness.
Apparently, the Matthew effect does not play in favor of certain researchers
and allocates fame and reward not always to the person which deserves it most.
However, on the level of the system, this effect is an important dynamic mechanism to create order out of chaos.[43] Different authors – among them Derek de
Solla Price [42] – have pointed to the fact that in the language of system theory, cybernetics, and mathematics, this effect corresponds to a positive feedback
loop which introduces a non-linear interaction mechanisms into the dynamics
of the system. In terms of mathematical models this can be described as selfaccelerating growth rate, a growth rate of an entity depending on the actual
size of the entity itself. Thereby, an entity can be a scientific field, a certain
technology, or a certain type of behavior. Applied to a single entity models
with such growth rates describe non-linear growth, exponential or hyperbolic.
When implemented as a mechanism in a system of several competing growing
entities different types of selection, including hyperselection, can result from
this non-linear mechanism.[10] In general, positive feedback loops – such as the
Matthew effect – are at the core of specific pattern formation visible in skew
distributions [1] or in dominant designs [47]. It is therefore not surprising that
the perception of Merton’s paper [30] has not been restricted to sociology and
other social sciences, but has also found resonance in mathematics and physics.

2.2

Citation pattern

We started our investigation with the question why Merton’s paper [30] still so
often appears in the list of references of various authors. Citation numbers of
Merton’s paper seem even to show an increase instead of an expected fading
away. This bibliometric observation seems to be in line with other observations
of contemporary witnesses and friends of Merton. Our question was: Can we use
scientometrics to find objective, data-based evidence for subjective impressions?
Is there any way to factualize the impact of this specific paper of Merton?
If we explore what citation analysis can contribute to uncover some attributes of the lasting impact of Merton’s work, we face the analytic challenge to
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measure the impact of a single work (a single paper) with methods designed to
reveal regularities in large amounts of data. Let us therefore first present some
standard scientometrical insights into the citation history of scientific publications.
Citation analysis has taught us about so-called Citation Classics. These are
highly cited papers – sometimes even Nobel prize winning ones. Beginning in
the 1960’s, one of the authors started to publish about highly cited papers in
the journal Current Contents. Highly cited papers represent only a very small
fraction of all papers and citation rates are highly field-dependent. Being aware
of this, a refined methodology was proposed to identify a Citation Classics. “As
few as 100 citations (or even fewer) may qualify a work as a Citation Classic in
some of these areas, such as radio astronomy, engineering, or mathematics. To
identify Citation Classics in smaller fields we use several criteria. One is rank
within a specialty journal. If a specialty journal defines a unique field, then the
most-cited articles from that journal include many if not all Citation Classics
for that field.” [16]
Merton as an author has entered the set of Citation Classics not with his
paper of 1968 [30] but with his book Social Theory and Social Structure from
1949 [28]. In his own commentary on this fact Merton wrote: “I am not at all
sure of the reasons for Social Theory and Social Structure (STSS) still being
cited 30 years after its first appearance. To answer that question with reasonable
assurance would require a detailed citation analysis and readership study, hardly
worth the effort.” [31] Nowadays, in the age of digitally available databases and
computers, such an effort is more practical.
So, let us first look at the citation number for Merton’s paper of 1968 [30]
(see Fig. 3). Merton’s paper has attracted 741 citations from 1968 to June
20096 . To extract these data we used the “cited reference search command” in
the Web of Knowledge 7 . Records of the retrieved citing documents have been
downloaded and exported into an EXCEL data base for further analysis. The
6 See

also http://garfield.library.upenn.edu/histcomp/merton-matthew-I/index-tl.html for

the raw data. Note that the set of citations used for the on-line available HistCite files and
the data set used for this analysis differ for 3 articles.
7 See http://isiknowledge.com/.
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Figure 3: Annual number of citations to Merton’s paper [30] from 1968 to 2008
(citing papers (dark) and citing journals (light))
annual number of citing publications fluctuates between 5 and 15-20 over the
period of more than 30 years with a slightly increasing tendency, but from 2002
onwards we observe a remarkable increase of it (see Fig. 3). Even if one takes
into account that the database itself is not steady but growing over time, we
can state that the perception of Merton’s work is continuing.
From Fig. 3 we can also see that the citations to Merton’s paper [30] are
widely scattered. In the figure we display the number of citing papers and the
number of citing journals together. Whenever in Fig. 3 both graphs coincide
each of the citations appear in a different journal. Whenever the dark gray area
is seen above the light one, in some journals more than one paper cites Merton
[30]. We will look into these multiple citations from journals later again. A
closer look reveals that not only the number of citations increases but also the
number of journals with papers citing Merton.
Citation analysis also taught us about different possible citation life-cycles of
a paper, a person, or a research field. Vlachy developed a typology of these life
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courses of papers in terms of citations. Successive citations represent traces a
work leaves in our collective memory. We see patterns between “never reaching a
wider audience” (‘scarcely reflected’ as labeled by Vlachy), “oscillating recognition”, “exponential or hyberbolic growth” (‘genial’), and an almost “Gaussian”
growth and decline of recognition (‘basic recognized’).[49]
The latter effect seems to be much in line with what the analysis of larger
ensembles has shown, namely that there is a citation window and a “half-life”time of a paper. Moreover, after a certain peak in recognition the knowledge
related to a certain paper becomes incorporated into reviews, textbooks, or
figures under the name of an effect or author only without carrying a citation
mark anymore.
But, patterns and laws in the collective production of scientific knowledge
is only one side of the coin. Important singular events – critical (re)shaping
the way we think about problems and solve them – are another. Both sides
do not contradict each other. Even more, they heavily rely on each other. For
Merton’s paper of 1968 [30] we find a steady growth over decades. What causes
this growth? To answer this question we analyze the journals which contain the
citing papers.

2.3
2.3.1

Journal traces
Distribution over journals

The citations towards Merton’s paper [30] are concentrated in some of the 368
journals over which the citations in the whole period are distributed. If we plot
the number of journals with n citations against n we see that only 24 journals
carry more than 5 citations in the whole period (Fig. 4).
2.3.2

Classification of journals

In the next step we allocated the journals to fields using two different classifications. A finer classification was used for a core set of 24 journals with more than
5 citations (see Table 1). This core set carries about 40 percent of all citations.
For the further examination of the whole journal set we used a rougher classification on the level of disciplines (see Table 2). We choose field and discipline
13
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Figure 4: Plot of journals against citing papers. Core set marked by a grey
rectangular.
names used in bibliometric studies. The allocation of a journal to it is based on
personal judgment. In both tables we also give the overall number of citations
from these fields to Merton’s paper [30].
Table 1: Classification of the core journal group
Field
STI

Citing papers

Science and Technology Studies – Information

106

Science
SOC

Sociology

62

STE

Science and Technology Studies – Evaluation

28

EDU

Education

25

STC

Science and Technology Studies – Science

23

Studies
ID

Information and Documentation

14

PSY

Psychology

6

PHI

Philosophy

5

MAN

Management

3

14

Table 2: Classification of the whole journal set
Field

Citing papers

MATH Mathematics

2

PHYS

21

Physics

CHEM Chemistry

3

ENG

Engineering

12

LIF

Life Sciences

20

MED

Medical Research (including Psychology)

94

SOC

Sociology/Social Sciences/Information Sci-

540

ence
PHI

Philosophy

30

MULT

Multidisciplinary

19

2.3.3

Analysis of the core journal set – the field of Science and Technology Studies

First, we took a closer look at the core set of journals. We asked which journals
are part of this core set, which fields they represent, and how their presence
in the core set changes over time. The growth of perception of Merton’s paper
[30] appears mainly in this core group of journals. In Table 3 we display the
distribution of citing papers across journals for all journals with more than 5
citing papers. Merton’s paper [30] was published in an interdisciplinary journal.
It was first taken up in established sociological journals. But, most of the
journals in the core set have only be founded in the 1960’s or 1970’s. In Table
3 we indicate the first year when a citing paper appeared, the category of the
journal (using the classification given in Table 1), and the founding date8 of
the journal. A comparison of the year of foundation of a journal and its first
appearance in the core set shows that the perception of Merton’s paper [30] coevolves with the newly emerging field of Science and Technology Studies (ST*).
If we order the journals according to their overall number of citations, the journal
SCIENTOMETRICS contains most of the papers citing Merton’s paper of 1968
8 Information

according to major library catalogues such as of the Staatsbibliothek zu Berlin

- Preußischer Kulturbesitz, or of the British Library.
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[30]. SCIENTOMETRICS is not the first journal in which Merton’s paper
is cited. Papers in the journals AMERICAN JOURNAL OF SOCIOLOGY,
SOCIOLOGY OF EDUCATION, ANNUAL REVIEW OF INFORMATION
SCIENCE AND TECHNOLOGY, AMERICAN SOCIOLOGICAL REVIEW
and ACTA CIENTIFICA VENEZOLANA deliver the first 4 citations in 1968.
But, the example of SCIENTOMETRICS represents the consolidation of a new
field – the field of Science and Technology Studies which grows partly inside
existing journals and partly due to newly emerging journals. About 30 percent
of the journals in the core set belong to this field (ST-I/E/C) and contain
about 60 percent of all citing papers.
We classified the field of Science and Technology Studies into subfields such
as “Information Science” (general laws, quantitatively and mathematically oriented), “Evaluation” (indicator research), and “Science studies” (general laws,
qualitatively oriented), and allocated journals to these fields (see Tables 1, 3).
We are aware of the possible objection that such an allocation contains an element of arbitrariness. We also did not take into account that the profiles of the
journals and their function for the scientific community partly overlap. Moreover, these profiles change over time. Also, the actual articles citing Merton’s
paper [30] might contentwise represent a different approach than expressed in
the rough journal categorization. Despite these shortcomings the display of different fields in the “recognition sphere” (set of citing papers) of Merton’s paper
[30] both for the core set and for the whole set reveals interesting insights.
If we examine the whole set of journals across the time scale we make two
observations. Looking at the entry and exit of journals into the area of perception of Merton’s paper [30] we see that most of the journals are transient – they
appear only a few times in the recognition or perception sphere around Merton’s
paper [30]. This is why the core of journals containing citations is relatively
small. Second, the distribution of citations across fields and disciplines does not
remain stable over time.
In Fig. 5 we plot the number of citing papers per journals of the core set
against the time axis. Next to an absolute increase we also observe a shift of
attention among different fields. Not surprisingly the perception of Merton’s
paper [30] starts in sociological journals. For instance, in 1970 the journals
16

Table 3: Distribution of citing papers among journals
Number

Number

Journal name (founding date) – Field – Year of the first cita-

of citing

of jour-

tion of Merton’s paper [30]

papers

nals

64

1

SCIENTOMETRICS (1978)– STI – 1979

22

1

JOURNAL OF THE AMERICAN SOCIETY FOR INFORMATION SCIENCE AND TECHNOLOGY (2000)/JOURNAL OF THE AMERICAN SOCIETY FOR INFORMATION SCIENCE (1970, formerly AMERICAN JOURNAL
OF DOCUMENTATION 1950)– JASIST– STI – 1973

19

1

RESEARCH POLICY (1971) – STE – 1978

17

1

SOCIAL STUDIES OF SCIENCE (1975, formerly Science
Studies 1971) – STC – 1975

15

1

AMERICAN SOCIOLOGICAL REVIEW (1936) – SOC –
1968

12

1

CURRENT CONTENTS (1958)– ID – 1977

11

1

AMERICAN JOURNAL OF SOCIOLOGY (1895) – SOC –
1968

10

1

ANNUAL REVIEW OF INFORMATION SCIENCE AND
TECHNOLOGY (1966) – STI – 1968

9

1

KOLNER

ZEITSCHRIFT

FUR

SOZIOLOGIE

UND

SOZIALPSYCHOLOGIE (1948) – SOC – 1971
8

2

AMERICAN PSYCHOLOGIST (1946) – PSY – 1969
HIGHER EDUCATION (1972) – EDU – 1988

7

1

ADMINISTRATIVE SCIENCE QUARTERLY (1956) –
MAN – 1989

6

6

SOCIOLOGY OF EDUCATION (1963) – EDU/SOC – 1968
SOCIOLOGICAL INQUIRY (1961) – SOC – 1970
SOCIAL SCIENCE INFORMATION/INFORMATION SUR
LES SCIENCES SOCIALES (1962) – STC – 1973
SOCIAL FORCES (1925) – SOC – 1989
RESEARCH IN HIGHER EDUCATION (1973)– EDU –
1989

5

6

RESEARCH EVALUATION (1991) – STE – 2003
17
SOCIAL SCIENCE QUARTERLY (1968) – SOC – 1982
JOURNAL OF HEALTH AND SOCIAL BEHAVIOR (1967)–
SOC – 1977
JOURNAL OF HIGHER EDUCATION (1930) – EDU – 1977
MINERVA (1962) – PHI – 1985

25

Number of citations

20

MAN
PHI

15

PSY
ID
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5
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Figure 5: Disciplinary origin of the papers citing Merton [30] in the core set
over time. For 1981 there is no citation in the core group.
AMERICAN JOURNAL OF SOCIOLOGY and SOCIOLOGICAL INQUIRY
contribute with two citations each. Sociology remains a persistent discipline
over the years. The eventually dominating field of Science and Technologies
Studies gains momentum since mid of the 1970’s. For instance, in 1977 the
journal SOCIAL STUDIES OF SCIENCE contributes with three papers. In
later years, in particular since the end of the 1990’s ST* fields contribute with
around 10 citations per year.
If we look into the subfields of ST*, we see a clear shift from sociological and
cultural studies of science towards informetric analysis. However, one has to take
into account that all these statements are based on rather small numbers and,
therefore, are susceptible to random factors. Only a close reading of the text of
the citing papers could reveal if also the context of the citation to Merton’s paper
[30] changed systematically. By a random inspection we find papers reporting
personal experiences explained with the Matthew effect, discussions of the social
function of the effect, or its possible quantitative validation.
In the core journal set, Philosophy plays a rather marginal role. But, this
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does not mean that authors of philosophical journals are not interested in Merton’s work. On the contrary, an analysis of the whole journal set shows that
the discipline Philosophy holds the third rank (see Table 2). The explanation
can be found in the wide scattering of citing papers over journals. In the core
journal set only the journal MINERVA represents the field of Philosophy with 5
citing papers. In the whole journal set we find 20 more journals classified under
Philosophy. Most of them appear only once. To detect the field-specific pattern
of the diffusion of the perception of Merton’s paper [30] we classified all 368
journals using nine macro-categories (see Table 3).
Diffusion pattern in the whole journal set

Annual share of citations
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Figure 6: Distribution of papers citing Merton [30] across different disciplines
based on a classification of the whole set of journals.
In Fig. 6, we visualize the annual disciplinary distribution of papers citing
Merton’s paper [30]. Not surprisingly, the Social Sciences (now including Science and Technology Studies) dominate the picture. However, each discipline
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in the natural and social sciences and also a wide variety of journals showed
interest in Merton’s paper [30]. For instance, in Physics the first two citations
to Merton’s paper [30] appear in 1969, one in the journal ENERGIE NUCLEAIRE (PARIS) with the title “La Documentation Scientifique et Technique. La
Notion de Centre d’Information” [22], and one in the journal PROCEEDINGS
OF THE ROYAL SOCIETY OF LONDON SERIES A – MATHEMATICAL
AND PHYSICAL SCIENCES with the title “Some Problems of Growth and
Spread of Science into Developing Countries”.[51] After 2004, Physics seems to
pay more systematic attention to Merton’s paper of 1968 [30]. In 2004, two
papers appeared, one in PHYSICAL REVIEW E (“Biased Growth Processes
and the ‘rich-get-richer’ Principle”) [34] and one in PHYSICS TODAY (“Could
Feynman Have Said This?”) [27]. The following period of persistent interest in
physics journals is due to the emerging specialty Complex Networks inside of
statistical physics.[45] Merton’s paper [30] has been recognized widely as being
important and the fundamental for the understanding of networks of scientific
communication and collaboration as nowadays modeled by complex network
models.[40]

Keywords

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

ECONOMICS
PRODUCTIVITY
MODEL
PERFORMANCE
INDUSTRY
INNOVATION
SCIENCE
NETWORKS

Figure 7: Burst analysis among the keywords – all years inside of the time
period of suddenly increased use are colored
The importance of networks becomes also visible in an experiment we performed with the Network Workbench, a tool developed by the group of Katy
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Börner.[37] This tool allows to import, visualize, and analyze networks, including scientometric data from ISI databases. We experimented with Kleinberg’s
burst detection algorithm9 [24] and applied the algorithm to the keyword field
of our dataset. Fig. 7 displays the keywords which are suddenly used more.
According to this analysis keyword bursts only occur since mid 1990. Not surprisingly, due to the relevance of Merton’s findings for the understanding of the
social-behavioral patterns behind complex structures we find networks among
the ‘bursting’ terms in the period of the emergence of network science [36, 7]
across all disciplines.
If one looks at the original table of all citing papers and their journals there
seems to be an increase both in the number of fields and disciplines present and
in the number of citing paper. As we saw in Fig. 6 already, not all disciplines
are present at all times. While no clear pattern of diffusion of the perception
of Merton’s paper [30] among disciplines and no clear transfer path visible are
visible, we searched for another indicator to explain the spreading of interest
in the work of Merton. However, as shown in Fig. 8 the number of different
disciplines present each year shows strong fluctuations which makes it almost
impossible to talk about some trends.

3

Conclusion

In this paper we explored the possibilities to follow the diffusion or perception
of a specific idea using bibliometric approaches. More specifically, we asked why
Merton’s paper [30] on the Matthew effect in science still lives in the memory
of the sciences and still gets cited. We extended historiographic methods as
9 According

to the documentation of the NetworkWorkbench: “Kleinberg’s burst detection

algorithm identifies sudden increases in the usage frequency of words. These words may
connect to author names, journal names, country names, references, ISI keywords, or terms
used in title and/or abstract of a paper. Rather than using plain frequencies of the occurrences
of words, the algorithm employs a probabilistic automaton whose states correspond to the
frequencies of individual words. State transitions correspond to points in time around which
the frequency of the word changes significantly. The algorithm generates a ranked list of
the word bursts in the document stream, together with the intervals of time in which they
occurred.”[38], p. 41.
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Figure 8: Number of disciplines present each year in the “recognition sphere”
around Merton’s paper [30].
proposed by one of the authors [15] towards the analysis of the disciplinary
spreading of ideas. The visualization of the spreading of ideas on large science
maps has been explored recently by Rafols and co-authors.[23] Our goal was
much more modest and much more specific at the same time. We looked at
the trace of one scholar and, even more narrow, at the trace of one of his
publications. We asked what bibliometrics can add to science-historical and
biographical research on small scales.
One access to the disciplinary dimension of the spreading of ideas is to look
into the disciplinary origin of papers. Another way would be to follow the disciplinary traces of scholars in an abstract scientific landscape constructed and
explored at the same time by scholars traversing it.[44] Whatever future algorithm will be at hand to map the landscapes of scholarly knowledge on larger
and smaller scales, most promising is a combination between following the actors
(the producers and living carriers of knowledge) and their traces left. When we
tried to visualize this knowledge dynamics in the HistCite graph we saw how
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complex the situation is. Fig. 9 shows the G1 visualization of the citation
network of Merton’s paper [30]. Let us note once more that in the HistCite
algorithm the G1 graph selects and visualizes papers according to their importance (citations) inside the set of citing papers (local graph). In difference to
G1, the G2 graph displays papers according to their importance in the whole
database (see Fig. 2). In Fig. 9, we have used color codes and first author
names in addition to the node numbers. Papers in Sociology and Psychology
jounals appear as white nodes, Merton’s papers as black nodes, and papers in
Science and Technology Studies/Information and Documentation Journals as
(dark/light) grey nodes. Not unexpectedly, a look into the specific community
structure around Merton’s paper [30] reveals almost the same journals which
contain most of the citations to its papers.10 With the exception of a paper by
Newman (node 426) in a Physics journal and a publication by Stephen in an
Economics journal (node 330) all nodes in this graph either belong to Sociology (or Sociology of Education and Psychology) or to Science and Technology
Studies.
The classification exercise inside of the HistCite graph reveals the emergence
of new scientific fields (as Science and Technologies Studies in the 1970s) and
related journals. Node 64 represents the first paper from a Science and Technologies Studies journal – namely SOCIAL STUDIES OF SCIENCE in 1975.
Remember that this graph contains only a selection of all citing papers. We
have seen the emergence of the new field of Science and Technology Studies and
the corresponding shift in perception of Merton’s paper [30] already in Fig. 5.
Fig. 9 adds concrete faces to this shift by visualizing some key papers. We also
see that with the time more ST* nodes appear.
At least two mechanisms are important for the diffusion of ideas: researchers
which get infected by an idea and travelling around taking the idea to new
places, and the emergence of new journals which present new channels of communication and are a sign for the formation of new scientifc communities. For
instance, in Fig. 9 some authors reappear, even in the narrow selection of G1,
and not always they publish in the same scientific field. Irrespectively where
published, all articles citing Merton’s paper [30] (see Appendix) contribute to
10 A

list of the references for all nodes can be found in the Appendix.
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a better understanding of the dynamics of the science system and its impact
on society. Merton’s ideas about (self-)organizing processes inside the science
system spread out over different disciplines and over time. Merton’s paper [30]
has been proven to be a landmark for the study of science. At the same time,
Merton’s paper is a constitutive element for the formation of a community of
researchers interested in science studies whose work forms the basis on which
Merton’s paper can finally function as a landmark. The diffusion of citations to
Merton’s key paper [30] across journals, disciplines, and time eventually shows
the persistent importantance of the idea for Social Studies of Science. This
concept is the constant, stable, core knowledge element still floating around,
witnessing the longevity and integrating power of scientific ideas.

3.1

Acknowledgement

Part of this work was supported by COST Action MP0801 “Physics of Competition and Conflicts”.

3.2

Appendix

The following list contains all references displayed in Fig. 9. For more information please consult http://garfield.library.upenn.edu/histcomp/merton-matthewI/index-lcs.html.
2 Zuckerman, HA, Patterns of Name Ordering Among Authors of Scientific
Papers – Study of Social Symbolism and Its Ambiguity, AMERICAN
JOURNAL OF SOCIOLOGY. 1968; 74 (3): 276-291
3 Cole S, Cole JR, Visibility and Structural Bases of Awareness of Scientific
Research. AMERICAN SOCIOLOGICAL REVIEW. 1968; 33 (3): 397413
5 Merton RK, Matthew Effect in Science. SCIENCE. 1968; 159 (3810): 56-63
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