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Abstract Traditional peer-reviewing is a process whereby submissions by various
scientists are selected based on certain criteria passed on to reviewers by organiz-
ers of conferences or editors of journals. This process has been used to maintain
the quality of the works being presented and also to help grouping reports relevant
to a given community (or topic). However, certain scientific opinions and theories
compete and have partisans. Common examples of such competitions appear when
deciding the most important metric in classification algorithms, what to use as a
basis for recommendation algorithms, the best predicting models for a known phe-
nomena, to name a few. The common assumption is that the community will be
equally informed about the arguments of all involved studies, in order to come out
with objective conclusions. This assumption is reasonable when partisans of each
competing opinion can eventually review and recommend for publication the stud-
ies that agree with their perspective. In its turn, this can be expected to eventually
happen whenever expert reviewers are randomly assigned to corresponding papers.
However in recent years we have seen that power-law distributions instead of ran-
domness are present in many social relationships. In this study we investigate what
happens in the world of peer-reviewing, more specifically in a network of reviewing
relations for an open review journal. We found that a power-law distribution is in-
deed present, as a small group of reviewers evaluates a significant fraction of all sub-
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missions. The problem however is that this is undesirable since these “hubs” have an
unmatched influence on what gets published. This experiment presents a first case
where arguably the power-law structure of the social network can be considered as
an overall negative factor. It also supports an argument for employing the social
graph of reviewers as an additional metric of the quality of a journal/conference.
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1 Introduction

Peer reviewing is an essential mechanism of the modern research process. Tradition-
ally, journals have used the peer-review process as a filter to decide which submis-
sions should be selected for publication, potentially based on criteria such as rele-
vance to the main topic of the journal and technical quality. In the past it was difficult
to study the properties of reviewing processes due to requirements of anonymity of
reviewers. It is generally believed that this process is fair and it is assumed that
it avoids bias given the fact that most journals and conferences employ at least 3
individuals to evaluate each publication.

Recently however, several journals and workshops have adopted new models of
peer reviewing, where the names of the reviewers are made public [8, 17, 13, 14].
Among them the journal of Biology Direct, which has used open peer-review for
several years, yields a large amount of data for verifying assumptions. This allows
us to analyze the process and to try to understand peer-reviewing a little better.

While the general public is familiar with “reviewing” for items sold on eBay and
Amazon, that type of reviews does not have as purpose the forbidding of the sale of
poor quality items. Instead, the poor quality items are still left for sale but they are
attached with the relevant information for warning potential buyers.

Traditional peer-reviewing for scientific articles is a very different concept. Re-
views of scientific articles are not commonly published with these articles and are
not commonly used for warning potential readers of the failures and qualities of the
article. Rather, these reviews are meant for helping a chair of conference or journal
editors to decide which submissions should be filtered out. The general public (sci-
entists who read these papers) are not aware of any concerns or discussion that took
place during the review process.

1.1 Problem

While reviewing aims to be impartial, it is difficult for introspection alone to remove
certain biases stemming from the school of thought where the reviewer was herself
educated as a scientist. There exist competing schools of thought in economics,
science, engineering, and many other fields [15, 10, 7]. A factor that is arguably
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desirable for the objectivity of a journal, is how well it gives equal chances to re-
searchers from different currents to state their arguments. Based on the assumption
of potential bias, it is desirable to have a diverse range of reviewers being able to
review and participate in filtering, balancing the chances of the competing schools
of thought. While not all schools of thought will review each given submission, each
of them should at least get a fair chance of reviewing relevant submissions.

There are four major types of peer-review mechanisms used in reviewing of sci-
entific articles, as well as in (medical) experiments on human subjects. Common
simple blind review mechanisms are those where reviewers know the name of the
authors but authors do not know the names of their reviewers. The motivation is to
avoid that reviewers would fear retribution for their reviews. Double-blind reviews
are those made in such a way that reviewers do not know the name of the paper
authors and paper authors do not know the name of their reviewers; they stem from
concern of bias for reviewers (e.g. when reviewing an influential person). Open peer
reviews are mechanisms where reviewers know the names of the authors and authors
know the names of their reviewers, while reviews and reviewer names are published
with the articles. The motivation is to encourage reviewers to write responsible re-
views. Blinded review is another mechanism where reviewers do not have access to
the names of authors but the names of reviewers are published together with their
reviews. The idea is to encourage reviewers to be responsible, by accountability,
while helping them to avoid bias (as in the case of the double blind review).

In the aforementioned processes there exist relations between authors and re-
viewers (even if these relations are sometimes hidden from both parts). According
to theories in social network analysis and complex networks, the structure of these
relations should tell us something about the process itself. This study looks at the
characteristics of the social network of reviewers and its relation to the fairness of
the review process.

The online availability of the reviewing information from the Biology Direct
Journal gives us a window into the scientific review process. It allows for verifying
whether submissions have fair chances to be reviewed by a varied number of re-
searchers, potentially covering multiple schools of thought. What we noticed is that
a couple of reviewers eventually reviewed a large fraction of the accepted articles.
This took place despite the editor’s effort of finding different people to review each
work. The issue however is that each submission could have different reviewers that
appear to be chosen at random but at the global level the picture is quite different and
what emerges when we combine the seemly individual random choices for each pa-
per is a network in which few reviewers are hubs and review quite a lot of papers, a
typical social network with hubs and long-tail distributions [1]. Note that this would
be less prominent in a conference if we analyze only one edition. Normally con-
ferences enforce a maximum number of reviews per person. For a conference one
would have to look at the global picture across many editions (years) of the event.

From the perspective of review processes, we claim that the power-law distribu-
tion is detrimental to the process itself because it points to an unbalanced influence
for any potential bias that these hub reviewers may have. While a power-law distri-
bution for networks was so far considered as a positive characteristic signaling the
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stability of the social network, we have identified here an argument for considering
the power-law distribution in peer-reviewers networks to be a negative trait. Having
journals and conferences publish the networks of reviewers (even if just the structure
without actual names) can help developing a new metric for their objectivity.

We discuss the related work in Section 2. Section 3 describes the dataset and how
it was modeled as a network. We then look at these networks formed from author-
reviewer relations and discuss our findings in Section 4. Finally we conclude with
suggestions of how these findings can be used to improve peer-review processes.

2 Related Work

2.1 Social Network Analysis

A social network is a structure that represents social interactions and personal rela-
tionships. Examples of social networks include: friendship [6], collaboration [16, 5]
and email networks [3]. In general a social network can be abstracted as a structure
in which the entities are people and the links between these people are extracted
from some social relationship. In this paper we address the social network of re-
viewers. This network is obtained by projecting the bipartite network of reviewers
and papers shown in Figure 1 unto the set of reviewers. Two reviewers are con-
nected if they have reviewed the same paper. The strength of their link is given by
the number of submission that they have reviewed together.

PAPERS REVIEWERS NETWORK OF REVIEWERS

PROJECTION

Fig. 1 From a bipartite network in which reviewers are linked to the papers they review, we can
project a network of reviewers where reviewers are linked directly if they reviewed the same paper.

When looking at networks one can use several metrics to understand the rep-
resented phenomena. The metrics we use are the degree distribution, betweenness
centrality, closeness centrality and clustering coefficient, explained below:
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Degree Distribution:  This distribution expresses the probability, p(k), that a node
in the network will have k& connections. It has been observed that in many real
networks [12] their degree distribution roughly follows a power law as given by
Equation 1,

p(k) = ck™?, (1)

where, ¢ and \ are constants. For most of the real networks 2 < A < 3. Nodes
that have more ties to other nodes may be in advantageous positions.

Betweenness Centrality:  The betweenness is a measure of the centrality of a ver-
tex in a network. Betweenness is calculated as the fraction of the shortest paths
between vertex pairs, that pass through the vertex of interest. For a network
N = (V, E) with n vertices, the betweenness C'z(v) for a vertex v is:

Cpw)= Y ast(v) 2)
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where a; is the number of shortest paths from s to ¢, and «;(v) is the number
of shortest paths from s to ¢ that pass through vertex v. Vertices exhibiting a high
level of betweenness are in a position to control information flow in the network.

Closeness Centrality:  Centrality is defined as the inverse of the distance from a
vertex to all other vertices in the network

1
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where d(i, k) is the shortest path between vertices ¢ and k. This metric gives low
values for the central nodes and high values for the less central ones. Nodes with
high closeness are generally in a position to influence other nodes because they
can reach them very quickly.

Clustering Coefficient:  This coefficient is a measure of the ratio in which nodes in
a graph tend to cluster together. The clustering coefficient, C;, of node ¢ is given
by Equation 4, where, m; is the number of links between the k; neighbors of ¢;
the clustering coefficient of the entire network is just the average of all C; over
the number of nodes in the network n. Clustering is relevant to social networks.
It can be used to identify small-world networks [19] which are expected to have
high clustering and short average path lengths.
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2mi

G -1

“)

In this paper we study the aforementioned metrics in relation to a reviewers’
network from a peer-review process. However our main discussion in this paper
focuses on the drawbacks of the degree distribution to the peer-review process itself.
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2.2 Open Peer-Review Process

One of the most common reviewing processes is the double-blind review. Under
this scheme one publishes only accepted articles and the names of the organizing
committee members (names which are supposed to witness to the quality of the
reviewing process). Reviewers are not expected to know the names of the authors at
the time of the review, and authors will never find out the names of the reviewers of
their submission. Reviews are not published and are not digitally signed, and authors
have no way to prove that they have received any given review, or even that they
have submitted any given article. The camera-ready article eventually published in
the proceedings can be completely different from the corresponding article actually
evaluated by reviewers (and even the title can be completely changed). As example
of venue using double blind review we mention the International Joint Conference
on Artificial Intelligence (IJCAI).

Multiple models of open peer-review processes have been proposed and exper-
imented with. The openness varies in terms of what is revealed, in terms of the
degree of the revelations, and in terms of the articles to which the revelation applies
(e.g., only to accepted articles or to all submitted articles). A classification from the
perspective of the object of the revelation contains the following dimensions:

Open/Closed Author Names:  This dimension tells whether reviewers are informed
about the names of the authors at review time. This information is supposed to
help reviewers correctly assess the originality of the submission. An example of
open author names reviewing is employed by the Conference on Principles and
Practice of Constraint Programming (CP).

Open/Closed Article: ~ Venues may either publish articles, or keep them as part of
a closed meeting. Certain workshops do not produce public proceedings and the
articles accepted and presented in their forum are not considered published.

Open/Closed Submission: ~ Some venues do publish the submission actually eval-
uated by reviewers, while others only use the submission as an acceptance criteria
for publishing a different article. The actually published (aka camera-ready) ar-
ticle is typically assumed to be an improvement of the submitted article based
on feedback from reviewers. However, only few journals have mechanisms to
ensure that the actually published article has any relation whatsoever with the
actually reviewed submission. In practice submitters can change even the title
and the list of author names of a submission. An example of venue that publishes
both the original submission and the camera ready version is the Workshop on
Decentralized Coordination.

A limited degree of openness of submissions is offered by some cryptology
conferences that give authors digital signature certificates for their submissions,
helping them to prove that they have submitted the corresponding articles.

Open/Closed Reviews Summary: At various conferences, a senior committee mem-
ber is charged with writing a short summary of the reviews, to be privately com-
municated to the author and to the editor making the acceptance decision. Un-
der schemes with open reviews summary, an anonymous committee member is
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charged with writing a public summary of the anonymous reviews for an article
(Example: IEEE Conference on Peer to Peer Computing (P2P)).

Open/Closed Reviews: ~ With open reviews, the actual reviews received by the arti-
cle are made publicly available (not necessarily publishing the names of the indi-
viduals). This procedure is more common in online journals such as Philica.com.

Open/Closed Reviewing Activity: This revelation dimension quantifies whether
one publishes the number of articles reviewed by each reviewer (helping to quan-
tify their impact). Most conferences do publish an average of the number of ar-
ticles reviewed by its reviewers, but note that an average is not significant if the
distribution of reviews per reviewer follows a power-law.

Open/Closed Article Reviewers:  The names of the reviewers of each article may
or may not be published in association with that article. Certain journals publish
articles labeled with names of researchers recommending them.

Open/Closed Review Authorship: The dimension of review authorship is used to
specify whether the name of each reviewer is published in association with the
corresponding review. With open review authorship the reviewers assume the re-
sponsibility of their reviews, and they also get credit for improvements suggested
in these reviews. Sample venues presenting this feature are the 2013 Workshop
on Decentralized Coordination and the online journal Biology Direct.

From the perspective of the degree of revelation, each of the aforementioned
items of information can be revealed to any subset of the following groups:

conference chairs
reviewers

authors

conference audience
general public

For example, the 2007 Workshop on Material Thinking Design revealed reviewer
names to authors but did not publish them.

Here we focus on the effects of using an open reviewing activity. These effects
appear also in the case of a stronger revelation that implies the opening of the re-
viewing activity, such as using open article reviewers or open review authorship.

There are multiple (more or less logic) qualitative arguments for and against each
of these degrees of openness, and there are at least two series of conferences ded-
icated to the practice of Peer Reviewing. Nevertheless it is a remarkable scientific
challenge to design quantitative metrics that can be used for founding a systematic
study of this area [13]. We believe that the use of the social graph can move us one
step closer to a mechanism in which the general audience can have a better idea of
the quality of the peer-reviewing process.
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3 Network of Reviewers

Biology Direct' is an open peer-reviewed journal where publications and their re-
views (also the reviewers’ name) are publicly accessible through unique URLs. We
downloaded information for about 314 papers (titles) and the corresponding review-
ers up to March 2013. The dataset contained 843 reviewers. Once the projection was
done as explained earlier, the network contained 843 nodes and 2,512 relations.

We first performed an analysis of the degree distribution of the network and found
that two nodes dominated the reviewing process with 192 and 125 reviews each.
This is respectively 3 and 2 times as much as the third reviewer who reviewed 65
submissions. The obtained degree distribution is shown in Figure 2.

01

p(k)
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o s o omen o
0.001
1 10 100 1000

degree (k)

Fig. 2 The degree distribution of reviewers shows a scale-free network in which a couple of nodes
are hubs.

Next we performed a community analysis to understand whether the hubs are
part of the same group of people. Fortunately, in this case they belong to different
communities which we believe indicate that they belong to perhaps two different
groups of individuals interested in reviewing papers. The community detection al-
gorithm that we used here was proposed by Blondel et al. [4], and it identifies 14
communities. In Figure 3 we can observe the network of reviewers where the size of
the node represents the degree and the colors highlight the different communities.
Diversity in the community can be used to positively assess the quality of the review
process.

As mentioned before, the network of reviewers is built by using nodes to rep-
resent the reviewers and arcs to illustrate whether they are connected by reviewing
together the same paper. The tool we used for visualization is Gephi [2]. Note that
the size of a node is proportional to its degree. Nodes are colored based on the 14
different communities they are in. The employed community detection algorithm is
proposed in [4, 9].

! http://www.biology-direct.com/
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Fig. 3 Network of reviewers highlighting the communities they belong to. 14 communities can be
observed in this network. The existence of many communities is a positive indicator of the review
quality. Communities can be seen as groups of reviewers interested in similar subjects.

In this network we have a high correlation between the degree of a node and its
betweenness and closeness so we decided not to show the visualizations for these
centralities due to lack of space in the article. The high correlation is due to the
fact that the people doing a lot of reviews end up linking different groups and being
close to most of the other reviewers. What these high centralities mean is that highly-
connected reviewers have an unhealthy chance to exert a strong influence on other
reviewers and consequently on the review process. Not only that their reviewing
leads to a collection of accepted articles that fits the scientific view of these hubs,
but the other reviewers are likely to be indirectly influenced by the reviews of the
hubs. In a reviewing process it is common to have reviewers modify their review
after they see the reviews of others or participate in discussions. A hub acts as an
authority in the process because she has participated in several other discussions.

Last we looked at the clustering coefficient of the nodes in the network and at the
average clustering coefficient. Figure 4 shows a network in which the color of the
node represents its clustering coefficient; the stronger the color the more clustered
the node is.

Note that Figure 4 indicates the existence of a few highly connected groups.
These groups are not good for the peer-review process and can indicate the existence
of some “mob” phenomena in which a group of individuals may work together to
achieve a certain goal—in the case here the goal could be to influence the accep-
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Fig. 4 Network of reviewers by clustering coefficient. Darker colors represent higher clustering
coefficient.

tance/rejection of a paper. Fortunately however this is not generalized throughout
the network.

4 Discussion

While each given submission to a venue may be reviewed by a varied set of re-
searchers, the aggregated distribution of reviewers may be less uniform. The aggre-
gated distribution of reviewers can end up with a few reviewers having dispropor-
tionate influence. The danger of this phenomenon is increased if one cannot always
guarantee the relation between expertise and influence.

The existence of communities is more complicated to understand. Although the
existence of communities can be positive for showing a variety of individuals with
different interests (as we said before), one has to also be careful because the com-
munities may also mean that we have individuals who review papers together but
rarely mix with other groups. When one uses the social graph to assess the quality
of a conference, the community structure should be carefully analyzed to help one
understand its benefits and drawbacks. Moreover on the drawback side, communi-
ties show that the peer-review process is not being vetted by reviewers with diverse
backgrounds and interests. We believe a good reviewing network will not have a
good resolution on the division of communities, having at most a small number of
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communities defined (the exact number really depends on the size of the network
and on the field of research).

One can also look deeper into the structure of the neighbors of each researcher.
Ideally each submission would be reviewed by reviewers that are as disconnected
as possible, reducing social contagion (while still being somewhat connected due to
their expertise), such as to obtain diverse points of view [18].

A parallel can be drawn between peer-reviewing and genetics. Multiple sets of
genes come together to generate a more robust set of genes where the union over-
shadows individual damaging mutations from each independent set. Similarly, the
opinion of multiples reviewers come together to select and influence an article.

With current genome donors one has raised the issue of dangers coming from the
disproportionate usage of certain sources [11]. In particular, offspring of the same
donors will inherit mutations that can dangerously surface in subsequent genera-
tions.

Similarly, there are dangers from disproportionate usage of certain reviewers.
Reviewers (as any human) can have preconceived ideas and can subjectively favor
certain metrics or scientific views. The relevance of peer-reviewing as a pillar of
the modern science is also due to the theory that it can mitigate such subjectivity
by joining diverse opinions. Disproportionate involvement of certain reviewers can
endanger this property, as their subjectivity will disproportionately impact on the
venue and thereby on subsequent generations of researchers.

5 Conclusions

We raise the issue that the power-law distribution generally seen as a positive factor
for the stability of social networks can also have negative undesirable connotations.
We raise this issue in the context of peer-review social networks, where the fact that
certain reviewers are found to be involved in a disproportionate number of articles,
conflicts with the objectivity expected from scientific reviewing. Human individuals
are intrinsically subject to preconceived ideas, errors and subjective reasoning. Di-
versity of reviewers is therefore the basis that makes from peer-reviewing the pillar
of modern science, where the mixture of multiple views can lead to sounder ag-
gregated result (just as the combination of genes can help defend against damaging
mutations in each individual contribution). Just as the defects of a disproportionately
frequent donor of genes risk to appear more frequently in subsequent generations,
the subjectivity of one disproportionately involved reviewer can impact negatively
on generations of researchers.

The availability of data for our study was made possible by the recent trend of
openness in journal and conference peer-reviewing. In particular we made an ex-
tensive usage of the information on reviews and reviewers made available by the
Biology Direct online journal. In the proceedings of this journal we find that a cou-
ple of reviewers were involved in reviewing a significant fraction of the articles
being published in the venue. We conclude that such openness (at least openness
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of reviewer activity) can be recommended to journals and conferences that want
to convince the public about the soundness of their reviewing procedures. Further
openness concerning the structure of reviewer neighborhoods (as offered by open-
ness of article reviewers) can also be recommended as a way to detect risks of social
contagion and detection of undesirable segregation into communities.

While significantly more research is required for establishing a sound scientific
foundation to the peer-reviewing procedures found at the foundations of modern
science, this study brings a small but clear and objective contribution.
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