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Abstract In this study we examined the institutions (and countries) the Nobel laureates of
the three disciplines chemistry, physics and physiology/medicine were affiliated with (from
1994 to 2014) when they did the decisive research work. To be able to frame the results at
that time point, we also looked at when the Nobel laureates obtained their Ph.D./M.D. and
when they were awarded the Nobel Prize. We examined all 155 Nobel laureates of the last
21 years in physics, chemistry, and physiology/medicine. Results showed that the USA
dominated as a country. Statistical analysis also revealed that only three institutions can
boast a larger number of Nobelists at all three time points examined: UC Berkeley,
Columbia University and the Massachusetts Institute of Technology (MIT). Researcher
mobility analysis made clear that most of the Nobel laureates were mobile; either after
having obtained their Ph.D./M.D. or after writing significant papers that were decisive for
the Nobel Prize. Therefore, we distinguished different ways of mobility between countries
and between institutions. In most cases, the researchers changed institutes/universities
within one and the same country (in first position: the USA, followed, by far, by the United
Kingdom, Japan and Germany).
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Introduction

The Nobel Prize is the most prestigious and renowned research prize for outstanding
contributions in physics, physiology/medicine, literature, and peace, and it attracts wide-
spread attention not only within but also outside the world of academia and science (Www.
nobelprize.org). Since research prizes in general (and the Nobel Prize specifically) can be
used as indicators of research achievements, and as information on research prizes is
usually well accessible, numerous scientometric studies investigating Nobel laureates have
been conducted. For example, Zhou et al. (2014) examined 362 landmark papers written by
Nobel laureates in physics from 1901 to 2012 using bibliometric methods (Journal Impact
Factor, citations of landmark papers, country where the journal is published). In two recent
studies, Chan et al. (2015a) and (b) looked at alterations of co-authors on the laureates’
publications, and Wagner et al. (2015) compared Nobel laureates with a matched group of
scientists to examine productivity, impact, and research networks. In further studies,
publications by Nobel laureates have been used, for example, to validate (newly suggested)
bibliometric indicators (Antonakis and Lalive 2008; Aziz and Rozing 2013; Rodriguez-
Navarro 2011a, b), to test the quality of Google Scholar as a source for citation data
(Harzing 2013; Patel et al. 2013), to predict the awarding of Nobel Prizes (Ashton and
Oppenheim 1978), to study the uncitedness of publications by reputable scientists (Egghe
et al. 2011; Heneberg 2013), to determine the effect of the Nobel Prize on the citation
impact of publications by a Nobel laureate (Frandsen and Nicolaisen 2013; Gingras and
Wallace 2010; Mazloumian et al. 2011), and to investigate the relationship between the
number of highly-cited papers and the awarding of the Nobel Prize (Chuang and Ho 2014;
Laband and Majumdar 2012).

Previous studies not only examined Nobel Prizes and Nobel laureates using bibliometric
methods, but also analyzed the event itself and the person as such from a sociology-of-
science perspective. Becattini et al. (2014) studied the time delay between when a scientist
makes a prize-winning discovery and is recognized for it with the Nobel Prize. They found
that from the very beginning of the Nobel Prize awards, this lag time has continuously
increased and Nobel Prize winners have become proportionally older and older at the time
of their awards. On average, the lag time is almost twice as long in chemistry (9 years) and
physiology/medicine (11 years) than in physics (5 years) (Chan and Torgler 2013). Before
being awarded the Nobel Prize, most Nobel Prize winners received a striking number of
other awards (Chan et al. 2014a, b) or were invited more frequently than other scientists to
join scientific societies (Chan and Torgler 2012; Chan et al. 2016). In a series of studies,
Campanario (1993, 1996, 2009) examined resistance in the Nobel laureates’ scientific
communities to recognizing the later honored work (for example, a journal rejecting the
paper on the later prize-winning work). Campanario’s studies clearly pointed out that
rejections and resistance in the scientific community actually occurred. Stephan and Levin
(1993), Jones and Weinberg (2011) looked at the age of Nobel Prize winners and examined
the relationship between age and scientific productivity and creativity.

With this paper, we take up from one of the most important empirical studies in this area
entitled “Scientific elite. Nobel laureates in the United States” by Zuckerman (1977). The
author tracked all Nobel laureates in the USA awarded the prizes from 1901 to 1972.
Zuckerman (1977) focused on the question, which social factors and social conditions
“make” Nobel laureates. The author investigated their social development, educational
background, collaboration with other authors, and the specialty of the prize-winning
research. For this purpose, Zuckerman (1977) interpreted the data also on the basis of
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interviews with laureates (e.g. in order to explain the mobility of laureates who “moved”
or “stayed”).

Zuckerman (1977) examined the prize-winning research, looking at US research
institutions where the prize-winning work was done (see Zuckerman 1977, p. 170,
table 6-3). Such research institutions are of special interest generally, because it is con-
sidered that they provide very good research conditions. A similar research approach was
used by Ye et al. (2013), who analyzed the awards of 66 Nobel laureates in physiology/
medicine during the period from 1983 to 2012. They reported one to at most four landmark
papers describing the work decisive for Nobel Prizes. Furthermore, they listed the journal
of the most cited work (see Ye et al. 2013, p. 536, Table 2). Knowing the institution with
which the researcher is affiliated at the time of doing the decisive work is important,
because many Nobel laureates were awarded the Nobel Prize many years after they did the
prize-winning work, and because researchers tend to be mobile—that is, they often change
research institutions.

Besides Zuckerman (1977), we take up from another important empirical study in the
area of Nobel Prize analysis: Hillebrand (2002) undertook a biographical analysis of the
Nobel laureates in physics from 1901 to 2000. In the analysis, he considered information
about the Nobel laureates, e.g. age, teamwork or migration within countries. He focused
on the laureates’ curriculum vitae, e.g. their social responsibilities. The author concluded
that “success is made more likely by an early interest in science, a good education, hard
work, mobility (on occasion), as well as a generous portion of luck” (Hillebrand 2002,
p. 93).

In this study we examined the institutions the Nobel laureates of the three disciplines
chemistry, physics and physiology/medicine were affiliated with (from 1994 to 2014) when
they did the decisive research work. To be able to compare the results, we also identified
the Nobel laureates’ institutional affiliations at the time point of their obtaining a Ph.D./
M.D. and at the time point of their being awarded the Nobel Prize. In addition, we
examined the Nobel laureates’ mobility across the three time points.

Methods
Sources

The names of all Nobel laureates and their institutional affiliations on the day of the Prize
announcement were found on the Nobel Prize website, www.nobelprize.org. The website
also provides a broad summary statement naming the research achievement or discovery
for which the prize was awarded as well as information on whether the prize was awarded
to one person or shared by two or three persons maximum. This summary statement was
the most important and the only (official) indication of the honored research work/papers
of the Nobel laureates.

In the three prize categories (physiology/medicine, chemistry, physics), 155 scientists
were awarded the Nobel Prize in the 21 years from 1994 to 2014. Compared to the prize
categories physiology/medicine and chemistry, most prizes (55) were awarded in physics.
There were 50 Nobel laureates each in physiology/medicine and chemistry.

None of the Nobel laureates examined here was awarded a second Nobel Prize, which
has occurred only four times in the past. But we found differences in the categories with
regard to whether the Nobel Prize was awarded to one person or shared by two or three
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persons: whereas in the period from 1994 to 2014 the Nobel Prize for physics was shared
by two or three persons every year (without exception), the Nobel Prize for chemistry was
awarded to one person (unshared) five times (Georg A. Olah 1994, Ahmed H. Zewail 1999,
Roger D. Kornberg 2006, Gerhard Ertl 2007, and Dan Shechtman 2011). In physiology/
medicine, the prize was awarded to one person (unshared) three times (Stanley Prusiner
1997, Giinter Blobel 1999, and Robert G. Edwards 2010).

In most cases, information on the date and place where the Nobel laureates obtained
their Ph.D./M.D. was available in the Encyclopedia Britannica (see www.britannica.
com). But the Britannica was mainly important as a reference work for information on
the course of the Nobel laureates’ careers. The information summarized in Encyclopcdia
Britannica made it possible to narrow down the time frame in which the prize-winning
work was done or to find out what the Nobel laureates’ major research achievement was.
The Encyclopeedia Britannica was the most important source of information next to the
Nobel Prize website. However, as there are sometimes gaps in accounts of the Nobel
laureates’ careers in the Encyclopedia Britannica, it made sense to also consult current
university and institute web pages, which in most cases provide information on their
Nobel laureates. In this way, information was obtained on the workplaces of all 155
Nobel laureates examined.

Determining the prize-winning work

There is no one decisive publication as such, which could clearly indicate the affilia-
tion, where the laureate did his decisive work. The Nobel Committees did not name any
relevant publications as official justification. However, the summary statement issued by
the Committee (www.nobelprize.org), naming the research achievement or discovery for
which a Nobel Prize was awarded, narrows down the topic of the prize-winning work.

Utilizing the Nobel Committee’s reason for which the prize was awarded and the
information on a laureate’s career taken from the Encyclopcedia Britannica, we identified
the paper(s) in which the researcher described the prize-winning work. We searched for
landmark papers of the laureates in literature databases such as Web of Science (WoS,
Thomson Reuters) or Scopus (Elsevier), that—among other things—capture citation counts
and the addresses of authors of publications (Scopus since 1996). To determine lacking
publications about the prize-winning work, we searched for books via Google Scholar and
used further databases (e.g. ProQuest or Wiley Online Library). For example, K. Tanaka’s
(Nobel Prize 2002 in chemistry) prize-winning paper (Tanaka et al. 1988) was found
neither in WoS nor in Scopus, but in Google Scholar.

In any case, we took the author’s institutional affiliation named in the paper as the
institution where the researcher wrote the prize-winning publication. Almost always, not
just one paper, but rather several papers on the same topic (up to five) came into question.
Based on the one or several relevant publications, we then determined the institutions
where the Nobel laureates were working when they gained the important research results.

A difficulty encountered in this search was that, in some cases, Nobel laureates pub-
lished several papers on the relevant topic within the same year. In that case, we used
further analysis methods. After searching WoS and Scopus for all publications by the
correct author (established clearly by using initials, biography, etc.), we examined the
content of the most highly cited papers more closely by reading the abstract and, when
necessary, checking the full text as well.
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Table 1 Number of Nobel laureates affiliated with the listed institutions when they obtained their Ph.D./

M.D., did the prize-winning work, and were awarded the Nobel Prize

Career stage Institution Number of  Ranking results
scientists (Claassen 2015)
Ph.D./M.D. Harvard University, USA 14 1
obtained

Gini = 0.24%** University of California, Berkeley, USA 8 5
MIT, Cambridge, MA, USA 6 2
University of Cambridge, U.K 5
Nagoya University, Nagoya, Japan 5 152
University of Oxford, Oxford, U.K 5 6
Yale University, New Haven, USA 5 11
Columbia University, New York, USA 4 8
Cornell University, Ithaka, USA 4 13
Stanford University, Stanford, USA 4 3
New York University, New York, USA 3 28
John Hopkins, Baltimore, USA 3 15

Did the prize- Cambridge University, U.K 8 4

winning work

Gini = 0.17%* University of California, Berkeley, USA 6 5
AT&T, Bell Labs, Murray Hill, USA 6 Not included
MIT, Cambridge, MA, USA 3 2
Rockefeller University, New York, USA 4 42
Harvard University, USA 4 1
Univ. Pennsylvania, Philadelphia, USA 3 14
Technion—Israel, Haifa, Israel 3 148
Cornell University, Ithaka, USA 3 13
Rice University Houston 3 91
Kyoto University, Kyoto, Japan 3 30
University of Colorado, Boulder, USA 3 44
Yale University, USA 3 11
University of Columbia, New York, USA 3 8
Nagoya University, Nagoya, Japan 3 152
California Institute of Technology (Caltech), 3 Not included

Pasadena, USA
Nobel Prize Stanford University, Stanford, USA 10 3

awarded

@ Springer



728 Scientometrics (2016) 109:723-767

Table 1 continued

Career stage Institution Number of  Ranking results
scientists (Claassen 2015)
Gini = 0.19%* MIT, Cambridge, MA, USA 6 2
University of California, Santa Barbara, USA 5 37
University of California, Berkeley, USA 4 5
Max-Planck-Society, Germany 4 Not included
Columbia University, New York, USA 4 8
Rockefeller University, New York, USA 4 42
California Institute of Technology (Caltech), 4 Not included
Pasadena, USA
University of Colorado, Boulder, USA 3 44
Technion—Israel, Haifa, Israel 3 148
John Hopkins, Baltimore, USA 3 15
National Inst. of Standards and Technology 3 Not included

(NIST), Gaithersburg/Boulder USA

The table lists only institutions with which at least three persons were affiliated. Complete lists of Nobel
laureates are shown in the Appendix Tables 5, 6 and 7

** A Gini coefficient of zero expresses equality among the values in a frequency distribution; a Gini
coefficient of one maximum inequality

Results
The characterization of the prize-winning publication(s)

As to the document type of publication, we found that in most cases (about 95 %), the
prize-winning work was published in the form of an ‘article,” which is the most relevant
document type in the natural sciences. Occasionally, we found signed letters as a document
type for the prize-winning work of F. Englert, (Nobel Prize 2013 in physics) in Englert and
Brout (1964), for the laureate’s work of H. Kroemer (Nobel Prize in physics 2000) in
Kroemer (1963) and for the prize-winning work of P. Mansfield (Nobel Prize 2003 in
physiology/medicine) in Mansfield (1977). In addition, we found two book chapters by J.
O’Kneefe (Nobel Prize 2014 in physiology/medicine) in O’Keefe and Nadel (1978) and by
G. Blobel (Nobel Prize 1999 in physiology/medicine) in Blobel and Sabatini (1971). Two
further papers were published as a meeting abstract—R. F. Furchgott (Nobel Prize 1998 in
physiology/medicine) in Furchgott et al. (1987)—and as note—P. A. Griinberg (Nobel
Prize 2007 in physics) in Binasch et al. (1989). In physics, at least one researcher, J. Kilby,
was awarded the Nobel Prize, who applied in 1959 for a patent using his work on the
invention of the world’s first integrated circuit (IC) chip (Kilby 1959, Patentnum-
ber:US3072832). He worked at Texas Instruments Inc. (Bell liscensee) in Dallas (TX) as
an employee from 1958 to 1970.

The results show that in addition to publications in renowned scientific journals like
Nature, Science, Cell and Physical Review Letters, less well-known journals also helped
the way to the Nobel Prize. For example, we found a non-English publication (in French)
of Y. Chauvin (Nobel Prize 2005 in chemistry) in Herisson and Chauvin (1971).

Regarding the content of the prize-winning work of all 155 Nobel laureates, we defined
three categories: (1) development of methods, e.g. useful in medical diagnosis or chemical
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synthesis, (2) discoveries of natural mechanism and phenomena, and (3) making mature
products. In our analysis, medicine leads with 18 discoveries of natural mechanism
(85.7 %), followed by physics with 15 (71.4 %) and chemistry with 10 (47.6 %). In
contrast, chemistry ranks first with nine methodical prize-winning works (42.9 %), fol-
lowed by physics with seven (33.4 %) and physiology/medicine with three (14.3 %). The
definition of a mature product is an industrial product development, like the invention of
LED-lights (Nobel Prize in physics 2014, Nakamura, Amano and Akasaki) and “for basic
work on information and communication technology” (Nobel Prize in physics 2000,
Kroemer, Zhores, Kilby). Mature products were seldom described in decisive publications;
only chemistry and physics hold two prize-winning works (both 9.5 %), physiology/
medicine has none.

A peculiarity in the awarding of the Nobel Prize during the examined time period in
both physics and chemistry was of interest: Six scientists with a university degree but
without a Ph.D. or M.D. were awarded a Nobel Prize: Koichi Tanaka (Nobel Prize in
chemistry 2002), Yves Chauvin (Nobel Prize in chemistry 2005), Barry Marshall and
Robin Warren (Nobel Prizes in physiology/medicine 2005), Jack Kilby (Nobel Prize in
physics 2000), and Shuji Nakamura (Nobel Prize in physics 2014).

Institutions with which the Nobel laureates were affiliated

Table 1 lists the institutions at which Nobel laureates of the last 21 years obtained their
Ph.D./M.D., at which they made their prize-winning discovery, and with which they were
affiliated at the time of the Nobel Prize award. In order to see whether the institutions listed
in the table are also top-rated institutions in university rankings, we included the ranking
positions provided by Claassen (2015, Fig. 2, p. 800). Claassen (2015) presents a meta-
ranking of universities which is based on major university rankings. The comparison shows
that—with the exception of the Nagoya University—ranking positions below 30 are more
frequently among the institutions where the Ph.D./M.D. was obtained than among the
institutions where the prize-winning work was done or the Nobel Prize awarded.

We also calculated Gini coefficients as a measure of statistical dispersion for the
number of scientists in Table 1. These coefficients indicate that the scientists are more
equally distributed among the institutions where the prize-winning work was done
(Gini = 0.17) and the Nobel Prize awarded (Gini = 0.19) than among the institutions
where the Ph.D./M.D. was obtained (Gini = 0.24). Obviously, certain institutions (like
Harvard University) are not only able to recruit promising Ph.D./M.D. candidates, but offer
also fruitful environments for starting a successful career in science.

In detail, Table 1 shows that most of the Nobel laureates obtained their Ph.D./M.D. in
the USA at Harvard University (n = 14), the University of California, Berkeley (UC
Berkeley) (n = 8), and Massachusetts Institute of Technology (MIT) (n = 6). Harvard
University stood out from the others by far; with almost twice as many future Nobel
laureates as UC Berkeley, it fulfilled the criterion as the most important university for
future Nobel laureates.

Regarding affiliations while doing the relevant prize-winning work/paper, no single
institution stood out with a very high number of persons: leading the list of institutions here
were Cambridge University (U.K.) (n = 8), followed by UC Berkeley and Bell Labora-
tories, or Bell Labs (formerly AT&T Bell Laboratories and Bell Telephone Laboratories),
with six persons each. Bell Labs, which took on the research functions for the American
Telephone and Telegraph (AT&T) company—a North American telecommunications
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Table 2 Number of future Nobel laureates affiliated with the listed countries when they obtained their
Ph.D./M.D., did the prize-winning work, and were awarded the Nobel Prize (the table lists only countries
with which at least three persons were affiliated)

Career stage Country Number of scientists

Ph.D./M.D. obtained* USA 79+$
United Kingdom 19.5+
Japan 12
Germany 10.5$%
France 7
Israel 5
Russia 4
Canada 3
The Netherlands 3

Did the prize-winning work* USA 90
United Kingdom 17
Japan 10
France 7
Germany 6.5++
Australia 5
Israel 4.5++
Russia 3

Nobel Prize awarded* USA 98
United Kingdom 14.5
Japan 10
Germany
France 7.5
Israel
Australia 3

+ MacDiarmid received two Ph.D.s, first at the University of Wisconsin-Madison, USA and later at
Cambridge University, UK

$ Giinter Blobel received his M.D. in Germany and subsequently his Ph.D. in the USA
++ Ada Yonath performed her decisive work in Israel and Germany

* Several Nobel Prize winners indicated two addresses

company—is one of the few companies that can boast Nobel laureates (see http://ethw.org/
Bell_Labs).

The research institutions with which a Nobel laureate was most frequently affiliated at
the time of the Nobel Prize award were Stanford University (n = 10) and MIT (n = 6) (see
Table 1). Looking at the research institutions across the different stages of the scientists’
careers, there were only three institutions that fulfilled the criterion at all three time points
(Ph.D./M.D., prize-winning work/paper, Nobel Prize): UC Berkeley, Columbia University
and MIT. A number of institutions were on the list for two of the three time points (such as
Harvard University, Cambridge University U.K., Yale University and Technion-Israel).

The results make clear that the Nobel laureates did their prize-winning work/paper
mainly at institutions in the USA. Still, the results differ greatly regarding the institution at
which the prize-winning work was done: in Zuckerman’s (1977) study, the two most
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frequent institutions where the prize-winning work was done were Harvard University
(n = 13) and Columbia University (n = 9), but in this study they were Cambridge
University U.K. (n = 8), University of California, Berkeley (n = 6) and AT&T Bell Labs
(n = 6) (see Zuckerman 1977, p. 171, table 6-3). In this study, only four Nobel laureates
did their prize-winning work at Harvard University. The differences in the results of both
studies are probably due to the fact that the time periods investigated in the studies were
not of the same length and also that the historical and social contexts were different:
Zuckerman (1977) looked at the period from 1901 to 1972, whereas this study examined
the period from 1994 up to 2014. Similar to the results of this study are the results by
Charlton (2007), who examined revolutionary biomedical science between 1992 and 2006
using Nobel Prizes, Lasker awards (clinical medicine) and Gairdner awards. However,
Charlton’s (2007) study only looked at the time point of the Nobel Prize award and the
field of biomedicine. In first place with the greatest number of Nobel laureates, Charlton
(2007) found with n = 6 for MIT a similar number as this study, but also the University of
Washington at Seattle (also with n = 6), which is not included in the list of institutions in
this study (see Table 1).

In addition to examining the institutions with which the Nobel laureates were affiliated,
we also looked at countries for the three time points of Ph.D./M.D., work/paper, and the
Nobel Prize award. Table 2 shows the distribution of the 155 Nobel laureates in different
countries at the three time points. As in Table 1, we listed only those countries in which we
found at least three Nobel laureates. The table shows clearly that the USA was the country
having apparently the best conditions for promoting a Nobel Prize winner. A similar result
was reported by two other studies, which examined Nobel laureates in biomedicine
(Charlton 2007) and economics (van Dalen 1999). Chan and Torgler (2015), who looked at
Nobel laureates in physics, chemistry, and physiology/medicine between 1900 and 2000,
found that “researchers educated in Great Britain and the US tend to attract more awards
than other Nobelists” (p. 847).

Table 2 illustrates an interesting finding for Japan. Compared to other countries, Japan
is very well placed, although previous bibliometric studies found that Japan does not
perform well on field-normalized citation impact (Bornmann and Leydesdorff 2013). Even
though the number of Nobel laureates in a country and citation impact is used as indicators
(proxies) for measuring the quality of research, they appear to measure different aspects of
quality.

Nobel laureates’ mobility

As described above, the different institutions counted different numbers of Nobel laureates
when they obtained their Ph.D./M.D., did the prize-winning work/paper, and received the
Nobel Prize. This result points to considerable mobility on the part of the Nobel laureates.

Table 3 visualizes their institutional mobility, distinguishing five types of institutional
mobility behavior:

1. The Nobel laureates were affiliated with one and the same institution across the three
career stages (Ph.D./M.D., prize-winning work/paper, Nobel Prize award).

2. The Nobel laureates obtained a Ph.D./M.D. at one institution and then moved on to
another institution, with which they were affiliated while doing their prize-winning
work/paper, and received the Nobel Prize.
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Table 3 Nobel laureates’ changes of affiliations

Type of mobility Chemistry Medicine/physiology Physics Total % Cumulative %
1 5 3 6 14 10.4 10.4

2 19 17 22 58 430 534

3 15 21 12 48 35.5 88.9

4 3 5 7 15 11.1 100

5 0 0

3. The Nobel laureates obtained a Ph.D./M.D. at one institution and then moved to
another institution, where they did their prize-winning work/paper. They received the
Nobel Prize while affiliated with a third institution.

4. The Nobel laureates obtained a Ph.D./M.D. and did their prize-winning work/paper at
one institution. They received the Nobel Prize while affiliated with another institution.

5. The Nobel laureates obtained their Ph.D./M.D. at one institution and then moved to
another institution, where they did their prize-winning work/paper. They then returned
to the first institution, with which they were affiliated when they received the Nobel
Prize.

Table 3 shows the Nobel laureates’ changes of affiliations. The counts show clearly that
only 10.4 % of the Nobel laureates remain at the same place during their entire career. The
rest were mobile either after obtaining their Ph.D./M.D. namely 78.5 % or after doing their
prize-winning work namely 89.6 %. These percentages suggest that successful careers are
related to mobility.

We also looked at mobility on a country basis, since the Nobel laureates changed
institutions not only within a country but also across countries. Again, we found five
different types of mobility:

1. The Nobel laureates were in one and the same country across their three career stages
(Ph.D./M.D., prize-winning work/paper, Nobel Prize award).

2. The Nobel laureates obtained a Ph.D./M.D. in one country and then moved to another
country, where they did their prize-winning work/paper and received the Nobel Prize.

3. The Nobel laureates obtained their Ph.D./M.D. in one country and then moved to
another country, where they did their prize-winning work/paper. They received the
Nobel Prize while they were working in a third country.

4. The Nobel laureates obtained a Ph.D./M.D. and did their prize-winning work/paper in
one country. They received the Nobel Prize while they were working in another
country.

5. The Nobel laureates obtained their Ph.D./M.D. in one country and then moved to
another country, where they did their prize-winning work/paper. They then returned to
the first country, where they received the Nobel Prize.

Table 4 shows the Nobel laureates’ mobility behavior across countries. The results
show that a large part of the Nobel laureates, 77 % (see Table 4), were not mobile across
countries and worked in only one country during all time points.

Comparing Tables 3 and 4 indicates that Nobel laureates most frequently changed
institutions within a given country. This fits the observation by Hillebrand (2002): “Since
1950, almost all laureates have remained in the country in which they made their
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Table 4 Nobel laureates’ mobility behavior across countries

Type of mobility Chemistry Medicine/physiology Physics Total % Cumulative %
1 36 38 40 114 77 77

2 2 4 10 16 10.8 87.8

3 1 1 0 2 1.4 89.2

4 3 3 4 10 6.8 96

5 3 3 0 6 4 100

discovery” (p. 89). This sedentariness is not only a characteristic of laureates, but also of
common researchers. According to the results of Elsevier and Science Europe (2013) “the
most common mobility class in both Europe and the US is sedentary; that is, researchers
with published outputs reflecting only affiliation(s) within a single European country or
within a single US state during the period 1996-2011 inclusive” (p. 30).

Discussion

In modern science, evaluation of research is an increasingly important topic (Dahler-Larsen
2011; Power 1999). Whereas in the past the interest was in evaluating research presented in
manuscripts or research proposals, today, entire institutions, research clusters and countries
are being examined using indicators. Bibliometric indicators are certainly the most important
class of indicators used (Moed 2005). With the aid of the underlying publication and citation
data, evaluations can be done at any aggregation level—that is, from the individual
researcher to entire continents. Bibliometric indicators can measure only the impact of
science on science itself. But since science policy is interested in impact measurement above
and beyond science and in other parts of society, scientometrics research is working on issues
to measure this broader impact (Bornmann 2012, 2013).

Research is conducted by persons. As research prizes are usually awarded to persons
who have made outstanding scientific achievements, the prizes are also used as indicators
of research performance (Rodriguez-Navarro 2011, 2015).

As opposed to bibliometrics, however, the criterion of a research prize has two major
disadvantages that make it difficult to use research prizes as indicators:

1. Because citation rates vary widely across disciplines and the variation has little to do with
scientific quality, citation scores are normalized for this difference across disciplines
(Vinkler 2010). Only through normalizing the impact scores of research institutions (and
other entities), conduct research and publishing in different disciplines can be compared
to one another. Since it can be assumed that there are discipline-specific patterns also with
research prizes (many prizes are awarded only in a specific field), a comparison of results
on the number of research prizes per institutions having different disciplinary profiles is
not possible. To our knowledge, no methods for producing normalized numbers of
research prizes yet have been suggested (if they are possible at all).

2. The awarding of research prizes, especially Nobel Prizes, is a rather rare event. A
number of conditions have to be met for a research prize to be awarded, and not all of
these conditions have to do with research quality. It can therefore be assumed that with
the Nobel Prize there have been many false negatives: a number of important scientists
that actually deserved the prize for their research findings or discoveries did not win a
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Nobel Prize for the various reasons (that had scarcely to do with research quality). The
results of this study demonstrate that the research prize as a rare event is based on a
small numbers of cases—even when the data is evaluated at the level of countries. With
only a small number of cases, there is always the risk that results will be unreliable.

For these reasons, the results of this study should be handled with caution if they are
used in an evaluative context. They may better be used to draw the public’s attention to
topics investigated by the laureates (Chan et al. 2014a, b).

In this study we looked at the institution and country where a Nobel laureate did the
work and was later awarded a Nobel Prize. To better understand the results of this time
point, we in addition examined the number of Nobel laureates at the time points of
obtaining their Ph.D./M.D. and when receiving the Nobel Prize. The results of the country
analysis revealed that the USA dominates the country ranking. The institutional analysis
shows that three institutions have a large number of Nobel laureates at all three time points:
UC Berkeley, Columbia University and the Massachusetts Institute of Technology (MIT).
The mobility analysis made clear that most of the Nobel laureates were mobile either after
obtaining their Ph.D./M.D. or after doing the prize-winning work/paper. In most cases, the
researchers moved from one institution to another within the same country (in the USA).

Explaining their individual motivations for moving or staying (using methods of
qualitative research) could be a topic for future studies.

Despite the low numbers of events (n = 155 laureates) the results of this study in part
resemble the findings gained by other studies. Analyzing citation impact, it was shown by
Bornmann and Leydesdorff (2013) that countries such as USA, U.K., and Germany, having
a high population number and a well working economy, lead in science. Bornmann and
Bauer (2015) evaluated the list of 3216 researchers, who met the criteria of being highly
cited researchers based on papers published between 2002 and 2012. They determined the
number of highly cited researchers per institution and came to similar institutional rankings
as shown in this study. A major difference to the current study is the fact that the Chinese
Academy of Sciences ranks in the top ten of highly cited researchers in contrast to none
Chinese Nobel laureate in one of the three disciplines before 2015 (Y. Tu received the
Nobel Prize in physiology/medicine in 2015). We expect to see more Nobel laureates from
China in the near future.

In this study, we examined a time point that was hardly previously analyzed: the career
stage during which the researcher did the prize-winning work/paper. As laureates usually
receive the Nobel Prize many years after this time point, the usual perspective in scien-
tometrics, which attributes research achievements to institutions and countries at the award
of the Nobel Prize, should be complemented by the perspective, which attributes
achievements to the location where the researcher did the prize-winning work/paper.
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See Tables 5, 6 and 7.

@ Springer


http://creativecommons.org/licenses/by/4.0/

735

Scientometrics (2016) 109:723-767

pringer

As

VS ‘U0ISNOH ‘AJISIOATU[) 20Ty
1N
‘uoly3ug ‘xassng Jo AJNSIOAIUN

VSN ‘U0ISNOH ‘AJISIOATU[) 20Ty

vsn ‘1o
QUIAI] BIUIOJI[ED) JO AJISIOATUL)

VSN ‘VIA ‘(LIN) £Sojouyaa,
JO aymusuy spasnydessej

AuewIan ‘ZUIRJA] ‘Ansruay))
*J QIMIISU-YOUR[J-XBIA

VSN ‘sesuy soT “(OSN)
BIUWIOJI[BD) UIYINOS JO AJISIQATUN)

vsn
‘U0ISNOH ‘AIISIOATU() 0Ty

vsn
‘U0ISNOH ‘AIISIOATU() 20Ty

vsn
‘U0ISNOH ‘AIISIOATU() 0Ty

VSN ‘(IDN) duiAlf
BILIOJI[RD) JO AJSIOATU()

VSN “(1DN) duralg
RIWIOJI[RD) JO ANSIOATUN)

uopams
‘WOYN00)S JO AIISIOATU()
(epeue)/oLreluQ) ‘erues)

Kuedwo)) [eorway) mo(

VSN ‘Kesiof
MON ‘AJISIOATU) UOIOULIJ

SN ‘PIRYIAYS Jo Asioatun

VSN ‘Aoradyreg
‘eruIojIfe)) Jo ANSIOATUN)

VSN ‘03ed1yD) Jo ANSIOAIUN)

VSN ‘Aoraspreg
‘eruIojIfe)) Jo ANSIOATUN)

(9duor0g "I pue "g-yd)
UapaM§ ‘WOYI0IS JO ANSIOATUN)

uresun
9sadepng ‘AJISIOATUN) [BITUYDID],

. SOUAIA[[N JO AIOAOISIP

1oy} 10J,, 0jory ‘[n) ‘Ao[rews
SOUAIR[[NY JO AIOAOISIP

1oy 10, Ao[rew§ ‘[n) ‘0jory
.SQUAI[[NJ JO AIOAOISIP

1oy} 10J,, As[[ews ‘03oIy ‘[nD
2u0Z0 Jo uonisodwoodp
pue uoneULIO} Y} SUTUIOUOD
Aprernonaed ‘Ansmuoyo
oueydsoune ur JIom Iy}

J0J,, BUI[OJA] ‘USZINID) ‘PUBIMOY
2u0Zzo Jo uonisodwoodp
pUB UONBULIOJ JY} SUIUIOOUOD
Apremonaed ‘Ansiuoyo
oreydsoune ur yIom Iy}

10J,, PUBIMOY ‘USZINID) ‘BUI[OIN
2u0Z0 Jo uonisodwoodp
puE UOTEWIO} JY) SUIUIAOUOD
Aprenonted ‘Ansruayd
ouaydsowe ur yIom oy}

10J,, pue[MOY ‘BUI[OJA ‘USZINID)
Anstoyo uoneooqIed

0) UoNNQLIUOd SIY Ioj,, Ye[O

‘g preyory ‘Ao[rews

"M PIOTEH ‘0jory

"d 119qoy “(If) 1nD 9661

'S Yuel] ‘pue[moy

‘[ OLIBJA] ‘BUI[OJA

[Ined WOZINI) G661

'V 981099 ‘YEIO 7661

popIeme 971 [2QON

(s)yrom
Suruuim-azud ay) piq

paureIqo "q'/ a'ud

uonedynsny

preme
QwieN JoO IedX

ATSTWIAYD UT SojeaIne] [9QON UO UOTIRULIOJUT Pa[reld S d[qel,



Scientometrics (2016) 109:723-767

736

VSN ‘euapeseq
‘(qoaeD) ASojouyoay,

VSN ‘euspeseq
‘(yoaeD) ASojouyoay,

vsn ‘erydiepeyq

.Kdoosonoads
Pu0d3sojwa) 3UIsn SUONILAI
[eSTWAYD JO SIS uonIsues)

JO ummsu] eruIojIED) Jo aymmsuy eruIojI[ED) ‘BIUBATASUUR] JO AJISIOATU() Ay} Jo SAIpN)s ST I0J,, [TeMaZ "H poulyy [1emaz, 6661
Anstayo wnuenb
VSN ‘uolsueAyq VSN ‘y3mgsnid ur spoyiour [euonenduwiod
‘KIISIOATU[) UIQ)SOMUIION  ‘AJISIOATU() UO[[Q]N—RISouIR) SN ‘Ansioatun a8puquie) Jo juowdoreaap sty 10j,, 9[dod v uyof ‘9rdog
VSN ‘ereqreq VSN ‘o8eiq VSN ‘VIN «A1001) TeUOnOUNY-K)ISUSD
BJUBS ‘BIWIOJI[RD) JO ANSIOATU[)  UBS ‘BIUIOJ[ERD JO ANISIOATU)  ‘9puquue)) ‘ANSISAIU() pIBAIRH 9y} JO Juawdo[aAap SIY 10f,, Uyos] IDRM ‘Uyod] 8661
ISBdLV- +3 © +eN
‘QuiAzua Juniodsuen-uor ue
Nrewuo( ‘AJNSIOAIU) SNUIRY  IRWUJ( ‘ANSIOATU() snyIey Nrewua(q ‘AJISIOAIU[) SNUIRY  JO AIOAODSIP ISIY AU} IOJ,, NOYS "D Sudf ‘noys
«(dLV) ereydsoydin
SN QUISOUQPE JO SISAPUAS
‘a8puque)) ‘A3o[o1g Ie[NOON Q) SurA[Iopun wsSIUBYOIW
Jo K1o1eI10qeT ‘(QYIN) N e8puque) ‘(OYIN) N ‘ASojoyred Jo [ooyos uung JNRWAZUS 3y} JO UONBPION[d
[1oUN0)) YoIeasAY [BIIPIAN [1oUN0D) YoIeasdy [BOIPIAN  WEI[[IA JIS ‘A)ISIOATUN) PIOJXO 1Y) 10J,, IoAog ‘IoY[eA\ “q Uyof ‘IoY[eA
«(dLV) @reydsoydin
QUISOUAPE JO SISAYPIUAS
vSn ) Surk[Iepun wisIue-yoow
VSN ‘seesuy so ‘saresuy so “(VIDN) VS ‘UOSIPBIA ‘UOSIPRIA oNeWAZUD 3y} JO UOTIBPION]d
{(VIDN) BIWIOJRD ANSIOATU[) BIWIOJIBD) AMNSIOATU[) -UISUOISTA\ JO AJISIOATU[) Iy 10, 1A ‘Tokog ‘d [ned ‘1hog L661
(s)y1om pleme

popIeme 9z11J [9qON

Suruuim-azud ay) piq

paureiqo "q'IN/ d'Ud

uonesynsny

QweN Jo Jedx

panunuod ¢ J[qe],

pringer

Qs



737

Scientometrics (2016) 109:723-767

VSN VO “(ISL) Blof
B Isuf yoreasoy sdduog oy,

uede[ ‘Ajis1oAtup) eAoSeN

VSN ‘e3puquie)
‘(LIN) ASojouyoa,
JO AqumnSuy $1)OSNYIBSSBIN

uede[ ‘Ajis1oAtun) eAoSeN

VSN VO “Ais1oatup pIojuels

uede[ ‘A)is10ATUN) 010K

. SUOTIORAI
uonepIX0 pIsA[ered A[redryd
uo YIom sty 10, sso[dreys

..suonoeral uoneuaSoIpAy
pasAreIed A[earyo uo
SIOM I19Y) JOF,, SI[MOU] ‘LIOKON

..Suo1ORAI UOIBUISOIPAY

Kireg -y ‘ssordieyg

1foky ‘1okoN

(painax) vSn PasATeIed A[[eIyd uo
VSN ‘SO IS ‘OJUBSUOIA VSN ‘STNOT IS ‘OJUBSUOIA IO X MON ‘AIISIOATU() BIQUIN[OD  YIOM IIY) I0J,, LIOKON ‘So[mouy] 'S WIRI[[IA\ ‘SO[MOUy] 1002
Stowkjod
9ATIONPUOD JO JudwdooAdp
ueder vsn ‘erydioperiyd uedef pue AI9A00SIp Ay} 10J,,
‘0AO], ‘eqmns], JO ANSIOATU() ‘eIUBA[ASUUS] JO AJISIOATU() ‘A3orouyo9], Jo ymnsu] 0Ayo],  I9590H ‘pIULI(IIRIN ‘BMENRIIYS D[OPIH ‘BmeyeIlys
Stowkjod
N ‘Aseatun 9AONPUOD JO Judwdo[oAap
vsn ‘erqdieperiyq vsn ‘erydiepe[ryd  9Spuquie) pue S ‘UOSIPEN pue K19A00s1p 2y} Joj,,
‘eTUBATASUUS] JO ANISIOATU[)  ‘BIUBA[ASUUR] JO AJISIOATU() ‘UTSUOOSTAN JO AJISIOATU[)  BMEBYeNUS ‘TOS00H ‘PIUIBIJOR]N "D UR[Y ‘PIULIRI(JORIA
STowkjod
9A1IONPUOd Jo Juawdo[ordp
VSN ‘ereqreq vsn ‘erydieperiyd VS ‘Aoieg pue £19A00SIp oy} 10j,,
BIURS ‘BIUIOJI[ED) JO AJNSIOATU)  ‘BIUBA[ASUUQJ JO AJISIOAIUN) ‘eruIOjIRD) JO AJISIOAIU[)  BMEYIYS ‘PIULIBIJORIN ‘T0390H ‘[ uely ‘10399H 0002
(s)y1om pleme

popIeme 9z11J [9qON

Suruuim-azud ay) piq

paureiqo "q'IN/ d'Ud

uonesynsny

QweN Jo Jedx

panunuod ¢ J[qe],

pringer

As



Scientometrics (2016) 109:723-767

738

VSN SHOX
MIN ‘KITSIOATU() TI[[FNO0Y

VSN ‘arowneg ‘SUDIPI

VSN SHOX
MIN ‘AITSIOATU() TO[[RJANO0Y

VSN ‘arowmeg ‘SUDIPI

VSN ‘PIOJPIN ‘AVISI9ATUN PR,

VSN ‘arowneg ‘SUDIPI

. S[euueyd
Uor JO SAIPMIS JNSIUBYIIW
puB [eIN)ONNS I0J,, UOUUTSOA
¢ . SQUBRIQUIOW [[9D UT S[oUULRYD
SUTUIOOUOD SOLIOAOISIP

10§, 218y ‘UOUUTYORIA

. S[PUUEYD I9eM JO KIOAODSIP
) Ioy,, I3y ¢ SoUBIqUIOW
[[99 Ul S[ouUeyd JUTUIIOUOD

YOLIOPOY ‘UOUUTS[ORIA

Jo [ooyos ‘surydoy uyof Jo [ooyos ‘surydoy uyor Jo [o0ydS ‘surydoH Uyof  SOLIOAOISIp IOJ,, UOUUTS[IIA ‘QISY 10)9J ‘0I13y €00T
uonnjos ur
VSN ‘eruojie) ‘(rYS.L) S9[MOS[OWOIdBW [EJIFO[0I] JO
B[[Of ©T 9IMISU] YOoIeasay] IMONIS [EUOISUSWIP-93IY) 9}
‘sddurog oy, pue ssimg SSIMS Sururudyep 1oy Adoosonoads
‘qoumy ‘(HLH) 2InYydsyd0H ‘qoumy ‘(HLH) 2[nydsyd0H Q0uBUOSAI dnjuSew JeI[ONU JO
Yoo, QYISISSQUASPI "YO9], AYISISSQuUaspIg SSIMG ‘AJSIOATU() [oseq  JuowdO[oAdp ST IOJ,, UOLIYINAA 1IN YOLIINA
So[nos[owoIoRW [B2130[01q
Jo sasA[eue oawondads
(ea130p SSeW J0J SPOYJoW UONESTUOT
uedef uede[ ‘0JoAY] Suueourdud ‘uede[ ‘nyoyo, uondiosap 3jos jo juswdo[orap
‘01043 uonelodio) nzpewiys uonelodio) nzpewiys ‘ANSI9AIUN) NYoYo]) yd ou 119y} 10J,, Y10 ‘Byeue], Yo103] ‘ByRUR],
. Se[noo[owoIorW [o13001q
JO sasA[eue dmawonoads
SSew J0J SPOYJoW UONesIuol
VSN VSN VSN uondiosap 1jos Jo juowdo[oaap
‘puotuyory ‘ANSIOATU() BIUISIIA  ‘USABH MON ‘AJISIOAIU[) 9B X ‘UOABH MON ‘AINSIOATU() 9B X 119y} 10, BYRUR], ‘UUI] g Uyof ‘Uudj 200T
(s)y1om pleme

popIeme 9z11J [9qON

Suruuim-azud ay) piq

paureiqo "q'IN/ d'Ud

uonesynsny

QweN Jo Jedx

panunuod ¢ J[qe],

pringer

Qs



739

Scientometrics (2016) 109:723-767

Auewron
‘urpreg ‘aymmsul-youe[d

Auewron
‘YoTunjyAl JBISIOATU)

Auew1on ‘yorunjy

SQJBJINS PI[OS UO $3s59201d

SXRIA IMNSU[-19QRH-Z111] -SUBI[IWIXEIN-SIMPI] ‘(L) YRISIOAIUN QUISIUYIDY,  [BOIUAYD JO SIIPNIS SIY 10J,, [LF pIeyIn ‘prg L00T
uonduosuen
VSN onjoAreyne Jo siseq Ie[noajow
VSN VD ‘ANsioamun plojuels VD ‘AisioAtu) piojueis VSN ‘VD ‘KNsIoAtuf) piojuels oy} Jo saIpms sIy Joj, S1oquioy] ‘[ 1930y ‘Sroquioy] 900T
SISQYIUAS
VSN ‘VIN VSN ‘VIN ‘eSpuque) o1ueSIO Ul poyjoul SISAYIeow
‘a3prquie) ‘(LIA) A30[ouyda, ‘(LIN) ASojouyda, vsn ‘VIN oy jo Juswdo[orap oy}
JO 9IS $PSNYIBSSEIN Jo oymnsuy sposnyoesse]y  ‘o3puquie)) ‘A)SIOAIUN) pIeAleH  I0J,, UIANBYD ‘SQQNID YOOIYdS Y PIeyory YooIyos
SISaUIUAS
VSN ‘euapesed VSN ‘euapesed JIUBSIO Ul PoyIoul SISAYIRIAW
‘(4oaeD) ASojouyoay, ‘(4oaeD) ASofouyoay, vSn ) jo juawdoraasp ay)
JO 9msu] eruIojIe)) JO 9JmNSU] eIUIOE)  YIOX MIN ‘ANSIOATU() BIQUN[O)  IOF,, UIANBYD) “YOOIYdS ‘Sqqmnin ‘H 1090y ‘sqqnin
SISQUIUAS
RIS oouel] ‘(sued (ooue1 JIUBSIO Ul POyIoul SISAYIRIAW
‘(SUe Ieau) ‘UOSTeW[BIA-[Tony] Ieou) ‘UOSTRUW[BIA-[ToNY] ‘uo£rT ‘o[oImsnpuy ATy oy Jo Juowdo[eAdp Yy
‘o[ongd np sreduel] JMNSU]  ‘9[oN9d Np STeduel JMusu] 9[007,T 92139p) " Y ON  I0J,, JOOIyd§ ‘sqqnir) ‘uraney)) SOAX ‘UIANEy)) S00T
Juonepeidop urejold pajerpaw
vsn ‘(1dn) vsn ‘erydioperiyd -unmbiqn jo K12A00s1p o)
QUIAI] BTUIOJI[E) AJISIOATU() ‘I0)uR)) 190UR)) 9sey) XOA VSN ‘0Seory) ANSIOATU)  IOJ,, IOAOUBRYIAIY)) ‘ONSIOH ‘@S0 UuImI[ ‘9soy
‘aud Juonepeidop urejoid pajerpow
[oRIs] ‘@JIeH ‘A30[0Uyd9], [orIs ‘ejreH ‘ASofouyod], pue "N [BIS] ‘WesnIaf -unmbiqn jo £19A00s1p oY)
JO 9)MNISU [OBIS[—UOIUYOR],  JO IMNSU] [QRIS[—UOIUYI], ‘YessepeH—AJISIOATU) MOIQOH  IOJ,, 9SOy ‘JOAOURYIIIY)) ‘OSIOH WeIAY ‘ONysIoH
[o®RIST
‘eJIeH ‘A30[0U-Yo9], JO AmnIsuf
[oRIS[-UOIUYO], 18 “S'Ud Juonepeidop urejoid pajerpow
[oeIs] ‘eJreH ‘ASojouyoa], [oeIs] ‘eJreH ‘ASojouyoa], pue ‘(I']N [OBIS] ‘WoesnIaf -unmbiqn Jo A19A00s1p o)
JO QIMIISU] [QRIS[—UOTUYID],  JO IMNSU] [SRIS[—UOTUYIA], ‘YessepeH—A)ISIOATU[) MAIQOH  JOJ,, 9SOy ‘O)SIOH ‘IOAOUBYDIAI) UOIBY ‘IOAOUBYORID) 002
(s)y1om pleme

popIeme 9z11J [9qON

Suruuim-azud ay) piq

paureiqo "q'IN/ d'Ud

uonesynsny

QweN Jo Jedx

panunuod ¢ J[qe],

pringer

Ns



Scientometrics (2016) 109:723-767

740

[QBIS] ‘J0AOYY
‘90UQIDS JO AMNISU] UUBWIZI AN

[QrIS] JoA0yRY

AIMINSU] UUBWIZI A

pue Aueuuon) ‘Sinquieq

INONNG WOosoqry 10
JIU() YOIeasay Youe[d-XeN

(suonerjyje

[10q) VSN ‘UoAeH

[oRIS] “J0AOYY
(SIM) IMNsSu] UBWIZIOA

QUIOSOQLI A} JO uonduUny
pue 21monns Ay} Jo saIpnis
10J,, Z)19)S ‘ueysLIRWRY ‘YIeuo X

,OUWIOSOQLI A} JO uopouny

g vpY ‘YeUox

vSn MON ‘TAHH 1 VSN vsn ‘VIN puE 2Inonns oY) Jo saIpms
‘UOABH MON ‘AJISIOATU[) 9[BX  ‘USABH MON ‘ANISIOAIUN) d[e X  ‘OFpuque) ‘AJISIOAIUN) pIeAIRH 10J,, YJBUOX ‘UeySLDyRWERY ‘ZIIAS Y sewoy], ‘Z1191s
QUIOSOQLI A} JO uonduUny (DJuap
SN ‘eSpuque) (OYIN) vsn ‘A vSn pue 21monns Ay} Jo saIpnis 0s[e) UeleneYUdA
A3o[org Ie[nod[OJN Jo A10jeIOqR] e I[BS ‘Uel() JO ANSIOAIUN) ‘HO ‘Suayy ‘ANSIOAIUN OO 10, YIBUOX ‘ZIIA)S ‘UeySLDyRUIRY ‘ueuysLRWERY 600T
«ddD
‘urajoxd Juaosarony udaIs ay) Jo
vSn Juowdo[oAap pue AI9A09SIp oy} UQIYOUo X
‘03917 ueS ‘erurojie) AJNSIOATUN) SN ‘ANsioAtun) 3puquie) SN ‘AnsioAtun 98puquie) 10, BINWOWIYS ‘Qy[ey) ‘UdAls], 1930y ‘uarsy,
«ddD
‘ureyoid Juddsarony Ul Ay Jo
VSN VSN SMox vSn ‘VIN juowdo[oAap pue AIA0ISIp A}
SHOX MON ‘AJNSIOAIUN) BIqUIN[OD) MON ‘ANISIOATU() BIQUN[OD  ‘93pLIqUIR)) ‘AJSIOAIU() PIBAIRH 10, UQIS], ‘BInWoOWIyS ‘dy[ey)d) unae ‘Oyrey)d
VSN ‘VIN SI°H «ddD
Spoo ‘("TGIN) Alojeroqe] ‘urajord Juoosarony udaIs ay) Jo
[es130[01g QULIBIA ‘[O0YDS vSn juowdo[oAap pue AIA0ISIP A}
[eSIPIIN ANSIOATU() OISO ‘IN ‘KIISIOATU() UOJOULI] ueder ‘Ajis1oamup) eAo3eN 10, UQIS], ‘QU[EYD ‘BINWOWIYS nwesQ ‘eInuwowys 800C
(s)y1om pleme
popleme 9zLd [9QON Suruuim-azud ay) piq paureiqo "'/ d’ud uoneoynsnf QuweN JO IBdX

panunuod ¢ J[qe],

pringer

Qs



741

Scientometrics (2016) 109:723-767

vsn
‘pIojuelS ‘ANSIQAIUN PIOJULIS

VSN ‘weymng

‘10JUQ)) [BIIPIJN ANSIQATU() AN
[orIs] ‘ejreH ‘ASojouyoe,

JO JIMISU] [QBIS[—UOTUYI],

ueder
‘oroddeg ‘AysioArun) oprexpoH

VSN ‘enekeye|
1S9M\ ‘K)ISIoATU() onpIng

vsn
S[IeMAN ‘@IBMB[o JO AJISIOATU()

vsn
‘wreyan ‘AysIoATun N

vsn
‘weyIn(q ‘AJsIoATUN) AN
[orIs] ‘ejieH ‘ASojouyoe],
JO IMINSU[—[QBIS[-UOTUYI],

uede[ ‘oroddeg
‘KISIOATIUN) OPIEXOH

VSN SMOX MON ‘OsnoeIAg
‘ANSIQATUN) ASNOBIAS

VSN ‘Qreme[dq “JIemoN
‘areme[o Jo ANSIOATUN)

vsn
‘USABH MAN ‘ANSISATUN J[BX

vsn

SHOX MON ‘ANSIOATU() BIqUINOD)
[orIs] ‘ejiey ‘ASojouyos],

JO IMNSU[—[ARIS[-UOTUYIA,

ueder
‘otoddeg ‘AysioAtun) oprexpoH

vsn ‘erydiepeiyd
‘BIUBA[ASUUS] JO A)ISIOATU)

VSN ‘s9e3uy so]
(V10N eruiojie) ANsioAtuf)

..s101dooar
pojdnos-uraord-H jo

SIIpNIs 10J,, ZNMONJIT ‘BY[1GOY
S10ydaoar
pordnoo-ursjoid-o jo

SIIpMIs 10, BA[IQOY ‘ZIMONJI]
S[eisArorsenb

JO AIOAO0DSIP 9} 10}, UBUNYIYS
. SIsayuAs oesio ur s3urdnod
$S010 pazAejed-wnipe[jed

10}, IYSISON “YOoH ‘Dynzng
. SISapuAs oesio ur s3urdnod
$S010 pazAejed-wnipe[jed

10}, BnZng YooH ‘IYSISON
. S1saypuAs owesio ur sSurjdnoo
$s010 pazAejed-wnipefjed

10J,, DINZNg ‘IYSISON YOoH

U9y ueLIg ‘B[IqOY

popIeme 9z11J [9qON

(s)y1om
Suruuim-azud ay) piq

paureiqo "q'IN/ d'Ud

uonesynsny

ydasof
119qOY ‘ZIMONJ c10¢
[oTUR(] ‘UBWIYOYS 1102
BINY ‘DInzng
yI-1g “IYSISON
PaL] pIeyory ooy 010¢C
pleme

QweN Jo Jedx

panunuod ¢ J[qe],

pringer

As



Scientometrics (2016) 109:723-767

742

VSN VD ‘ANsIoAtu piojuelg
Aueurron) ‘S1oq[oproH
{(WNNUIZSIUNYISI0FSqaIy]
SaUosIN_( ZAMA) )
[oIeasy I9oUBD) UBUWLION)
pue Aueuldn) ‘ua3union
‘(aruray)y ayostyeysAydorq
‘) Anstwayo esrsAydoiq

Jo QImnSul-youR[J-XBIN

VSN ‘Wnqusy ‘(isug

VSN ‘03a1q
ueg ‘eruIojie) Jo AJSIOATUN)

pue[uur] ‘nIn], Jo A)NSIOATUN

vsn
‘AN ‘BYeyl] ‘ANSIOATU[) [[QUI0)

Auewan ‘S1aqroproy
1R)ISIOATU() -STIe-)yoa1dny

[Kdoosoxorur aousdsarony
paajosar-1adns jo juswdoroaap
ayy Joy,, S1z)9g ‘[[OH ‘TOUISOIN

Kdoosoxoru aouddsarony
paajosai-1adns jo juawdooaap
Uy 0y, IOUIOIA ‘S1Z19g ‘[[PH

Kdoosoxoru 2oudosarony

00sg
WeRI[[IA\ ‘TOUIOA!

YIEM ULRIS “TPH

[BOIPIIA SeUSNH pIemoH) VSN ‘IN ‘IITH Aexmjy VSN paajosal-1adns jo juswdofaaap
INHH ‘sndwre)) yoreasay] erjouef ‘sot1ojeIoqe [[og L2®LV ‘AN ‘eYeyl] ‘A)sIoArun) [[ouio) qyy 10y, JOUIO ‘[[oH ‘S1zieg oy ‘Sizyeg 10T
[ORIST ‘J0AOYY
QININSU] UUBWUZIO AN «SWRISAS[ROTWAYO
pue 3N ‘AIsIoATUN x91dwod 10§ sjapowr
VSN ‘sepsuy soT {(OSN) a3puque) ‘(DA [9BIS] 10A04OY “(SIM) a[easnnu Jo Judwdo[aadp
BIUIOJI[ED) WIDYINOS JO AJISIOATUN) [1oUN0)) OIeasY [BIIPI]A  9JUDIOS JO AMSHSU] UUBWZIOA, ) 10J,, snjdiey] ‘NIAST ‘[oysIepy YOIy ‘ToUSIep
[9BIST J0A0YOY
QIMITISU] UUBWIZIOA . SWoISAS
pue ") ‘ANsIoATUN) [eorwoyd xo[dwiod 1oy spopour
VSN VO SuIdIpsy afpuque) ‘OYA) N (DY) [1PUN0) [oIeasay o[easnnu Jo juswidoeAdp oy}
JO [00Y0S ‘AJSIOATU() pIOJUBIS [1ouno)) Yoreasay [BOIPO]N  [BJIPOIN ‘AIISIOATU() oSprIquIe)) 103, snydrey] ‘TleysIepy ‘NIAT [ORYDTIAl “NTAQT
. SWA)SAS
VSN ‘e3puque) VSN ‘euopesed Tesrwayd x9[dwos J0j sjopow
‘K)IsIoATU() pIeAIRH puUe VSN ‘VIN ‘eSpuquie) ‘(gooyreD) ‘ASofouyoa], oreosnnu jo juswdoorsp
Qouelq ‘3IN0QSeNS 9P IISIOATUN ‘K)ISIOATU() pIeATeH JO QImNSu] BIuIoji[e) oY) 10J,, [oYsIeAy ‘NIAQT ‘snidiey] unaejy ‘snidresy €10T
(s)y1om pleme

popIeme 9z11J [9qON

Suruuim-azud ay) piq

paureiqo "q'IN/ d'Ud

uonesynsny

QweN Jo Jedx

panunuod ¢ J[qe],

pringer

Qs



743

Scientometrics (2016) 109:723-767

vSn
‘IN ‘KIISIOATU[) UOJAIULIG

Auew1on) ‘uaduIiqny,

‘(a130101qsSunpyoIMIUyg

'}) A30101q [BIUSWIO[IAID
‘J 9JmInSur-youe[J-XeN

VSN ‘eudpeseq
‘(qoeD) ASo[ouyoa],

Auewian

‘B1oqopiey (TENE) "qeT
K3ojorg Ienog[ojN ueadoinyg

Aueurron
‘319q[9pIoH (TANH) "q¥]
KSojorg Iemog[oj ueadoing

VSN ‘eudpeseq
‘(4oeD) ASo[ouyoa],

VSN ‘1D ‘Aus1oatun AL

Kuewron) ‘uaduIqny,
K)ISIOATU)-S[IBY-PIeyIaqT

VSN ‘eudpesed
‘(4oeD) ASojouyo],

Juawdo[oAap J1uoAIquId
A]1e9 JO [01UOD J13oUd
9} SUIUISJUOD SALIDAOISIP
113 10J,, :SIMIT ‘pIeY[OA
-UIQ[SSTIN ‘SNBYOSITA\
Juawdo[oAsp J1uoAIqUId
AJ1e9 JO [01UO0D O13oUd
9y} SUTUISOUOD SOLIOAOISIP
110y} 10J,, :SNBYISIAIA
SIMT ‘PIBY[OA-UIS[SSON
Juawdo[oaap o1uoAIquia
AJ1e9 JO [0NUO0d J1oud
9} SUILIdIUOD SALIDAOISIP
IIoU) 10, SNBYISATA

" U ‘SNEYOSAIM

Quensuy)
‘PIRYIOA-UIR[SSON

JO mnsu] eIuiojifen JO Imnsu] eruiojifen JO mnsu] eruiojifen ‘PIRY[OA-UIS[SSOIN ‘SIMIT ‘d prempy ‘SImo] S661
VSN ON ‘weyIng Iedu S[[99 Ul uononpsuen
(SHAIN) $9UAS Yi[esHq VSN ‘esoped (AQNVIN) [eusis ur surojoxd
[eIueWUOIIAUY JO AMNSUT SOsBASI(J 9ATSATI(T 9say) Jo 9[01 oy} pue
reuoneN ‘(dL¥) Yred pue WSI[OqeIdJA ‘SHLIYIY VSN ‘opmess ‘sureyold-n Jo A19A00SIp
S[SueL], YoI1easay [euoneN JO JO 9)MNSU] [euonEeN ‘uo)Surysepy Jo AJISIOATUN)  JI9Y) JOJ,, [UBW[ID) ‘[[oqPoy unIepy ‘[reqpoy
S[[99 Ur uonoNpsuLn
Treugis ur surajord
‘a’ud pue d'N VSN o83y} Jo 9ol oY) pue
vsSn VSN ‘Sex9], ANSIoAIuN ‘HO ‘pue[aAd[) ‘ANsIdATun) ‘suro1d-H Jo K19A0SIp
‘se[eq ‘sex9], Jo AJSIoATUN) JRTUISIIA JO AJSIOATU() QATISY UIAISOM 9sBD  IIdy) J0J,, :[[oqpoy ‘Uew[in) ‘D PV ‘UBWI[ID) 661
(s)yJom pleme
papIeme dz1id [9qON Suruurm-ozid oy piq paurelqo "qQ'IN "d’Ud uoneoynsnf QueN JO IO X

qurdtpaur/A3o1o1sAyd ur sojeaIne| [9qON UO UOTIEWLIOJUT PI[Iele( 9 d[qe],

pringer

As



Scientometrics (2016) 109:723-767

744

VSN ‘UoIsnoy
‘sexa], Jo AJsIoATUN)

vsn

‘sopasuy ST (V'I0N)
RIWIOJI[RD JO AJISIOATUN

vsn

‘T ‘TWRIA JO AJNSIOATUN)

pue (painel) ySN 10X

MaN ‘ukpjoorg (ANNS)

VSN IIASIMOLIEYD
‘BIUISIIA JO AJISIOATU()

vsn

‘sopesuy 0T {(V1D0)
RIWIOJI[RD JO AJISIOATUN

VSN “Hox
MoN ‘ukpjoorg (ANNS)

vsSn
‘HO ‘Pue[aAd[) ‘ANSIdATUN)
QAIISIY UIAISIAN dSBD)

VSN ‘[ned 1s-stjodeauuriy
‘@JOSQUUIIA] AJISIQATUN)

vSn ‘ofedry)

WI9)SKs Te[noseA-oIpIed
9y ur 9[nddjow Jurfeudis
B S 9pIX0 JLIIU JUIuIddu0d
SOLIOAODSIP Iy} 10J,,
1303yoIn, ‘orreul| ‘peInjy
. WI9)SAS TB[NOSBA-OIpIRD
Uy ur 9[nosow Jurfjeusis
® S 9pIX0 JLIIU SUTuIdou0d
SOLIOAOSIP I3y} 10J,,
peIny ‘no3yoing ‘orreusy
WIRISAS TB[NOSBA-OIPIRD
9 ur 9[nos[ow ur[[eusIs
B SB 9PIX0 JINIU JUIIAdU0d
SOLIOAODSIP IIoY) 10J,,

puod ‘pemiy

‘[ SO ‘oxreud]

JNIOX MIN JO AJISIOATU() 9J8}S  MIOX MON JO AJISIOAIU[) eI AYNSIOATU() UIOISOMULION :peInjq ‘oxreus] ‘NosyoIng ] 11090y ‘No3yoing 8661
uonoajur jo ordound
VS ‘oostouerg VS ‘oostouetg VSN ‘oastouer] [eo130[01q MU B—SUOLIJ
ueg ‘BIUIOJI[RD JO AJISIOATU)  URS ‘BIUIOJI[R)) JO AJISIOATU)  UBS ‘BIUIOJI[RD JO AJISIOATU[)  JO AIOAODSIp SIY 10J,, IoUISnid g AQruels Ioursnig L661
OUQJOp duNII
(sSIMS) [oseq Jo AJNSIOATUN) PJRIPAW [[99 Y} JO
eI[RNSOY ‘d’N Pue “q'yd erensny Koyroads o) Suturoouod
SSIMS ‘Yoz ‘ASojounuuwuy ‘eloque)) ‘ANSIOATUN ‘eloque)) ‘AJNSIOATUN) SOLIDAODSIP 1o}
‘1odxg Jo 9ymnsuy [euoneN ueIRNSNY [euoneN uelensny Ioj,, :K119yo(J ‘[oSeurayurz ‘N J10Y ‘[eSeurayurz
0UQJOp duUNWIWI
pajeIpau [0 9y} Jo
VSN ‘99ssauua, eI[RNSNY Kyoyroads ay) Suruisouod
‘stydwepy ‘readsoyq ‘erroque)) ‘AJSIOATU() SOLIOAODSIP IO}
[oIeasay S, UIP[IYD apnf IS [euoneN uerensny S'N ‘Y3mquipyg ANSIoATUN Ioj,, :[oSeuroyulz ‘Aleyoq D 10194 ‘Aieyoq 9661
(s)ytom pleme
papIreme 9z1d [9qON Suruuim-ozud oy piq paurelqo "q'IN "d’ud uoneoynsnf QwreN Jo IO X

panunuod 9 Jqe],

pringer

Qs



745

Scientometrics (2016) 109:723-767

3N ‘UopuoT ‘punyg
oIeasay Ieoue)) [erraduuy

3N ‘uopuo ‘pung
oreasay] 1ooue)) Terrodury

VSN ‘Omeas 1) Yoreasay
I90UB)) UOSUTYOINY Pai]

VSN “ox
MAN ‘A)ISIOATU() eIqUIN[OD)

VSN SHoA
MAN ‘AISIOATU() IO[[QJONI0Y

uopoms
31092100 JO AJISIOATU()

VSN “HOX
MIN ‘A)ISIOATU() IO[[OJONO0Y

SN ‘YySInquipyg Jo AJSIOATUN)

VSN VIA S10Uspoopy
‘qe] A3o101g QULIB]A

VSN dpIess
‘uoiuIysep\ JOo AJISIOATU()

VSN “SUIPIN JO
[00Y0S “AJSIQATU() SO MAN

VSN “QUIpIN
JO [00YDS “AINSIOATU[) A[BX

uapamg ‘pung Jo AJSISATUN)

vSn
S0 MmN “qe] A3ojorg
19D ‘ANSIOATUN) JS[QJNO0Y

30 IoFoN ((VAN)
elSuy Jseq A)ISIoATUN)

AN

‘opuque)) Jo AJISIOATUN)
VSN ‘espLquie)
‘(LIA) ASojouyda,

JO QIMNSU] $)IOSNYIBSSBIA

VSN “SUIPIN JO
[00Y0S “AJISIQATU() SO MAN

vSn ‘rowneyg
‘Anstoatun) surydoy uyof

udpamg ‘pung Jo A)SISATU)

(@'ud) VSN ‘uIsuoosip

Jo Ayszearun) {(CAN)

Kuewon) ‘uaduiqny,
ANsIoATUN) -S[IR]-PIRYIAq]

91949 [[99 9 Jo s1oye[NIax
K9 JO SOLIQAODSIP I3y}
10J,, J[MMEH GuUnH ‘9sInN

91942 [[99 9 Jo s1oye[NIAI
K9 JO SOLIOA0DSIP I1oY)
10J,, :9sInN ‘[[omlIey ‘Junyq
9942 [[99 o JO s10jR[NSAI
K9] JO SOLIDA0DSIP 11}
10J,, :9sInN ‘WUNy ‘[[omiurey
Wa)sAs
SNOAISU 9Y) Ul uononp
-sue1) [eusIs JUILIAOU0d
SOLIOAODSIP IIoY) 10J,,
[UOSS[Ie)) ‘pIefudaln) ‘[apuey]
WQ)sAs
SNOAISU oY) Ul Uononp
-sueJ} [eudrs SUIUIOOUOD
SOLIOAODSIP JIaY) 10J,,
:[opuey] ‘uoss[Ie)) ‘pIesusain)
WA)sAs
SNOAIOU 9U) Ul UONONPSURI)
[eusis uruIadouod
SOLIOAODSIP II3Y) 10J,,
Jopuey] ‘pIe3udaIn) ‘uosspre)
«[[99 9
ur uonezIfedo] pue yodsuer)
119y u1dA03 Jey) speusis
oISULIUT ARy surejoid jey)
AIOAOISIP A} 0], :[oqo[g

‘N [Ned “9sInN

d Apowrty, yuny

papIreme 9z1d [9qON

(s)ytom
Suruuim-azud ay) piq

paureiqo "q'IW "d'ud

uoneoynsnf

‘H pue[o] ‘[[omley 100¢
d o1y ‘[epuey
[ned ‘presusain

PIATY ‘UOSS[IED 000¢

ouno ‘reqorg 6661

pleme

QweN JO IO X

panunuod 9 Jqe],

pringer

Ns



Scientometrics (2016) 109:723-767

746

N ‘Awouonsy
pue so1sAyd Jo [00YydS
‘wreySunioN Jo AJsIoAtun)

an
‘wrey3unmioN Jo AJsIoArun)

3N ‘uopuo]
939110 AR UON)

Surdewr 20ULBUOSAI
oneugew JuUTUIOUOD
SOLIOAODSIP J1oY)

I0j,, :InQIoINeT ‘PlOYSUBIA
SurSewr 9ouLUOSAI
oneuew JuUIUIOUOD

1919 ‘PIeYSUBIN

VSN ‘eueqin VSN ‘(ANNS) vsn SILISAOSIP 1191}
‘STOUT[] JO ANSIOATU[) SHOX MON JO ANSIOATUN) JBIS ‘Y ‘YSIngsnid Jo ANSIoATu() 10§, :P[OYSUBIA ‘InqIoine | D [ed ‘IngIone| €00T
«peap, (100 pawrwergord,
pue juowrdoorap
ued1o Jo uone[ngar
oneuad SuruIaduod
AN N ‘eSpuque) (OYW) N SOLISA0DSIp 119y 10,
‘a3puque) ‘9mnsu] Io3ues [1oUN0Y) YoIeasay [BIIPIN ‘a3puque) Jo ANSIOATUN :IoUURI ‘Z)AIOH ‘U0IS[ng *q uyor ‘uois[ng
«peap, (190 pewrwergord,
pue juswdojoaap
ued1o jJo uonengar
VSN ‘VIA ‘eSpuquie)) oneuad SuruIgduod
‘(LI A3ofounoay, 3N 98puquie) (DY) VSN ‘VIA 98pLiquie) SSLIdA0DSIp 119y} 10J,,
JO 9IMNISU] SPISNYIBSSEIN [1oUNo) YoIeasay [BIIPIN ‘K)ISI0ATU() pIEATRH 1U0IS[NG ‘IouuRIg ‘ZIIAIOH 1100y "'H ‘ZNAIOH
«peap, (100 pewrwergord,
pue juowrdoorap
ued1o jJo uone[ngal
oneuad SuruIgduod
VSN ‘Aepeyreg N ‘eSpuque) (OYN) SILIDAODSIP 119y} 10],,
QIMIISU] SAJUIIOS JB[NOJOIN [1oUN0) YoIeasay [BIIPIN 3N ‘ANSIeATU) PIOJXQ 1UOIS[NG ‘Z)IAIOH ‘Iouualg KoupAg ‘1ouuarg 00T
(s)ytom pleme
papIreme 9z1d [9qON Suruuim-ozud oy piq paurelqo "q'IN "d’ud uoneoynsnf QwreN Jo IO X

panunuod 9 Jqe],

pringer

Qs



747

Scientometrics (2016) 109:723-767

VS “19ISAYOI0 M
‘S1)9SNYOBSSEIAl JO AJISIQATUN)

vsn
‘vD ‘AISIOATUN) pIOjuBlS

BIfRNSNY
‘o ‘[endsoy yuad [ekoy

eIRISNY

‘erensny UIdSIA

JO AJISIOATU[) pUE BI[ENSNY

‘SPUBIPAN ‘@NUQ)) [EIIPAA

THO ‘A1018I0QRT YOIBISoy
1o[Ad 1030eq0dT9H DYINHN

VSN ‘OIeas ‘Yoreasay]
I90UB)) UOSUIYIINY Pai]

VS “19ISAYOI0O M

‘$119SNJBSSBIA] JO AJISIOATUN)

vsn
“@' ‘Iowneg ‘9udIos
'J uonmpsuy A1Soure)

rI[RNSNY
‘Yiod ‘[endsoy yuad [ekoy

rI[RNSNY
‘Yued ‘Tendsoy yued rekoy

VSN “Hox
MIN ‘AISIOATU() BIQUIN[OD)

VSN ‘VIN ‘@3puquie)
‘ANISIOATIU() pIeATeH

VSN ‘VIN ‘@3puque)
‘(LN £Sorouyda,
JO AUy SJOSNYILSSBIN

BIfeNSNY
‘opre[opy Jo AJis1oatupy

BIENSNY
‘Kormer) ‘errensny
UI9ISOA JO ANISIoATUN)

VSN Se[eq 1)
[BOIPIIA UIISOMIINOS
Sex9], Jo ANSIOATU()

«VNY popuens
-o[qnop £q Surouayis
QuoS—oouoIaJINUI
VN JO A10A00SIp
IIoy) 10J,, :IL] ‘O[[OIN
«VNY popuens
-9[qnop £q Surouayrs
QUIS—aouaIa)IuI
VN JO A10A02SIp
1oy 10J,, :O[[QJN QI
. 9SBASIP JAo[N
ondod pue snses ur 9ol
)1 pue 1I0[Ad 19108qQOdI[OH
wnreloeq 9y} Jo AI9A00SIp
IIoy) J0J,, :[BYSIEJN ‘USITBA\

9SBASIp Joo[N
ondad pue snses ur 9[o1
)1 pue 1Lo[Ad 19)108qOdI[OH
wnLIdloeq Y} JO AIOA0ISIP
1oy} 10J,, USLIBA\ ‘[[RUSIBIN
wdIsAs A10j083]0
Y} Jo uoneziuesio
oy pue sioydedar
JUBIOPO JO SOLIDAOISIP
I3y I0J,, ([XY Yong
WAsAs A10j08J]0
oy} Jo uonezrue3io
) pue sioydadar

"D Srer) ‘o[leIN

“Z MAIpuy A1 900¢C

urqoy ‘[ ‘UaIrepn

[ Aueg ‘[eysieN S00T

g epury “yong

VSN SHox VSN SHox VSN ‘Qrowneg JUBIOPO JO SILIQAOISIP
MIN ‘KJISIOATU[) BIqUIN[OD) MIN ‘AJISIOATU[) BIqUIN[OD) ‘Ansioatun) surydoy uyof 1191 10J,, ong ‘[OXY pIeyory ‘[PXVy 00¢
(s)ytom pleme
papreme 9z1d [2qON Suruuim-azud ay) piq paureiqo ‘qQ’IN "d’ud uonedynsnf QBN Jo IeQ X

panunuod 9 Jqe],

pringer

Ns



Scientometrics (2016) 109:723-767

748

Qouel] ‘sued

UOIIUIARIJ PUB YOIRasaYy
SdlV uoliepunod pIOM

Qouel] ‘sued

“yredop A3o[oIIA “yrun

SUOIOQJU] [BIIAONY JO
uone[n3ay ‘Imajsed Amusuy

Kueurion) ‘31aq[oproH

(wnnuoz 3unyosioysqaryy

SUOSINO—Z ) IIUad
[OIBaSAI JOOURD URULION

VSN ‘IH rdey)d
‘eurjoIe)) YHON Jo AJNSIOAIUN

3N ‘sedudrosorg
Jo 100Ydg *KISIOAIUL JFIPIED)

vsn A
e I[ES ‘Yrin Jo AsIoatun

ERlIAR
‘stIed ‘Inadjsed ymmsuj

QoueL]
‘Sueq ‘Indjsed Amnsuy

Auew1dn) ‘SInqrarg

K)ISIOATUN)-SSIMPNT-1IqQ[V

VSN ‘MH edey)d
‘eurjoIe)) YHoN Jo AJNSIOAIUN

1N
‘a3puque) Jo AJISIOATUN

vsn A
e IES ‘Yein Jo Asioatun

Qouel]
‘StIeq ‘ouu0qIoS AJISIQATU()

Q0URIL] ‘SHEJ ‘SOIUIOS
JO KJISIOATU[) pUB Q0UBI]
‘stIed ‘INd)sed mmsuf

Aueuon ‘(Awapeoy

[BOIPSJA JOULIOJ) JIOP[ASSN(T
JEIISIOATU) -QUIOH-YOLIUTOH

N 989[10D
[orreg ‘A)SIOATU() PIOFXQ

1N
‘UopuoT 939[[0D AJISIOATUN)

VSN ‘VIA ‘98puque)
‘ANISIQATU() pIeATeH

SIIIA
Kouaroyep-ounurwi uewiny
JO AI9A00SIp I1ay) J0j,,
{ISSNOUIS-91Ieq “IOIUSBIUOA
SIIIA
Kousroyep-ounuwi Uewny
JO AI9A0DSIp 119y} J0j,,
(IOTUSRIUOIA ‘ISSNOUTS-91Ieg

. Jooued [BO1AID
Sursned sesnaia ewoyided
uewny jo KISAOISIP

STy 10, :UdsneH InZ

S[[99 WIS STUOAIqUID
Jo asn ay) Aq 901w Ul
suonedyIpow duasd oy1oads
Suronponur 10§ sopdrourid
JO SOLIOAODSIP 1Y) IO,
:yooade) ‘sueaq ‘somprug
S[[99 WA)S STUOAIqUID
Jo osn ayy Aq 901w Ul
suoneoyIpow duad dy1ads
Suronponur 10§ sojdrourid
JO SOLIOAODSIP IIAY) IO,
sonpIug ‘myooade) ‘sueaqg
S[[99 WS STUOAIqUID
Jo asn oy} Aq 901w Ul
suoneoyIpow duasd oy1oads
Suronponur 10§ sopdrourid
JO SOLIOAODSIP 1Y) IO,
[SONPIIWS ‘sueAq ‘1gooade))

on ‘1o1udejuoN

9s105UEL] ‘ISSNOUIS-o1Ieg

papIreme 9z1d [9qON

(s)ytom
Suruuim-azud ay) piq

paureiqo "q'IW "d'ud

uoneoynsnf

‘H ‘uasney InZ 800¢
IDATQ ‘senpIug
‘[ UMRIA ‘SUBAF]
¥ ol ‘1yodade) L00T
pleme
SweN Jo IeQX

panunuod 9 Jqe],

pringer

Qs



749

Scientometrics (2016) 109:723-767

VSN “HOX
MIN ‘ANSIOATU() IO[[OFONO0Y

Qouelq ‘inoqsens

(SUND) Yoreasay dynuatog
10J I9)ud)) [euoneN Yyoualj

vsn ‘vo

“e[[Of ©7] ‘IMNSU] YoIeasay

sdduog oy, pue vsn

VSN “SHoX
MIN ‘AITSIOATU() IO[[OFNO0Y

Qouelq ‘inogsens

(SUND) Yo183s3Y OYNUIIOG
I0J I9)UQ)) [BUOTIBN YOUSL]

VSN “Hox

VSN ‘espLiquie)
‘ANsIoATu() preareq

Qouely] ‘SInoqsens AJISIoAIun)

Kyunwwr aandepe ur 9jor

SIL pue [[90 OULIpUSp 9y} Jo
AISAODSIP SIY 10J,, :UBWIUIAS

Kmunurur

JJeuur JO UOT)BATIOR

9y} SUTUIOOUOD SOLIOAOISIP
110y} Joj,, :I9[INdg ‘uuewjjoq

Kmunurur

9Jeuur JO UOTJBATIOR

9} SUIUISJUOD SALIDAOISIP

‘I ydrey ‘uewrurolg

Y S9[nf ‘uuewjjoH

‘Se[[B(] ‘SBXQ], JO AJNSIOATU[)  MAN ‘ANSIQAIUN) IS[[QJNO0Y VSN “TI ‘0Sedry) AJSIOATUN)  JIY) 10J,, ‘UUBUWIJJOH ‘Iainog Y Qonig ‘1opnag 1102
UONBZI[NI)
N N onIA ur jo juswdojoaap
‘apuque) Jo AJISIoAtun ‘afpuque) Jo Ays1eatun 3N ‘Y3inquipg Jo AJISIoATUN) ay) 10J,, Sprempyg ‘D) 119qO0Yy ‘sprempyg 0102
.. OSBIQWO[Q) JWAZUD
9y} pue so1owoa) Aq
VSN ‘VIN Pa109j01d 28 SIUWOSOUWOIYD
VSN ‘VIA ‘93pLquie) ‘98pLIqUIED “QUIDIPIA JO VSN “HOx MOy JO AIDA00SIP ) I0f,,
‘K)ISIOATU[) PIBATEH] [00YDS ‘A)ISIOATU[) PIBATEF] MON ‘AJISIOATU() [[OUI0)  wINQYoe[q ‘IOpIaID) ‘Yeisoz§ M Yoel YeIs0zg
OSBIOWIO[3) QWAZUD
9y} pue sa1owo[d) Aq
Pa109301d 918 SOWIOSOWOIYD
VSN ‘@lowmneq ‘QUIdIPIA VSN ‘Asayieg VSN ‘Asoyieg moy Jo AI9A0DSIp Y] 10J,,
Jo [ooyos ‘sunydoy uyof ‘eruIojife)) jo AJsIoArun) ‘eruIojie)) Jo AJSIOAIU()  :YeIS0Z§ ‘uIngyoe[q ‘IOpIoin) A\ [0IBD) ‘I9pIain)
. OSEIQWO[9) SWAZUD
QY3 pue so1owoe) Aq
P9199301d QIR SOWIOSOWOIYD
VSN ‘Kopadprog VSN ‘Aereyreg N Moy JO A12A03SIp o) I0f,,
‘eTUIOJIRD) JO AJISIOATUN) ‘eruIojI[e) Jo AJNSIOAIUN) ‘a3puque)) Jo AJISIOATUN  YBISOZS ‘IOPIAID) ‘uIngyor[q "H yoqesi[g ‘wngyoerg 600T
(s)ytom pleme
papIreme 9z1d [9qON Suruuim-ozud oy piq paurelqo "q'IN "d’ud uoneoynsnf QwreN Jo IO X

panunuod 9 Jqe],

pringer

Ns



Scientometrics (2016) 109:723-767

750

vsn
‘vO ‘AISIOATUN) pIOjuBlS

VSQ “Asreg
‘eruIojI[eD) JO ANSIdAIUN

vsn
‘se[[e( ‘sexa], Jo AJISIATUN)

vSQ “Aspreg
‘RIUIOJITRD) JO A)ISIQATUN)

vSn

Auewan) ‘uadumion

JB)ISIOATU) -ISNSNY-31090)

pue AueuLon ‘ua3union

‘(erway) dyosteyIsAydorq

'J) Anstwoyd [esrsAydorq
'} QIMINISU-YOUB[J-XBIA

vsn
VD ‘KiIsIaAtun) piojueis

ST

Ino ur walsAs jodsuen
Jofew & ‘Oyjer) 9[OISA
Sunengar A1sumyoew

JO SQLIA0DSIP Iy} 10J,,

[UPWIYIOY ‘UPUINAYIS JOYpNS

ST

Ino ur walsAs jodsuen
Jofew & ‘Oyjer) 9[OISA
Sunen3ar A1oumyoew

JO SOIIOAODSIP IIAY) IO,

Joypns ‘uewWyloy ‘UBUNAYOS

ST

Ino ur walsAs jodsuen
Jofew & ‘Oyjer) 9[OISA
Sunengar A1umyoew

D sewoy, ‘Joypns

‘A Apuey ‘uuDRUOS

vSn FIOX MON “INU) IdouR) VSN ‘VIN ‘e8puquie) JO SALIDA0DSIP Iy} 10,
‘UOABH MON ‘ANSIOATU() OB X SurIeNey] ULO[S [BLIOWRIA ‘KIISIOATU() PIEATRH  :JOUPNS ‘UBWINAYDS ‘UBWIYIOY " SOWR[ ‘UBUIYIOY €10T
uede[ ‘lyonSemey]
‘Koualy ASofjouyoo], ‘AN Juajodumnid swooaq
puB 90UDS pue uede[ ‘A)ISIOATUN) 9qOY 0] pawwreigordar oq ued
ueder ueder ‘ST pue ueder pue ‘q'yq uedef ‘exesQ S[[@0 2Imjew jey) AI9A0ISIP
‘0J0AY] ‘AJISIOATU() OJOKY] ‘0JOAY] ‘AJISIOATU() OJOAY] ‘ANs1oAtun) A1) eyesQ Q) 10j,, :UOpPIND) ‘BYeURWE X eAUIYS ‘BYRUBWIE X
Juajodumnid swooaq
0} pawweiSoidar aq ued
S[[20 2IMBW 1By} AIAOISIP
N ‘Aisioatun a3puquie) SN ‘AsIoAtun) pIoyxQ SN ‘ANsIoAIU) pPIOJXQ 9y} Ioj,, :BYeuewex ‘Uopinn ‘g uyof ‘uopinn 7102
(s)ytom pleme
papIeme 9z11d [9qON Suruuim-azid oy piq paurtelqo "’ ‘d’ud uonedynsnf QueN Jo e

panunuod 9 Jqe],

pringer

Qs



751

Scientometrics (2016) 109:723-767

KemIoN

‘wraypuod], ‘(AN.LN)

A3o[ouyoa], pue A0UAOS
Jo K)s19ATU[) UBISOMION

KemION

‘wraypuodL], “(AN.LN)

A30[0uyo], pue UG
JO KJISI9ATU[) UBISOMION

KemIoN

‘wraypuod], ‘(AN.LN)

A3o[ouyoa], pue dUAOS
Jo KJISI9ATU[) UBISOMION

KemIoON

‘wraypuod], ‘(AN.LN)

A30[0uyo], pue UG
JOo KJISI9ATU[) UBISOMION

KemION ‘O[sQ JO AJSIoATUN)

KemION ‘O[SQ JO AJISIoATUN)

LUIBIq 9y ur wa)sAs
Suruonisod & 9mnsuod
Jey) S[[29 JO SOLIdA0ISIP

II3Y) 10, A JOSOJA] “H 9SO

LUIRIq 9} UT WSS
Suruonisod € 9mnIsu0d
Jey) S[[29 JO SOLISAOISIP

I3y} 10, 5] JOSOJA ‘IN JOSOA

LUIRIq 9} UT WSS

Suruonisod € 9mnsuod

‘I pIeapq ‘IoSOIN

Nug-Aey ‘IS0

3N (100 N ‘uopuoT ((TON) epeuen e} S[[99 JO SOLI9AOOSIp
uopuoT a39[[0D) ANSIoAIUN) uopuoT 939[[0D ANSIOAIU)  ‘[RANUOIA ‘ANSIOATU() [[IDOA 1191 10J,, :9JUY .0 ‘N uyof ‘9Jaauy .0 102
(s)ytom pleme
papreme 9z1d [2qON Suruuim-azud ay) piq paureiqo ‘qQ’IN "d’ud uonedynsnf QBN Jo IeQ X

panunuod 9 Jqe],

pringer

As



Scientometrics (2016) 109:723-767

752

VSN ‘(IDn) duialg
‘eruIojIfe)) Jo ANSIdAIUN

vsn
VD ‘KisIoAtu() piojuels

VSN ‘VIA ‘98puque)
‘(LIA) £Sorouyda,
JO mnsuf $19sNYORSSBIA

epeUR)) ‘OLIRIUQ ‘UOI[TWEH
*KJISIOATU[) J)SEIADIA

VSN ‘Alojeroqe]
oYNUAIOG ‘sowe[y
SO ‘BIUIOJI[RD) JO AJSIOATU)

vsn
VD ‘KisIoAtu() piojuels

vsn
‘99SSaUU T, ‘Q[[IAXOUY Teau
a3pry yeQ ‘seuojeIoqe|

[euoneN 93pry JeO

epeue) ‘1AL Y[eu)
(TOAV) parewI epeue)
Jo A310ug orwo)y woij
Anproey <(TYD) souoIRIOqE]
ToATY N[eYD “(NAN)
[BSIOATU[) JOIOBIY [BUONBN

VSN ‘KISIOATUN) YI0OX MON

VSN SHOX
MIN ‘AIISIOATU() BIqUIN[OD)

VSN ‘AISIOATUN YIOX MIN

epeue)
‘0JuoIo], Jo AJISIOATUL)

oumnau
QY3 JO UOTD9IAP A} I0],,
sourey - so1sAyd uoydor 0y
suonnqrnuod [ejuawdxo
Sundouold 10§, :souley ‘[od
uoydor ney
Y Jo AI9A00SIp Ay I0J,,
112 " ..so1sAyd uoydoy 03
suonNqIuod [ejuswLadxo
Suwdouoid 10§, :suIy ‘[1Rd
..onbruyod) uonoeIIp
uonnau 9y} Jo judwdororap
oy 10y, :[YS - Joyewr
PasudpuUOd JO SaIpnIs
10§ sanbruyo9) Surre)eds
uonnau jo juswdoorap ayy
0} suonnqryuod Jurreduord
10J,, :[INYS ‘asnoyoorg
Kdoosonoads
uonnau jo juswrdoorap oyy
10},, asnoyyoolg °  Joew
PasudpuUOd JO SAIpNIs
10J sonbruyoa) Surreneos
uonnau jo juswdo[oaap ay)
0] suonnqrnuod Jureauord
10}, {[[NYS ‘@snoyoorg

YOLIOPAL] ‘souroy

" UDIRN ‘[19d

‘D PIOPID ‘IINYS

"N Weniag ‘osnoypoorg

S661

7661

popIeme 9z11d [9qON

(s)yJom
Suruuim-azud ay) piq

paureIqo "'/ a'ud

uonedynsSnf

QuieN

pleme
Jo 1eax

sorsAyd ur sojeaIne| [9qON UO UOTEWLIOJUT PI[Ielo( L d[qel

pringer

Qs



753

Scientometrics (2016) 109:723-767

vsSn

‘AN “31ngs1ayed ‘(LSIN)

A3ojouyoa], pue spiepuels
JO Qumnsu] [eUOnEN

douel] ‘sued ‘amnaurdng
S[BULION 9]00H pue doueI]
‘stred ‘9oueL 9p 939[[0D

vSn
VD ‘KisIoAtu() piojuels

vSn ‘AN
‘eoey)] ‘AJISIOATU() [[QUIOD)

vSn
VD ‘KisIoAtu() pilojuels

vsn
‘eoRy)] ‘AJISIOATUN) [[OUIOD)

VSN ‘AN ‘Singsioyiren

‘(LSIN “A3ofouyoa,

pue splepuei§ jo

ANNISU] [BUOTIEN dY) MOU)
SpIepue)§ JOo neaing [BUONBN

CRlIAR |
‘stred ‘ormorredng oeuLION
9[00Y ‘L() SLed 9P 9NSIOATU[)
VSN ‘Assior
MON ‘TITH Aelmjy 991jo
PEOH ‘JUQ0NT- [91BI[Y WOOI
‘(I®LV) seuojeloqeT] [[og

vSn ‘AN
‘eoey)] ‘AJISIQATU() [[QUIOD)

vSn ‘AN
‘eoey ‘AJSISATU() [[QUIOD)

vsn
‘eoey)] ‘K)ISIOATUN) [[OUIOD)

VSN ‘e3puque)
“(LIN) ‘ASofouyda,
JO a1mnsuy syasnydesse]N

douel] ‘stred ‘(SNH)
amguadng oreuLIoN 9[00Hq

VSN ‘Koo
‘eIUIOJI[RD) JO AJISIOATU()

vsn
‘weying ‘A)sIoAtun nq

vSn ‘AN
‘eoey] ‘AJISISATU[) [[QUIOD)

vsn
‘UGABH MAN ‘AISIOATU A[BA

LJYST 1ose|
s swoje den pue [00d
03 spoyjout jo judwdo[oaap
10J,, :1fpnouue],
-uayo) ‘ny ‘sdiryd
Y31 Jose] YIm swoje
dexn pue [000 03 spoyjow Jo
juowdo[aaap 1oj,, :sdifryg
‘ny) ‘ifpnouue ] -usyo)
Y31 J0SE] PIM SWOje
dex pue [000 0} spoyjow Jo
juowdofaaap 1oy, :sdifryg
‘1fpnouue] -usyo) ‘ny)
«£-wnry ur Aypmpyradns
JO AIOAODSIp 119y} IO,
:JJOIQUSQ 997 ‘uospreyory
«£-wniy ur Apmpyradns
JO AIOAO0DSIp IIAY) IO,
{UOSpIeyOry ‘9977 ‘JJoIdysQ
c-wnry ur Aipmyradns
JO AIOAO0DSIp 1Y) IO,
[UOSPIRYORY ‘HJOIAYSQ ‘99

@ wernmAy ‘sdd

apne[) ‘ifpnouue]-uayo))

papIreme 9z1d [9qON

(s)ytom
Suruuim-azud ay) piq

pautelqo '/ a'ud

uoneoynsnf

U2AS ‘NY) L661
*D 1QOY ‘uospreyory
' se[Sno( ‘}joIdysQ
‘N p1aeQ 99 9661
pieme
QwieN Jo IeQ X

panunuod / Jqel,

pringer

As



Scientometrics (2016) 109:723-767

754

(pamar) VSN ‘10917
uuy ‘ueSIyoIA JO AJSIQATUN)

SPUBLIAYION
Ay, ‘AISIOATUL) JYOAMN)

SPUBLIAYION
Ay, ‘AISIOATU() JYOAM)

So1sAyd ur suonoeIouI
YBIMOI)I[D JO AINONIS
wnjuenb oy) Sunepronfe
10J,, :}JOOH ‘UBUI[OA
So1sAyd ur suonoeIaul
YBIMOI)I[d JO AINIONIS

"D [ SNUIIRIA ‘URUN[OA

SPUETIOYION SPUETIOYION SPUETIOYION wnuenb o) Sunepronyo
L, ‘ANSIQAIUN) YO y L, ‘AISIQAIUN) YO y, ‘AIsSIoAIUN) YO J0J,, ‘UeUN[OA ‘VJOOH I~ snpieran JooH 1. 6661
. SUOTIRIIOXD
paSieyd A[[euonoej
VSN yim pmpg wnjuenb jo wioy
vsn ‘IN “[IH Aexmp (L®LY vsn MU B JOo KIA0DSIP J1o1)
‘IN ‘AIISIOATU() UOJOULL] :MOU) SOLI0JRIOQqRT [[og ‘[ ‘08eo1y) Jo ANSIoAIU)  10],, UIUIne ‘IOWLQIS ‘INS], D[R ‘msJ,
. SUOTIBIIOXD
pasdieyo A[feuonoely
vsn adgd WM ping wmuenb jo wiioy
VSN SHox ‘IN ‘[ITH Aeuny ‘(L LV ‘Auewran) jo oanbrjqndoy MU © JO KIQA0DISIP 1191}
MIN ‘AJISIOATU() BIQUIN[OD) 1MOU) SALI0JRIOQRT [[oF  [BIopog ‘MeSNnIS JBISIOAIUN) 1O, (INSJ, ‘UIy3ne] ‘IouLQlS 1 1SI0H “IouLIO)S
. .SUOTIRIIOXD
VS ‘OIOUWIOAT ] paSreyo A[reuonoerj
‘K101I0QRT [RUOTIEN VSN ‘93puquie) ym pmy wnuenb jo oy
VSN VD oy QIOULIOAT] QOUIME] ‘(LIN) ‘ASofouyoag, MU B JO KIOAODSIP IOy}
o[ed ‘A)ISIOAIU) pIojuelS QU] ‘BIUIOJIRD) JO AJSIOAIUN) JO 9IMNSU] sPISNYIBSSE]A  10J,, INSJ, ‘JOUWIQIS ‘UIrysne] g 10qoy ‘urysne] 8661
(s)ytom pleme
papIreme 9z1d [9qON Suruuim-ozud oy piq paurelqo "'/ d’ud uoneoynsnf QweN Jo IO X

panunuod / Jqel,

pringer

Qs



755

Scientometrics (2016) 109:723-767

VSN ‘sejreq ‘pareradooouy
SJUSWINIISU] SBXJ],

VSN ‘ereqieq ejueg
‘BTUIOJITRD) JO AJISIOATU()

VSN ‘se[eq ‘(9asuaosi|
[1°g) payeradooouy
sjuauINISU] SeX3],

vsn ‘vO ‘onv
o[oeq ‘SOIRID0SSY UBIIEA

(vsn ‘stoutg
‘SIOUI][] JO AJISIQATUN)

9a139p s,101SeIN) "q'Ud ON

Auewron ‘uadunon
K)Is19ATU)-1SNSNY-31090)

rISSNY ‘3InQs1d1og
18 “(utuer) Aouekyn

JIOIIO pojeISaur oy

Jo uonuaaur ay) ur ued sy

10J,, :AQIIY . A30[0Uto9)

UONEOIUNUIIOD pue

UOTRULIOJUT UO YIOM JISeq
10§, :SQIOYZ ‘IOWA0XY ‘AqITY] 'S yoer ‘Aqrry[

. SOTUOI}OJ[

-0)do pue -poads-ysiy

Ul Pasn SaINJONIS0INAY

101ONPUODIUIAS

Surdofeasp 10j,, :sa10y7

‘rowory] *, A3ojouyo9)

UONEOIUNUILIOd pue

UOTJEULIOJUT UO YIOM OISeq
10},, :AQITY] ‘SQIOYZ ‘IOWIAOIY

.. SOTUOI}Od[

-0)do pue -peads-ySiy

Ul Pasn SaINJONIS0INNAY

101ONPUODIUIIS

Surdo[oaap 10j,, :1OWI0TY]

‘saloyz . A3o[0uyo9)

}10QIOH ‘IOWOTY]

BISSIY BISSIY ‘A JO soonarg uonedIUNWWOd pue
31nqs19194 1S ‘@Imnsu] 31nqs19194 1S ‘@Imnsuy Jo Jedop 1owwioy) UOTJBULIOJUL UO YIOM JISeq UOIAOUBAT
[eOIUYI9 [ -091SAYJ 9JJO] IV [BIIUYIS]-091SAYJ 1O "'V 9)MNISU] [BdIUYOAONIQ[F  JoJ,, :AQITY ‘IOWQOIY] ‘SaI0yZ (S9I0Y2S) SAIOYZ ‘AOIYY 0002
(s)ytom pleme
papreme 9z1d [2qON Suruuim-azud ay) piq paureiqo "IN/ d’ud uonedynsnf QwieN Jo IeQ X

panunuod / Jqel,

pringer

As



Scientometrics (2016) 109:723-767

756

VSN ‘0D “Iepinog

(V1) saskydonsy

K101810QRT 10J QININSUL
JuIOf ‘OpeIO[0)) JO AJISIOAIUN)

VSN ‘VIA ‘98puque)
‘(LIA) £Sorouyda,
JO mnsuf $19sNYORSSBIA

VSN ‘0D “1ep[nog
(VI sotsAydonsy
Jo K1038I0QR ] JO QIMINSU]

VSN ‘0D “Iepinog

(V1) sasAydonsy

K10yR10QRT 10J QINMINSU]
JUIOf ‘OpBIO[0)) JO AJISIOAIUN)

VSN ‘VIA ‘98puque)
‘(LIA) £Sorouyda,
JO Qmnsuf $1ISNYOBSSBIA

VSN ‘0D ‘epmog
‘(v7IIr) sorsAydonsy
K10yeI0qR ] JOJ SIMITISU]

vsn
‘YD ‘AiIsIoAru() plojuels

Auewon

‘Suryoren ‘(ndouduend)

'}) sondownmuenb

JO JmnSuI-youe[d-XeN

pue AueuLIdn) ‘YoTUNIA
(NL) WISISAIUN SYOSIUYDI],

VSN ‘e3puque)
‘(LTA) £Sofouyda,

..S9IBSUIPUOD
) jo senedoxd oy jo
saIpmys [ejudwepuny A[Ies
10§ pue ‘swoje Iey[e Jo
S9sES )N[Ip UI UONESUIPUOD
urd)surg—osog

JO JUSWAARIYDE A} 10J,,

[OUI0)) ‘911019 ‘UBUIA

SIBSUAPUOD
Y jo sonzadoid

qy) JO SAIPMIS [BJUSWIEBPUNY
K[1es 10§ pue ‘swoje

TTey[e Jo sased npIp ur
UOT}BSUIPUOD UIISUT-IS0g
JO JUSWOARIYDE 3} I0J,,

TUBWRIAN ‘[[OUI0)) ‘O[10)Y]

..S9JeSUAPUOD

Y jo sanzadoid

AU} JO SIpN}S [BIUSWEPUNY
A[Te9 10] pue ‘swoje

ITey[e Jo soses anyIp ur
UONBSUIPUOD UIA)SUIF-9S0g
JO JUSWIRARIYOE JY) I0J,,

g [1eD) ‘Uewmorm

SueSjoa ‘OL1eNay]

JUIOf ‘OpRIO[0)) JO AJSIOAIU)  JUIOf ‘OPEIO[0)) JO AJISIOATUN) JO Aumnsu] $1ASNYILSSBIA [UBWIDIA, ‘Q[IANIDY ‘[[QUI0) Y oug ‘[[pauIo) 1002
(s)ytom pleme
papreme 9z1d [2qON Suruuim-azud ay) piq paureiqo "IN/ d’ud uonedynsnf QwieN Jo IeQ X

panunuod / Jqel,

pringer

Qs



757

Scientometrics (2016) 109:723-767

VSN ‘eueqin
‘SIOUI[[[ JO AJISIOATU()

BISSIY ‘MOJSOJA ‘SQOUINOS

Jo Awopeoy (ueissny mou)

“A'S'S'N Ay Jo mnsuy
[ed1SAYd A2PRqRT ‘N'd

VSN ‘Quuodry ‘Alojeroqe]

3N ‘uowySug
Xassng Jo AJISIOATUN)

BISSNY ‘MOOSOIN

SOOUQIOS JO AWopedy

A'STSTN *Yl Jo mnsuf
[ed1SAYd A2PRqR N'd

RISSIY ‘MOJSOJA

SN PIOFXQO JO ANSIOATUN

BISSTIY
‘K)ISIOATU[) 9JBIS MOJSOIA

BISSTIY
‘MOISOIN ‘(1mnsuy esydey]
T d 9y} MOU) SWI[qOIJ

spmpadns

pue siojonpuooredns jo

K109} 9Y) 0} SUOIINGLNUOD

Suneouold 10J,, :A0SONLIQY
‘Fanqzuin ‘Na33o

spmyadns

pue siojonpuoodredns jo

K103y} 9y} 0] SUOTINGLIUOD

Suneouold 10j,, 19530
‘A0SOYLIQY ‘SInqzuln)

spmpadns

pue s1ojonpuodsiadns jo

K109Y) 9U) 0} SUOINGINUOD

Suweouoid 10y, 1393397

T Auoyuy ‘Na330]

T ATenA ‘Smqzur

[euoneN QuuogIy mnsuy esidey 1'd [ed1sAyd 10j Imnsuy ‘3InQzulD) ‘AOSONLIQY 'V 19XV ‘AOSOYLIQY €00C
..S90IN0S ABI-Y OIWSOD
JO AI9A0DSIP oY) 01 I
VSN ‘VIA ‘@Spuquie) aAey yorym ‘sorsAydonse
VSN <D uoiSurysep\ “ouy ‘Suruouisug KBl ‘ue[IA ‘OUB[IA 0] suonnqrLIuod
oU] SONISIOATU[) "00SSY pUE 90ULIDS UBDLIAUIY P 1pMIS T[S9p BIISIOATU() Surraouord 10J,, :TUOdORID OpIEdITY ‘TUOOIBID)
sournnau
JIWSO09 JO UOTIIIP A} 0]
rernoned ur ‘soisAydonse
VSN ox 0) suonnqruuod Jurresuord
uede[ ‘0Ay0], Jo AJISIoATU) uede[ ‘0AYO], JO AJISIOATU)  MIN ‘IRISAYO0Y JO AISIOATU() 10J,, SIAB( ‘BQIUSO] IYSOJBSEIA ‘BQIYSO]
soummnau
JTWIS0D JO UOTIOIAP Y} 0]
VSN SHOx renonaed ur ‘sorsydonse
vSsn ‘erydieperiyd MON ‘uoydn ‘Arojeroqe vsn ‘1D 0} suonnqrnuod Jureauord
‘erueA[Asuuod JO A)ISIOATUN) [eUOTIEBN] UQABYOOIg  ‘UIABH MON ‘AJISIOATU() d[EX 10J,, SIAB(] ‘BqIYsO3] "If pUOWARY ‘SIABR( 00T
(s)ytom pleme
papIreme 9z1d [9qON Suruuim-ozud oy piq paurelqo "'/ d’ud uoneoynsnf QweN Jo IO X

panunuod / Jqel,

pringer

Ns



Scientometrics (2016) 109:723-767

758

AuewIan) ‘yorunjy
*K)ISIOATU () -SURT[WITXEIA
-S1mpn pue Auewan
‘Furyoren) ‘(ndouduend)
'}) sondo wmuenb

JO mNSUI-oue[J-XeIN
VSN ‘0D ‘“1epinog ‘LSIN
‘A3o[ouyo9], pue spiepuels§
Jo 9ymnsu] [euoneN
SYL pue ySN ‘0D 1epInog
‘(V7IIp) sorsAydonsy
K10jRI0QRT 10} QINITISU]

JuIof ‘OpeIO[o)) JO AJNSIOATUN)

VSN ‘VIN ‘@3puquie)

Auewran
‘Suryoren ‘(ndowrmuend)
'}) sondo wmuenb

JO JmnSuI-youe[J-XeN

VSN ‘0D “Idpinog

“(v7Ir) sorsAydonsy

K103R1I0QRT J10J 9IMINSUT
JUIOf ‘OpeRIO[0)) JO AJSIOATUN)

VSN ‘VIN ‘@3pLquie)

Kueurron) ‘S1oq[oproH
JB)ISIOATU) -S TR -)yoa1dny

vsn
‘y3gsnig ‘ASojouyoa,
Jo aymmsuy 213ouIe)

VSN ‘VIN ‘@3pLquie)

anbruyo9) quios Aouanbaiy
reondo oy Surpnjour
‘Adoosonoads uorsioard
paseq-1ase] Jo juowrdo[ordp
qy} 01 suonNNqLIUOD

1oy 10J,, ([[BH ‘YOSUBH

.anbruyo9y quios Aouanbaiy
reondo ay) Surpnjour
‘Adoosonoads uorsroard
paseq-1ase] Jo juowrdo[orap
9y} 0} suonNNqLIUOd

193 10§, YoSuBH ‘[EH
..2ouaIoyoo Teondo
Jo K100y) wimuenb ayy 0}

"M 10POAY, ‘YOSULH

1 uyor “1reH

‘KNSIOATUN) pIeATeH ‘ANISIOATIU() pIeATeH ‘ANISIOAIU() pIBAIRH  UONNQLIUOD SIY 10J,, :Ioqne[D) [ Aoy ‘1eqne[n S00T
uonoerdur Juons
VSN ‘VIN ‘eSpuque) Ay Jo K109} 9Y) UT WOPAAILF
‘(LIN) ASojouyoay, vSsn vSn onojdwiAse Jo K19A00S1p Y}
JO 9)MNSU] SPISNYIBSSBI ‘ON ‘AIISIoAIUN) U0JOULI] ‘ON ‘A1ISIOAIU[) UO0IOOULI] IO, :IOZI[OJ ‘SSOID) YOZO[IM Nuel] “YOZO[IM
uonoerajur 3uons
VSN ‘eudpesed VSN Ay Jo K109} 9Y) UT WOPAAIJ
‘(qoAeD) ASo[ouyoa], ‘spasnyoesse]y ‘93pLquie) VSN ‘VIA ‘@8puque) onojdwAse Jo A19A00SIp Y}
JO 9Imnsu] eruIojIeD) ‘ANs1oATun) preareq ‘ANISIOATU() pIBAIRH  10J,, YOZO[IA\ ‘SSOID) ‘IOZI0J ‘d ysSnH ‘10231104
VSN ON
‘K103e10qR] A1UoH ydosor
VSN ‘ereqreg ‘KYISIOATU() UOJOOULIJ uonoerdur Juons
BIUBS ‘SOISAYJ [BO1)RI0AY], pue ySN “II ‘eiaejeg YY) Jo AI03Y) 9y} UT WOPIIY
10} 2IMNSu] ARy ‘(qeqmuIsg) A1ojeroqe| VSN ‘Aoroviog onojdwAse Jo A19A00SIp Y}
‘eTuIOjIRD) JO AJISIOATUN) IOJRIR[900Y [BUONEN TULIO ‘RIUIOJI[RD) JO ANSIOAIUN)  10J,, OZO[IA ‘1OZIOJ ‘SSOID) ‘[ pr1ae( ‘sso1n $00T
(s)ytom pleme
papreme 9z1d [2qON Suruuim-azud ay) piq paureiqo "IN/ d’ud uonedynsnf QwieN Jo IeQ X

panunuod / Jqel,

pringer

Qs



759

Scientometrics (2016) 109:723-767

Auewion

‘YoI[N{ WNHUIZSTUNYISIO
-dd1 Z)joquieH

Qouel] ‘AesiQ

‘SHTVHL/SIND enbrisAuyd
9p AXIJN AU ‘DourIL]

Auewion

‘(amnsu] S10qunin 1919g

:mou) unyosioradioyisoq

J Imnsuy

‘YoIN{ WNHUIZSTUNYISIO
-dd1 Z3joquieH

QoueL]

Aueuon ‘JpeisuLre
‘(NL) TBNSIATUN AYOSTUYDI],

QoueL]

.. Q0UR)SISAI0IRUSBIA
JuelD) JOo AI9A0ISIP
ay) 10§, 119 ‘Sroqunin

. QOUB)SISAI0IQUSBIA
juelD) Jo AI9A0ISIP

Y 19194 ‘Sroqunin

‘Kes1Q ‘pnS-sued 9SIOAIU)  ‘ABSIQ ‘pnS-SLRJ ISIOAIUN)  ‘ABSIQ ‘PNS-SLIEJ 9IISIOATU() U 10y, :3I0qUIID) MO IRl \vAMRER | L00T
uoneIper punoi3yoeq
QABMOIOIW OTWSOD
VSN ‘e8puque) ) jo Adonosiue pue wioy
VSN ‘Aofodieg VSN ‘Aofadieg ‘(LIIN) ASojouyoa]y, Kpogyoe|q ) JO AIOA0ISIp
‘eTuIOJIRD) JO AJISIOATU() ‘eruIojie)) Jo AJsIoArun) JO 9)MNSU] SPISNYIBSSEIN 119y} 10J,, IOUJBJA ‘JooWS -] 981090 ‘Joowrg
Juoneipe1 punoidyoeq
QABMOIOTW JTWISOD
VSN [Pquasln) Y jo Adonosrue pue wioy
VSN 9Pqualln) ‘Iua) ‘13U WS31[ 2oeds VSN ‘Aoroviog Kpogyoe[q ) JO AIOA0ISIP
W31 9oedg pIeppon YSYN  10J aimnsu] pIEppoD VSYN ‘BIUIOJI[ED) JO ANSIOATU() 11943 10§, J00WS IR "D uyo[ YR 900C
(s)ytom pleme
papIreme 9z1d [9qON Suruuim-ozud oy piq paurelqo "'/ d’ud uoneoynsnf QweN Jo IO X

panunuod / Jqel,

pringer

As



Scientometrics (2016) 109:723-767

760

uedep

“Kyiszoatun) 010£3 “(dLIX)

SOISAYJ o110y ], 0]

Jmnsuf emeyn g pue ueder
‘Ais1oAtu) 0A3ues 0joAY

ueder ‘equyns, ‘SIA)
uonezZIuesIQ YoIeasay
101eI9[200y AS1oug y3IH

vSn
‘I ‘“9ImNsuy s ooLuyg

uede[ ‘A)ISIOATUN) OJOKY]

uede[ ‘A)IsIOATU) 010K

vSn
[ “9IMNSU] TWLIO{ OOLIUF

uede[ ‘Kjis1oatun) eAoSeN

ueder ‘Aysroatu() eAoSeN

oImjyeu
ur syrenb jo sorjurey
Q0IY} 1SBI] JB JO QOUQISIX
oy syorpaxd yorym
AnowwiAs uayoIq ay) Jo
uI31o 2y} Jo A19A0ISIp 2y}
10J,, :IYseAeqOd] ‘BMBYSBIN
QImeu
ur sypenb jo sarfrwey
Q0I1[} 1SBI[ JB JO OUQISIX
oy syorpaxd yormym
AnowwiAs uayoIq Ay Jo
uISo oy} Jo A19A09SIp 2y}
10J,, ‘BMBYSBIA ‘IyseAeqoy]
so1sAyd
orwoyeqns ur A1owwAs
uayoiq snosuejuods
JO WISTURYOIW )

PIYIYSOL, “BMENSEIN

0JONBIA ‘TyseAeqoy]

‘o3eo1y)) Jo AJIsIoATUN) ‘o3eory) Jo AJSIoATUN) uedef ‘0AY0], JO AJISIOATU)  JO AIQAODSIP AU} J0J,, :NqUIEN OINYJIO X ‘NQUIBN 800C
(s)ytom pleme
papIreme 9z1d [9qON Suruuim-ozud oy piq paurelqo "'/ d’ud uoneoynsnf QweN Jo IO X

panunuod / Jqel,

pringer

Qs



761

Scientometrics (2016) 109:723-767

N
‘19)SQUOUBIA JO AJISIQATU()

N
19)SAUOURIA] JO AJISIQATUN)

Spue[IOUIoN U, ‘uddowliN
K)Is19ATUN) PROQPERY

RISSIIY ‘MOJSOJA Jeau

Quoyderd

[ELIJEW [BUOISUSWIP-0M])
oy Surpredar sjuownradxa
Sunyearqpunoid

J10J,, {WIAD) ‘AO[ISOAON

Quoyderd

[ELIOJEW [BUOISUQWITP-OM])
ay) SurpreSar sjuowrradxa

'S UNUBJISUOY] ‘AO[ISOAON

Sn Sn ‘eyaojoourdy) ‘so1sAyqg Sunyearqpunoid
‘19)SAUOUBIA] JO AJISIOATUN) 10)SAUOURIA JO ANSIOATUN) Q1eIS PIOS JO Amnsuf 10J,, :AO[9SOAON ‘WIAD) 3] 2Ipuy ‘WIdn 0102
Josuas oD
vSn vSn QYI-IINOIIO JOIONPUOITWIAS
‘IN “TIHH Aemy (L®LV “IN ‘TIH Aty (L®LV Sursewt ue jo UOHUAAUT
1MOU) SOLI0JBIOqRT [[og 1MOU) SOUI0JeIOqRT [[9d VSN ‘03edoryD) Jo ANSIoATUN oy Joj,, :9[hog ‘g “q 981090 ‘Prug
Josuas oD
VSN VSN QUI-IINOIIO JOJONPUOITWIAS
‘IN “IIH Kexmp (L®LY ‘IN “IH Lexmp (L®LY epeue) ‘00qand) SurSew ue Jo UONUSAUT
1MOU) SOLI0JeIOqeT [[og 1MOU) SOLI0JeIoqeT [[og  ‘[BOMUOIN ‘ANSIOATU() [[IDON ayy Iog,, prus ‘o[kog 'S PIE[[IM ‘O[kog
eury) ‘Suoy] Suoy ‘Suoy] uonesrunuwod
SuoH Jo AJIsIoAIUN) 9sAUIyD) reondo 10J s1oqy
pue "3’ ‘Xdssyg ‘mopreH ') X9ssy ‘molreH ur Y31 Jo uoISSIwSuRI) Y}
‘("ILS) seuojeIoqe| ‘("ILS) seuojeIoqe| 3N ‘uopuoT jo 959[10D SUIIIEOUOD SJUSUIIAIYOE
UONEIIUNWWOII[], PIEPUR)S  UOHRIIUNWIWOI[J], pIepuels ‘uopuorT jo AJNSIoAIUN) Sun{eaiqpunoi3 Ioj,, ‘O] uany] sapIeyD ‘oey] 600T
(s)ytom pleme
papIreme 9z1d [9qON Suruuim-ozud oy piq paurelqo "'/ d’ud uoneoynsnf QweN Jo IO X

panunuod / Jqel,

pringer

As



Scientometrics (2016) 109:723-767

762

VSN ‘0D “epinog
‘A3ooutoa], pue spiepuels
Jo ammnsuf [euoneN LSIN

pue ySn ‘0D “Ipinog
‘opeIo[0)) JO AJISIOATUN)

Qouel ‘sueq ‘eImaradng
S[BWLION S[00F] PUB OUBL]
‘stIeq ‘oouel op 390D

VSN ‘0D “epinog

‘A3o[ouyo9], pue spiepuel§

Jo Qumnsu] [euoneN

LSIN pue QD “Iop[nog
‘opeIo[0)) JO AJISIOATUN)

ouelq
‘Stred ‘1essolg Iopsey ‘qe

VSN ‘VIN ‘98puque)
‘ANISIQATU() pIeATeH

Qouel ‘sted ‘(un)
QLRI 12 QLI IISIAATU()

SwRIsAs wnmuenb
[enprarpur jo uonendruew
pue Suunseowr 9[qeu
Jey) spoyjoul [ejuswnradxa
Sunyeaiq-punoid

10J,, :9UJ0IeH ‘PUB[OUIAN
SwAIsAs wnmuenb
[enpIAIpur jo uonendruew
pue SuLnseaul 9[qeud
Jey) spoyjowl [ejuswLradxo
Sunyea1q-punoid

“f plARQ ‘pur[auIm

‘oamoL1pdng S[EULION 9[09] MOU) TA SUIRJ 9MSIOATUN) 10},, :PUBQUIA\ ‘OQUd0IeH 93108 ‘oydorey 7102
Qeaouradns
JUE)SIP JO SUOIIBAIOSQO
vSn ySnoxy) 9SIOATU() oy}
‘AN “elowneg ‘Qmnsup Jo uorsuedxa Suners[adoe
Qoua10g 2doos9[o, 9oeds VSN ‘Aoraviog VSN ‘VIA ‘@8puque) ) JO AIA0ISIp
‘Ksroamup) surydoy uyof ‘eruIojIe) Jo AJSIoAIUN) ‘KsIoAtun) preareq A} I0J,, IPIWYDS ‘SSATY AnD wepy ‘ssory
Qeaouradns
BI[RN)SOY YO2ID) BIfRN)SOY YO2ID) JUE)SIP JO SUOIIBAIOSQO
UO0JSIAN ‘(SUONBAISSqQ U0JSIAN ‘(SUOBAISSqQ ySnoxy) 9SIoATU[) 9y}
Suudg Surprg pue A[Suong Suudg Surprg pue A[Suong Jo uorsuedxa Suners[adoe
IO OSSSIA) A)s1oATun IO OSSSIA) AJIs1oATun VSN ‘VIA 98pLiquie) oy Jo K10A09STp
[euoneN uerensny [euoneN uerensny ‘ANsIoATun) preareq A} 10, :SSATY “IPIUYOS ‘d ueLg ‘Ipruyos
Seaouradns
JUE)SIP JO SUOIIBAIOSQO
VSN ‘Aoradieg VSN ‘Aorodieg y3noIyy sIoAIu() 2y}
‘A101RI0QRT [RUOTIEN ‘K101I0QRT [RUOTIEN Jo uorsuedxa Suners[adoe
Kopodj1og oouaime| Ko[y1og QouaImer] VSN ‘Aopreg ) JO AIA0ISIP
‘eTuIOjIRD) JO AJISIOATUN) ‘eruIojI[e) Jo AJSIOAIUN) ‘eruIojIfe) Jo AJSIoAIuN) AUy 0y, IONNWIDJ [neg ‘IopnuiIog 1102
(s)ytom pleme
papIreme 9z1d [9qON Suruuim-ozud oy piq paurelqo "'/ d’ud uoneoynsnf QweN Jo IO X

panunuod / Jqel,

pringer

Qs



763

N ‘Puepods
‘y3nquipg Jo ANSIdAIUN

wnispg (g10)

N ‘PuepodS
‘y3inquipg Jo ANSIQAIUN

wnispg (g10)

1N
‘uopuo ‘uopuo| 239q[0)
s,3ury ‘uopuo Jo ANSIdAIUN

wnipg (g710)

«TOPII0D

uoipey a81eT S NYHD

je sjuowrradxa SIND

pue SYILY 2w 4q ‘oponred

[ejuswrepuny pajorpaid

) Jo AI2A0DSIp ) y3no1y)

PoWLIJUOD Sem AJU0I

yorym pue ‘saponaed

JTwojeqns JO SSew Jo UISLIo

9y Jo SuIpuE}SIOPUN INO 0)

S9INQLIIUOD Jey) WSTUBYIIU

® Jo KI19A00STIp [EOTIQI09)
Yy 10j,, :R[Suyg ‘s3SI

«TOPII0D

uoipeH 25817 S NYFD

je sjuowradxd SIND

pue SYILV 2w 4q ‘oponred
[eruswrepuny pajorpaid

) JO AI2A0ISIP ) ySnoay)
pouLIJuOd sem A[JUadal
yoym pue ‘saponied
JIuI0JBgNS JO SSew Jo uIdLo
9y Jo Surpuejsiopun Ino o)
S9INQLIIUOD JBY) WSIUBYIIW
B JO AIQA0DSIP [BO1}I0Y)

‘A 19194 ‘331

pringer

As

Scientometrics (2016) 109:723-767

SQ[[oXNIg 9P QI AISIAAIUN  SI[[AXNIG P QLT AISIAAIUN  SI[[AXNIG AP QLT ISIAIUN oy Joy,, :S331Y ‘Wo[3ug stoduel] ‘4Io[3ug €10T
(s)ytom pleme
papreme 9z1d [2qON Suruuim-azud ay) piq paureiqo "IN/ d’ud uonedynsnf QwieN Jo IeQ X

panunuod / Jqel,



Scientometrics (2016) 109:723-767

764

VSN ‘ereqieq ejues
‘eTuIOjIRD) JO AJISIOATUN)

ueder ‘Ays1oatun eAoSeN

ueder ‘eAoSeN
Ans1oatup) pue ueder

ueder
‘euIIYSNYO], JO AJNSIOATUN)

uede[ ‘Sunourug
JO [00YdS ‘AIsIoATU() BAOTRN

uede[ ‘SunouiSug

592IN0s YSI[ AYM
Suraes-A310u9 pue JysLq
pa[qeus sey yorym SopoIp
Summwe-1yS1| anjq JuAOYJ
ueder JO UONUAAUIL A} I0J,,
‘eUIIYSNYO], JO AJNISIOAIU)  :DESEYY ‘OURWY ‘BINWENEN 1nyg ‘enuweyeN
.590IMOs YSI[ AYM
Furaes-A310u9 pue JyILq
Po[qeUD SBY UYOIYm SOpOIp
Summwe-1yS1| anjq JUAOYJ
JO UONUAAUIL A} I0J,,
uede[ ‘A)is1oATun) BAOSEN  BINWENEN ‘D[ESEYY ‘OUBWY IYSOITH ‘ourwy
592IM0s YSI[ AYM
Suraes-A310u9 pue Jy3uq
pa[qeuo sey yorym SopoIp
Summwe-1yS1| anjq JuAOYJ
JO UONUAAUIL A} IOJ,,

‘eAoZeN ‘A)s1oAtun) oflogjA  Jo [00yoS ‘Alsioatun) eAoSeN uedef ‘A)is1oATu) BAOSEN  RINWENERN ‘OUBWY ‘IESEYY nwesy ‘peseyy 102
(s)ytom pleme
papIreme 9z1d [9qON Suruuim-ozud oy piq paurelqo "'/ d’ud uoneoynsnf QweN Jo IO X

panunuod / Jqel,

pringer

Qs



Scientometrics (2016) 109:723-767 765

References

Antonakis, J., & Lalive, R. (2008). Quantifying scholarly impact: IQp versus the Hirsch h. Journal of the
American Society for Information Science and Technology, 59(6), 956-969. doi:10.1002/Asi.20802.

Ashton, S. V., & Oppenheim, C. (1978). A method of predicting Nobel prizewinners in chemistry. Social
Studies of Science, 8(3), 341-348. doi:10.1177/030631277800800306.

Aziz, N. A., & Rozing, M. P. (2013). Profit p-index: The degree to which authors profit from co-authors.
PLoS ONE, 8(4), e59814. doi:10.1371/journal.pone.0059814.

Becattini, F., Chatterjee, A., Fortunato, S., Mitrovié¢, M., Kumar Pan, R., & Della Briotta Parolo, P. (2014).
The Nobel Prize delay. Retrieved September 10, 2014, from http://arxiv.org/abs/1405.7136.

Binasch, G., Grunberg, P., Saurenbach, F., & Zinn, W. (1989). Enhanced magnetoresistance in layered
magnetic-structures with antiferromagnetic interlayer exchange. Physical Review B, 39(7), 828-4830.
doi:10.1103/PhysRevB.39.4828.

Blobel, G., & Sabatini, D. D. (1971). Ribosome membrane interaction in eukaryotic cells. In L. A. Manson
(Ed.), Biomembranes (Vol. 2, pp. 193-195). New York: Plenum Publishing Corporation.

Bornmann, L. (2012). Measuring the societal impact of research. EMBO Reports, 13(8), 673-676. doi:10.
1038/embor.2012.99.

Bornmann, L. (2013). What is societal impact of research and how can it be assessed? A literature survey.
Journal of the American Society of Information Science and Technology, 64(2), 217-233. doi:10.1002/
asi.22803.

Bornmann, L., & Bauer, J. (2015). Which of the world’s institutions employ the most highly cited
researchers? An analysis of the data from highlycited.com. Journal of the Association for Information
Science and Technology, 66(10), 2146-2148. doi:10.1002/asi.23396.

Bornmann, L., & Leydesdorff, L. (2013). Macro-indicators of citation impacts of six prolific countries:
InCites Data and the statistical significance of trends. Plos One, 8(2). doi: 10.1371/journal.pone.
0056768.

Campanario, J. M. (1993). Consolation for the scientist: Sometimes it is hard to publish papers that are later
highly-cited. Social Studies of Science, 23(2), 342-362.

Campanario, J. M. (1996). Have referees rejected some of the most-cited articles of all times? Journal of the
American Society for Information Science, 47(4), 302-310.

Campanario, J. M. (2009). Rejecting and resisting Nobel class discoveries: accounts by Nobel Laureates.
Scientometrics, 81(2), 549-565.

Chan, H. F., Frey, B. F., Gallus, J., Schaffner, M., Torgler, B., & Whyste, S. (2014a). Do the best scholars
attract the highest speaking fees? An exploration of internal and external influence. Scientometrics,
101, 793-817. doi:10.1007/s11192-014-1379-3.

Chan, H. F., Frey, B. S., Gallus, J., Schaffner, M., Torgler, B., & Whyte, S. (2016). External influence as an
indicator of scholarly importance. CESifo Economic Studies, 62(1), 170-195.

Chan, H. F., Gleeson, L., & Torgler, B. (2014b). Awards before and after the Nobel Prize: A Matthew effect
and/or a ticket to one’s own funeral? Research Evaluation, 23(3), 210-220. doi:10.1093/reseval/
rvuOl1.

Chan, H. F,, Onder, A. S., & Torgler, B. (2015a). Do Nobel laureates change their patterns of collaboration
following prize reception? Scientometrics, 105(3), 2215-2235. doi:10.1007/s11192-015-1738-8.
Chan, H. F., Onder, A. S., & Torgler, B. (2015b). The first cut is the deepest: repeated interactions of
coauthorship and academic productivity in Nobel laurate teams. Scientometrics, 106(2), 509-524.

doi:10.1007/s11192-015-1796-y.

Chan, H. F., & Torgler, B. (2012). Economic fellows and Nobel laureates in Economics. Economics
Bulletin, 32(4), 3365-3377.

Chan, H. F., & Torgler, B. (2013). Correspondence: Time-lapsed awards for excellence. Nature, 500, 29.

Chan, H. F., & Torgler, B. (2015). The implications of educational and methodological background for the
career success of Nobel laureates: an investigation of major awards. Scientometrics, 102(1), 847-863.
doi:10.1007/s11192-014-1367-7.

Charlton, B. G. (2007). Measuring revolutionary biomedical science 1992-2006 using Nobel prizes, Lasker
(clinical medicine) awards and Gairdner awards (NLG metric). Medical Hypotheses, 69(1), 1-5.
doi:10.1016/j.mehy.2007.01.001.

Chuang, K. Y., & Ho, Y. S. (2014). Bibliometric profile of top-cited single-author articles in the Science
Citation Index Expanded. Journal of Informetrics, 8(4), 951-962. doi:10.1016/.joi.2014.09.008.
Claassen, C. (2015). Measuring university quality. Scientometrics, 104(3), 793-807. doi:10.1007/s11192-

015-1584-8.
Dahler-Larsen, P. (2011). The evaluation society. Stanford: Stanford University Press.

@ Springer


http://dx.doi.org/10.1002/Asi.20802
http://dx.doi.org/10.1177/030631277800800306
http://dx.doi.org/10.1371/journal.pone.0059814
http://arxiv.org/abs/1405.7136
http://dx.doi.org/10.1103/PhysRevB.39.4828
http://dx.doi.org/10.1038/embor.2012.99
http://dx.doi.org/10.1038/embor.2012.99
http://dx.doi.org/10.1002/asi.22803
http://dx.doi.org/10.1002/asi.22803
http://dx.doi.org/10.1002/asi.23396
http://dx.doi.org/10.1371/journal.pone.0056768
http://dx.doi.org/10.1371/journal.pone.0056768
http://dx.doi.org/10.1007/s11192-014-1379-3
http://dx.doi.org/10.1093/reseval/rvu011
http://dx.doi.org/10.1093/reseval/rvu011
http://dx.doi.org/10.1007/s11192-015-1738-8
http://dx.doi.org/10.1007/s11192-015-1796-y
http://dx.doi.org/10.1007/s11192-014-1367-7
http://dx.doi.org/10.1016/j.mehy.2007.01.001
http://dx.doi.org/10.1016/j.joi.2014.09.008
http://dx.doi.org/10.1007/s11192-015-1584-8
http://dx.doi.org/10.1007/s11192-015-1584-8

766 Scientometrics (2016) 109:723-767

Egghe, L., Guns, R., & Rousseau, R. (2011). Thoughts on uncitedness: Nobel laureates and Fields medalists
as case studies. Journal of the American Society for Information Science and Technology, 62(8),
1637-1644. doi:10.1002/as1.21557.

Elsevier and Science Europe. (2013). Comparative benchmarking of European and US Research collabo-
ration and researcher mobility. Amsterdam: Elsevier.

Englert, F., & Brout, R. (1964). Broken symmetry+Mass of gauge vector mesons. Physical Review Letters,
13(9), 321. doi:10.1103/PhysRevLett.13.321.

Frandsen, T. F., & Nicolaisen, J. (2013). The ripple effect: Citation chain reactions of a nobel prize. Journal
of the American Society for Information Science and Technology, 64(3), 437-447. doi:10.1002/asi.
22785.

Furchgott, R. F., Khan, M. T., & Jothianandan, D. (1987). Comparison of endothelium-dependent relaxation
and nitric oxide-induced relaxation in rabbit aorta. Federation Proceedings, 46(3), 385.

Gingras, Y., & Wallace, M. (2010). Why it has become more difficult to predict Nobel Prize winners: A
bibliometric analysis of nominees and winners of the chemistry and physics prizes (1901-2007).
Scientometrics, 82(2), 401-412.

Harzing, A.-W. (2013). A preliminary test of Google Scholar as a source for citation data: A longitudinal
study of Nobel prize winners. Scientometrics, 94(3), 1057-1075. doi:10.1007/s11192-012-0777-7.

Heneberg, P. (2013). Supposedly uncited articles of Nobel laureates and Fields medalists can be prevalently
attributed to the errors of omission and commission. Journal of the American Society for Information
Science and Technology, 64(3), 448—454. doi:10.1002/asi.22788.

Herisson, J. L., & Chauvin, Y. (1971). Transformation catalysis of olefins by tungsten complexes.2.
Telomerization of cyclic olefins in presence of acyclic olefins. Makromolekulare Chemie, 141(9), 161.

Hillebrand, C. D. (2002). Noble century: A biographical analysis of physics laureates. Interdisciplinary
Science Reviews, 27(2), 87-93. doi:10.1179/030801802225003150.

Jones, B. F., & Weinberg, B. A. (2011). Age dynamics in scientific creativity. Proceedings of the National
Academy of Sciences, 108(47), 18910-18914. doi:10.1073/pnas.1102895108.

Kilby, J. S. (1959). Semiconductor structure fabrication, USPTO 3072832.

Kroemer, H. (1963). A proposed class of heterojunction injection lasers. Proceedings of the IEEE, 51(12),
1782-1783. doi:10.1109/PROC.1963.2706.

Laband, D. N., & Majumdar, S. (2012). Who are the giants on whose shoulders we stand? Kyklos, 65(2),
236-244. doi:10.1111/j.1467-6435.2012.00536 x.

Mansfield, P. (1977). Multi-planar image-formation using nmr spin echoes. Journal of Physics C-Solid State
Physics, 10(3), L55-L58. doi:10.1088/0022-3719/10/3/004.

Mazloumian, A., Eom, Y.-H., Helbing, D., Lozano, S., & Fortunato, S. (2011). How citation boosts promote
scientific paradigm shifts and Nobel Prizes. PLoS One, 6(5), e18975.

Moed, H. F. (2005). Citation analysis in research evaluation. Dordrecht: Springer.

O’Keefe, J., & Nadel, L. (1978). The hippocampus as a cognitive map. Oxford: Oxford University Press.

Patel, V. M., Ashrafian, H., Almoudaris, A., Makanjuola, J., Bucciarelli-Ducci, C., Darzi, A., & Athanasiou,
T. (2013). Measuring academic performance for healthcare researchers with the h-index: Which search
tool should be used? Medical Principles and Practice, 22(2), 178-183. doi:10.1159/000341756.

Power, M. (1999). The audit society: Rituals of verification. Oxford: Oxford University Press.

Rodriguez-Navarro, A. (2011a). A simple index for the high-citation tail of citation distribution to quantify
research performance in countries and institutions. Plos One, 6(5). doi: 10.1371/journal.pone.0020510.

Rodriguez-Navarro, A. (2011). Measuring research excellence number of Nobel Prize achievements versus
conventional bibliometric indicators. Journal of Documentation, 67(4), 582-600. doi:10.1108/
00220411111145007.

Rodriguez-Navarro, A. (2015). Research assessment based on infrequent achievements: A comparison of the
United States and Europe in terms of highly cited papers and Nobel Prizes. Journal of the Association
for Information Science and Technology, n/a-n/a. doi: 10.1002/asi.23412.

Stephan, P. E., & Levin, S. G. (1993). Age and the Nobel-Prize revisited. Scientometrics, 28(3), 387-399.
doi:10.1007/Bf02026517.

Tanaka, K., Hiroaki, W., Yutaka, 1., Satoshi, A., Yoshikazu, Y., Tamio, Y., & Matsuo, T. (1988). Protein
and polymer analyses up to m/z 100,000 by laser ionization time-of-flight mass spectrometry. Rapid
Communications in Mass Spectrometry, 2(8), 151-153. doi:10.1002/rcm.1290020802.

van Dalen, H. P. (1999). The golden age of Nobel economists. The American Economist, 43(2), 19-35.

Vinkler, P. (2010). The evaluation of research by scientometric indicators. Oxford: Chandos Publishing.

Wagner, C. S., Horlings, E., Whetsell, T. A., Mattsson, P., & Nordqvist, K. (2015). Do Nobel laureates
create prize-winning networks? An analysis of collaborative research in physiology or medicine. PLoS
One, 10(7), e0134164. doi:10.1371/journal.pone.0134164.

@ Springer


http://dx.doi.org/10.1002/asi.21557
http://dx.doi.org/10.1103/PhysRevLett.13.321
http://dx.doi.org/10.1002/asi.22785
http://dx.doi.org/10.1002/asi.22785
http://dx.doi.org/10.1007/s11192-012-0777-7
http://dx.doi.org/10.1002/asi.22788
http://dx.doi.org/10.1179/030801802225003150
http://dx.doi.org/10.1073/pnas.1102895108
http://dx.doi.org/10.1109/PROC.1963.2706
http://dx.doi.org/10.1111/j.1467-6435.2012.00536.x
http://dx.doi.org/10.1088/0022-3719/10/3/004
http://dx.doi.org/10.1159/000341756
http://dx.doi.org/10.1371/journal.pone.0020510
http://dx.doi.org/10.1108/00220411111145007
http://dx.doi.org/10.1108/00220411111145007
http://dx.doi.org/10.1002/asi.23412
http://dx.doi.org/10.1007/Bf02026517
http://dx.doi.org/10.1002/rcm.1290020802
http://dx.doi.org/10.1371/journal.pone.0134164

Scientometrics (2016) 109:723-767 767

Ye, S. Q., Xing, R., Liu, J., & Xing, F. Y. (2013). Bibliometric analysis of Nobelists’ awards and landmark
papers in physiology or medicine during 1983-2012. Annals of Medicine, 45(8), 532-538. doi:10.3109/
07853890.2013.850838.

Zhou, Z. W., Xing, R., Liu, J., & Xing, F. Y. (2014). Landmark papers written by the Nobelists in physics
from 1901 to 2012: A bibliometric analysis of their citations and journals. Scientometrics, 100(2),
329-338. doi:10.1007/s11192-014-1306-7.

Zuckerman, H. (1977). Scientific elite. Nobel laureates in the United States. New York, NY: Free Press.

@ Springer


http://dx.doi.org/10.3109/07853890.2013.850838
http://dx.doi.org/10.3109/07853890.2013.850838
http://dx.doi.org/10.1007/s11192-014-1306-7

	At what institutions did Nobel laureates do their prize-winning work? An analysis of biographical information on Nobel laureates from 1994 to 2014
	Abstract
	Introduction
	Methods
	Sources
	Determining the prize-winning work

	Results
	The characterization of the prize-winning publication(s)
	Institutions with which the Nobel laureates were affiliated
	Nobel laureates’ mobility

	Discussion
	Open Access
	Appendix
	References




