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ABSTRACT

The co-authorship among members of a research group commonly can be represented by a (co-
authorship) graph in which nodes represent the researchers that make up of this group and edges
represent the connections between two agents (i.e., the co-authorship between these agents). Current
study measures the reliability of networks by taking into consideration unreliable nodes (researchers)
and perfectly reliable edges (co-authorship between two researchers). A Bayesian approach for the
reliability of a network represented by the co-authorship among members of a real research group is
proposed, obtaining Bayesian estimates and credibility intervals for the individual components (nodes or
researchers) and the network. Weakly informative and non-informative prior distributions are assumed
for those components and the posterior summaries are obtained by Monte Carlo-Markov Chain methods.
The results show the relevance of an inferential approach for the reliability of scientific co-authorship
network. The results also demonstrate that the contribution of each researcher is highly relevant for
the maintenance of a research group. In addition, the Bayesian methodology was a feasible and easy
computational implementation.

© 2016 Elsevier B.V. All rights reserved.

1. Introduction

The development of science usually is given through the
joint work of several researchers that compose a network of co-
authorship. This network of co-authorship is called highly reliable
when is likely to continue producing science. If this probability
decreases the reliability of the network also decreases. Knowing
the reliability of a co-authorship network is the most direct way
to identify the scientific collaboration within the academic milieu
(Abbasi et al., 2010).

As the science is registered through some kind of publication,
to analyze the reliability of a co-authorship network it is neces-
sary to investigate the work of researchers that comprise it. For
example, this analysis might consider the total number of publica-
tions of the involved researchers and the number of publications
in common to two or more researchers. However, the records of
scientific publications are prone to errors as misspellings or differ-
ent forms of short names, different authors and same abbreviation
(Barbastefano et al., 2013; Smalheiser and Torvik, 2009; Wang et al.,
2012a,b, for example).
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To the development of the science it is inevitable financial
investment. Even when the financial resources are abundant they
can not be misspent. Therefore it is essential to prioritize the more
reliable research groups. In Brazil, the National Council for Scientific
and Technological Development (CNPq), among others objectives,
aims to foment scientific and technological research, to encourage
and to recognize Brazilian researchers. Thus, knowing the flow of
information and knowledge among its research is essential. The
CNPq Lattes Platform (the Lattes Curriculum) is an information
system that integrates curriculum database, research groups and
institutions. The Lattes Curriculum contains a variety of informa-
tion, has constant improvement and is nationally recognized by
most development agencies, universities, and research institutes.
As the inclusion of information is made by the researcher (com-
monly done in curriculum), the curriculums of Lattes Platform are
subject to errors as some publications may not be included in the
curriculums of some co-authors or appear incorrectly. Thus, the
reliability of a research group or specifically a co-authorship net-
work is not deterministic even in the research group listed at the
CNPq.

The co-authorship among members of a research group is a
social network since any structure in which the items are connected
by some relationship can be considered as such. It is noteworthy
that within a research group there are members interconnected
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by publications in common directly (co-authors) or indirectly (co-
authors of co-authors). Generally, a network can be represented
by a graph and its characteristics, as its reliability, are determined
by its proprieties (Brigantini et al., 2014). So, in a (co-authorship)
graph, relationship among these members can be represented by
a graph in which the nodes represent the researchers and the
edges represent the co-authorship. Newman (2004) cites several
information that can be collected from a network and also vari-
ous statistics each with its own purpose as clustering coefficient
and density of a graph (see also Zare-Farashbandi et al., 2014; Arif,
2015), although not target network reliability. Kumar (2015) pro-
vides a recent review about these topics including other kind of
analysis such as mathematical analysis.

The network reliability is given by the probability of this net-
work to remain functioning even when one or more subsets
of the components (edges and/or nodes) are removed (Barlow
and Proschan, 1981). The greater the probability of this network
continuing connected, the greater your reliability and then this
network is called highly reliable (Brigantini et al., 2014). Conse-
quently, the network reliability definition by itself allows the edges
and/or nodes of the graph to be taken into consideration in its
analysis.

Lyra and Oliveira (2011) obtain the reliability of the co-
authorship network assuming values to the reliability of the
researchers, what means that there is no inference process and
no conclusive result since the analysis just calculates all the possi-
bilities considering the assumptions. Brigantini et al. (2014) takes
into account the publications between two researchers (edges) to
obtain the reliability of the co-authorship network. In this case
it is assumed that the reliability of the co-authorship network
considers all the possibilities of dissolution of the partnership
(without disconnecting the network). To estimate the reliability
of the co-authorship network (Oliveira et al., 2014) consider all
possible departing researchers modeling the reliability through
the nodes of the graph. The results of Oliveira et al. (2014)
are based on asymptotic assumptions which may not be valid
when there are few observations in the data set and the estima-
tion of the reliability of the co-authorship network depends on
partial derivatives with respect to all the parameters that repre-
sent the functioning probabilities of the nodes, what may not be
feasible.

Following Oliveira et al. (2014) current investigation considers
a measure of the reliability of networks with emphasis on nodes or
researchers, i.e., assuming unreliable nodes (researchers) and per-
fectly reliable edges (co-authorship between two researchers). The
goal of this proposal is to develop a Bayesian inferential approach
to the reliability of co-authorship network, obtaining estimates
and credibility intervals for the individual components (nodes or
researchers) and the co-authorship network. For the inferential
method chosen, weakly informative and non-informative priors
are assumed and the posterior summaries are obtained by Monte
Carlo Markov Chain (MCMC) methods. The main advantages of the
Bayesian inference are that it does not depend on asymptotic results
and the network reliability is straightly (and easily) obtained from
the MCMC results of the researchers’ reliability. Another point that
deserves to be mentioned is that it is possible to incorporate pre-
vious knowledge about the parameters when available. Finally, an
analysis for a real research group registered at CNPq exemplifies
the proposal of this paper.

2. Estimation of the reliability of a co-authorship network
In a co-authorship network each researcher is represented by a

node and two nodes are linked by one edge when the represented
researchers have at least one publication in common.

2.1. Calculation of the reliability of networks

In order for the network, modeled by a simple undirected graph
G with k nodes and m edges, to be active at time t, every pair of
nodes should be connected by at least one path. When one node fails
and the graph continues connected it is considered a stage of the
network. It is plausible to consider that the nodes are independent
two by two, that is, if one node fails it does not imply that the other
will fail. So the reliability of a network is the probability of a graph
G remaining connected at time t+ 1 considering all the possibilities
of stages of the network.

It is assumed that only the nodes can fail with probability 1 — p;,
i=1, ..., k, what means that the edges are completely reliable and
the functioning probability of node i is p;. Then the probability of
each functioning stage V; of the network py, is given by

pv= e [T 0-p0. 1=1..0L (1)

ieV ieV\V/

where V denotes the set of nodes of graph G, V' denotes the set of
functioning nodes of graph G and L is the total number of possible
stages of the network. Thus the reliability of the network is given
by

L
PR; = Y _Pv- 2)
=1

Barlow and Proschan (1981) highlighted that pg. depends
directly on p;,i=1,..., k, and indirectly on the network’s structure,
since the configuration of the network (series, parallel or other)
influences V' and L.

Goldschmidtetal. (1994)lead with a network in which the func-
tioning probabilities of the nodes are the same, that is, p; = p, for all
i=1,..., k. In this particular case the network’s reliability given in
(2) is rewritten as follows

k
Pr; = Y _Sip'(1-p), (3)
i=2

where G is the graph that models the network with k nodes and m
edges; S; is the number of connected sub-graphs of G with i nodes.

2.2. Bayesian inference

The Bayesian approach for parameter inference derives from the
combination of the likelihood function for p=(p1, p2, . . ., Px), given
by (4), with a prior density that reflects previous knowledge on
the distribution of parameters by Bayes rule 7(p|D) «x L(p|D)r(p),
where 7(p|D) is a posterior distribution of parameters and reveals
how these random variables are distributed after data had been
observed (Box and Tiao, 1973).

According to Oliveira and Achcar (2000), the likelihood function

for p=(p1, 2, .- D)

k n;
D) =] (X ) P —p)i T, 4)
i=1 \ "

where D={(n;, x;),i=1, 2, ..., k} is the set of observed data, with n;
and x; denoting the total number of publications and the number of
co-authored publications of the researcher i, respectively, at time
t; and k is the number of researches of graph G.

Current analysis proposes two possible assumptions, (weakly)
informative prior distributions and non-informative prior distribu-
tion as follows.
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¢ Informative prior density with prior independence for parame-
ters p=(p1, P2, - - -» Pr)- Consequently, the joint prior density for p
is calculated by the product of Beta distributions given by (5)

7(p) o Hp

where 0<p;<1, g; and b; are known and positive constants
(Oliveira and Achcar, 2000). When (4) and (5) are combined, the
posterior distribution for p=(p1, p2, .. ., Px) is given by

1 _pl ’ (5)

7(pID) o Hp" (1 )b (6)
i=1

or rather, p;|D ~Beta(x; +a; ; nj —x;+b;),i=1,2, ..., k.

e Jeffreys’ non-informative prior density (when scanty or no pre-
vious information exists on the distribution of the parameters).
Then, joint prior density for p is given by (Box and Tiao, 1973)

7(p) o« l(p)"/?, 7)

where I(p) is the expected information matrix for p whose ele-
ments are given by I;;(p) = —E (azl(p)/apipj> ,j=1,2,...,k with

I(p) as the natural logarithm of the likelihood function L(p|D), or
rather,

k
I(p) = InL(pD) = Z[ln ;! — In(x;1) — In(n; — x;)! + x; In p;
i=1

+(n; — x;)In(1 — p;)]. (8)
Since (3°I(p)/p2) = —(xi/p?) —x)/(1 =p)?), E(X)=np;
and (0%I(p)/dpipj)=0, i #j, i=1, 2, ..., k, j=1, 2, ..., k, the

expected information matrix I(p) has diagonal elements equal

to (n;/(pi(1-pi))),i=1,2,...,k, and the others elements equal to

zero. Therefore, Jeffreys’ prior density for parameters p=(p1, p2,
.., Dr) is given by (Gelman et al., 1995)

k

) o [ [P (1 -p

i=1

/-1, 9)

which corresponds to the Beta(1/2, 1/2). When (4) and (9) are
combined, we have the posterior distribution for (p;, p2, - .., Px)
expressed as

k
7(pID) Hp;(i+(1/2)—1(1 _ pi)ni*Xi+(1/2)*1, (10)
i=1

or rather, p;|D ~Beta(x; +1/2;n; —x; +1/2),i=1,2, ..., k.

There are closed expression to the conditional posterior dis-
tributions of the parameters excepted to pg.. In this case some
sampling algorithm is needed to get the results of pg_. Since con-
ditional posterior distributions are standardized, Gibbs sampling
algorithm (Gelfand and Smith, 1990) was used to produce samples
and obtain inferences on the reliability of the individual compo-
nents p; and on the reliability of the network pg_.. It is an iterative
sampling scheme involving a Markov Chain whose transition ker-
nels are formed by complete conditional distributions. Let 7(p|D)
be the probability density in which p=(p4, p2, ..., D¢) and com-
plete posterior conditional distributions (p;|D, p_;), i=1, 2, ..., k,
are available. Algorithm provides a generation alternative based on
successive generations of complete conditionals, given by steps 1,
2 and 3 as follows.

1. Initialize the iteration counter of the chains at j=1 and choose

the initial rates p(®) = (p(10 ,p(zo), .. ,pE{O)).

2. Obtain a new rate pU) = (p%’), pg), .. ,pk )Y from pU-" by a suc-

cessive generatlon of rates

pV~p11pd Y, p 0, L pU D)
pY~(p21p¥, p0, .., pUY)
~(pklp1 Y.

3. Update the counter from j to j+1 and repeat (2) and (3) until
convergence.

As the number of iterations increases, the chain will approach
equilibrium. Therefore, it may be assumed that convergence was
provided within iteration whose distribution is arbitrarily close to
the equilibrium distribution 7 (p|D).

Gelman and Rubin (1992) suggest a verification method of con-
vergence based on techniques of analysis of variance. Convergence
is accepted when variation between the chains is smaller than the

variance within the chains, or rather, when the statistics \/E, =

\/[((s —1)/8)+(((T + 1)B)/TSW)| (df/(df —=2)), i=1,2,....k,
will be approximately equal to 1, where B represents the variance
between the chains, W represents the variance within the chains,
df are the degrees of freedom for the Student’s t distribution, T is
the total number of simulations (or chains), and S is the number
of algorithm iterations. More details may be found in Gelman and
Rubin (1992).

Let p(”), i=1,2,..., k be the rates obtained for p; at the
rth repllcatlon and at the sth iteration. Then, a Monte Carlo (or
Bayesian) estimate of p; with regard to the function of quadratic
loss, is expressed by

R S
R Y (1)

r=1 s=1

where R is the total number of simulations (or chains) and S is the
number of algorithm iterations. Therefore, a Monte Carlo estimate
for the reliability of the network pg_ is given by

RG Szzh(p]rs’p(zrsa" vp’rS))s (12)

r=1 s=1

where h(-) is the function that represents the reliability of the net-
work and it depends on the network structure (series, parallel
or any other configuration) (Barlow and Proschan, 1981). Usually
there is no general expression to express h(-) because it must con-
sider all the possible subgraphs that do not disconnect the network.
Expression (13) in Section 3 is an example of function h(-) which
can not be reduced to a general expression.

3. Real data analysis

Aresearch group entitled Research Center in Administration and
Agribusiness (CEPEAGRO) and registered at CNPq was considered
to illustrate the purpose of this study. The graph that represents
the co-authorship among the members of this research group was
automatically generated by scriptLattes V7.02 and it was generated
considering only papersin scientific journals, books and publication
in scientific events included at the Lattes database up to August
2012 (time t). Only researchers who made up the network at time
t were considered in the study.
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Fig. 1. Graph G modeling the co-authorship of the CEPEAGRO research group.
Source: (Oliveira et al., 2014).

Fig. 1 shows the CEPEAGRO scientific co-authorship network
modeled by undirected, simple, connected graph G with m=8
edges or co-authorship relations and k=7 nodes or researchers,
that are given by (1) Oliveira; (2) Pereira; (3) Scalco; (4) Pigatto;
(5) Gabriel Filho; (6) Queiroz and (7) Machado. These seven nodes,
each one with reliability p;, i=1, ..., 7, and these eight edges lead
to 43 connected sub-graphs, i.e., 43 connected sub-graphs can be
formed from the graph G: a sub-graph with seven nodes, five sub-
graphs with six nodes, nine sub-graphs with five nodes, eleven
sub-graphs with four nodes, nine sub-graphs with three nodes and
eight sub-graphs with two nodes. No sub-graph with a single node
(researcher) is possible since the minimum number established by
the CNPq for a research group requires two researchers. So the reli-
ability of the CEPEAGRO network obtained from expression (2) is
specifically given by expression (13).

Table 1

Dataset D={(n;, x;),i=1, 2, ..., 7} for the CEPEAGRO research group.
Node or n; X; Node or n; Xi
researcher i researcher i
1 30 20 5 88 14
2 73 23 6 37 18
3 32 25 7 57 27
4 39 16

estimates were less than 0.3%. Under these circumstances efforts
were saved assuming just the Beta(1/2, 1/2) distribution hereafter.

Practically, the rates of a; and b; in informative prior density
may be attributed from any prior information on each researcher,
for instance, the reliability of the researcher in other research
group(s). The choices of a; and b; determine if the prior distribution
is informative, strongly informative or weakly informative. In cur-
rent analysis, each researcher was a priori considered moderately
reliable. So that such a situation could be represented, the rates
a;=2.0 and b; =2.0 were attributed from the measurements char-
acteristics of Beta distribution, what leads to a weakly informative
prior distribution.

Five chains of 2000 iterations each were produced for each
case (weakly informative and non-informative priors) to obtain
representative samples of posterior distributions and undertake
inferences through simulation. The first 500 iterations of each chain
were discarded to decrease the effect of initial conditions and took
values spaced 15 to 15. Then, a sample of 500 data was produced.
The algorithm was implemented using the MATLAB® software and

PRe = P1P2P3DP4P5P6P7 + P1P2(1 — P3)PabspspP7 + P1P2P3(1 — Pa)pspep7 + P1P2P3P4(1 — ps)peP7 + P1P2P3P4Ps(1 — pe)p7

+Dp1P203PaPsps(1 — p7) + p1(1 — p2)p3pa(1 — ps)pep7 + P1P2(1 — p3)p4a(1 — p5)psp7 + P1P2(1 — p3)p4aps(1 — pe)p7
+Pp102p3(1 — p4)(1 — ps)pep7 + p1P203(1 — Pa)ps(1 — pe)p7 + P1P2P3(1 — pa)psps(1 — p7) + p1P2p3p4(1 — ps)(1 — ps)p7

+p1P2p3p4(1 = ps)ps(1 — p7) + P1P2P3paps(1 — pe)(1 — p7) + (1 — p1)(1 = p2)p3pa(1 — p5)pep7 + P1(1 = p2)(1 — p3)pa(1 — ps)pep7
+p1(1 = p2)p3(1 = p4)(1 — ps)pep7 + p1(1 — p2)p3pa(1 — ps)(1 — pe)p7 + P1(1 — p2)p3pa(1 — ps)ps(1 — p7)

+p1P2(1 = p3)pa(1 = ps)(1 = pe)p7 + P1P2(1 — p3)paps(1 — pe)(1 — p7) + p1P2p3(1 — p4)(1 - ps)(1 — pe)p7

+p1P2p3(1 = p4)(1 — ps)pe(1 — p7) + p1p2p3(1 — pa)ps(1 — pe)(1 — p7) + p1p2p3pa(1 — ps)(1 — ps)(1 — p7)

+(1 = p1)(1 = p2)(1 = p3)pa(1 = ps)pep7 + (1 = p1)(1 = p2)p3(1 = pa)(1 — p5)pep7 + (1 — p1)(1 — p2)p3pa(1 — ps)(1 — pe)p7

+p1(1 = p2)(1 = p3)pa(1 — ps)(1 = pe)p7 + P1(1 = p2)p3(1 — pa)(1 = p5)ps(1 — p7) + p1(1 — p2)p3(1 — p4)(1 — ps)pe(1 — p7)

+p1(1 = p2)p3pa(1 — ps)(1 = pe)(1 — p7) + p1p2(1 = p3)(1 = pa)ps(1 — pe)(1 — p7) + p1P2(1 — p3)pa(1 — p5)(1 — pe)(1 - p7)

+(1 = p1)(1 = p2)(1 = p3)(1 = p4)(1 = p5)pep7 + (1 — p1)(1 = p2)(1 — p3)pa(1 — ps)(1 — pe)p7

+(1 = p1)(1 = p2)p3(1 = pa)(1 = ps)(1 = pe)p7 + (1 — p1)(1 — p2)p3(1 — p4)(1 - ps)pe(1 - p7)

+(1 = p1)p2(1 = p3)(1 = pa)ps(1 — ps)(1 — p7) + p1(1 — p2)(1 — p3)pa(1 — ps)(1 — pe)(1 — p7)

+p1(1 = p2)p3(1 = pa)(1 = ps)(1 — pe)(1 = p7) + p1P2(1 — p3)(1 = pa)(1 - ps)(1 — pe)(1 - p7) (13)

The estimation of reliability of each node or researcheri(p;,i=1,
2, ..., 7) and the reliability of the co-authorship network pg. was
achieved by a Bayesian approach whose data set D= {(n;, x;),i=1, 2,
..., 7}, in which n; is the total number of publications of researcher
i (either for the referred research group or for other aims) and x; is
the number of collaborators of researcher i for the research group
under consideration, is presented in Table 1.

As non-informative prior distribution it will be considered the
Jeffrey’s non-informative prior distribution given in Section 2.2.
Other natural choice would be the Beta(1, 1) distribution, that is
the same of considering an Uniform(0, 1) distribution. The com-
parison between both was performed using the exact conditional
posterior distributions and the differences between the posterior

the next graphics were constructed using software R (R Core Team,
2013).

Fig. 2 shows the proposed prior densities and their posterior
densities of pg.. The posterior densities associated with the dif-
ferent prior distributions are similar, implying that the posterior
distribution is not sensitive to the choice of the prior distributions.
The following results corroborate this conclusion.

Table 2 shows Bayesian estimates, 95% credibility intervals (CI)
and respective Gelman and Rubin (G-R) convergence indicators
for p;, i=1, 2, ..., 7, taking into consideration non-informative
prior density (NIPD) and weakly informative prior density (WIPD).
Bayesian estimates of pg. and the respective 95% credibility inter-
vals are provided by Table 3.
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Table 2
Bayesian estimates, 95% credibility intervals and convergence indicators for reliabilities p;, i=1, 2, ..., 7.
b1 b2 b3 b4 bs Ps b7
NIPD Bayesian 0.6613 0.3188 0.7692 04111 0.1626 0.4897 0.4758
estimates
CI (95%) [0.4752; 0.8234] [0.2246; 0.4229] [0.6281; 0.9093] [0.2646; 0.5580] [0.0962; 0.2421] [0.3348; 0.6533] [0.3660; 0.5983]
G-R 0.9997 1.0029 1.0041 0.9965 1.0043 0.9990 1.0036
WIPD Bayesian 0.6416 0.3231 0.7507 0.4128 0.1757 0.4889 0.4759
estimates
CI (95%) [0.4701; 0.7977] [0.2158; 0.4282] [0.5997; 0.8807] [0.2761; 0.5657] [0.1026; 0.2662] [0.3369; 0.6437] [0.3524; 0.6028]
G-R 1.0024 1.0026 1.0008 0.9977 1.0023 1.0095 1.0013

From these results, in the case of NIPD, it may be observed
that, according to the configuration of the research group, num-
ber of researchers, and relationship between co-authors and data
on the available scientific production, the estimated reliability for
the co-authorship network was moderate (56.92%) and Bayesian
estimates of researchers’ reliability had a minimum rate of 16.26%
and a maximum one of 76.92%.

Taking WIPD into consideration, estimated reliability for the
co-authorship network was also moderate (56.71%) since Bayesian
estimates for researchers’ reliability had a minimum rate of 17.57%
and a maximum one of 75.07%. The employment of the described
WIPD did not present more accurate results in comparison with the
NIPD, because the mentioned WIPD is weakly informative. Then
it would be expected that the difference between the two prior
densities chosen was small. However, in the case of relevant infor-
mation on the reliability of each researcher by WIPD, improvement
occurred in the precision of results since credibility intervals had
less amplitude than those obtained by NIPD.

It also emphasizes that a sensitivity analysis was carried out
and according to its results, when the prior information is scarce
the posteriors means are not sensitive to the choice of the prior
distributions. Of course that (highly) wrong prior information will
misrepresent the results.

Regardless of prior (weakly informative and non-informative)
density, it should be noted that researchers 3 and 1 are the most
reliable, or rather, those with the highest relative contributions for
the research group, respectively. On the other hand, researcher 5 is
the least reliable. Finally, it has also been reported that the contri-
bution of each researcher is highly relevant for the maintenance of
the research group. As the collaboration of the researcher increases,
his reliability also increases and, consequently, an increase in the
reliability of the scientific co-authorship network may be detected.

—— Posterior- NI |}
--- Posterior- WI |}
------ Jeffreys (NI) |}
---- Beta(2,2) (W) [

Density

Fig. 2. Proposed prior densities (Jeffreys as non-informative - NI - and Beta(2, 2)
as weakly informative — WI) and their posterior densities of pg, (Posterior — NI and
Posterior — WI).

Table 3
Bayesian estimates and 95% credibility intervals for the reliability of the scientific
co-authorship network pg.

Dr¢
NIPD Bayesian estimates 0.5692
CI(95%) [0.4883; 0.6813]
WIPD Bayesian estimates 0.5671
CI(95%) [0.4703; 0.6600]
Table 4

Average of the amplitudes (amplitude) and coverage probability (cp) of the 95%
credible intervals from 500 replications.

NIPD WIPD

Amplitude cp Amplitude cp
D1 0.3197 0.950 0.3149 0.964
D2 0.2080 0.954 0.2068 0.950
D3 0.2758 0.942 0.2820 0.948
D4 0.2947 0.952 0.2858 0.940
Ds 0.1914 0.935 0.1991 0.930
Ds 0.3068 0.956 0.2973 0.942
p7 0.2510 0.934 0.2459 0.960
Pre 0.1998 0.956 0.1905 0.953

4. Validation of the results

To analyze the behavior of the estimates it was conducted a
simulation study in which were considered 500 replications of an
artificial data set with similar characteristics to the real data set.
With more details, to generate the 500 replications of the data set,
they were considered groups of 7 researches following the network
showed in Fig. 1, whose numbers of publications were fixed at (nq,

., n7)=(30, 73, 32, 39, 88, 37, 57). The researchers’ reliability, p;,

i=1,...,7, were generated from a U(0, 1) and the number of collab-
orations of researcher i for the research group, x;,i=1, ..., 7, were
generated from Binomial(n;, p;),i=1, ..., 7.

The same estimation procedures considered in the real analysis
were used here. Table 4 shows that the coverage probability of the
95% credible intervals for the estimates of p;,i=1, ..., 7, and pg_ are
around 95% what means that 95% of the credible intervals capture
the true value of the parameters. Also according to Table 4 it is
verified that in this scenario the averages of the amplitudes of the
credible intervals are between 20% and 30%. Then it is possible to
conclude that the obtained results are in agreement with what is
expected.

5. Conclusion

Current investigation proposes a Bayesian inference approach
for the reliability of a co-authorship network with a specific focus
on nodes, that represent the researchers, and considering perfectly
reliable edges, which represent the co-authorship relations. The
methodology is feasible and it is easily implemented computa-
tionally. When there is prior information about the parameters of
interested it usually is scarce, resulting in weakly informative prior
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distributions. So, despite that this prior information could be incor-
porated in the estimation process, the results of this research show
that there is no loss when are assumed non-informative prior distri-
butions to the parameters in comparison with weakly informative
prior distributions.

The advantage of a modeling focused on nodes is that it is
possible, in a future research, to measure the importance of each
researcher in the co-authorship network through the calculus of
the network reliability conditioned on its absence. Although the
approach considering both edges and nodes is desired there are two
reasons for not considering it. First, because it can be intractable.
And second, the extra information obtained with the addition of the
edge to the approach considering just the nodes may be negligible.

It should be underscored that the inference approach proposed
for the evaluation of reliability of co-authorship networks com-
bined with social network analysis studies may generate relevant
results for the maintenance of the functionality of research groups
and their activities, which in turn contributes to create survival and
competitiveness strategies for these groups.
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