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Abstract

This article applies a transformation into probabilities of preference, to rank papers submitted to the XLI
Brazilian Symposium of Operational Research. Some 42 papers were divided into sets according to their
main topics of interest and measures for 12 attributes were considered, for each paper separately, and also
for sets of papers on the same topic, based on the referees’ evaluations. Four alternative forms of
composition of the probabilistic preferences are illustrated.
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1. Introduction

Multi-criteria composition models have as their main aim to offer the decision maker means of
quantifying, and hence making more transparent, the relations between the criteria taken into
account in a decision process (Rivett, 1994; Clı́maco, 2003; Tsoukiàs, 2008).
Three main obstacles may hinder attaining this objective: errors in the conversion of

evaluations given in different scales to a common scale, lack of precision in the evaluations
according to each criterion and dependence between the criteria blurring the evaluation of their
relative importance.
The importance of the inconvertibility of evaluations increased, historically, as these

evaluations extended from the economic sector, where the convertibility effort is, most of the
time, limited to setting all values in monetary units (Allais and Hagen, 1979; McFadden, 1999), to
other areas where social, environmental and other values are not easily converted to a monetary
representation (Tversky and Kahneman, 1981; Ehrgott et al., 2005).
The difficulty in dealing with the criteria evaluated in inconvertible reference settings is clear

when the combination has to be made by weighted averages (Aczél and Saaty, 1983; Lootsma,
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1988; Vincke, 1992; Barron and Barrett, 1996; Hammond et al., 1998; Triantaphyllou, 2000). The
need to take into account the scale of measurement when setting the weights has been signalled in
the literature long ago (Foster and Sen, 1997; Woodward and Bishop, 1997; Saisana et al., 2005;
Zhou et al., 2006).
There is always some amount of subjectivity in deriving preferences for any kind of attribute

and the lack of information on the degree of uncertainty in classifications considerably impairs the
use of such classifications. The imprecision of the evaluations and the need to take into account
uncertainty in order to derive probabilistic conclusions can make it very difficult to combine
multiple criteria (Balch et al., 1974; Selvanathan and Prasada Rao, 1994; Stewart, 2005; Sonmez,
2007).
The problem of dependence between the criteria has been generally avoided by enforcing

independence assumptions. Nevertheless, there are situations where directly eliminating
dependence is unfeasible (Machina, 1982; Govindaluri and Cho, 2005). This is, for instance,
the case when comparing the options by combining indicators of preference measured at different
levels of aggregation of the evaluated options on an individual basis and in clusters of
homogeneous individuals.
By measuring the preferences according to each criterion in terms of the probabilities of being

the preferred option (Sant’Anna, 2002), a probabilistic composition of the indicators may be
performed in such a way that the correlations between such indicators can be taken into account.
Any vector of measures of preference for each of set of competing options can be transformed

into a vector of probabilities of being preferred. The imprecision that is inherent in the initial
evaluation may be modelled by considering the measure of preference assigned to each option as a
midpoint of a statistical distribution of possible evaluations for that option and these distributions
are determined by adding stochastic disturbances to such midpoints.
Finally, the probabilities of being ranked first in a sample drawn from the probability space of

such distributions are computed. After determining the probabilities of preference according to
the multiple criteria, different probabilistic points of view may be chosen to combine such
preferences into global evaluations.
This paper examines the application of this probabilistic composition to the situation where the

individuals evaluated interact inside groups. The individual performances must be evaluated
taking into account group features. If the same attributes are measured to evaluate the
performance of isolated individuals and their performance as a group, the uncertainty affecting
the formation of the two evaluations will include common factors. In the probabilistic approach,
as the global measurement is a joint probability, the correlation between the individual and the
group evaluations can be taken directly into account, as we show in the example considered here,
of the selection of the best paper presented at a congress. The papers are divided into groups
according to the research area and the criteria are divided into groups of different importance. A
total of 12 criteria are combined to rank 42 papers.
The article is developed as follows: in the next section, the transformation into probabilities of

being the best option is discussed. Section 3 presents different points of view that may be taken to
translate probabilities of being the best according to isolated criteria into global evaluations.
Section 4 presents the problem of taking into account collective evaluations and the correlation
between the vectors of evaluations that may arise. Section 5 develops the application. Final
comments conclude the article.
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2. Probabilistic composition of preferences

The key computation in the evaluation of probabilistic preferences is the determination of the
probabilities of each option being the preferred one among those in a sample. The probability of
considering a particular option as the best one is a natural measure of the decision-maker
preference for that option. To be able to compare and compose the different criteria of preference,
we transform our measurements into probabilities of being preferred. What cannot be measured
cannot be managed, but numbers without a measure of their precision cannot be managed either.
From any kind of measurement, a ranking of the options can be derived. On the other hand, a

ranking with possible ties and empty spaces may represent every distance between the different
options that one may have in mind. To compute the probabilities of being the best in a set of
options after ordering them, all we need is a statistical measure of the uncertainty on each position
in that ordering. To take uncertainty into account, the rank of each option, or any other numerical
indication of its position, may be seen as a location parameter of a statistical distribution.
Once the observed measurements are seen as estimates of location parameters, estimates of

other parameters can be derived from the same set of observations. For instance, the observed
range, i.e., the range of observed values for the criterion in the entire set of examined options, may
be used as an estimate for a common range for these distributions. Different assumptions on the
form of the distribution can therefore be considered for modelling. To compensate the lack of
empirical information, simplifying and equalizing assumptions are at the essence of Fuzzy Sets
Theory (Zadeh, 1965). By the same token, imposing assumptions of independence between the
disturbances affecting the different observations and hypotheses for the form of the distributions
will provide the necessary framework. The distributions may be assumed, for instance, normal
with identical variance, or uniform with identical range, or triangular distributions with the same
maximum and minimum points.
In the present application, triangular continuous distributions with the same minimum and

maximum are assumed, as is usual for membership functions of fuzzy set theory (Petrovic et al.,
2008; Liang and Cheng, 2009). The use of fixed extremes is a way to emphasize the best and worst
evaluations. This reflects our point of view that if, according to a given criterion, no option is
classified as ‘‘very good’’, a classification as ‘‘good’’ according to this criterion should not make it
equivalent to a classification of ‘‘very good’’ according to some other criteria.
Other symmetric distributions may be assumed, with standard deviations derived from the

observed range. For instance, uniform distributions are assumed in Sant’Anna (2002) and normal
distributions in Sant’Anna (2005).
To facilitate comparisons, the probability of being the preferred option may be computed with

respect to a sample of fixed size, drawn at fixed percentiles of the set of observed values. In the
application to be discussed, the selection of a best paper in a set of 42, this sample is formed by the
nine deciles. In general, with n options being evaluated by the ordered values x(1), . . . , x(n), the kth
decile will be given by dk 5x(i(k)), with i(k)5 k�n/10, if this is an integer, or dk 5 [x(i(k))1x((i(k)11)]/2
for i(k), the largest integer smaller than k�n/10, otherwise. To set the dispersion, the maximum and
minimum values for each distribution may be derived from the maximum and minimum observed
values. Here, estimates given by x(1)1(d9� d1)/8 and x(n)� (d9� d1)/8 are used.
Let us consider, for instance, the case of only five options being compared and ranked in a Likert

scale of five points by the numbers 1 to 5. The intermediate percentiles will be 1.5, 2.5, 3.5 and 4.5.
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The distribution centred at each of these values will be a triangular distribution with extreme values
0.5 and 5.5.
The probability of an option being evaluated as best can be computed by integrating with

respect to the joint distribution, as presented in the Appendix.

3. Different approaches to the combination of probabilistic evaluations

After computing the probabilities of being the preferred option according to each criterion, it is
easy to combine them into a unique measure of global preference. This can be done, for instance,
by treating these probabilities as conditional on the choice of the respective criterion and then
computing the total probability of preference by adding the products of these conditional
probabilities by the probabilities of choosing each criterion. The real difficulty in this approach is
to determine the marginal probabilities of choice for each criterion. This is especially true if the
criteria are correlated. If it is possible to rank the criteria and model the correlation between them,
the probability of choice for each criterion may be computed in the same way as the probabilities
of preference are computed according to each criterion.
We can also combine the probabilistic preferences by computing joint preferences according to

different points of view. In this approach, the dependence between the criteria may be directly
taken into account. The different points of view considered here are characterized in terms of
choice between extreme positions in two basic orientation axes. These extreme positions are, in
one axis, an optimistic versus a pessimistic position and, in the other, a progressive versus a
conservative position.
In the progressive–conservative axis, the progressive evaluator looks for options that are the

first in excellence and the conservative evaluator chooses based on their ability of not minimizing
the preference. The term ‘conservative’ in this terminology is related to the idea of avoiding losses,
while the term ‘progressive’ is related to the idea of constant improvement.
In the optimistic–pessimistic axis, the optimistic extreme consists of being happy with the

satisfaction of only one criterion. All the criteria are taken into account, but the composition uses
the connective ‘or’. The joint probability computed is that of maximizing (in a progressive
composition or of not minimizing in a conservative one) the preference according to at least one
of the criteria. On the opposite end, the pessimistic point of view goes for options that satisfy
every criterion. The connective is ‘and’. The joint probability computed is that of maximizing (or
not minimizing) simultaneously the preference according to all the criteria. The terms optimistic
and pessimistic are related to the idea that luck is or is not at one’s side.
Let I5 fi1, . . . , ing denote a set of n criteria and K5 fk1, . . . , kng a set of m options. By

combining the positions in the extremes of these two axes, four different measures are generated.
In the progressive and optimistic points of view, evaluating each option by its probability of being
preferred by at least one criterion, if Pik is the probability of the kth option being preferred
according to the ith criterion and the criteria are independent, the value assigned to this option is
given by 1�

Q
iAI(1�Pik) . The computations for the other points of view are similar and are

illustrated in Appendix A.
If the criteria are divided into groups and different points of view are allowed in the

computation of the joint probabilities for each group, the number of possibilities increases. A
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natural division of the criteria into groups is in a subset of criteria to be maximized and another
subset for which we want minimization. For instance, criteria of benefits and criteria of losses,
criteria related to the production of outputs and criteria related to the use of inputs, criteria
related to advantages and criteria related to disadvantages and so on.
Other measures may also be considered. For instance, the criteria may be divided into a variable

number of independent subsets and the global evaluation may be given by the probability of
presenting the best performance in at least one criterion of each subset.
The choice of the composition algorithm will have to take into account practical considerations.

There are cases, as in many segments of public administration, where the situation to avoid is a very
bad performance. If such a situation is detected, action must be taken and progress starts. Basing the
computation on the probabilities of being the worst would also be advisable in the case where most
of the observed values or the more reliable ones are close to the minimum efficiency values. With only
a few values on the efficient side, it is safer to evaluate performance by the probability of being away
from the inefficiency frontier than by the proximity to the efficiency frontier.

4. Modelling cooperative attributes

Evaluation systems based on the comparison of individual performances may not foster global
improvement, as they enhance competitive practices where cooperation would be of more
important value. On the other hand, individual efforts should also be prized and evaluating only
on the basis of group achievement may leave important drives for improvement out of the
performance evaluation.
For instance, rewarding the productivity in scientific research through grants awarded to

researchers presenting, comparatively, the best indicators stimulates attitudes that will eventually
harm the development of productive research. It induces individual research objectives at the
expense of collective projects. Also, a rivalry develops as each researcher has to compete for the
same grants reserved for the research field.
Therefore, any evaluation system must take into account variables measuring group effects that

affect the individuals evaluated. Otherwise, the evaluator who claims to be judging individual
performance may be basically measuring individual results attributable to the context where the
work is carried out.
In the present work, the evaluation system used allows for individual and group indicators in

such a way that the evaluation of each individual is affected by the group performance but its own
individual achievements also have a significant impact on its personal result. As we put together
variables measuring individual attributes and variables measuring these attributes in aggregated
units, a positive correlation may exist between the stochastic components of these variables.
In Sant’Anna (2009), it was pointed out that the composition of fuzzy logic (Zadeh, 1978) by

the necessity and possibility concepts is equivalent to taking, respectively, the minimum and the
maximum of the membership probabilities. It corresponds to an extreme of the correlation
between indicators of occurrence. This last property follows from the fact that the highest
correlation would be that making the probability of the intersection equal to the lowest
probability among the events intercepted. Assuming independence has the advantage of allowing
the actual numerical values, not only the minimum of them, to be fully taken into account.
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To state this feature in a more concrete way, consider the set I of criteria divided into two
subsets I0 and I1, the criteria in I1 being applied only to individual options while the criteria in I0
are applied both to individual options and to clusters. The division in clusters may vary from one
criterion to another. For instance, when evaluating research groups, a criterion based on the
economic value of projects may place in the same cluster research groups of the same geo-
economic region, while for a criterion based on research papers published, the relevant clusters
may be composed in terms of research fields.
For any option kAK and any criterion iAI0, let ci(k) denote the cluster the kth option falls into

when the ith criterion is applied. For any kAK and any iAI, let Mi(k) and mi(k) denote the
probabilities of the kth option, respectively, maximizing and minimizing the preference according
to the ith criterion. If the criterion iAI0, let Ni(k) and ni(k) represent the probabilities of the kth
option maximizing and minimizing the preference according to the ith criterion, obtained by
substituting for the individual evaluations according to this criterion the evaluations of the
clusters they belong to.
Assuming independence between disturbances affecting individual evaluations and the

maximum correlation between disturbances affecting individual and cluster evaluations, the
pessimistic and progressive approach assigns to the kth option the scoreY

i02I0
minfMi0ðkÞ; Ni0ðkÞg

Y
i12I1

Mi1ðkÞ:

Analogously, the pessimistic and conservative point of view assigns to the kth optionY
i02I0
½1�minfmi0ðkÞ; ni0ðkÞg�

Y
i12I1
½1�mi1ðkÞ�;

the optimistic and conservative point of view assigns the score

1�
Y
i02I0

minfmi0ðkÞ; ni0 ðkÞg
Y
i12I1

mi1ðkÞ

and, finally, the optimistic and progressive point of view assigns the score

1�
Y
i02I0
½1�minfMi0ðkÞ;Ni0ðkÞg�

Y
i12I1
f1�Mi1ðkÞg:

5. Application: evaluation of papers

SOBRAPO – the Brazilian Society of Operational Research awards a prize to the best paper
submitted to its symposium. The papers submitted are subjected to a double-blind evaluation by
referees who also answer 11 questions. These answers, together with the number of referees who
effectively agreed to evaluate the papers, provide an initial basis of 12 attributes for analysis by the
Award Committee. A preliminary filter reduces the choice to only those papers written in English.
Even so, a total of 42 papers were considered for evaluation in 2009. Combining 12 criteria to
evaluate 42 options is a considerable task.
Besides answering the questionnaires, the referees make comments and suggestions. The

authors of the articles not immediately rejected then have the opportunity to submit a revised
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version to the Scientific Committee. At present, the Award Committee uses the initial referees’
evaluation to reduce the number of papers to be examined and takes into account attributes of the
papers such as the importance of new research areas or the level of interaction between distinct
research groups.
SOBRAPO aims, with the prize, to enhance the quality of the papers presented at the

Symposium, but also to foster the development of high-quality research in the field. As OR deals
with distinct subjects and applications, both from a theoretical and an applied point of view, the
papers are spread over a large range of sub-areas. A special concern of the Society is to bring to
the Symposium the largest possible variety of themes. In 2009, for instance, almost every sub-area
of Operational Research competed for this one prize. Hence, in some sense, it is not only the best
paper but also its area that eventually wins the prize.
As already discussed, the model developed provides a way to consider the subject area of the

paper. Criteria that take together papers of the same sub-area will tend to place in inner ranks those
papers whose sub-areas have more submissions, thereby reducing their chances of being ranked the
best. The combination of individual evaluation with group evaluation may improve the rank of good
individual papers whose strengths are close to those of its group and harm the chances of those that
are good but their sub-area is not so. For these reasons, it is interesting to compare ranks based on
individual evaluations alone, with ranks generated by considering group evaluations.
The group evaluation of each paper, for each criterion, is the median of all evaluations

according to the criterion, over the papers belonging to the sub-area. The combination of the
individual and group probabilities assumes the maximum correlation between these two
evaluations and is therefore made by the minimum.
Table 1 shows the 10 areas with their respective number of papers. Table 2 presents the list of

criteria considered and Table 3 the probabilities of each paper being the best according to the
method discussed in Section 2, using the fixed deciles. We assume triangular distributions with
mode in the evaluation attributed to the paper and with maximum and minimum fixed, again as
described in Section 2. For the first 11 attributes, as more than one referee examined the paper, the
median value was used.
The 12 criteria were divided into three groups, each comprising four criteria. The first group

relates to the technical importance of the paper. The second group evaluates the quality of the

Table 1

Areas

Emphases Areas No. of papers

Applied Industrial Applications (I) 8

Applied Social Applications (S) 6

Theoretical Optimization (O) 5

Applied Logistics (L) 4

Theoretical Data Envelopment Analysis (D) 4

Theoretical Metaheuristics (M) 4

Theoretical and Applied Optimization or Metaheuristics/Industrial or Social (OI) 4

Theoretical Multicriteria (C) 3

Theoretical Graphs (G) 2

Theoretical and Applied Optimization or Metaheuristics/Logistics (OL) 2
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presentation and the last group the referees overall impressions. The three groups are therefore
Group 1 (relevance, quality, correctness, relationship); Group 2 (organization, language,
references, presentation); Group 3 (total value, acquaintance, award value, number of evaluators).
Two different forms of composition were performed. The first used a weighted mean, with a

value of 16 for each criterion of the first group, one for each criterion of the second group and
eight for each criterion of the last group.
The second form of composition did not use any weights. It used the joint probability of

preference. First, a global probability of preference was computed according to each of the three
groups of attributes. These three probabilities of being preferred were multiplied together to
derive the probability of being preferred jointly.
To combine the criteria of the first group, a pessimistic and progressive approach was used, so

that the score of each paper was obtained by multiplying the probabilities of being preferred
according to each of the four criteria of the group – this approach reflects the point of view that
the paper must be excellent according to all technical criteria. To combine the criteria of the
second group, a progressive and optimistic approach was used – this approach requires the paper
to be excellent according to at least one of the presentation criteria. We therefore multiply the
probability of not being the best according to each criterion in group 2 and subtract from 1.
Finally, the criteria for the last group were combined from a conservative and a pessimistic point
of view – this approach prefers evaluations that are not the worst, according to every criterion. It
is the product of the probabilities of not being the worst for each criterion within the group.
Hence, we give greater importance to the criteria of the first group, treated as essential, and less

importance to those of the second group, as it is enough to reach the frontier of excellence
according to at least one of them. In the third group, all the criteria are accounted for, but the
papers are evaluated by the distance to the worst possible performance, thereby reducing the
difference between the papers with the best evaluations. Table 4 presents the ranks according to
the two compositions and whether sub-areas are considered in the final evaluation.
It becomes apparent, with a closer look at Table 4, that the inclusion of sub-areas into the

analysis increases the stability of the final judgements. In spite of good correlations between the

Table 2

Criteria

Criteria Questions Values

Relevance How relevant is this article? 1–3

Quality In terms of quality, how do you classify the article? 1–4

Correctness As for the presence of mistakes, how do you classify the article? 1–4

Relationship How do you evaluate the references to related papers in the article? 1–5

Organization How is the organization of the article? 1–5

Language With respect to the use of language, how do you evaluate the article? 1–5

References How do you evaluate the references of the article? 1–5

Presentation How do you evaluate the visual presentation – figures, format, etc of the article? 1–4

Total value What is your global evaluation of the article? 1–3

Acquaintance How confident you feel on your evaluation? 1–3

Award value Would you recommend this article as a candidate for the SOBRAPO Premium? 1–2

Evaluators 1–4
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four rankings in Table 4 – the correlation coefficients between the vectors of ranks are all above
0.6 – they increase noticeably when group evaluations are added to the model. Considering only
individual evaluations, the coefficient of correlation between the vectors of evaluations derived

Table 3

Probabilities of preference for ungrouped criteria

Paper Relev. Quality Correc. Organ. Lang. Relat. Refer. Presen. Total Acq. Award Eval. Area

1 0.04 0.11 0.07 0.07 0.12 0.11 0.12 0.08 0.17 0.06 0.05 0.2 I

2 0.04 0.11 0.18 0.07 0.12 0.11 0.07 0.08 0.07 0.06 0.05 0.2 I

3 0.04 0.11 0.10 0.12 0.09 0.06 0.12 0.08 0.10 0.08 0.05 0.08 I

4 0.04 0.11 0.10 0.05 0.09 0.11 0.05 0.10 0.10 0.08 0.05 0.08 I

5 0.04 0.11 0.07 0.07 0.07 0.11 0.07 0.08 0.17 0.06 0.05 0.24 I

6 0.04 0.08 0.10 0.09 0.12 0.06 0.12 0.14 0.17 0.12 0.05 0.08 I

7 0.16 0.11 0.07 0.12 0.12 0.06 0.07 0.08 0.17 0.06 0.05 0.03 I

8 0.16 0.11 0.07 0.09 0.12 0.08 0.12 0.14 0.07 0.12 0.05 0.02 I

9 0.07 0.11 0.18 0.12 0.12 0.08 0.09 0.08 0.10 0.08 0.05 0.08 S

10 0.07 0.11 0.18 0.09 0.12 0.11 0.12 0.10 0.10 0.12 0.05 0.02 S

11 0.07 0.11 0.05 0.12 0.07 0.11 0.12 0.14 0.10 0.08 0.05 0.08 S

12 0.16 0.27 0.18 0.12 0.12 0.24 0.12 0.14 0.07 0.06 0.25 0.03 S

13 0.07 0.17 0.18 0.09 0.18 0.11 0.09 0.10 0.10 0.08 0.25 0.08 S

14 0.16 0.11 0.18 0.12 0.12 0.11 0.12 0.08 0.17 0.06 0.05 0.03 S

15 0.16 0.11 0.10 0.09 0.07 0.11 0.07 0.10 0.10 0.32 0.05 0.02 L

16 0.16 0.11 0.07 0.12 0.12 0.11 0.12 0.14 0.07 0.12 0.25 0.02 L

17 0.04 0.06 0.18 0.12 0.07 0.11 0.12 0.08 0.07 0.12 0.05 0.24 L

18 0.16 0.11 0.07 0.12 0.12 0.11 0.07 0.14 0.07 0.12 0.25 0.24 L

19 0.16 0.11 0.07 0.07 0.07 0.11 0.09 0.10 0.10 0.12 0.05 0.08 OI

20 0.16 0.08 0.10 0.12 0.12 0.11 0.12 0.10 0.07 0.08 0.05 0.08 OI

21 0.16 0.11 0.07 0.12 0.12 0.11 0.12 0.08 0.17 0.12 0.05 0.03 OI

22 0.16 0.11 0.07 0.05 0.12 0.11 0.07 0.14 0.17 0.12 0.05 0.03 OI

23 0.07 0.11 0.07 0.18 0.09 0.11 0.18 0.14 0.10 0.19 0.05 0.08 OL

24 0.16 0.11 0.18 0.12 0.12 0.11 0.12 0.14 0.07 0.12 0.25 0.03 Ol

25 0.04 0.27 0.18 0.25 0.25 0.24 0.25 0.14 0.07 0.06 0.05 0.24 G

26 0.16 0.11 0.18 0.25 0.25 0.11 0.25 0.14 0.17 0.06 0.25 0.03 G

27 0.16 0.17 0.18 0.09 0.18 0.11 0.09 0.21 0.07 0.06 0.25 0.08 O

28 0.04 0.27 0.18 0.12 0.25 0.11 0.12 0.14 0.07 0.32 0.25 0.24 O

29 0.07 0.08 0.18 0.09 0.09 0.11 0.09 0.14 0.34 0.08 0.05 0.08 O

30 0.16 0.17 0.07 0.12 0.18 0.11 0.09 0.10 0.10 0.19 0.05 0.08 O

31 0.16 0.11 0.18 0.12 0.12 0.24 0.12 0.31 0.07 0.06 0.25 0.03 O

32 0.04 0.11 0.18 0.12 0.12 0.11 0.12 0.14 0.07 0.12 0.25 0.24 M

33 0.16 0.04 0.04 0.07 0.05 0.04 0.12 0.08 0.17 0.12 0.05 0.03 M

34 0.04 0.06 0.07 0.07 0.07 0.11 0.07 0.08 0.17 0.12 0.05 0.03 M

35 0.07 0.08 0.10 0.07 0.12 0.08 0.07 0.08 0.10 0.06 0.25 0.08 M

36 0.04 0.11 0.10 0.12 0.12 0.06 0.12 0.10 0.07 0.12 0.25 0.08 D

37 0.04 0.11 0.07 0.12 0.12 0.06 0.07 0.08 0.07 0.12 0.25 0.03 D

38 0.04 0.11 0.10 0.09 0.12 0.11 0.12 0.10 0.07 0.08 0.05 0.02 D

39 0.16 0.11 0.07 0.18 0.12 0.24 0.25 0.08 0.17 0.06 0.05 0.02 D

40 0.16 0.11 0.07 0.12 0.12 0.11 0.12 0.14 0.07 0.12 0.25 0.24 C

41 0.04 0.06 0.07 0.12 0.07 0.06 0.12 0.08 0.07 0.06 0.25 0.24 C

42 0.07 0.11 0.10 0.07 0.09 0.06 0.06 0.08 0.10 0.06 0.05 0.08 C
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Table 4

Final Rankings

Paper Area Weighted average Joint probability

Simple Grouped Simple Grouped

1 I 31 28 34 33

2 I 25 35 30 32

3 I 35 39 33 34

4 I 41 40 38 37

5 I 34 29 39 36

6 I 36 30 31 38

7 I 23 33 26 35

8 I 33 42 17 30

9 S 21 10 21 11

10 S 27 22 16 12

11 S 37 24 27 21

12 S 4 14 4 8

13 S 11 16 11 13

14 S 13 15 9 9

15 L 14 18 23 17

16 L 15 12 12 14

17 L 18 26 32 26

18 L 8 8 20 15

19 OI 28 17 28 20

20 OI 24 23 13 19

21 OI 19 11 18 18

22 OI 30 21 24 22

23 OL 22 20 15 16

24 OL 7 7 7 7

25 G 3 1 1 1

26 G 2 5 2 2

27 O 5 2 6 3

28 O 1 3 8 6

29 O 16 13 22 10

30 O 12 6 10 5

31 O 10 4 3 4

32 M 9 38 19 39

33 M 39 37 41 42

34 M 42 34 42 40

35 M 32 41 35 41

36 D 20 25 29 25

37 D 29 27 36 28

38 D 40 36 25 27

39 D 17 31 5 24

40 C 6 9 14 23

41 C 26 19 40 31

42 C 38 32 37 29
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from the weighted average and from the computation of joint probabilities is 0.79 (the Spearman
rank correlation coefficient is 0.82). When group evaluations are taken into account, the
coefficient of correlation becomes 0.93 (the Spearman coefficient is 0.90).
The effect of the size of the sub-area could be detected for extreme cases. The sub-area with the

best average rank was ‘Graphs’, with only two papers presented, while the sub-area with the worst
average rank was ‘Metaheuristics’, with four papers. The rank of two of these four papers
changed considerably as sub-areas were included in the analysis.
The observation that the composition based on weighting the criteria seems to be reasonably

insensitive to the values of the weights is also relevant. Compositions were tried with weights given
by observed standard deviations. These weights, which go from 0.44 to 0.99 for the vectors of
individual evaluations and from 0.32 to 0.56 for the vectors generated by substituting for the
evaluations the medians of the clusters, vary less than the weights 16, 8 and 1. Still, both led to
practically the same scores of global preference. The correlation between the scores derived from
the two weightings was 0.95 (the Spearman coefficient is 0.92), for the analyses that did not take
into account sub-areas, and increased to 0.98 (Spearman coefficient of 0.95) when sub-areas were
considered.

6. Conclusion

In this paper, a new proposal for combining evaluations by means of probabilistic preferences was
explored. The application given shows that the probabilistic composition allows us to combine
evaluations with different levels of aggregation and to achieve results that are easy to interpret. It
allowed for comparing papers presented at a scientific meeting, combining very different criteria
according to well-defined points of view.
The application involved a set of 42 options with a reasonably large set of criteria. The

probabilistic composition generated ranks that summarize in a comprehensive way this complex
information. The composition that uses the joint probability of being preferred by the criteria of
different groups and applies different points of view to combine the criteria within each group
provides a way to take into account the importance of the different sub-groups without the need
to decide on quantitative weights for them.
The only dependence relations assumed were those relating the evaluations according to the

same criterion of the papers looked at in isolation and of the papers of the same area taken
together. In that case, the maximum possible positive correlation was assumed. The considerable
agreement between the rankings both taking and not taking into account group evaluation makes
us consider that other dependence structures might not be usefully explored.
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Appendix A

A.1. Converting preferences into probabilities

This Appendix develops the computational aspects of the conversion of initial numerical
preferences into probabilities. Any indication of preferences among a set of options, according to
a given criterion, can be transformed into a vector of probabilities of preference for each option.
We can look at each individual value assigned to the options, for that criterion, as some location
measure, e.g. mean, mode or median, for an uncertainty distribution. Hence, the imprecision that
is inherent in every human evaluation process may be taken into account properly. These
distributions are determined by allowing stochastic disturbances in such central measures.
Therefore, the probabilities of being ranked first or last in a sample withdrawn from the space of
such distributions can be derived to replace the point values that once represented the initial
preferences.
Given a vector of preferences’ values, we need to transform these values into probabilities of

being the best (or worst) choice for each criterion, according to the prescribed uncertainty model.
The appropriate transformation can be derived as follows:
Consider m options evaluated by a given criterion i. Let Xk, for k5 1 to m, be the random

variables associated with the k-th option for that criterion. We need to evaluate, for each option
kAK, Mi(k)5Prob[Xk 5maxfX1, . . . , Xmg] and mi(k)5Prob[Xk 5minfX1, . . . , Xmg].
Assuming the Xks to be independent,

MiðkÞ ¼
Z
Dk

Y
j 6¼k
½FkðxkÞ�½fkðxkÞ�

( )
dxk;

where Fk, fk and Dk are, respectively, the cumulative distribution, the density function and the
support of the random variable Xk.
Analogously, we find that

miðkÞ ¼
Z
DK

Y
j 6¼k
½1� FkðxkÞ�½fkðxkÞ�

( )
dxk:

A.2. Points of view

Different points of view may be characterized in terms of choices between extreme positions in
two basic orientation axes. These extreme positions are an optimistic versus a pessimistic position,
in one axis, and a progressive versus a conservative one, in the other axis.
In the progressive–conservative axis, the progressive evaluator looks for options that are the

first in excellence; the conservative evaluator chooses options for their ability of not being
the worst. In the optimistic–pessimistic axis, the optimist considers enough to excel (or not to be
the worst) in just one criterion. On the opposite end, the pessimist tries to be as good as possible
(or not to be the worst) in every criterion. By combining the positions in the extremes of these two
axes, four different measures are generated.
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For instance, for Pik as defined in Section 3, if the probabilities of the options in a set K of size 5
being the best according to a set I of 4 criteria are as given in Table A1, we have:

(i) For the progressive and pessimistic evaluator, the choice would be option C, which has 0.4%
as the product of the probabilities of being the best option according to all four criteria, that is,
maxkAKfPiAIPikg.

(ii) For the progressive and optimistic evaluator, the choice would now be option A, which
maximizes the probability of being the best according to at least one of the criteria, given as
maxkAKf1�PiAI(1�Pikg . The value for option A is 70.3%.

If we let Table A1 now represent the probabilities of being the worst according to each criterion,
we have:

(iii) For the conservative and pessimistic evaluator, the choice would be option D, which
maximizes the product as given by the expression maxkAK PiAI(1�Pik). The value for option
D is 48.9%.

(iv) Finally, for the conservative and optimistic evaluator, the best choice is option B, with the
value 99.9%, given as maxkAKf1�PiAIPikg.

Table A1

Example

Option Criterion 1 Criterion 2 Criterion 3 Criterion 4

A 0.34 0.26 0.36 0.05

B 0.09 0.17 0.12 0.28

C 0.29 0.16 0.32 0.25

D 0.12 0.18 0.12 0.23

E 0.16 0.23 0.08 0.19
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