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a  b  s  t  r  a  c  t

This  paper  shows  how  bibliometric  models  can  be used  to  assist  peers  in selecting  candi-
dates  for  academic  openings.

Several  studies  have  demonstrated  that  a  relationship  exists  between  results  from  peer-
review  evaluations  and  results  obtained  with  certain  bibliometric  indicators.  However,  very
little  has  been  done  to analyse  the  predictive  power  of  models  based  on  bibliometric  indi-
cators.  Indicators  with  high  predictive  power  will  be seen  as good  instruments  to  support
peer  evaluations.  The  goal  of  this  study  is to  assess  the  predictive  power  of a model  based
on bibliometric  indicators  for the  results  of academic  openings  at the level  of  Associado  and
Catedrático  at  Portuguese  universities.  Our results  suggest  that  the  model  can predict  the
results of  peer-review  at this  level  with a  reasonable  degree  of  accuracy.  This  predictive
power  is better  when  only  the  scientific  performance  is assessed  by  peers.

© 2014  Elsevier  Ltd.  All rights  reserved.

1. Introduction

Peer-review is a process that uses a set of experts, considered qualified individuals for a given field, to perform a review.
These experts formulate a set of qualitative judgments related to the object under assessment. Peer-review can be applied
in several contexts: (1) it is frequently used by the academic community in internal evaluations; (2) it is systematically
used by the editors of journals to evaluate submitted manuscripts; (3) applicants for academic or research positions are
normally selected by a special committee of experts and (4) doctoral theses are submitted to a jury of experts. In the
case of manuscripts submitted for publication, peer-review is used to improve the quality of the manuscripts by detecting
weaknesses and errors. The feedback given by peers is used by the author to revise and improve the work. It is usually
assumed that evaluation considers the originality and the contribution of the work for the advancement of knowledge in
the scientific community. Similar evaluations occur in cases 3 and 4 mentioned above. In internal evaluations, peer-review
is used for decisions regarding promotions. In this situation not only the aspects stated above are evaluated, but other

parameters are also assessed depending on the final purpose. Peer-review has a long history and is well accepted by the
scientific community, despite its limitations. In this sense, it seems correct to say that the final judgments made by peers
are considered trustworthy.
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Several criticisms have been raised against this methodology. Studies to assess the validity and to design strategies for
mproving the peer-review process are not very common. The absence of agreement among peers (or reliability) when they
re asked to assess the same proposal is the main weakness of this methodology. This was  analysed by Hodgson (1997) using
he proposals submitted simultaneously to the Heart Stroke Foundation (HSF) and the Medical Research Council of Canada
MRC). Both agencies use peer-review to undertake evaluations and Pearson’s correlation obtained between the scores was
.592. The two agencies made the same decision for 72.5% of the proposals. The correlation between the ratings given by
wo independent peers to the same proposal out a set of proposals was also analysed using the Australian Research Council
ARC) database containing around 3000 proposals. These proposals were evaluated by more than 6000 external peers who
ere asked to rate the proposals on the quality of the project and the quality of the proponent researchers. The authors found

eliabilities ranging between 0.15 and 0.53 (Jayasinghe, Marsh, & Bond, 2001; Jayasinghe, Marsh, & Bond, 2003; Jayasinghe,
arsh, & Bond, 2006). Reale, Barbara, and Costantini (2007) studied the reliability of the peer judgments in four disciplines

biology, chemistry, economics and humanities) at the Valutazione Triennale della Ricerca (VTR). The authors calculated
pearman’s coefficient to evaluate the level of agreement between two  peers when assessing the same research output.
hey found that Spearman’s coefficient ranged between 0.25 in chemistry and 0.46 in economics.

A similar study was done by Cicchetti (1991), but in this case the reliability was  studied using manuscript submissions to
ournals. The author studied the reliability considering the different characteristics of the disciplines. Reliability was analysed
or general and diffuse disciplines and for specific and well-defined disciplines. He found that when disciplines are general
nd diffuse there is more agreement on rejection of documents than on acceptance. The opposite behaviour was observed
hen disciplines are specific and well-defined. Bornmann, Mutz, and Daniel (2010) catalog the results from more than 40

tudies covering the reliability of journal peer-review.
Wood, Roberts, and Howell (2004) studied the reliability of the peer-review process at the UK Academy for Information

ystem (UKAIS) conference. The authors found low levels of reliability.
Reliability was also studied for the selection of doctoral and post-doctoral applicants at the Boehringer Ingelheim Fonds

BIF). The author found that in 76% of the cases peers agreed on the decision to accept or reject an applicant (Bornmann &
aniel, 2005).

Up to this point, only works studying reliability have been discussed, but other studies have analysed potential biases in
he peer-review process. In particular, features such as gender, institutional affiliation, academic title and nationality among
thers have been studied for both peers and research applicants. At the ARC, the fact that applicants are allowed to propose
heir own peers has been studied to determine whether this procedure introduces a potential biases. Marsh, Bonds, and
ayasinghe (2007) showed that the ratings given by peers nominated by the research applicants were higher than those
iven by the peers nominated by the funding panel.

Marsh, Jayasinghe, and Bond (2008) stated that peers from Australia tend to give lower ratings than peers from others
ationalities, but part of this difference can be explained by the bias introduced by the applicants appointment. They verified
hat peers nominated by the applicants are more likely to come from other world regions (not Australia) than peers nominated
y the panel. Even controlling for this aspect the authors observed that peers from Australia give lower ratings.

The studies looking at institutional affiliation as a source of bias suggest different findings. At the ARC the authors found
hat high prestige universities were more successful (Marsh et al., 2007). Reale et al. (2007) looking at the VTR, found there
as no bias associated with the prestige of the institution.

Jayasinghe et al. (2003) showed that the academic title has a positive effect on the final rating attributed by peers at the
RC. They found that to be a Professor in the sciences has a significant and positive effect. In social sciences and humanities
eing a Professor is not significant, although they found Professorial status to interact significantly with university status.
he study made by Reale et al. (2007) showed an opposite scenario at the VTR. The authors found no association between
he academic level of the applicants and peer judgments. For all scientific fields analysed (chemistry, biology, humanities
nd economics) they found insignificant p-values.

Jayasinghe et al. (2003) observed that gender is not a potential bias in peer-review processes. In the same study they also
howed that age was not significant in sciences, but was significant in social sciences and humanities.

Studies looking to see if peer judgments are influenced by the particular characteristics of the applicants and peers do
ot allow a general conclusion to be reached regarding a source of bias in the methodology. However, we  can say that
otential biases exist, but the way they influence the final rating depends on several factors, such as the scientific area and
he scientific culture of the system that is being evaluated.

Another important issue in peer-review of grant proposals is the number of proposals assessed by peers. Jayasinghe et al.
2003) showed that when a peer is asked to evaluate three or more proposals the results are more reliable and valid. Indeed,
hen peers assess several proposals more references are available to draw judgments based on the originality, quality and

ontribution of the proposals to the advancement of knowledge.
In addition to these criticisms associated with peer-review there are other disadvantages of the methodology:
) Time and implementation costs of peer-review methodology are very high. When applied on a large scale, e.g., an institu-
tional or national level, it may  be very expensive or impossible to implement. As a consequence, only the most significant
research outputs are selected for evaluation. In the case of universities it may  be difficult to select the best research
outputs. In several cases, the selection could be based on the prestige and the position of the authors rather than the real
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quality of the outputs. A study made by Abramo, D’Angelo, and Caprasecca (2009) showed that Italian universities did
not select their best outputs for the VTR, distorting the final results due to an inefficient selection.

) In some situations (as in the case of Portuguese academic openings) the parameters used for evaluation are pre-defined,
but each panel member uses his own criteria to undertake the evaluation. One of the more frequent ways of assessing
applicants for academic openings is by looking at where the applicants have been published, but again detailed criteria
are not specified. In addition, if one of the applicants works in a very specialized field, some of the panel members may
only have a general knowledge of that topic; in this situation it can be considered that these members do not have the
knowledge needed to undertake the evaluation;

c) Peer-review has been criticized for taking a conservative view and not being receptive to new ideas. This may  be prejudicial
to emerging areas.

In fact, in the peer-review process the parameters that must be evaluated are stated (e.g. relevance of contribution;
conception of the contribution, methodology (journal submissions); author’s background; the originality of the proposed
research project (grant submissions)) depending on the final purpose (Bornmann, 2011). But in all these situations peers
will use their own knowledge and expertise to formulate a judgment. The way the evaluation is undertaken differs among
peers because each peer applies his own methods.

Some of the limitations pointed out above can, in part, be counteracted if bibliometric indicators are used as an auxiliary
instrument in peer-review. Several studies have tried to find a relationship between peer-review and bibliometric indicators
at different levels (Abramo et al., 2009; Aksnes & Taxt, 2004; Bornmann & Daniel, 2006; Bornmann & Daniel, 2007; Bornmann,
Wallon, & Ledin, 2008; Franceschet & Costantini, 2011; Nederhof & van Raan, 1987; Reale et al., 2007; Rinia, van Leeuwen, van
Vuren, & van Raan, 1998; Taylor, 2011; van Raan, 2006). The authors of these studies used simple statistical methodologies
to verify that the results of the peer-review process correlate with the results obtained through bibliometric indicators. For
some of these models the design was primarily based on bibliometric indicators. Studies in this area should analyse the
predictive power of the models defined, which in practice was often not the case.

The goal of the study presented here is to assess the predictive power of a model based on bibliometric indicators. The
question is how far a model based on bibliometric indicators can go to predict the decisions of peer panels knowing that
peer-review methodology is affected by the aspects mentioned above. If this was to be proven possible, then we  could
suggest the use of these bibliometric models as auxiliary instruments in peer assessment. In this analysis there is a set of
covariates that influences the peer decision that cannot be observed by the analyst. Here, some of the limitations of the
process (poor reliability, potential biases, among others) will be considered as if they introduce an “error” in the decision
of each individual expert. These aspects will be treated as random errors. With this study we try to address the following
research questions:

1) How well can a bibliometric model predict the final decision of an expert panel?
2) Will the proposed bibliometric model have significantly better predicting power than a purely random model?
3) Considering that the bibliometric model is being applied to decisions relating to academic openings, would the model

perform better in a situation where research performance alone was considered?
4) Can a bibliometric model be used as an auxiliary instrument for peer judgment?

This paper is organized as follows: Section 2 describes the methodology later used in testing each model; Section 3
describes and interprets the results obtained; Section 4 draws together the main findings of our study.

2. Material and methods

2.1. Data set and statistical methodology

We  consider a set of 27 academic job openings at the level of Associado and Catedrático at Portuguese universities, knowing
the final decisions made by peers (the ranking of candidates for each opening). A total of 171 applicants applied to these 27
job openings. Table 1 shows how the numbers of applicants are distributed over the openings.

The scientific production of the 171 applicants indexed in the Web  of Science (WoS) for the 10 years up to the date of
their application was used in this study to produce a set of indicators for each candidate. The indicators were combined in
a predicting model.

The process of defining the models started with a set of 12 indicators to characterize the scientific production of the
applicants (Vieira, Cabral, & Gomes, 2013).

The indicators used were:
• NDF – the total number of documents published by the applicants. Each document was divided by the number of authors
(N) associated with (1/N).

• HCD – percentage of highly cited documents. This indicator records the percentage of documents of a given researcher
that are in the Top 10% most cited Portuguese documents.
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CD – percentage of citing documents without self-citations from the total number of citing documents.
PDC – percentage of documents cited.
hnf index – This indicator is calculated in a way similar to the h index, but considers the different citation cultures of each
subject category and the number of authors per publication (Vieira & Gomes, 2011).
NIR – Normalized indicator for researchers. This indicator gives the normalized average number of citations per document
taking into account the different citation culture of each subject category where the researcher has been published.
SNIPm – the median of the SNIP indicator (Moed, 2010) for the set of journals where the applicants have been published.
SJRm – the median of the SJR indicator (Gonzalez-Pereira, Guerrero-Bote, & Moya-Anegon, 2010) for the set of journals
where the applicants have been published.
NAm – Median number of authors per document. The NAm is a normalized median number of authors per document,
considering the variability of the number of authors in the subject categories.
DIC – percentage of documents with international collaboration.

able 1
istribution of the numbers of applicants over the 27 openings.

Number of applicants Number of openings

1 or more 27
2 or more 27
3 or more 21
4 or more 19
5 or more 18
6 or more 17
7 or more 14
8 or more 12
9 or more 10
10 or more 5
11 or more 1

Considering the features of our data set, a rank ordered logistic regression (ROLR) was used to adjust the model to the
vailable data (Train, 2009). The basic concept of the ROLR is that the panels rank a set of applicants taking into account the
o called utility associated with each applicant. Peers will first choose the applicant with the highest utility. The utility is
efined by:

Unj = Vnj + εnj (1)

here Vnj =  ̌ · xnj is a linear function of the observed explanatory indicators (xnj) and  ̌ the vector of coefficients. The εnj
epresents those factors that influence utility, but are unknown to the analyst. The probability of an applicant, i, being placed
rst by the peer panel, n, within each job opening with j applicants is given as:

Pnj = eˇ·xni∑
je

ˇ·xnj
(2)

The numerator of the equation represents the exponential of the utility related to choice i (applicant) and the denominator
he sum of the exponential of the utilities that represent the choice set available to the panels.

Initially, multicollinearity was detected, this being particularly strong between hnf and NDF. As this is not desirable for
ur analysis, three strategies were considered:

) To group the indicators using factor analysis (Strategy 1).
) To eliminate the variable hnf from our set of indicators and to define a model using the remaining indicators (Strategy 2).
) To eliminate the variable NDF from our set of indicators and to define a model using the remaining indicators (Strategy

3).

Following these strategies, we constructed three models as shown below. Each model gives the probability of a given
pplicant being placed first (Pni).

Model 1

Pni = e1.06PCni∑
e1.06PCnj

(3)

j

here PCni is a composite indicator obtained through factor analysis and encompasses nine indicators (hnf, NIR, NDF, PDC,
CD, Q1, NI, CD and SJRm). The remaining indicators were not considered in the PC as they did not meet the requirements of

he factor analysis.
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Model 2

Pni = e
0.40hnfni

+0.032HCDni∑
je

0.40hnfni
+0.032HCDni

(4)

The indicators hnf and HCD were found to have significant impact (p < 0.05) These represent the impact of the scientific
production of the applicant. The hnf indicator goes further, giving information about the dimension related to quantity.

Model 3

Pni = e0.11NDFni+0.044HCDni+0.19NAmni∑
je

0.11NDFni+0.044HCDni+0.19NAmni
(5)

The indicators with significant impact (p < 0.05) in this model are related to quantity (NDF), impact (HCD) and collaboration
(NAm).

The rationale behind these models has already been presented and discussed (Vieira et al., 2013). Here we are interested
in the performance of these models relating to the predictions of the final decisions made by the panel for this type of job
openings.

2.2. The success of the models in predicting the final decisions

Train, in his book dedicated to discrete choice models states: “Another goodness-of-fit statistic that is sometimes used, but
should actually be avoided, is the “percent correctly predicted.” This statistic is calculated by identifying for each sampled decision
maker the alternative with the highest probability, based on the estimated model, and determining whether or not this was the
alternative that the decision maker actually chose. The percentage of sampled decision makers for which the highest-probability
alternative and the chosen alternative are the same is called the percent correctly predicted. This statistic incorporates a notion
that is opposed to the meaning of probabilities and the purpose of specifying choice probabilities. The statistic is based on the idea
that the decision maker is predicted by the researcher to choose the alternative for which the model gives the highest probability.
However, as discussed in the derivation of choice probabilities in Chapter 2, the researcher does not have enough information to
predict the decision maker’s choice. The researcher has only enough information to state the probability that the decision maker
will choose each alternative. In stating choice probabilities, the researcher is saying that if the choice situation were repeated
numerous times (or faced by numerous people with the same attributes), each alternative would be chosen a certain proportion of
the time. This is quite different from saying that the alternative with the highest probability will be chosen each time” (Train, 2009).
Here we adopted the following procedure with the aim of testing the success of the models. Initially, in a very simplistic
way, we determined the percentage of openings where the applicant placed in first position by peers has a probability of
being placed first that is higher than that expected in a situation where there is no information about the applicants and
the selection is random. The information provided by the models allows us to go into more detail and to adopt the same
procedure using pairs of applicants. In the set of openings available it is possible to find 426 pairs. For an opening with six
applicants (ranked 1, 2, 3, 4, 5 and 6 by the peers) we  have 14 pairs (1-2; 1-3; 1-4; 1-5; 1-6; 2-3; 2-4; 2-5; 2-6; 3-4; 3-5; 3-6;
4-5; 4-6).

The relative positions of the candidates ranked four and below (when more than four candidates apply) will not be
considered in the evaluation of the model as it has been suggested that panels tend to pay less attention to the ranking given
as they go down in a large set of applicants (Vieira et al., 2013). This is the reason why we considered all the pairs formed
among candidates 1–4 and the pairs formed between applicants 1–4 and applicants below 4.

2.2.1. Probability distribution functions associated with the results provided by the models
While a simplistic method can be employed as described above, more information about the predictive power can be

obtained using the probability distribution function associated with the data of each model for pairs of applicants. In these
distributions the Y variable will be studied, representing the number of pairs predicted correctly using the models. The
methodology adopted for defining the models allows the probabilities to be determined for different subsets. For each pair
it is possible to use the probability of each applicant being placed first. An example is provided below.

Example
Consider an opening with three applicants (C1, C2, C3) where the probability of each one being placed first is 53.8%,

20.2% e 26.0%, respectively. The applicant C1 was placed in first position by the peers and C2 and C3 in the second and third
position, respectively. For pair C1 and C2, the probability of being placed first is 72.7% for C1 and 27.3% for C2.

Two possible outcomes are possible for each pair; one is success (with probability p) and the opposite failure (with
probability 1 − p). Success means that the prediction given by the models coincides with the decision of the peers. The
probability of success is the probability that the applicant would be placed in first position by the peers in the pair to be

selected first using the models. As the success probability differs among pairs it was not possible to apply the binomial
distribution. In this case the solution was to use the Monte Carlo method.

With information about the probability of success for each pair, we carried out a simulation to determine the probability
distribution function of each model, i.e., the probability of correctly ordering 1, 2, . . .,  426 pairs of applicants.



2

o
p
a

a

d

2

j
t
o
a
i
p
a
f
d

i
p

w

i

a

E.S. Vieira et al. / Journal of Informetrics 8 (2014) 390–405 395

.2.2. Comparison of the results of the models with the results of a scenario where candidates are selected randomly
It is important to assess if the predictions given by our models are better than those that we would make in the absence

f hard information on the applicants. In this case, the probability (p) of correctly guessing the winner of any pair is 50%. The
robability of guessing correctly X pairs of the total of n = 426 follows a binomial distribution that can be approximated by

 normal distribution with average equal to n/2 and a standard deviation equal to
√

n/2,

X∼N(n × p;
√

n × p(1 − p)) (6)

X∼N

(
n

2
;

√
n

2

)
(7)

Following the methodology described above, we can determine the actual distribution for the data of each model and
pproximate it by a normal distribution (this will be shown in the next section):

Y∼N(�; �) (8)

Above, Y is the number of pairs predicted correctly by each model and � and � are the actual average and standard
eviation of the determined distributions.

Finally, we  calculate the following probability for each of the three models:

P(X > Y) = P(X − Y > 0) (9)

.2.3. Predictive power of the models when scientific performance alone is assessed
We  defined our models using variables that describe some aspects of the scientific performance of the candidates. In the

ob openings other dimensions are considered in addition to scientific performance. For 74% of the total number of openings,
he scientific performance has a weighting of between 60% and 70% on the final decision made by peers. For the remaining
penings the weighting varies between 45% and 55%. The other dimensions are related to teaching, technology transfer
nd management activities. In this study these dimensions were not considered due to the impossible task of collecting
nformation relating to these activities at the time of candidature. If we were to consider openings where the scientific
erformance is the unique aspect evaluated, we would expect to have better predictions. This will require a relatively long
nd very technical excursion into the realm of the statistical theory being used in this paper. This will be of hard reading
or most of the readers, but we consider that this should be demonstrated. Those readers interested in a more detailed
escription of the methodology used here should consult Train (2009).

Starting from the expression that gives the utility and considering a new term representing the other dimensions (teach-
ng, technology transfer and management activities), it is possible to infer the predictive power of each model if the scientific
erformance were the only aspect assessed.

Unj = anj1ˇnj1xnj1 + bnj2ınj2ynj2 + εnj (10)

Unj is the utility that the peer panels attribute to alternative j (applicants);
ˇn1xnj represents the scientific performance dimension and was  evaluated here using bibliometric indicators;anj is the

eight attributed to the scientific performance in each opening;
ın2ynj represents the other dimensions that cannot be assessed using bibliometric indicators;bnj is the weight attributed

n each opening to the unobservable dimension;
εnj is the error or stochastic term.
The terms εnj are those factors that influence the utility and are unknown to the analyst. It is assumed that the εnj follow

n iid extreme value distribution. The probability density of each εnj is:

f (εnj) = e−εnj e−e−εnj (11)

The cumulative distribution is:

F(εnj) = e−e−εnj (12)

We  can now rewrite the expression (10):

εnj = Unj − anjˇnj1xnj1 − bnjınj2ynj2 (13)

εnj = Unj − anjVnj1 − bnjVnj2 (14)
The probability that a particular peer panel, n, chooses the alternative i is:

Pni = P(Uni > Unj, ∀j /= i) (15)

Pni = P((Vni1 + Vni2) − (Vnj1 + Vnj2) > εnj − εni, ∀j /= i) (16)
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Variables Vnj1 and Vnj2 were introduced to help simplify the expression. Using the density function f(εnj), this probability
can be rewritten as:

Pni =
∫

I(εnj − εni < Vni1 + Vni2) − (Vnj1 + Vnj2)∀j /= i)(εnj)dεnj (17)

where I(. . .)  is the indicator function, being equal to 1 if the argument is true and 0 if it is false.
As it is assumed that the εnj’s are independent, the cumulative distribution of all j /= i is the product of the individual

cumulative distributions and the probability is given by:

Pni/εni
=
∏
j  /=  i

e−e−(εni(Vni1+Vni2)−(Vnj1+Vnj2))
(18)

As we do not know εni and Vn2, then we can calculate the probability as:

Pni/εni
=
∫

f (Vni2)dVni2

∫
f (Vnj2)dVnj2

∫ ∏
j /=  i

e−εni e−e−εni e−e−(εni+an∗(Vni1−Vnj1)+bn∗(Vni2−Vnj2))
dεni (19)

Pni/εni
=
∫

f (Vni2)dVni2

∫
f (Vnj2)dVnj2

eanVni1+bnVni2

eanVni1+bnVni2+e
anVnj1+bnjVnj2

(20)

Pni/εni
=
∫

f (Vni2)dVni2

∫
f (Vnj2)dVnj2

1

1 + ean(Vni1−Vnj1)+bn(Vni2−Vnj2)
(21)

The calculation of expression (21) implies that the distribution of V2 is known. Without information about V2 the solution
was to assume a few reasonable hypotheses. The working hypotheses and the procedure used are described in Appendix A.

The determination of Pni/εni
through expression (21) will allow an estimation of the improvement of the information

given by the models in a situation where the scientific performance is the unique aspect assessed.

3. Results and discussion

3.1. The predictive power of the models

Having been placed in a given position by each panel, Table 2 presents the percentage of openings where the probability
of the applicant being placed first is higher than that to be expected in a situation where we do not have information about
the applicants and the selection is random.

Table 2
Comparison of the models’ results with a random scenario.

Model PR1 (%) PPairs (%)

1 78 75
2  70 75
3  63 76

PR1 in Table 2 is the percentage of openings where the applicant having been placed in first position by the peer panel has
a probability of being selected first higher than the probability expected in a random scenario. In the second column, PPairs
gives the percentage of pairs (from the 426 counted as explained in Section 2) where the applicant placed in first position
(by the peers) has a probability of being positioned first better than chance (50%).

It is considered that the percentage obtained for each model in both situations is higher as we only considered on the
parameterization of the models those variables related with the scientific performance.

Fig. 1 presents histograms representing the frequency distribution of the probabilities determined using each model for
the 426 pairs. The probabilities represented are those obtained for the applicant placed in the better position out of the pair.

In Fig. 1 we can see that there is a concentration of the pairs on the right side of the histogram, i.e. for probabilities above
50% showing, the superiority of the models in relation to the scenario where applicants are ordered randomly.

Using the data given by the models and simulation processes we  can go further and formulate more detailed conclusions
about the application of bibliometric analysis as an auxiliary instrument for the peer-review process. The assessment of the
probability distribution function associated with the data of each model allows inferences to be made about the accuracy
of the forecasts provided by each model. The distributions obtained, as explained in Section 2, are shown in Fig. 2 with the
respective parameters.
The intention here is to use these distributions to determine the expected number of pairs predicted correctly (mean
values) using the information given by each model. It is possible, in Fig. 2, to observe that the distributions obtained have
a pattern close to the normal distribution. Here the distributions represent the probability of a given result occurring for
the discrete variable ‘number of pairs predicted correctly’. In the binomial distribution, the probability of success associated
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Fig. 1. Frequency distribution of Pni .

Fig. 2. Probability distribution function for the 426 pairs obtained using the Monte Carlo method.
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with each event is the same for all attempts. In this situation, the probability of success differs among pairs, so we cannot
consider that the binomial distribution describes the data’s behaviour. However, the number of observations is large and
this allows us to adjust the normal distribution to the data and to draw conclusions about the results obtained through the
simulation.

The Kolmogorov–Smirnov test resulted in the rejection of the null hypothesis, i.e. there is no statistical evidence that the
data comes from a normal distribution (p < 0.001). However, this test has some sensitivity to large samples as it has the
capacity to detect minor deviations in relation to the assumed distribution. The option was taken to design the frequency
histogram using the superimposed normal curve and information about skewness and kurtosis.

In Fig. 3 we can in fact see that the data follow a normal distribution well. The values for skewness, in Table 3, show that
the distributions are slightly skewed to the left, with magnitudes close to zero suggesting small tails. The kurtosis values are
also small and suggestive of a leptokurtic distribution for Models 1 and 2, and a mesokurtic distribution for Model 3.

Using Model 1 we can say that, on average, we can correctly predict 63% ± 2% of the pairs. This percentage is almost the
same for Model 2 and 3 (65% ± 2% and 64% ± 2%). The values are well above that expected in a scenario where applicants are
selected randomly (50%).

Fig. 3. Normal distribution adjusted to each model.

Table 3
Values obtained for skewness, kurtosis, average and standard deviation.

Models Skewness Kurtosis Average Standard deviation
Model 1 −0.014 0.012 267.5 9.1
Model  2 −0.028 0.003 275.6 9.0
Model  3 −0.028 0.000 274.4 8.9
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Table  4
Average and standard deviation for each probability distribution function.

Variables Model Average Standard deviation

Model 1 267.5 9.1
Y  Model 2 275.6 9.0

Model 3 274.4 8.9

X  Random selection 213 10.3
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Model 1 −54.5 13.5
(Y  − X) Model 2 −62.6 13.5

Model 3 −61.4 13.4

.2. Value added by the prediction models when compared to a random selection

If for a given opening we have two applicants and we  do not have any information about them, we  must assume that
he probability of each candidate being placed first is 50%. With our models we are expecting to gain some information, i.e.
etween two candidates we will be able to say that one has a probability of being placed first higher than 50%. In this sense

t is important to show how good our models are when compared with a situation where the choice among candidates is
urely random.

As we saw before, a normal distribution can be adjusted to our results. In the scenario without information about the
pplicants a normal distribution can be used, as an approximation to the true binomial. Here we want to assess what the
robability is that the predictions made in a random situation would be better than those that we  have using the models.
his is given by expression (9) as explained in detail in Section 2.

For the scenario where the applicants are selected randomly it was  assumed that the number of pairs predicted correctly
X) follows a normal distribution characterized by the following parameters:

X∼N

(
426

2
;

√
426
2

)
(22)

As our data have a normal distribution in both scenarios we know that:

(X∼Y)∼N

⎛
⎝n

2
− �;

√√√√((√
n

2

)2

+ (�)2

)⎞⎠ (23)

Table 4 shows the average and the standard deviation for each situation.
For each model we determined that the probability of the forecasts available in a random scenario being higher than

hat given by the models is actually very low (lower than 0.01%). Indeed, the models supply more information than that
ccessible in a situation where peers do not have information about the applicants. This conclusion allows us to highlight
he contribution of the bibliometric analysis as a decision support tool in peer-review evaluations.

.3. Assessment of the method if scientific performance alone were considered

We  are using bibliometric indicators as predictor variables but these indicators depend on just one of the dimensions
valuated. For the remaining dimensions (pedagogical, knowledge transfer and academic management) no metrics are
eadily available for use as indicators. At best, bibliometric indicators may  be expected to predict one component of peer
ssessment. As we compare the global peer assessment with the predictions of our model, this affects our results negatively.
f we were to apply our methodology to a situation where scientific performance is the single aspect evaluated we  would
xpect to get much better predictions.

The weight attributed to scientific performance is not the same for all openings. We  tried to relate the probability of a given
andidate being selected first with the weight of the scientific performance in the final decisions, assuming total ignorance
f the other components. In order to do this, several working hypotheses were considered as described in Appendix A. The
esults obtained are presented in Fig. 4. The y-axis represents the probability of each candidate being placed first if only the
cientific performance were taken into account. The x-axis presents the probability of each applicant being chosen by first
aking into account the weight of the dimensions not observed in the final decisions made by peers (mixed evaluation). Each
urve represents the correlation for a given weight attributed to the dimensions not considered.

Two situations can be identified in Fig. 4. For values where the probability is higher than 50% in the mixed evaluation, the
esults show that the probability of an applicant being placed first can be improved substantially if the evaluation were based

nly on the scientific performance. Considering the two extreme cases (in the sample used here), i.e. the opening where the
cientific performance represents 70% of the total evaluation and that where the scientific performance represents 45% it
as possible to determine that the probabilities can be improved between [0.2%; 12.2%] and [0.2%; 29.9%] respectively. If the
robability dips to values lower than 50% (mixed evaluation) then the probability of an applicant being placed first would
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Fig. 4. Relation between the probability of a given candidate being placed first, when only the scientific performance is assessed, and the probability in the
real  case of mixed assessment, for different weights of the non-scientific components.

decrease under an evaluation based solely on academic performance. This behaviour was  already to be anticipated; if the
scientific performance of the applicant is poor the remaining parameters assessed by peers will be decisive and crucial for
formulating a decision about the applicant.

With the probabilities obtained using our models and the weight given to the hidden dimensions in each opening, we
can estimate the probability of success of each pair for the case when only scientific performance is being assessed. The
probabilities estimated allow us to determine new probability distribution functions for each model. Once we have the

distributions, we are in the position to quantify the improvement in our models when applied to situations where only the
scientific performance is being assessed. Fig. 5 shows the obtained probability distribution functions.

Fig. 5. Probability distribution functions for 426 pairs using the Monte Carlo method.
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Table  5
Standard deviation estimated using the empirical data.

Model Estimated �V2

Model 1 1.09
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Model 2 1.23
Model 3 1.72

The results confirm that the average number of successes increases if only the scientific performance is assessed. For
hese models the average percentage of pairs predicted correctly increases to 69% ± 2%. This represents an improvement of
round 7% for Model 1, 6% for Model 2 and 8% for Model 3 in relation to the initial situation.

The results presented in Fig. 5 were obtained using a set of working hypotheses as described in Appendix A. However, with
he empirical information available we can estimate the standard deviation associated with the unobservable parameters
ssessed by peers (V2). The comparison of this value with that obtained using a theoretical approach allows us to infer the
ccuracy of the values estimated. A detailed description of the procedure used is available in Appendix A. Table 5 presents
he results obtained for �V2 .

Table 5 shows that the values obtained for the �V2 are never far from the range [�/
√

6; �/
√

3] as estimated before. The
verage number of correctly predicted pairs will not be far from those shown in Fig. 5, given the estimated values for �V2 in
able 5.

.4. A model based on bibliometric indicators as an auxiliary instrument of peer evaluation

The results obtained here suggest that models based on bibliometric indicators may  be a relevant auxiliary instrument
or peer evaluation. However, this instrument may  not be used abusively, as scientific performance is a very broad concept
nd some aspects are impossible to measure by applying these indicators. The example presented below shows a situation
here the judgment cannot solely be based on the information given by these models.

Example
A researcher working in an emergent field might not have impact in the scientific community in the first years, but he/she might

xpect full acknowledgment from the scientific community after the emergent field becomes well accepted in the community. If
his researcher is assessed using our models the results will suggest a weak scientific performance, but peers have competences
hat allow the identification of these special cases.

Scientific activities take many dimensions and the assessment of the performance depends on the policies of each scientific
ystem. In a situation where one of the goals of the evaluation is to determine the socio-economic impact of the scientific
ctivity, peer-review is crucial and the use of indicators may be limited.

In this study we explored the predictive power of the models comparing the results obtained with the decisions of peer-
eview. However, we have to be aware of the limitations of peer-review. The lack of reliability, potential bias and conflict
f interests are some aspects that influence this methodology, as is suggested by the studies reviewed in the Introduction.
his methodology is uniquely used in the scientific community when the assessment of research activities is the main goal.
ithout other options to validate our indicators the procedure adopted here is the best available.

. Conclusions

The predictive power of three models based on bibliometric indicators was explored while accounting for several dimen-
ions. The results obtained led us to the following findings:

All models have a similar predictive power.
Models 1, 2 and 3 found that in 78%, 70% and 63% of the openings, respectively, the applicant placed in first position by
peers has a probability of being placed first that is better than chance. If the analysis is made considering pairs of applicants,
the percentage of cases where this situation is observed is 75% for Models 1 and 2 and 76% for Model 3.
The results given by the models overlap significantly with those from peer-review for a reasonably percentage of pairs,
despite peers considering other dimensions besides scientific performance. Using the models it is expected, on average, to
correctly predict between 63% ± 2% and 65% ± 2% of the pairs, i.e. the decision of the peers is coincident with that obtained
using the models.
The probability of the information existent in a random scenario being better than that available using our models is rather
small (<0.01).
The results given by the models improve when only the scientific performance is assessed by peers. An improvement
between 6% and 8% was estimated for the average value.
The forecasts provided by the models are considered satisfactory, considering all the factors that affect the peer-review
rocess.
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The conclusions would be stronger if this study were applied to openings where the scientific performance was  the
unique parameter assessed.

From the three models available, Model 1 will probably be disregarded as this requires the calculation of nine indicators
and the predictive power is similar to Model 2 and 3. This model is the best in providing forecasts in the situation where the
analysis only takes into account the applicant placed in the first position. Model 2 and 3 have a similar predictive power, but
the indicators represent different dimensions of the scientific performance. Here, peers have to state which dimensions are
relevant.

In the selection of candidates for academic openings, information about the parameters that must be assessed and their
weight on the final decisions have to be mentioned. The openings used here provided this information in the announcement.
When bibliometric analyses are requested by the peer panels, the dimensions that they are intended to characterize have
to be met. In this situation, bibliometricians have to inform the final users of the indicators about the sources used in the
calculation, the limitations of the indicators, the set of assumptions considered and the difficulties that could arise in the
interpretation of the results provided by the indicators. By supplying this information it will be possible to use the results
obtained using bibliometric indicators in a responsible way.

It is also important to consider that individual performance cannot be reduced to a simple “number”. The performance
is influenced by several factors, such as researcher’s age, position in the working group and scientific domain. Within the
same academic environment and for researchers that have the same position, the activity profile may  differ considerably.
It is possible to find researchers that always work alone and others who  collaborate occasionally. In this matter it is also
important to consider if the working group is well established in the scientific community. In summary, when bibliometric
indicators are used to compare the performance of researchers, the working context of each researcher has to be considered.

Our final suggestion is to use bibliometric indicators as an auxiliary instrument, offering objective information which
can then be complemented with other relevant information that directly or indirectly impacts the scientific performance of
researchers. A combination of a quantitative method (bibliometric techniques) and a qualitative method (peer-review) can
improve the overall assessment for this kind of academic openings.
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Appendix A.

This section describes the set of working hypothesis used to determine the performance of the models, for the case
where scientific performance is the unique parameter used by the peers when assessing applicants. These hypotheses aim
to determine the values of expression (21) in Section 2.

If bn, in expression (21), is assumed to be equal to zero, then:

Pni/εni
= 1

1 + ean(Vni1−Vnj1)
(24)

If bn is different from zero we need to solve the integral in expression (21), but for this we need the distribution of V2. As
we do not have information about the variables that characterize V2 some reasonable hypothesis are considered.

The term εni essentially encompasses those factors of the dimensions V1 and V2 that influence the utility and are unknown
to the analyst. In this sense, we can consider that the dispersion of the term εn is related to the dispersion of V1 and V2 and
in order to determine the dispersion of the term εn we  need to know the distributions of V1 and V2.

Hypothesis 1: V1 and V2 have a normal distribution.

V1∼N(�V1 ; �V1 ) (25)

V2∼N(�V2 ; �V2 ) (26)

Hypothesis 2: V1 and V2 have equal dispersion.

�V1 = �V2 = �V (27)

If we consider that peers give equal attention to both dimensions, and we have no reason to suspect that this is not true,
we can assume that the dispersion of V1 and V2 is the same.

With these two hypotheses we can say that:

�εn =
√

((an1�V1 )2 + (bn2�V2 )2) (28)
�εn = �V

√
((an1)2 + (bn2)2) (29)

We  are using a normal distribution to draw inference about the standard deviation of the term εni, when, in fact, this term
follows an iid extreme value distribution. As we can see in expression (16), only the difference between utilities is important
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or calculating the probabilities. If we have two alternatives, j and k, then εn = εnj − εnk is the distributed logistic. Using the
dd extreme value distribution for the error term or the logistic distribution for the difference between error terms is almost
he same as using the normal distribution. In fact, the logistic distribution has heavier tails than the normal distribution
llowing a better control of the atypical observations.

Now, with these hypotheses we can determine the range of variation of �εn for different values of bn.
If bn = 1 then:

�εn = �V (30)

If bn = 1/2 then:

�εn = �V
1√
2

(31)

The final result is that:

�εn ∈
[

1√
2

; 1
]

�V (32)

In the ROLR the scale of the utility is normalized using the variance of the error term. In this sense, the coefficients obtained
re the impact of the observed variables relative to the standard deviation of the unobserved variables (Train, 2009). This
s shown in the following expression. The error variance is fixed at a certain value for convenience. In the standard logistic
istribution the variance of the error term is �2/6.

If �2 = �2/6 then:

Unj = anj

ˇ∗
nj1

�εnj

�√
6

xnj1 + bnj

ı∗
nj2

�εnj

�√
6

ynj2 + εnj (33)

If

�εn ∈
[

1√
2

; 1
]

�V (34)

Then:

�√
6

= 1√
2

�V2 (35)

�√
6

= 1�V2 (36)

The final conclusion is that:

�V2 ∈
[

�√
6

;
�√
3

]
(37)

We  stated above the hypothesis for the distribution of V2. We  have now the estimated standard deviation for this
omponent and it is possible to solve the integral of the expression (21).

V2∼N
(

0;
�√
6

)
(38)

We  chose the lowest value for the standard deviation. As the standard deviation decreases, the influence of the error term
lso decreases and the results given by the models improve. However, the final results are not very sensitive to this choice.

The values in expression (21) were determined using the Monte Carlo method as there is no analytical solution. The
ollowing steps were carried out:

) Consider that in expression (21):

K = ean1(Vni1−Vnj1) (39)

If bn is equal to zero in expression (21), then the determination of Pni is done using expression (24):

e(Vni1−Vnj1) =
(

1
Pni

− 1
)

(40)

and:

K =
(

1 − 1
)an1

(41)

Pni

) Values for Pni were fixed and determined the values of K.
) With information about K, and the average and standard deviation of V2, the expression (21) was  resolved using the

Monte Carlo method.
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The probabilities estimated through the simulation process were used to build new probability distribution functions
and to estimate the improvement of the information given by the models if only the scientific performance were assessed
by peers.

The accuracy of the estimated �V2
The empirical data available allows the reliability of the estimated values to be tested for the �V2 using the process

described above.
Hypothesis 1: The dispersion of V1 and V2 are the same.

�V1 = �V2 (42)

The utility is defined as:

Unj = anj1ˇnj1xnj1 + bnj2ınj2ynj2 + εnj (43)

If the term V1 (ˇnj1xnj1) has two variables (x1 and x2) we know that each variable has its own  standard deviation. When
we multiply the coefficient associated with each variable by the standard deviation (of the variable) we  will obtain the
dispersion of this term. The effect of dimension V1 on the dispersion of the utility is given by:

anj(ˇnj1�xnj1 + ˇnj2�xnj2 ) (44)

The effect of dimension V2 (ınj2ynj2) on the dispersion of the utility is given by:

bnjınj2�ynj2 (45)

As we already saw  ̌ and ı are normalized taking into account the variance of the unobservable factors of the error term:

ˇnj1 =
ˇ∗

nj1

�εnj
× �√

6
(46)

ˇnj2 =
ˇ∗

nj2

�εnj
× �√

6
(47)

ınj2 =
ı∗

nj2

�εnj
× �√

6
(48)

If �V1 and �V2 are the same then �V2 can be estimated using the following expression:

(ˇnj1�xnj1 + ˇnj2�xnj2 ) = �V2 (49)

The value obtained for the �V2 by expression (49) can now be compared with its estimate in expression (35) and (36).
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