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Abstract

In the paper several analyses of peer review literature are provided. From the bibli-
ographic data on ”peer review” obtained from the Web of Science the citation network
and some additional two-mode networks (works × authors, works × keywords, works ×
journals) were constructed. First, lists of the most productive authors, the most cited publi-
cations in the field of peer review, main journals publishing papers on peer review, and the
groups of researchers that collaborated the most with their topics are given. The most influ-
ential publications in the field of peer review were identified from the citation network by
main path procedures and by the islands method. All these approaches used CPS weights
on citation arcs. The 47 publications from the main path are contained in all other obtained
lists of the most influential publications. These publications are segmented into three phases
defined by three time periods: before 1982 with the publications mostly published in the
social sciences journals; from 1983 to 2002 with the publications published almost exclu-
sively in the biomedical journals; and from 2002 on with the publications published in
specialized journals on science studies. The obtained typology nicely shows the evolution
of the peer review field. The collaboration network and the citation network among authors
were also computed and analyzed.

The analyses were performed using Pajek – a program for analysis and visualization
of large networks.

Keywords: peer review, large network, acyclic, citation network, arc weight, algorithm,
main path, CPM path, islands, collaboration.
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1 Introduction
The goal of the paper is to study publications on ’peer review’ included in Web of Science till
March 2016. Peer review is the evaluation of a work by one or more people of similar com-
petence (peers) to the producers of the work. It constitutes a form of self-regulation by qual-
ified members of a profession within the relevant field. Peer review methods are employed to
maintain standards of quality, improve performance, and provide credibility (Wikipedia, 2016).
There is a lot of criticisms of peer review. Nevertheless, it is still the only widely accepted
method for research evaluation. There is also a lot of discussion and research how to improve
it.

In the paper we present analyses of the bibliography on “peer review” as recorded in the
Web of Science (WoS). The questions to be answered are:

• Which publications and which authors are the most cited?

• Which are the main journals publishing papers on ’peer review’?

• Which are the main topics in the works on ’peer review’?

• Which are the most influential publications in the field of ’peer review’?

• Which are the groups of researchers that collaborate the most, what are their topics?

• Which were the main phases in the evolution of the ‘peer review’ field?

For answering these questions several social network analysis approaches are applied on
large citation and collaboration networks obtained from WoS. The most useful ones are the
’main path’ analysis and the ’islands’ procedure.

2 Data

2.1 Collecting the data
To the Web of Science (WoS) we put the query "peer review*". In May and June 2015 we
got (from Web of Science Core Collection) 17053 hits, and additional 2867 hits for the query
refereeing. An example of a WoS paper’s description is presented in Figure 1.

Using the program WoS2Pajek (Batagelj, 2007) we transformed the WoS data into a col-
lection of networks: the citation network Cite (from the field CR), the authorship network WA
(from the field AU), the journalship network WJ (from the field CR or J9), and the keyword-
ship network WK (from the field ID or DE or TI). An important property of all these networks
is that they have as the first node set the same set – the set of works (papers, reports, books, etc.)
W . A citation network Cite is based on the citing relation Ci

wCi z ≡ work w cites work z

Works that appear in descriptions are of two types:

• hits – works with a WoS description;

2

http://home.izum.si/izum/ft_baze/wos.asp


PT J
AU Stensrud, DJ

Brooks, HE
AF Stensrud, DJ

Brooks, HE
TI The future of peer review?
SO WEATHER AND FORECASTING
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GA 001AU
UT WOS:000234505500001
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Figure 1: Record from Web of Science

• cited only works (listed in CR fields of descriptions, but not contained in the hits).

The information about the work’s type is stored in a partition DC: DC[w] = 1 iff a work w
has a WoS description; and DC[w] = 0 otherwise. Another partition year contains the work
publication year from the field PY or CR. We get also a vector NP : NP [w] = number of pages
of a work w. A CSV file titles with basic data about works with DC = 1 is also produced
to be used in listing of results.

The usual ISI name of a work as used in the CR field, e.g.,

Tregenza T, 2002, TRENDS ECOL EVOL, V17, P349

has the following structure
AU

1
+ ’, ’ + PY + ’, ’ + SO[:20] + ’, V’ + VL + ’, P’ + BP

where AU
1

is the first author’s name and SO[:20] is the string of the initial (up to) 20 characters
in the SO field.

In WoS records the same work can have different ISI names. To improve the precission
the program WoS2Pajek supports also short names (similar to the names used in HISTCITE
output (Garfield et al., 2003)). They have the format:

LastNm[:8] + ’ ’ + FirstNm[0] + ’(’ + PY + ’)’ + VL + ’:’ + BP
For example: TREGENZA T(2002)17:349 . From the last names with prefixes VAN, DE,
etc. the space is deleted. Unusual names start with character * or $. The name [ANONYMOUS]
is used for anonymous authors.
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This construction of names of works provides a very good balance between the synonymy
problem (different names designating the same work) and the homonymy problem (a name
designating different works). We treat the remaining synomyms and homonyms in the network
data as a noise. If their effect surfaces into final results we either correct our copy of WoS data
and repeat the analysis, or, if the correction would require too much work, simply report the
problem. A typical such case is the author name [ANONYMOUS] or combinations with some
very frequent last names – in MathSciNet there are 85 mathematicians corresponding to the
short name SMITH R and 1792 mathematicians corresponding to the short name WANG Y.

The composed keywords were decomposed to single words. For example, ‘peer review’ into
‘peer’ and ‘review’. On keywords obtained from titles of works we apply the lemmatization
(using Monty Lingua library). The name ***** denotes a missing journal name.

In March 2016 we updated the data by adding hits for the years 2015 and 2016 and manually
prepared short descriptions for the most cited works (fields: AU, PU, TI, PY, PG, KW; but
without CR data). We assigned them the value DC = 2.

The first analysis in 2015 revealed many papers without WoS descriptions having large
indegrees in the citation network. We manually searched in WoS for each of them (with indegree
larger or equal to 20) and, if found, we added them into the data set. Important earlier papers
often did not use the now established terminology and were therefore overlooked by our queries.

After some iterations, we finally constructed the data set used in this paper. The final run
of the program WoS2Pajek produced networks with sets of the following sizes: works |W | =
721547, authors |A| = 295849, journals |J | = 39988, and keywords |K| = 36279. In both
phases 22981 records were collected. There were 887 duplicates (considered only once).

We removed multiple links and loops (resulting from homonyms) from the networks. The
cleaned citation network CiteAll has n = 721547 nodes and m = 869821 arcs.

In Figure 2 a schematic structure of citation network is presented. Circular nodes correspond
to query hits. Works cited in hits are presented with triangular nodes. Some of them are in the
following phase (search for often cited works) converted into squares (found in WoS in the
secondary search). They introduce new cited only nodes represented as diamonds. Since a
work is usually citing an older work a citation network is (almost) acyclic.

In the following section we look at some statistical properties of obtained networks.

3 Distributions
In the left part of Figure 3 the distribution of the number of papers from WoS (DC > 0) by
year is presented. We observe an intensive growth of the interest for the field of peer review,
especially after the year 1990. This should be considered while determining time intervals and
interpreting temporal analyses.

In the right part of Figure 3 we display the distribution of number of all (hits + cited only)
works by year. It can be fitted by log normal distribution (Batagelj et al., 2014, p. 119–121):

dlnorm(x, µ, σ) =
1√
2πσx

e−
(ln x−µ)2

2σ2

Using the R’s nonlinear least squares function nls
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Figure 2: Citation network structure: DC = 0 – circle, square; DC = 1 – triangle, diamond.
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Figure 3: Growth of the number of works and citation year distribution
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Figure 4: Degree distributions in citation network

y <- 1950:2015
model <- nls(freq˜c*dlnorm(2016-y,a,b),start=list(c=350000,a=2,b=0.7))

we get c = 731700, µ = a = 2.595, and σ = b = 0.7404.
Figure 4 presents indegree and outdegree distributions in the citation network CiteAll in

double logarithmic scales. We see that indegrees exhibit a scale-free like behavior. It is also
interesting that frequencies for outdegrees in the range [3, 42] have almost a constant value –
they are in the range [215,328]. The works with the largest indegrees are the most cited works.

In Table 1 31 the most cited works are listed. Among them there are seven publications
on statistics. As expected, most of the top cited works are of older dates, only eight of them
were published after 2000. We also searched for the most cited books. There are 15 books
cited (number in parentheses) more than 50 times: (52) Kuhn, T: The Structure of Scientific
Revolutions, 1962; (57) Glaser, BG, Strauss, AI: The Discovery of Grounded Theory, 1967;
(67) Merton, RK: The Sociology of Science, 1973; (97) Lock, S: A Difficult Balance, 1985; (72)
Hedges, LV, Olkin, I: Statistical methods for meta-analysis, 1985; (173) Cohen, J: Statistical
power analysis, 1988; (87) Chubin, D, Hackett, EJ: Peerless Science, 1990; (60) Boyer, EL:
Scholarship reconsidered, 1990; (51) Daniel, H-D: Guardians of Science, 1993; (55) Miles,
MB, Huberman, AM: Qualitative data analysis, 1994; (64) Gold, MR, et al.: Cost-Effectiveness
in Health and Medicine, 1996; (53) Lipsey, MW, Wilson, DB: Practical Meta-Analysis, 2001;
(58) Weller, AC: Editorial Peer Review, 2001; (69) Higgins, JPT, Green, S: Systematic reviews
of interventions, 2008; (130) Higgins, JPT, Green, S: Systematic reviews of interventions, 2011.

Works with the largest outdegree are the most citing works – usually overview papers. Three
works with the largest number of citations (in parentheses) are: (2306) Goldstein, RJ: Heat
transfer–A review of 2004 literature. Int J Heat Mass Tran, 2010; (2127) Goldstein, RJ: Heat
transfer–A review of 2005 literature. Int J Heat Mass Tran, 2010; and (1259) Hillis, LD: 2011
ACCF/AHA Guideline for Coronary Artery Bypass Graft Surgery. J Am Coll Cardiol, 2011.
These works were mostly published recently (in the last ten years). Among the first 50 most
citing papers only two were published before the year 2000 – one in 1998 and another in 1990.
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None among these overviews is on the topic of peer review.
Considering the indegree distribution in citation network CiteAll we noticed that most of

the works were referenced only once. We decided to remove all ‘cited only’ nodes with indegree
smaller than 3 (DC = 0 and indeg < 3) – the boundary problem (Batagelj et al., 2014). We also
removed all cited only nodes starting with strings "[ANONYM", "WORLD ", "INSTITUT ",
"U S", "*US", "WHO ", "*WHO", "WHO(". "AMERICAN ", "DEPARTME ", "*DEP",
"NATIONAL ", "UNITED ", "CENTERS ", "INTERNAT ", "EUROPEAN ". The final
‘bounded’ set of works WB contains 45917 works.

Restricting two-mode networks WA, WJ and WK to the set WB and removing from their
second sets nodes with indegree 0 we obtain networks WAB, WJB and WKB with reduced
sets with the following sizes |AB| = 62106, |KB| = 36275, |JB| = 6716.

Some information (co-authors, keywords) is available only for works with WoS description.
In these cases we have to limit our analysis to the set of works with a description

WD = {w ∈ WB : DC[w] > 0}

Its size is |WD| = 22104. By restricting basic networks to the set WD we obtained subnetworks
WAD, WKD and WJD.

A temporal network N is obtained if the time T is attached to an ordinary network. T is a
set of time points t ∈ T . In a temporal network nodes v ∈ V and links l ∈ L are not necessarily
present or active in all time points. The node activity sets T (v) and link activity sets T (l) are
usually described as a sequence of time intervals. If a link l(u, v) is active in a time point t then
also its endnodes u and v should be active in the time point t. The time T is usually either a
subset of integers, T ⊆ Z, or a subset of reals, T ⊆ R.

We denote a network consisting of links and nodes active in time, t ∈ T , byN (t) and call it
the (network) time slice or footprint of t. Let T ′ ⊂ T (for example, a time interval). The notion
of a time slice is extended to T ′ by: a time slice N (T ′) for T ′ is a network consisting of links
and nodes of N active at some time point t ∈ T ′.

To get time slices in Pajek the relevant command is:

Network/Temporal Network/Generate in time

The generating in time operation creates a sequence of temporal network slices for subsequent
study.

In the following we present a simple analysis of changes of sets of main authors, main
journals and main keywords through time (Tables 2–6 and Figure 5). Analyses are based on
temporal versions of subnetworks WAD, WKD and WJD – the activity times are determined
by the publication year of corresponding works.

Because of an increasing growth of the interest (see the left part of Figure 3) for the peer re-
view topic we decided to split the time line into intervals [1900, 1970], [1971, 1980], [1981, 1990],
[1991, 2000], [2001, 2005], [2006, 2010], [2011, 2015].

4 Most cited works, main works, journals and keywords
In Table 2 the authors with the largest number of co-authored works (WAD indegree) is pre-
sented and in Table 3 the list of authors with the largest fractional contribution of works (weighted

8



Table 2: Authors with the largest number of works (WAD indeg)

n works author n works author
1 282 [ANONYMO 24 27 CASTAGNA C
2 61 BORNMANN L 25 25 COHEN J
3 59 ALTMAN D 26 25 HELSEN W
4 55 SMITH R 27 24 MAZEROLL S
5 55 LEE J 28 24 LEE M
6 50 MOHER D 29 24 ADAMS J
7 48 DANIEL H 30 23 CHENG J
8 46 SMITH J 31 23 LI Y
9 38 CURTIS K 32 22 JONES A

10 36 BROWN D 33 22 WANG H
11 36 RENNIE D 34 22 BROWN R
12 35 LEE S 35 22 ANDERSON P
13 32 WANG J 36 21 CALLAHAM M
14 32 WILLIAMS J 37 21 WILSON D
15 31 THOENNES M 38 20 MARSHALL E
16 29 JOHNSON C 39 20 LI J
17 29 JOHNSON J 40 20 YANG Y
18 29 REYES H 41 20 JOHNSON D
19 28 ZHANG Y 42 20 JONES R
20 28 WANG Y 43 20 BROWN C
21 27 ZHANG L 44 20 ZHANG X
22 27 SMITH M 45 20 BJORK B
23 27 WILLIAMS A 46 19 ANDERSON M

indegree in the normalized WAD) is presented. It can be noticed that by comparing the authors
from Table 3 with the list of the most cited works in Table 1, the two rankings are very differ-
ent. Only four out of 46 authors with the largest number of works wrote publication that are on
the list of 31 the most cited works. These are J. Cohen, D. Moher with two publications, D.V.
Cicchetti, and R. Smith. This result is in line with the rather old study done by Cole and Cole
(1973) in which they analyzed several aspects of the communication process in science. They
used bibliometric data and survey data of university physicists to study the conditions making
for high visibility od scientist’s work. They found four determinants of visibility: the quality of
work measured by citations, the honorific awards received for their work, the prestige of their
departments and specialty. Quantity of the output had no effect on visibility.

We didn’t check the listed author’s names for homonymity. Obviously the name [ANONYMO
represents different authors.

In computing the author’s contribution in Table 3 we use the so called fractional approach
(Gauffriau et al., 2007) based on the normalized authorship network N = [npv] where

npv =
wapv

outdeg(p)

9



Table 3: Authors with the largest contribution to the field (weighted indegree in normalized
WAD)

n value author n value author
1 282.0000 [ANONYMO 23 10.2952 JONES R
2 29.1167 BORNMANN L 24 10.2198 MOHER D
3 21.7833 DANIEL H 25 10.0000 BEREZIN A
4 18.2453 SMITH R 26 10.0000 ROY R
5 18.0105 ALTMAN D 27 10.0000 HARNAD S
6 17.7255 MARSHALL E 28 9.8183 CURTIS K
7 17.0000 GARFIELD E 29 9.5333 ROUKIS T
8 15.3788 SMITH J 30 9.4851 ANDERSON M
9 15.1737 RENNIE D 31 9.0000 KOSTOFF R

10 14.6538 SQUIRES B 32 9.0000 LIESEGAN T
11 14.5636 CHENG J 33 8.9542 WILLIAMS A
12 13.8833 THOENNES M 34 8.8510 JOHNSON J
13 13.7957 COHEN J 35 8.8333 CHUBIN D
14 13.2898 JOHNSON C 36 8.6429 FONTANAR P
15 13.2857 REYES H 37 8.4959 WILLIAMS J
16 12.9779 LEE J 38 8.4909 JONES A
17 12.6667 WELLER A 39 8.3673 LEE S
18 11.9167 BJORK B 40 8.3333 CICCHETT D
19 11.1648 BROWN D 41 8.3333 DONOVAN S
20 10.9091 BROWN C 42 8.3133 WANG J
21 10.5000 MERVIS J 43 8.0000 REINDOLL W
22 10.3762 CALLAHAM M 44 7.9992 ADAMS J

A contribution of each paper p is equal to
∑

v npv = 1. Then the contribution of an author v to
the field is equal to its weighted indegree

windeg(v) =
∑
p

npv

In Table 3 authors with the largest contribution to the field of “peer review” are listed. Com-
paring Table 2 and Table 3 we see, for example, that the author L. Bornmann contributed
0.477 = 29.1167/61 to the papers he co-authored as he is collaborating with other researchers
in the field. While E. Marshall and E. Garfield wrote most of their papers as single authors and
are therefore moved up in Table 3.

The top authors in each time interval can be easily seen from the first rows of Table 4. They
are: G.R. Clark (–1970), P. Weinstein, P. Milgrom, P. Ratener, K. Morrison and H. Zuckerman
(1971–1980), B.P. Squires (1981–1990), D. Rennie (1991–2000), M.S. Benninger and R. Smith
(2001–2005), L. Bornmann (2006–2010), and J. Lee (2011–2015). Let’s look to the authors that
remained in the leading group for at least two time periods. The sequence starts with R. Merton
(–1980) and E. Garfield (–1990), followed by D. Chubin and T. Chalmers (1971–1990), B.
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Table 5: Main journals (WJD indeg)

n number journal n number journal
1 515 BMJ OPEN 21 66 ANN PHARMACOTHER
2 288 JAMA-J AM MED ASSOC 22 64 NEW ENGL J MED
3 177 PLOS ONE 23 62 CUTIS
4 175 NATURE 24 59 ANN ALLERG ASTHMA IM
5 174 SCIENTOMETRICS 25 59 BEHAV BRAIN SCI
6 174 BRIT MED J 26 59 PEDIATRICS
7 165 SCIENCE 27 57 CHEM ENG NEWS
8 127 ***** 28 57 MED J AUSTRALIA
9 102 ACAD MED 29 54 J GEN INTERN MED

10 98 LANCET 30 53 MATER TODAY-PROC
11 92 SCIENTIST 31 53 J SCHOLARLY PUBL
12 91 LEARN PUBL 32 53 J NANOSCI NANOTECHNO
13 81 J AM COLL RADIOL 33 53 AM J PREV MED
14 80 PHYS TODAY 34 52 BMC PUBLIC HEALTH
15 78 ARCH PATHOL LAB MED 35 50 J SEX MED
16 78 J UROLOGY 36 50 J SPORT SCI
17 75 J ASSOC OFF AGR CHEM 37 50 MED EDUC
18 73 CAN MED ASSOC J 38 48 RES EVALUAT
19 71 ANN INTERN MED 39 48 BRIT J SPORT MED
20 67 ABSTR PAP AM CHEM S 40 47 PROCEDIA ENGINEER

Squires, E. Marshall and G. Lundberg (1981–2000), and D. Rennie (1981–2005) and H. Reyes
(1991–2005). D. Altman, R. Smith and D. Moher remained in the leading group for four periods
(1991-2015). C. Castagna and H. Daniel were very active in the period (2001–2010). In the
last periods the leading authors are L. Bornmann (2001–2015), M. Thoennessen, J. Lee, and K.
Curtis (2006–2015).

The short names ambiguity problem started to emerge with the growth of number of differ-
ent authors in the period 1991–2000 with Smith R (R, RD, RA, RC) and Johnson D (DM, DAW,
DR, DL). In the period 2006–2015 we can notice an ‘invasion’ of Chinese (or Korean) authors:
Lee J, Zhang L, Lee S, Wang J, Wang Y, and Wang H. Because of the “three Zhang, four Li”
effect (100 most common Chinese family names are shared by 85% of population, Wikipedia
(2016)) all these names represent groups of authors. For example: Lee J (Jaegab, Jaemu, Jae
Hwa, Janette, Jeong Soon, Jin-Chuan, Ji-hoon, Jong-Kwon, Joong, Joseph, Joshua,Joy L, Ju,
Juliet, etc.) and Zhang L (L X, Lanying, Lei, Li, Lifeng, Lihui, Lin, Lina, Lixiang, Lujun).

Much attention to the process of peer review was given in the field of medicine. This can be
seen as 23 journals out of 47 top journals publishing topics on peer review are from medicine
(see Table 5). Among these top journals are also Nature, Science, Scientist, but also the special-
ized journal on science studies Scientometrics. The third on the list is a rather new (from 2006)
open access scientific journal PLOS (Public Library of Science).
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From Table 6 it can be seen that the first papers on the “peer review” were published in jour-
nals on chemistry, physics, medicine, sociology and general science. Some of them remained
among leading journals on “peer review” also in the following periods: Phys Today (–2000),
Lancet (–2005), Science, Nature (–2010), and Brit Med J (–2015). In the period (1971–1980)
two medical journals New Eng J Med (1971–2000) and JAMA (1971–2015) joined the lead-
ing group. JAMA was in the period (1981–2005) the main journal. In this period most of the
leading journals were on medicine. In the period (1981–1990) two specialized journals Scien-
tometrics (1981–2015) and Scientist (1981–2010) entered to the leading group. In the period
(2006–2010) Scientometrics was the main journal. Next two journals to join the leading group
were Acad Med (1991–2015) and Learn Pub (2001–2015). In the period (2006–2010) the open
access journal Plos One entered to the leading group, joined in the period (2011–2015) by BMJ
open. They occupied the two top positions, followed by Scientometrics. In the period (2011–
2015) Science, Nature, JAMA, BMJ and Learn Pub disapeared from the strict leading group.

We also analyzed the main keywords (given keywords in the papers and words from the
titles of the works) of the considered works (see upper left part of Figure 5). Of course the
keywords ’review’ nad ’peer’ are on the top of the list, but also here we can find many medical
terms (e.g., medical, health, medicine, care, patient, therapy, clinical, disease, cancer, surgery).
As many works deal with the analysis of the peer review process there are also terms on the top
of the list as trial, research, quality, systematic, journal, study and analysis.

From the changes in main keywords in each picture in the rest of Figure 5 we noticed
that initially instead of peer review the term refereeing was prevailing. Besides the terms re-
view and peer also terms science, study, quality, care, research and journal are in the leading
group for (almost) all time periods (1971–2015). Terms referee and medical left the group after
the year 2005. The following terms joined the leading group and remained in it: publication
(1981–2015), trial, management, therapy, analysis, health, use, patient (1991–2015), disease,
randomize, literature, impact (2001–2015), risk and systematic (2006–2015). For a shorter
time the following terms were members of the group: scientific (–1990), process, evaluation
(1971–2000), program (1981-2000), control (1991–2005), clinical (1991–2010), and treatment
(2001–2010).

Looking at the extreme elements in distributions we can identify individually most important
elements (with respect to a selected property). In the following sections we will use appropriate
network analysis methods to identify important subnetworks.

5 Citations
A citation network is usually (almost) acyclic. In the case of small strong components (cyclic
parts) it can be transformed into a corresponding acyclic network using the preprint transfor-
mation. In it we can determine the importance of arcs (citations) and nodes (works) using SPC
(Search Path Count) weights (Batagelj et al., 2014, p. 83).

We first restricted the original citation network Cite to its ‘boundary’ (45917 nodes). This
network, CiteB, has one large weak component (39533 nodes), 155 small components (the
largest of sizes 191, 46, 32, 31, 18), and 5589 isolated nodes. The isolated nodes correspond
to the papers with WoS description, not connected to the rest of the network, and citing only
works that are cited at most twice – and therefore removed from the network CiteB.
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Figure 6: Selected strong components

The network CiteB contains also 22 small strong components (4 of size 3 and 18 of size 2).
Selected strong components are presented in Figure 6. The SPC method, used in its analysis,
requires that the citation network is acyclic. We transform it into an acyclic network, CiteAcy,
using the preprint transformation. To make it connected we add to it a common source node s
and a common sink node t (see Figure 7). The network CiteAcy has n = 45965 nodes and
m = 132601 arcs.

5.1 Search path count method (SPC)
The search path count (SPC) method is a way to determine the importance of links (and also
nodes) in an acyclic network based on their position. It computes counters n(u, v) that count
the number of different paths from some initial node (or the source s) to some terminal node (or
the sink t) through the arc (u, v). It can be proved that all sums of SPC counters over a minimal
arc cut-set give the same value F – the flow through the network. Dividing SPC counters with
F we get normalized weights

w(u, v) =
n(u, v)

F

that can be interpreted as the probability that a random s-t path passes through the arc (u, v).
A very efficient algorithm for computing SPC weights is given by Batagelj (2003) and

Batagelj et al. (2014, p. 75-81) and is available in the program Pajek.
The main path starts in a link with the largest SPC weight and expands in both directions

following the adjacent new link with the largest SPC weight. The CPM path is determined
using the Critical Path Method from Operations Research (the sum of SPC weights on a path is
maximal).

In July 2015 a new option was added to program Pajek:

Network/Acyclic Network/Create (Sub)Network/Main Paths
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Figure 7: Search path count method (SPC)

with several suboptions for computing local and global main paths and for searching for Key-
Route main path in acyclic networks (Liu and Lu, 2012). Here the procedure begins with a set
of selected arcs and expands them in both directions as in the main path or CPM path procedure.

In the network CiteAcy we computed normalized SPC weights and on their basis deter-
mined the main path, the CPM path, main paths for 100 arcs with the largest SPC weights, and
link islands [20 200].

Both main path and CPM procedure gave the same main path network presented in Figure 8.
In Figure 9 main paths for 100 largest SPC weights are presented. The main path is included
in this subnetwork and there are additional 47 works in parallel paths. Many of these adi-
tional works are from the authors of the main path (e.g., Rennie, Cicchetti, Altman, Bornmann,
Opthof). It is interesting that Moher’s publications appear on main paths four times. He is also
among the most cited authors and among authors that have the highest number of publications,
but he is not on the main path.

5.2 Typology of the main path publications
There are 48 publications on the main path. After reading all these publications we classified
them into three main groups of publications determined by the following time periods:

• before 1982: publications published mostly in the social science journals and books in
the field of the philosophy and the social sciences;

• from 1983 to 2002: publications published almost exclusively in the biomedical journals;
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• from 2003: publications published in specialized journals on science studies.

The main path publications till 1982

Journals: social science journals (e.g. American Journal of Sociology, American Sociolo-
gist, American Psychologist, Sociology of Education) and three books.

The most influential authors: Meltzer (1949), Dennis (1954), Merton (1957), Polany
(1958), Crane (1965, 1967), Bayer and Folger (1966), Storer (1966), Cartter (1966), Cole and
Cole (1967), Zuckerman and Merton (1971), Ingelfinger (1974), Cicchetti (1980), and Peters
and Ceci (1982).

Topics: scientific productivity, bibliographies, knowledge, citation measures as measures
of scientific accomplishement, scientific output and recognition, evaluation in science, referee
system, journal evaluation, peer-evaluation system, review process, peer review practices.

The main path publications from 1983 to 2002

Journals: biomedical journals, mainly JAMA. From 1986 the International Congress on
Peer Review and Biomedical Publication is organized every four years.

The most influential authors: Rennie (1986, 1992, 1993, 1994, 2002), Smith (1994, 1999),
and Jefferson with his collaborators Demicheli, Drummond, Smith, Yee, Pratt, Gale, Alderson,
Wager and Davidoff (1995, 1998, 2002).

Topics: the effects of blinding on review quality, research into peer review, guidelines for
peer reviewing, monitoring the peer review performance, open peer review, bias in peer re-
view system, measuring the quality of editorial peer review; development of meta-analysis and
systematic reviews approaches.

The main path publications from 2003

Journals: specialized journals on science studies: Scientometrics, Research Evaluation,
Journal of Informetrics, JASIST.

The most influential authors: Bornmann and Daniel (2005, 2006, 2007, 2008, 2009, 2011)
and Garcia, Rodriguez-Sanchez and Fdez-Valdivia (4 papers in 2015, 2016). Others are Lee et
al. (2013) and Moustafa (2015).

Topics: Bornmann and Daniel studied the validity of commitee peer review process for
awarding long-term fellowship to post-graduate researchers, the use of h-index and pre-screening
of applications at Boehringer Ingelheim Fonds. They also analysed citations of accepted and
rejected papers at a prime chemistry journal (Angewandte Chemie Internationa Edition - AC-
IE), the effect of exchanging reviews, the peer review process in this journal, the validity of
its editorial decisions. The other papers study bias in peer review, selection of reviewers, and
modelling the process of the author-editor communication.
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Figure 10: Cuts and islands.

5.3 Cuts and islands
Cuts and islands are two approaches to identify important groups in a network. The importance
is expressed as a selected property of nodes or links.

If we represent a given or computed property of nodes / links as a height of nodes / links and
we immerse the network into a water up to a selected property threshold level we get a cut (see
the left picture in Figure 10). Varying the level we get different islands – maximal connected
subnetwork such that values of selected property inside island are larger than the values on
island’s neighbors and the size (number of island’s nodes) is in a given range [k,K] (see the
right picture in Figure 10). An island is simple iff it has a single peak. For details see Batagelj
et al. (2014, p. 54-61).

Zaveršnik and Batagelj (2004) developed very efficient algorithms to determine the islands
hierarchy and to list all the islands of selected sizes. They are available in program Pajek.

When searching for SPC link islands for the number of nodes between 20 and 200 (and
between 20 and 100) we obtained 26 link islands (see Figure 11). We see that many of obtained
islands have very short longest path, often a star-like structure (a node with its neighbors). Such
islands are not very interesting. We visually identified “interesting” islands for detailed inspec-
tion. In the following list we present basic information for each of selected island: number of
nodes for the selection of 20–200 nodes (and 20–100), the maximal SPC weight in the island
and a short description of the island:

Island 1. n = 191(99), 0.297. Peer-review.
Island 2. n = 191(96), 0.211× 10−8. Discovery of different isotopes.
Island 3. n = 178, 0.165× 10−8. Biomass.
Island 7. n = 42, 0.425× 10−8 . Athletic trainers.
Island 8. n = 36, 0.191× 10−4 Sport refereeing and decision-making.
Island 9. n = 32, 0.793× 10−10. Environment pollution.
Island 13. n = 29, 0.451× 10−10. Toxicity testing.
Island 23. n = 22, 0.344× 10−8. Peer-review in psycho sciences.
Island 24. n = 21, 0.487× 10−10. Molecular interaction.

Only island 1 and island 23 deal with peer review. Other islands represent collateral stories.
The Island 1 on peer-review is the most important because it has at least 10.000 times higher
maximal SPC weight than the next one Island 8 on sport refereeing.

Because of a readability problem we extracted from Island 1 a subisland of size in range
[20, 100] and display it in Figure 12. It contains the main path and strongly overlaps with the
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main paths from Figure 9. The list of all publications from the main path (coded with 1),
main paths (coded with 2) and SPC link island (20–100) (coded with 3) is given in Table 9 in
Appendix. There are 105 publications in the joint list. Only 9 publications are only on main
paths and only 10 publications are only in the SPC link island. The typology into three groups
of publications holds also for the list of all 105 publications.

SPC line islands I8 (Sport refereeing and decision-making) and I23 (Peer-review in psycho
sciences) are presented in Figure 13.

Papers from the island I8 span the years 2003–2015. Most of the journals are sport journals:
J Sport Sci, J Sport Exercise Psy, J Sci Med Sport, Sports Med, etc. The main authors are Mallo,
J, Catteeuw, P and Bizzini, M. The main topic in years 2003–2007 was a soccer refereeing
performance, in 2008 two papers discuss the use of yellow card, three 2009 papers are about
injuries in soccer, followed by the (offside) decision making in 2010–2014. Papers published in
2015 extend decision making performance to baskett and rugby.

Papers from the island I23 span the years 1974–2005. Most of the journals are psycho
journals: Aust Nz J Psychiat, Prof Psychol, Am J Psychiat, etc. The main authors are Beatson,
J, Cohen, LH and Luft, LL. Most of the papers deal with the peer review of psychotherapeutic
treatments.The last four papers deal with the group peer review.

6 Collaboration
Multiplying the network WA from left with its reverse we get the co-authorship or collabo-
ration network Co = WAT ∗WA that describes a collaboration among authors. The value
co(u, v) of a link (u, v) is equal to the number of works co-authored by authors u and v.

To neutralize the over-representation of works with many co-authors in the resulting collab-
oration network we used the normalized authorship network, N = diag( 1

max(1,outdeg(w))
) ·WA,

in the computation of a collaboration network (Batagelj and Cerinšek, 2013). In a network N
the values of links from a work to all of its co-authors are equal and they sum up in 1. In
Batagelj and Cerinšek (2013) we calculated the normalized network Ct = NT ∗N to get the
contributions of authors to their works. For the analysis of ZB data (Cerinšek and Batagelj,
2015) we used a slightly modified normalized collaboration network Ct′ = NT ∗N′, where is
N′ = diag( 1

max(1,outdeg(w)−1))·WA. Because all arcs in Ct′ are bidirected with the same weights
in both directions, we replaced them with edges (undirected links) with doubled weights. In this
way we neutralize works with many co-authors: a k-clique of authors (of the same work) would
bring in the weight of k·(k−1)

2
and this is neutralized in Ct′. We also set the diagonal values to

0. In Table 7 pairs of the most collaborating authors are presented.
It is not surprising that the pair Bornmann and Daniel is on the top of the list. Also D’Angelo

and Abramo were publishing several research papers on peer review. Only the pair Fry and
Thoennessen did not publish in the field of peer review, they published in physics. Flecher
and Ferris published the paper on Conflict of Interest in Peer-Reviewed Medical Journals: The
World Association of Medical Editors’ Position on a Challenging Problem in several medical
and biomedical journals whose editors were members of WAME. Saper and Maunsell were
co-chairs of the Neuroscience Peer Review Consortium (NPRC), 33 journals on neuroscience
belonged to the Consortium in 2008. They wrote the report of their work in the first year of
NPRC with the title The Neuroscience Peer Review Consortium which was published in 14
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Figure 11: SPC islands [20 200].
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Figure 13: SPC Link Island 8 – Sport refereeing and decision-making; Link Island 23 – Peer-
review in psycho sciences
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Table 7: Most collaborating pairs

first author second author weight
Bornmann L Daniel H 25.822
Brown D Raff H 11.000
Saper CB Maunsell JHR 10.338
DeAngelis CD Fontanarosa PB 9.333
D’Angelo CA Abramo G 6.333
Reyes H Andresen M 5.500
Fry C Thoennessen M 5.333
Kravitz RL Feldman MD 5.067
Fletcher RH Ferris LE 5.000

journals. Raff (the chair of the Publications Committee of the American Physiological Society
– APS) and Brown (the Editor-in-Chief of Physiological Reviews) published the paper with the
title Civil, sensible, and constructive peer review in APS journals in 11 journals on physiology
in 2013. They discussed why eliminating prepublication peer review which has been questioned
repeatedly over the past few decades is not a good option and they argued why prepublication
peer review is worth the effort and cost and is critical to maintaining the scientific integrity of
the publications. All other pairs were co-editors of a journal. DeAngelis and Fontanarosa were
editors of JAMA (The Journal of the American Medical Association); Reyes and Andresen were
editors of the Revista Medica de Chile; and Kravitz and Feldman were editors of the Journal of
General Internal Medicine. They all wrote editors’ notes in these journals mentioning also the
journal’s peer review process.

A pS-core at level t in a collaboration nework is such a subnetwork in which each author’s
contribution (the sum of weights on links to other members of the core) is at least t (see Batagelj
and Zaveršnik (2011) and Batagelj et al. (2014, p. 58–61)).

To identify the groups of most collaborating authors in the network Ct′ we determined the
pS-core at level 2.5 – each author from the core collaborated with other authors from the core
for at least 2.5 paper. The obtained core has 47 components, 7 of size at least 4 (see Figure 14).

From the list of all papers co-authored by authors of the largest component of the pS-core
(upper left subnetwork in Figure 14) we get the following its characterization: Papers span the
years 1945–2016. Main journals are: JAMA, Atom Data Nucl Data, BMJ, Can Med Assoc
J, J Am Coll Radiol, J Neurosurg-Spine, J Assoc Off Agr Chem, PLOS One, Ann Intern Med,
BMC Med. The main authors (largest pS-values) are: Raff H, 11.0; Brown D, 11.0; Fontanar P,
9.3; Deangeli C, 9.3; Thoennes M, 5.3; Fry C, 5.3; Ferris L, 5.0; Fletcher R, 5.0; Rennie D,
4.8; Flanagin A, 4.8; Squires B, 4.0; Elmslie T, 4.0; Moher D, 3.9; Altman D, 3.9; etc. The
component contains also four of the most collaborating pairs from Table 7. Members of the
component are involved in the main-stream biomedical peer review research. Some additional
observations: Griffin, EL, Marshall, CV, Halvorson, HA, and Smith, JB are co-authors of Re-
port of subcommittee a on recommendations of referees published in J Assoc Off Agr Chem in
years 1945, 1947–1954, 1956, 1963–1966. The clique in the bottom right part of the compo-
nent (Holly, L, Anderson, P, Kaiser, M, Matz, P, etc.) is formed by a group of co-authors from
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Figure 14: Normalized collaboration – pS-core at level 2.5 components with at least 4 nodes

different institutions that published 17 joint papers all in Journal of Neurosurgery – Spine in
August 2009. ”Peer review” appears in their abstracts as a validation method. Altman, D and
Moher, D co-authored 8 papers on reporting medical research (CONSORT, SPIRIT, PRISMA
statements). Rennie, D and Flanagin, A published 13 joint papers all, except two, on the inter-
national congress on peer review and biomedical publication.

7 Author citations
Using the network multiplication we can produce other derived networks. The network

ACi = WAT ∗Ci ∗WA

is a network of citations among authors (in Section 5 we analyzed citations among works).
Its entry aci[u, v] = number of works co-authored by the author u that are citing a work co-

27



JADAD_A

MOHER_D SCHULZ_K

GAGE_B

WATERMAN_A

SHANNON_W

BOECHLER_M

RICH_M

RADFORD_M

HART_R

JENCKS_SGOTZSCHE_P

ALBERTS_M

BRASS_L

ADAMS_R

BUSHNELL_C

GOLDSTEI_L

SACCO_R

BURTON_L

DRUMMOND_M

WILLIAMS_A

COOK_D

DAVIDOFF_F

MULROW_C

RENNIE_D

CICCHETT_D

LEE_C

RODRIGUE_R

ALTMAN_D

APPEL_L

CULEBRAS_A

HOWARD_V

NIXON_J

ANDERSON_G

BOWMAN_T

GORELICK_P HOWARD_B

HOWARD_G

ROSSOUW_J

WALKER_S

DEGRABA_T
GUYTON_J

KELLY-HA_M

CHAN_A

HEMMELGA_B

IOANNIDI_J

KRUMHOLZ_H

JOHNSON_K

SCHIFFRI_E

GREENFIE_S

LOHR_K

WEINSTEI_M

WOOLF_S

HILL_M

EGGER_M

MERTON_R

SIEGEL_J

COLE_S

MITCHELL_M

GARCIA_J

KHAN_N

SHEEHAN_D

JACKSON_R

HARRIS_R

SHAW_R

STROUP_D

LIBERATI_A

PRENTICE_R

BALL_S

REILLY_T

ELLISON_A

KNOX_C

WISHART_D

STEFANIC_M

BORNMANN_L

FLANAGIN_A

ATKINS_D

CLARKE_M

ZHANG_G

OCKENE_J

HOSMER_D
LEMESHOW_S

HANSEN_R

GREENBER_D

BOND_N

NAVARRO_E

MARSH_H

WILSON_T

BLACK_L

MCALISTE_F

PERRY_G

DANIEL_H

RHODES_M

MOORE_A

DEVEREAU_P

GRAY_A

CURTIS_K
TEUTSCH_S

GOLD_M

CRONIN_B

NEVEU_V

PEREZ-JI_J

VOS_F

CRESPY_V

DUCHAFFA_L

MENNEN_L

EISNER_R

CRUZ_J

SCALBERT_A

GRY_J

MANACH_C

CAMPANAR_J

KROON_P

RUSSELL_L

SULLIVAN_J

TETZLAFF_J

HROBJART_A

SHEPPARD_C

JAYASING_U

MANN_K

ARANDA_J

HAAHR_M

MYERS_M

STRAUSS_A

GOODMAN_A

FERNANDE_R

DEANGELI_D

GROVER_S

GARCIA-A_J

OSENBERG_C

HOLYOAK_M

CAMPBELL_N

ROTHWELL_J

JUNGE_A

DVORAK_J

RIESEBER_L

WELLER_A

DODGE_T

KLEIJNEN_J

KIELY_M
PLUMB_J

OLKIN_I

WOLF_M

THRASHER_A

BURGESS_E

MAHON_J

VERHEIJE_R

MARX_W

BERESFOR_S

LACROIX_A

RABKIN_S

PETROU_S

BIZZINI_M

CORBIN_J

FRENCH_K

PADWAL_R
CLOUTIER_L

BOLLI_P

MCKAY_D

PENNER_B

HONOS_G

TREMBLAY_G
MILOT_A

CHOCKALI_A

DAWES_M

TOUYZ_R

BURNS_K

RUZICKA_M

VALLEE_M

LEBEL_M

TOBE_S

KRUSTRUP_P

MUTZ_R

ABBOTT_C

ELBOURNE_D

VANDENBE_P

ERIKSEN_F

PILEGAAR_K

BARRETT_L

DASILVA_A

HELFAND_M

SCHIER_H

VANROIE_E

PITNEY_W

ILSLEY_P

RINTALA_J

SUGIMOTO_C

URPI-SAR_MBOTO-ORD_M

LLORACH_R

ANDRES-L_C

CASAJUS_J

EASON_C

STRONG_D

MCPEEK_M

RAUSHER_M

BREED_M

ELGAR_M

MAZEROLL_S

CASA_D

PAGNOTTA_K

MENSCH_J

JAY_M

FRITZ_S

BAHR_R

MEDINA-R_A

M’HIRI_N

GARCIA-L_P

MOHR_M

EASTWOOD_S

WILENSKY_G

ABT_G

KLOSSNER_J

O’CALLAG_C

GHAZOUL_J

BANGSBO_J

GAVIN_K
BORLAND_J

WESTON_M

IMPELLIZ_F

FERRARO_E

FDEZ-VAL_J

COTRUFO_R

MOON_B

BERTOLUC_J

BURY_B

JEHLE_R MEASEY_JMUTHS_E

ZUFFI_M

KOOPERBE_C

KOTCHEN_J

NORREGAA_L

THORSO_F

CATTEEUW_P

HELSEN_W

CASTAGNA_C

OUDEJANS_R

D’OTTAVI_S

LEICHT_A

MALLO_J

PUT_K

WAGEMANS_J

BALDO_M

GILIS_B

RAMPININ_E

GREGSON_W

BOULLOSA_D

JASPERS_A

REBELO_A

FRUTOS_P

JUAREZ_D

BAKKER_F
BEEK_P

GERRITS_J
STEINBRU_M

BULTYNCK_J
RANVAUD_R

MORYA_E

MERUANE_O

VERGARA_C

PINA-STR_A

FINGLAS_P

PajekFigure 15: Author citation / Islands [20,50]

authored by the author v.
Groups of authors linked by stronger citations weights correspond to researchers working

on similar topics. We computed the network ACi over the set WD. To identify groups of citing
authors we applied to it simple link islands of sizes [20, 50]. There are 8 such islands presented
in Figure 15.

To get an insight in their background we determined the keywords characteristic for the
members of a selected island I . We compute a restriction of the network AK to the island I

A[I]K = NT
D[A/I] ∗WKD

and for it the weighted indegrees – for a given keyword k the corresponding weighted indegree
is equal to the fractional use of keyword k in all works authored by authors from the island I .

In a similar way a restriction of the network AJ to the island I

A[I]J = NT
D[A/I] ∗WJD

can be used to identify journals in which authors from the island I are publishing.
For an illustration we selected in Figure 15 three islands: I2 (Altman, Moher, . . . ), I5 (Wil-

son, Burns, . . . ), and I6 (Bornmann, Daniel, . . . ). The characteristic keywords and journals for
them are given in Figure 16 and Table 8. From main keywords and main journals for each of
selected island we get the following characterizations:
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Island 2 Island 6

Island 5

Figure 16: Keywords for islands 2, 6 and 5

• Island I2: evaluation of biomedical research;

• Island I5: (canadian) cardiovascular research;

• Island I6: peer review (in chemistry).

Islands of ACi are directed graphs. An interesting information is the interplay between
a hierarchy and equivalence (strong connectivity) in their structure. By the theorem 3.6 from
Harary et al. (1965, p. 63), if we shrink strong components into single nodes the obtained
reduced graph (condensation) is acyclic (a hierarchy). Acyclic graphs can be drawn in layers.
Therefore for a given directed network we first determine its condensation, draw it in layers
and finally expand back its strong components. This leads to a more infomative visualization of
islands as shown for the island I2 in Figure 17.

In the island I2 there is a single nontrivial strong component (yellow nodes: Altman, Go-
tzsche, Moher, Egger, and Schulz). Most of the remaining nodes are either initial (green: indeg
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Figure 17: Island 2

= 0) or terminal (magenta: outdeg = 0). There is a single internal “acyclic” node (cyan:
Mulrow).

8 Conclusions
The paper presents several analyses of peer review literature. Network analysis methods were
used to analyze the bibliographic data on peer review obtained from the Web of Science. The
obtained dataset was quite large with 721.547 publications. The results were obtained on several
constructed one-mode networks (co-authorhip network, citation network) and on two-mode
networks. All analyses were done using the program Pajek, a program for the analysis and
visualization of large networks. As mentioned in Section 2.1 the data that we used in this paper
were obtained using the query "peer review*" and refereeing to the Web of Science.
Of course in the dataset are many nonrelevant (noisy) publication that have nothing to do with
peer review field. As an example of such a noise we noticed when reading some abstracts from
the dataset that they ended by ’ Published by Elsevier Ltd. Selection and/or peer review under
responsibility of’ and were therefore selected into the dataset. This is only one example of
non relevant publications in the selected dataset. There are two options what to do with such
noisy data: (1) to clean the dataset or (2) to analyse the dataset that we obtained and to use
appropriate methods to filter out important publications. Because the first option requires a
prohibitive amount of work we selected the second approach. By using main path and island
metod we very successfully identified the most important publications on peer review field.

Another, some times crucial, problem is the ambiguity of names of the authors, as we saw in
Table 4. We could partially solve it by developing automatic disambiguation procedures, but the
right solution is to resolve this problem while entering the data into bibliographic data bases; or
even earlier by adoption by publishers standards such as ResearcherID, ORCID, DOI, etc. As
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a short term solution we need to include into the program WoS2Pajek additional options for
creating short author names that will allow manual correction of names of critical authors.

There are many interesting results presented in the paper. The most productive authors and
the most cited publications in the field of peer review were given. The main journals publishing
papers on peer review, the main topics and groups of authors that collaborate the most were
identified. All these were also studied in time.

The most influential publications in the field of peer review were identifiedusing main path
procedures and the islands method. All these approaches used CPS weights on citation arcs.
The 47 publications from the main path are included in all other obtained lists of the most
influential publications. These publications are segmented into three phases defined by three
time periods: before 1982 with the publications published in the social sciences journals (soci-
ological, psychological, educational, etc.); from 1983 to 2002 with the publications published
almost exclusively in the biomedical journals, mainly JAMA; and after 2003 with the pub-
lications published in specialized journals on science studies (e.g., Scientometrics, Research
Evaluation, Journal of Informetrics). The obtained typology nicely shows the evolution of the
peer review field.
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