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Abstract
A speci2c multicriteria socio-technical approach to facilitating bid evaluation processes is presented and several issues that
warrant its use are discussed. Some real-world interventions in international public call for tenders illustrate practical aspects
of structuring criteria and creating a computer-based additive value model in direct interaction with Evaluation Committees
responsible for bid evaluation, supported by the MACBETH approach. ? 2002 Elsevier Science Ltd. All rights reserved.
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1. Introduction
Several speci2c characteristics of bid evaluation processes in public call for tenders warrant the use of a
methodology to back up decision-making. For instance, it
is within the discretion of the Evaluation Committee (typically a decision-making group of 5 –7 experts and other
key-players) to decide, though not in an arbitrary manner.
This makes it essential for them to be duly quali2ed to provide a clear, unambiguous explanation, to ensure that their
decisions comply with the principles safeguarding equal
treatment for all bidders and transparency in the allocation
of public resources.
We believe that a multicriteria decision aid (MCDA)
is the most suited approach for this type of public decision
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context. This is based on our 2rm belief that the explicit introduction of various criteria is a better method of making a
good decision when confronted by a multidimensional problem than merely considering one single evaluation criterion
such as the lowest price criterion—see [1] for an extensive
survey on the use of MCDA techniques for competitive bidding. However, facilitating bid evaluation cannot be reduced
to a technical process of weighting criteria, rating options,
and then simply applying an aggregation procedure to obtain
a 2nal ranking of the bids. The Evaluation Committee’s work
has a fundamental social component. Therefore, in conjunction with providing the appropriate technical support, the
facilitator should help a decision-making group composed
of people from diverse professional backgrounds and value
systems, and, consequently, with diJerent perspectives about
the value of the options under analysis (often meeting each
other for the 2rst time) to discuss their viewpoints in order
to develop a shared understanding of the key issues and a
sense of common purpose, and exercise, together, their expert judgements in order to come to an agreement on the
best bid(s). It is our experience that Decision Conferencing
(cf. [2]), a socio-technical process composed of a series of
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“decision conferences” (that is, intensive “face-to-face” facilitated group-working sessions lasting each one from 1 to
2 days, intermediate with “oJ-line” data gathering and processing) is the adequate framework for the development of
a multicriteria bid evaluation.
However, there are some methodological and technical restrictions in using a multicriteria approach in public call for
tenders. One, for instance, is the fact that the awarding authority is legally obliged to publish, in the announcement of
the call for tenders, the evaluation criteria and their respective weights, or at least their order of relative “importance”.
As a result, once the criteria have been published, it is
legally unacceptable (according to some legal opinions, with
which we agree) to proceed to any evaluation of the bids
according to a given criterion, based on the application of
a weighted sum of scores assigned to them in aspects that
were not indicated in the call for tenders as sub-criteria. This
restriction makes the evaluation of bids by criteria such as
Technical quality diOcult, particularly in projects or equipment of great complexity, since there are usually numerous
indicators and features that should be taken into consideration when evaluating based on such a criterion.
Moreover, the requirement to publish criteria (and
sub-criteria) weights implies that they must be de2ned before the bids are known. This introduces another technical
problem, since the elicitation of “weights” without reference to the domains of variation of the impacts on criteria
is theoretically incorrect and has no mathematical meaning
in the framework of an additive aggregation model.
Faced with these and other problems to be discussed later,
we have developed a speci2c multicriteria methodology that
has been applied (validated and improved) in numerous bid
evaluation processes, in which some of us have acted as decision analysts and facilitators. It is upon this experience of
intensive interaction with Evaluation Committees that the
present paper is based. The proposed methodology includes
two main phases: structuring and evaluation, addressed in
Sections 2 and 3, respectively. The evaluation phase encompasses the use of scienti2cally correct yet simple techniques,
namely the MACBETH approach (M easuring Attractiveness
by a Categorical Based Evaluation T echnique)—cf. [3–5].
Speci2c multicriteria software, namely M-MACBETH, is used
to support the “on-the-spot” creation of a computer-based
additive value model and to perform sensitivity and robustness analyses on the results derived from the model’s
application. These analyses are essential for drawing up
recommendations in regard to the (relative or intrinsic)
attractiveness of bids; indeed, the evaluation procedure
should never be concluded until the sensitivity=robustness
of the recommendations coming out of the model’s application have been discussed. This is essential to guarantee
that the model is a “requisite model” (in the sense of
Phillips [6]).
As detailed in the next sections, our approach to support
bid evaluation can be viewed as a package of activities (Fig.
1) to be developed in decision conferences. The activities

described below should be understood as generic and, therefore, to be adapted to each particular type of call for tenders
in its respective Evaluation Regulations:
(a) Characterisation of the decision context, by identifying the actors involved and process constraints (see
example-case description in Section 4.1);
(b) De<nition of screening and evaluation criteria, through
the identi2cation and structuring of all aspects considered relevant to the analysis and evaluation of bid submissions (Section 2.1);
(c) Construction of a descriptor of impacts for each evaluation criterion, based on the indicators and the characteristics that allow these criteria to be made operational
(Section 2.2);
(d) Determination of relative weights that make operational the notion of “relative importance” of the evaluation criteria in the framework of an additive aggregation
model, applying MACBETH (Section 3);
(e) Impact appraisal and partial evaluation of the bids for
each criterion, applying MACBETH (Section 4.1);
(f) Calculation of the overall value of each bid, through
the additive aggregation model (Section 4.1):
(g) Sensitivity and robustness analyses of the results in
order to allow an appropriate drafting of recommendations (Section 4.2).
2. Structuring phase
2.1. De<nition of screening and evaluation criteria
A criterion is a tool used to evaluate bids in terms of a
certain point of view or concern considered as fundamental
or key by the decision-making group. There are two types of
criteria: screening and evaluation criteria. Screening criteria
represent the deliberate intention to make bidders comply
with thresholds of admissibility and to only proceed to comparative evaluation of bids from bidders who do so. Each
evaluation criterion is (should be) an independent axis of
comparative evaluation. This is the reason why, very often,
several interrelated concerns have to be grouped in the same
criterion (examples related with ordinal and cardinal independency requirements are given in Sections 2.2.1 and 3,
respectively).
The set of evaluation criteria should be as concise as
possible. Unfortunately, it is not uncommon to come across
a call for tenders in which diJerent indicators are de2ned as
distinct criteria when they in fact represent the same concern.
This introduces redundancy to the model, the consequence
of which will be the overvaluation of what should be only
one criterion.
Several levels of speci2cation may be considered in de2ning the evaluation criteria; in these cases, it is useful to
represent the criteria and sub-criteria in a tree structure,
as displayed in Fig. 2. The value tree should be complete,
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Fig. 1. Methodological diagram. Each bold-framed box typically corresponds to one (or more, depending on the complexity of the case)
decision conference.

capturing all of the fundamental aspects for evaluating the
bids. For instance, in the case of Fig. 2c, the initial set of criteria did not include the criterion Credibility of cost, which
rePects a risk concern. Indeed, when the Evaluation Committee was faced with the question “if two bids were indifferent in each of the criteria already de2ned, is there any
reason to consider one globally better than the other?”, the
answer was “yes, if we knew that the estimated costs were
more credible in one of them”. Notice that the fact that this
criterion was diOcult to operationalise does not justify its
exclusion, as this would lead to an incomplete evaluation
model.
In cases of great complexity, numerous primary evaluation aspects are present, such as the technical requirements
mentioned in the Terms of Reference of the call for tenders
or other aspects that emerged in the initial decision conference devoted to structuring. How detailed should the tree of
evaluation criteria be? The search for an adequate answer
can be facilitated by adopting processes that help to iden-

tify clusters of linked aspects, such as “post-it sessions” (see
[7, Section 12.4.2]) and “cognitive mapping” [8,9]. We use
to represent the results of the processes in a “table of concerns” similar to Table 1. For each criterion or sub-criterion,
we distinguish two possible hierarchical levels of speci2cation of primary aspects: “indicators” and, when appropriate,
“characteristics”. Table 1 reproduces the section related to
the Work methodology criterion in Fig. 2b. For instance,
the sub-criterion Technical procedures has six indicators
each one composed of several characteristics, whereas only
one level of speci2cation was necessary for the two other
sub-criteria.
The essential activity of de2ning criteria has an added importance in public calls for tenders, since, as stated in Section 1, the criteria cannot be changed after the publication of
the call for tenders and the use of weighted sums at the level
of the indicators or characteristics is not permissible by law,
as they were not announced as criteria or sub-criteria. Let
us examine in Section 2.2.2 how to overcome this problem.
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Fig. 2. Evaluation criteria of the International Public Calls for Tenders for: (a) the “design, construction, equipment providing, 2nancing
and short-term operation, of a light-rail system in the Metropolitan Area of Porto”; (b) “inspection and auditing of the construction of the
Porto light-rail system”; (c) “the design and construction of the Terreiro do PaRco station” (a and b issued by Metro do Porto S.A. and c by
Metropolitano de Lisboa, E.P.).

2.2. Operationalisation of evaluation criteria
2.2.1. De<nition of descriptors of plausible impacts
To make a criterion (or sub-criterion) operational for bid
evaluation, a “descriptor” of impacts is associated with it.
By de2nition, a descriptor is an ordered set of (quantitative
or qualitative) plausible impact levels. Depending on the
context, an evaluation criterion can be operationalised by a
natural, proxy or indirect, or a constructed descriptor. If it is

possible to de2ne natural descriptors, this is the appropriate
choice, since the more objective the descriptors are, the less
ambiguous the criteria will be and, therefore, the less controversial the evaluation model. This facilitates the justi2cation of the 2nal decision and meets the requirement of no
arbitrariness. However, the existence of a natural descriptor
does not imply that it is necessarily the best one to operationalise the respective criterion. For example, the Cost of
acquisition of certain equipment may be associated with the

C.A. Bana e Costa et al. / Omega 30 (2002) 227 – 242

231

Table 1
Example of a table of concerns (Metro do Porto S.A.)
Criteria

Sub-criteria

Indicators

Characteristics

Work methodology

Technical procedures

Project revision
Information management

Methodology
System reliability
Information back-up
User friendship
Root support for the MP document encryption scheme
Location and access to archives
Procedures for approval of work plans
Databases
Resource assignment control system
Probability evaluation of deadline ful2lment
Method followed in correcting deviations from plans
Software used in deadline management
State of implementation of quality system in companies
Appropriateness of proposed quality system
Appropriateness of quality system implementation schedule
State of implementation of work safety system in 2rm
Appropriateness of proposed work safety system
Appropriateness of work safety system implementation schedule
Work costs database
Cost prevision system
Methodology to verify bills and quantities
Methodology to establish new prices
Price revision
Cost-term interconnection

Deadline management

Quality management
Safety management
Costs control

Team organisation
Information Pow

Organisation chart
Team size
Diagram of personnel workload
Process of information collection
Flowchart of information circuits

(natural) descriptor proposed price if the payment is made
all at once, or the (indirect) descriptor present value of the
proposed price if the payment is to be made in instalments,
or even revised present value of the proposed price in contexts of high inPation. In a call for tenders in which the quantities to be provided or carried out may vary between bids,
or in a call for tenders “by price series”, the descriptor may
be more sophisticated. This was the case of the call for tenders for “inspection and auditing of the construction of the
light-rail system” (Fig. 2b), in which a “Typical-Team” was
de2ned in the Call for Tenders and the descriptor used for
bid comparisons was (comparison) price resulting from the
application of proposed unit prices to the Typical-Team.
On the other hand, constructed descriptors combining several indicators can be used to avoid problems of ordinal dependence. For example, in the call for tenders put out by
the Metropolitano de Lisboa, E.P. to carry out a work order
integrated in the construction of the Alameda-Expo line in
Lisbon, the Deadlines criterion was de2ned with two indicators, Completion deadline and Viaduct completion deadline (the latter a prerequisite to start other work contracts).
Why was each of these indicators not taken as one distinct

sub-criterion? Because the conclusion of the work contract
is not “isolable” from the conclusion of the viaduct, and the
2nal deadline may depend on the intermediate deadlines due
to the sequential relationships between the activities succeeding or preceding the construction of the viaduct. The
two deadlines were, thus, not independent and had to be assessed together. This is why the descriptor associated with
the criterion Deadlines was a constructed descriptor, whose
impact levels were deadline pro2les corresponding to two
indicators, pro2les which were holistically rank-ordered by
the Evaluation Committee.
2.2.2. De<nition of levels of reference “Good” and
“Neutral”
There are three reasons for recommending the identi2cation of two reference levels (“good” and “neutral”) of intrinsic value in each criterion, that operationalise the idea of
a good bid and a neutral bid (that is, neither attractive nor
repulsive):
1. Experience has revealed that the eJort required to identify good and neutral levels contributes signi2cantly to
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Table 2
Example of intrinsic reference levels of price (Metro do Porto S.A.)
Level

Description

Good

A bid with a price that is 300 million Portuguese escudos lower than the average (comparison) prices among the bids presented
in the call for tenders
A bid with a price that is 100 million Portuguese escudos higher than the average (comparison) prices among the bids
presented in the call for tenders

Neutral

Table 3
Example of reference levels for indicators (Metro do Porto S.A.)
Indicator

Good

Neutral

Organisation chart

Well-de2ned areas of responsibility and work assignment that tend to minimise zones of divided
responsibility. Hierarchical dependencies clearly
assigned and not shared. Existence of automatic
responsibility delegation in case of temporary
absences
Team sizing that ensures eOcient performance of
auditing tasks, allowing a reduction in the size of
the Typical-Team equivalent to 10%
Totally coherent with the physical planning of the
work

Well-de2ned areas of responsibility. Some shared
hierarchical dependencies, but clearly justi2ed

Team size
Diagram of personnel
workload

the intelligibility of the criteria. It is one thing to say
that a bid submission is better than another in the Price
criterion, for example, yet, it is quite another to specify
what is meant by a good price or a neutral price. Table
2 shows how these levels were de2ned in the Evaluation
Regulation for the Price criterion in Fig. 2b.
2. An explicit statement regarding good and neutral levels
of reference makes it possible to objectify the notion of
intrinsic attractiveness of each bid, assigning it to one of
the following categories:
• very positive bid, when it is at least as attractive as a
2ctitious good bid;
• positive bid, if it is at least as attractive as a neutral
2ctitious bid, but less attractive than a 2ctitious good
bid;
• negative bid, if it is less attractive than a neutral 2ctitious bid.
Making the reference levels explicit, rather than simply producing a relative attractiveness ranking through
a comparative evaluation of the bids, permits the determination of the intrinsic value of each of them, which
helps to avoid situations in which an inappropriate bid
is chosen, even if it is the best bid present in a call
for tenders (in this case, the best of a set of “bad”
bids).
3. De2ning the two reference levels allows the use of
a criteria-weighting procedure that simultaneously
matches speci2c characteristics of public calls for

Team sizing equivalent to the Typical-Team and that
ensures eOcient performance of auditing tasks
Diagram with no signi2cant incoherence

tenders and is valid in the theoretical framework of the
application of an additive aggregation model, as we will
see in Section 3.
When a criterion (or sub-criterion) integrates several
“indicators”, a neutral (respectively, good) level can have
several de2nitions, for instance: “all indicators at their respective neutral levels (respectively, good)”. Note that it is
also necessary to make explicit the reference levels for the
indicators. Table 3 provides an example for the indicators
of the sub-criterion Team organisation described in Table
1, as stated in the Evaluation Regulations.
The degree of complexity involved would increase if the
indicators were sets of “characteristics”. For this reason, we
developed a procedure, called the “determinants technique”
which could be applied by the Evaluation Committee. The
methodological basis of this technique consists of a sequence
of key procedure rules, like:
1. Establish two reference levels, “satisfactory (+)” and
“neutral (o)”, in each characteristic;
2. Classify each characteristic as “determinant” (D), “important” (I) or “secondary” (S). A characteristic will be
“determinant” if a bid being negative (worse than neutral)
in that characteristic is a necessary and suOcient condition for the bid to be considered negative (worse than
neutral) in the respective indicator. Note that this idea is
in line with the notion of “veto power” used to model
non-compensatory situations (cf. [10]);
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Table 4
Example of application of the determinants technique (Metro do Porto S.A.)
Characteristic (type)

(+) Satisfactory

(o) Neutral

Cost prevision system (D)

The costs prevision system takes into account
the physical planning of the works

The costs prevision system is only based on
progress veri2ed in the 2nancial time-chart

Cost-term inter-connection (D)

There is only one database for costs and
deadlines

There is validation between the two management systems

Work costs database (I)

Database that enables price estimates
through a composed price methodology

Database adapted to the progress of the
works

Methodology to verify bills and
quantities (I)

Totally automated methodology

Methodology based on totally manual
processes

Methodology to establish new prices (I)

Market prices are systematically collected
and an analysis is also made by composed
price
Price revisions are veri2ed automatically and
there is a system to predict price indexes

Market prices are systematically collected

Price revisions (S)

3. De2ne the “good” level in the indicator by: “All determinant characteristics satisfactory and a majority of important characteristics satisfactory”; de2ne the “neutral”
level in the indicator by: “A majority of determinant and
important characteristics neutral, without any characteristic negative”.
Table 4 provides an example of this situation for the
characteristics of the indicator Costs control (from the
sub-criterion Technical procedures) described in Table 1,
as stated in the Evaluation Regulations.
3. Weighting the evaluation criteria
3.1. Discussion
Following our methodology for bid evaluation, an additive value model of the type:
n
n


V (b) =
kj vj (b) with
kj = 1
j=1

j=1


and kj ¿ 0 and

vj (good j ) = 100;
vj (neutralj ) = 0

will be constructed to aggregate the partial values vj (b) of
each bid b in the criteria (j=1; : : : ; n) and calculate its overall
value V (b) simultaneously taking into account the n criteria.
If sub-criteria are present, the procedure is applied 2rstly for
each group of sub-criteria sharing the same parent criterion.
The parameters kj are the scaling factors—commonly known
as “weighting coeOcients” or relative “weights”—that allow
partial value units to be transformed into overall value units,
through some form of operationalisation of the notion of
trade-oJ: how much the Evaluation Committee considers
necessary to improve impact in one criterion to compensate
a decrease of impact on another criterion.

Price revisions are veri2ed automatically

The compensatory additive aggregation procedure is, certainly, the simplest and the most frequently used multicriteria method, allowing not just the ordering of the bids in terms
of their overall attractiveness, but also judging their relative
diJerence of attractiveness, that is, to what extent one bid
is better than the other. That implies, in mathematical terms,
that the vj are cardinal scales and, from an “axiomatic” point
of view, that, besides the ordinal property of “isolability”,
the evaluation criteria (and sub-criteria) also have to respect
the more demanding property of “independence in the sense
of the diJerences of attractiveness”—also called “additive
independence”. In our constructive and more pragmatic approach, these axiomatic considerations are directly linked to
the possibility of constructing scales of partial value. Consider, for example, the indicators Team size and Diagram
of the personnel workload, from the sub-criterion Team
organisation, and the respective reference levels de2ned in
Table 3. It is possible to construct, for each of these two indicators, an ordinal scale of partial value because: (1) between
two bids that present personnel workload diagrams with the
same level of coherence, the best will always be the one that
allows a greater reduction in the Typical-Team, regardless
of whether the level of common coherence is high or low;
and (2) between bids that allow an equal reduction in the
Typical-Team, the best will always be the one that presents
the most coherent personnel workload diagram, regardless
of whether the common reduction in the Typical-Team is
greater or smaller. This possibility can be put in relationship with the property of ordinal independence of the
indicators Team size and Diagram of the personnel workload. However, the two indicators are cardinally dependent,
which is made evident in our approach by the impossibility to construct a cardinal scale of partial value on each
of them. Indeed, the greater the coherence of the personnel workload diagram the more attractive a reduction of
10% in the Typical-Team. Consequently, when using the
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additive aggregation model in a cardinal perspective, the
two indicators cannot be considered as evaluation criteria
nor weighted separately.
As “weights” are substitution rates, their determination
will have to be made with reference to criteria impact scales.
Otherwise, the weights are arbitrary and make no sense in
the additive framework, as when determined directly by reference to the psychological and intuitive notion of “importance”. Unfortunately, there is whole panoply of more or less
popular direct weighting processes that ignore these considerations, and are therefore theoretically incorrect—[11]
refers to this as the “most common critical mistake.”
This is the reason why correct weighting procedures—
like the classic “tradeoJ procedure” [12] or the more pragmatic “swing weighting” [13,14]—base their scaling factors
(weights) assessment on actors’ answers to questions that
require from them a comparison of reference alternatives,
traditionally de2ned on the base of the best (most attractive)
and worst (least attractive) impact levels of the options on
the criteria.
Let us present an example, adapted from Bana e Costa
and Vansnick [3]. Imagine a bid evaluation situation involving only Completion Deadline and Global Price, the best
and worse deadlines proposed being, respectively, 35 and 40
months, and the best and worst price proposed, respectively,
75 and 100 million euros. Let (35 months, 100 million )
be the impact pro2le of a 2ctitious bid x and (40 months, 75
million ) that of the 2ctitious bid y. Suppose that, when
confronted with the comparison between x and y, the Evaluation Committee judged x more attractive than y, which
means that the awarding authority would be prepared to pay
25 million , from 75 to 100 million , to reduce the deadline from 40 to 35 months. In this case, the additive model
would take, correctly, a value for the weight of the deadline
criterion which is greater than that for the cost criterion (as
long as the partial values attributed to the best and worst impacts are, obviously, always equal in all criteria, for example, 100 and 0, respectively). Assume now that, some bids
were eliminated for violating some of the screening criteria, and that the worst deadline among the remaining bids
is now 39 months, instead of 40, while the best deadline
is now 36 months, instead of 35, maintaining the best and
worst prices. In these circumstances, the Evaluation Committee should compare pro2le x (36 months, 100 million )
with pro2le y (39 months, 75 million ). It is not unrealistic to imagine that y would now be judged preferable to x .
The weight of the deadline criterion would, then, become,
necessarily, smaller than the weight of the cost criterion! So
what would the “most important” criterion be?
This phenomenon—known in the literature as the inPuence of scale ranges on criteria weights (cf. [15])—is due,
in the above example, to the alterations in the deadline interval limits and clearly shows how incorrect it is to directly
attribute values to weights without reference to impacts.
In recalling the legal requirement to publish the evaluation criteria and their respective weights (or at least, the

order of “importance”) in the call for tenders, that is, necessarily before the bids are known, we can conclude that it is
impossible in these situations to de2ne weights, or simply
their order, with reference to the swings from the worst to
the best impacts of the bids according to the diJerent criteria, since these impacts are not yet known at the time of
preparing those documents. However, mathematically, any
non-indeterminate system of n − 1 equations corresponding
to n − 1 judgements between alternatives, allows us to calculate the n weights, as soon as the reference alternatives are
based on two distinct anchoring impacts in each criterion.
In this case, to overcome the problem raised by the requirement to calculate a priori weights, it is suOcient that the
weighting procedure be based on impact levels of intrinsic
value, such as “good” and “neutral” levels.
To order the criteria weights, it is suOcient to ask the
Evaluation Committee: “Consider a 2ctitious bid (N ), with
neutral impact level in all criteria. If it were possible to improve the impact from neutral to good in only one criterion,
maintaining all of the others at their neutral level, for which
criterion would this swing be most attractive? And the next
most attractive?” Repeating this question until no criteria
are left, leads directly to the order of the weights.
To determine their respective values, the application of the
trade-oJ procedure would require partial value functions to
have been previously de2ned. (Even if this had been the case,
problems often arise in the assessment of trade-oJs between
qualitative impacts.) The swing weighting procedure could
be used, by asking the Evaluation Committee: “Let the swing
from neutral to good on the best ranked criterion values
100 (overall value units); what is the relative value of the
swing from neutral to good on the criterion ranked second?”
(and so on). However, from our practical experience, this
numerical question is diOcult to answer and the process of
reconciling diJerent numerical values for the same swing
given individually by members of the group is a diOcult task,
even with the help of “visual analogue scales” [7, pp. 12–19].
Note that to take an average of these values lacks substantive
meaningfulness and can infringe upon the ranking of the
weights previously agreed.
Alternatively, the weighting procedure we use resorts to
the question–answer protocol of the MACBETH approach.
3.2.

MACBETH

weighting process: case study

The process of the “International Public Call for Tenders
to award the design, construction, equipment, 2nancing and
short-term operation, of a light-rail system in the Metropolitan Area of Porto”, issued by Metro do Porto, S.A. in 1996,
took place in three stages: 2rst stage—pre-quali2cation, second stage—selection and third stage—negotiation. We will
now examine the second stage, in which the evaluation criteria were the ones displayed in Fig. 2a. The respective
weights were de2ned following the MACBETH approach.
To estimate weights with MACBETH, the decision-making
group is only required to make qualitative judgements, for
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Fig. 3. Example of MACBETH weighting process—Metro do Porto S.A.

each pair of criteria j and j  with kj ¿ kj , of the diJerence in
overall attractiveness between swinging from neutral to good
in j instead of swinging from neutral to good in j  —that is,
the diJerence of attractiveness between the 2ctitious bid bj
(good in j and neutral in the other criteria) and bj (good in
j  and neutral in the other criteria). The judgements are expressed by choosing one of the MACBETH semantic categories
(“very weak”, “weak”, “moderate”, “strong”, “very strong”,
or “extreme” diJerence of attractiveness). Each judgement
should rePect a collective view of diJerence in attractiveness. The judgements can be represented in a matrix (if two
criteria have the same weight, “no” is introduced in the matrix), as the one displayed in Fig. 3 for the 2ve sub-criteria
(A.1–A.5) of the overall quality of system and service to be
provided criterion (A). If there is judgemental hesitation or
disagreement among group members about which category
better rePects the diJerence of attractiveness, a discussion
within the group should be launched. However, to avoid
forcing unrealistic consensus, more than one category can
be chosen. This was the case for the judgement “weak to
moderate” in the cell (A3, A4) in the matrix of Fig. 3.
Notice that the last column of the matrix displayed in Fig.
3 is also 2lled in with judgements. This is due to the fact
that at the time of this intervention (1996), we used to facilitate (or con2rm) the initial ranking of the swings by asking
the Evaluation Committee to judge the overall added attrac-

tiveness of the 2ctitious bid N (“neutral in all sub-criteria”)
brought about by improving its neutral impact to good in
sub-criterion j (j = 1; : : : ; n)—that is, the overall diJerence
of attractiveness between the 2ctitious bids bj (good in j and
neutral in other sub-criteria) and N . Our experience with the
use of MACBETH to support group processes of weighting
criteria in the last 7 years, has led us to conclude, empirically, that in general these initial questions are dispensable
(except perhaps when the number of criteria is smaller than
4). Either way, it is up to the facilitators choose whether
or not to 2ll in the last column (in this case only the order
of the swings is considered—see example in [16]), according to the characteristics of each particular case with which
they are faced. (MACBETH accepts all forms of incomplete
matrices.)
The weighting process develops in one decision conference with the support of the MACBETH software. Each time
a judgement is formulated by the decision-making group,
the facilitator introduces it in the matrix, and the software
automatically tests the consistency of all the judgements already formulated, points out eventual instances of inconsistency and, in such cases, gives suggestions to facilitate the
revision of the judgements by the group in order to achieve
consistency. The bar chart in Fig. 3 shows the numerical
values (in terms of percentage) that MACBETH suggested to
be assigned to the relative weights of the sub-criteria.
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Fig. 4. Final weights (in percentages) of evaluation criteria and sub-criteria (“construction of a light-rail system” call for tenders—Metro
do Porto S.A.)

As shown in Fig. 4, a similar process was followed to
de2ne relative weights to the criteria (A, B and C). The
bottom left chart shows the 2nal weights (in terms of percentage) for the criteria and sub-criteria as announced in
the Evaluation Regulation (the values of the 2nal weights
for the sub-criteria A.1–A.5 were obtained by multiplying
their “within criterion” weights, displayed in Fig. 3, by the
weight of their parent criterion A).
As made obvious by the contents of this section, weighting criteria is a very sensitive and not-at-all trivial process, which does not always receive enough attention in the
literature—an example is the short paragraph dedicated to
the subject in [1, p. 368].
The de2nition of screening and evaluation criteria as
well as their respective descriptors, levels of reference and
relative weights are the minimal multicriteria information
needed to draw up the Call for Tenders and the Evaluation
Regulations.
4. Evaluation phase: case study
4.1. Evaluation of bids according to criteria and
sub-criteria
From the seven international groups that presented applications to Metro do Porto S.A., only four of them (G1, G2,

G3 and G7) submitted bids to the second stage, designated
1.1, 1.2, 1.2’ (variant proposal) and 1.3 presented by Group
G1, 2.1 and 2.2 by Group G2, 3.1 and 3.2 by Group G3, and
7.1 and 7.1’ (variant proposal) by Group G7, all respecting
the screening criteria and therefore having been accepted.
The task of the Evaluation Committee (composed of
2ve engineers, one economist and one jurist) was to evaluate these bids and recommend which two bidders should
be selected to move on to the third stage—negotiation.
As stated in the Evaluation Report, “{: : :} the Evaluation
Committee started by adopting, as a key thread in its work
methodology, an Evaluation Regulation for bid evaluation,
that established the organic support and procedural as well
as methodological framework to perform its functions. Obviously, this Regulation fully adopts the evaluation criteria
established in the {: : :} Call for Tenders. In accordance
with the {: : :} Evaluation Regulation, analysis of the bids
was carried out by applying a Multicriteria Decision Aid
Methodology”.
In a series of decision conferences facilitated by the 2rst
author of this paper, the seven members of the Evaluation
Committee (and only them) evaluated the (partial) attractiveness of the bids in each of the sub-criteria A.1–A.5 and
criteria B and C. Each decision conference developed in two
parts:
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Fig. 5. Results of the 2rst part of the decision conferences: ranking the bids in each evaluation criterion or sub-criterion (in each column,
bids in the same box were considered indiJerent)—Metro do Porto S.A.

Fig. 6. MACBETH matrix of judgements for sub-criterion A.5—Metro do Porto S.A.

1. For each evaluation criterion or sub-criterion, the Evaluation Committee began by determining the impacts
of the bids referring to the documents that constitute
the bid submissions and basing themselves on detailed
analysis reports of the bids drawn up by several external consultants. The bids were then classi2ed as
“very positive” (at least good), “positive” (at least neutral but less attractive than good) or “negative” (less
attractive than neutral) and ordered by descending order of attractiveness (Fig. 5 summarises the rankings
established in the 2rst parts of the various decision
conferences).
2. In the second part, the Evaluation Committee performed
group judgements regarding the diJerence of (partial)
attractiveness between each two bids, including the
references “good” and “neutral”. For example, Fig. 6
shows the consistent matrix of qualitative judgements
on sub-criterion A.5 and the respective value scale in
resulting from the application of MACBETH.
Once the partial evaluation phase was completed, the additive model was applied to aggregate the partial values of

the bids (summarised in the bottom left table in Fig. 7) to
calculate the overall values which rePected the overall attractiveness of the bids. As can be seen in the overall value
“thermometer” displayed in Fig. 7, no bid’s result was very
positive (better than good) and three bids turned out to be
negative (worst than neutral). The two most attractive bids,
3.1 and 1.1, are from diJerent bidders, Groups G3 and G1,
respectively. Moreover, the overall values of all G3’s and
G1’s bids are largely better than the overall values of all
G2’s and G7’s bids (2.1, 2.2, 7.1, 7.1’). For that reason, the
Committee formed an initial idea of its selection recommendation, which is then submitted to sensitivity and robustness
analyses.

4.2. Sensitivity and robustness analyses
4.2.1. Modifying partial values
The Evaluation Committee decided to proceed to the validation of the robustness of the 2nal ranking of the bids, in
terms of overall attractiveness, according to the following
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Fig. 7. Evaluation outputs—Metro do Porto S.A.

four scenarios of partial values modi2cations:
A. Scenario in which partial evaluation of bids in criterion A (Quality) is conducted considering equal
relative weights for the 2ve sub-criteria A.1–A.5 (limit
situation respecting, lato sensu, the order of “importance” of the sub-criteria).
B. Scenario in which partial evaluation of bids in criterion B (Costs) is conducted considering a linear value
function in the indicator NPV of proposed global price
(ignoring all other cost indicators).
C. Scenario in which partial evaluation of bids in criterion
C (Deadlines) is conducted considering a linear value
function in the indicator average deadline to come into
service (ignoring the delay between awarding and consignment).
D. Scenario in which partial evaluation of bids in criteria
A, B and C is conducted considering scenarios A, B
and C simultaneously.
Analysing the results of the application of the additive
model in each of the four scenarios, the Committee concluded, as stated in the Evaluation Report, that: “in the 2rst
three scenarios above, bids 3.1 and 1.1 (in this order) are
always the best, except for the scenario D (conjunction of
the previous ones). However, even in this scenario the fundamental general conclusion is maintained: there is always

at least one bid from Group 3 and one from Group 1, that
are better classi2ed in terms of overall value than any bid
from Groups 2 and 7”.
4.2.2. Modifying relative weights
The most popular type of sensitivity analysis of weights
consists of analysing the changes that may occur in the
global ordering of the bids when the relative weight of
a given criterion (or sub-criterion) is modi2ed, keeping
the proportion among other weights. For example, Fig. 8
shows a sensitivity analysis graph for the weight of the subcriterion A.2.
Besides the classic sensitivity analysis, it is very interesting to analyse the robustness of the results by making several
weights vary at the same time, but respecting the order of the
weights de2ned in the call for tenders. The 2rst version of
the software PROBE (Preference Robustness Evaluation—
cf. [17]; see detailed example in [16]) was designed precisely for this purpose at the time of our intervention in
Metro Porto S.A. PROBE uses the concept of additive dominance [18]: a bid x is said to dominate additively a bid y,
for a certain weights ranking, if the diJerence between the
overall values of x and y is always positive for any vector
of weights that respects the ranking of the weights. Fig. 9
shows the “table of dominances” for the case in which only
the ranking of the weights of criteria A, B and C (by this

C.A. Bana e Costa et al. / Omega 30 (2002) 227 – 242

239

Fig. 8. Sensitivity analysis on the weight of sub-criterion A.2 (the vertical line represents the current value of the weight; 34.6 is the value
of the weight for which the two best bids would be indiJerently the best ones).

G1 and G3. Additionally, the bids from group G7 (7.1 and
7.1’) are dominated by at least one bid from group G1 and
one from G3. Additionally, no bid is dominated by the bids
of G2 and G7. Since the objective of the second stage of
the call for tenders was to select two groups for later negotiation, the above conclusions robustly con2rm the selection
of groups G1 and G3. The construction of a requisite model
was achieved.
After the development of the extensive sensitivity and robustness analyses described above, the Evaluation Committee used all of this information as basis for its 2nal decision.
As stated in the Evaluation Report of the second stage, the
2nal recommendation of the Evaluation Committee was to
select groups G1 and G3 for the third stage of the process
(negotiation).

5. Discussion and conclusion
5.1. A posteriori analysis of the case study
Fig. 9. Robustness analysis respecting simultaneously the ranking
of the weights of the three criteria and the ranking of the weights
of the 2ve sub-criteria.

order) and the ranking of the weights of sub-criteria A.1–A.5
(by this order) are taken into consideration simultaneously
(note this is an input signi2cantly diJerent from a complete
ranking of the weights). As can be seen, the bids from group
G2 (2.1 and 2.2) are dominated by all the bids from groups

The following comment of João L. Porto, CEO of Metro
do Porto S.A. at the time of our intervention, expresses
the decision-makers’ point of view regarding the use of
this kind of methodology in a complex evaluation process:
“When we were 2rst introduced to the method (MACBETH),
we recognise it was not easy to comprehend. However,
after this initial eJort to understand the logic behind its
application, it became simple. We (the evaluators) had only
to pairwise compare the bids in each criterion separately,
and the logic was the same to estimate weights. In spite of
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5.2. Conclusion
Each process of bid evaluation in which we have participated has proved to be a distinct case, with its own
problems and speci2c characteristics, which suggests
prudence in the generalisation and extrapolation of conclusions to other contexts. However, it is safe to point
out as a common feature that each Evaluation Committee displayed, in regards to our multicriteria decision aid
methodology:

Fig. 10. Weighted value diJerences between bids 1.1 and 3.1 at
the end of the second stage—Metro Porto S.A.

the demands in terms of reasoning and time, its use added
value to the decision process”. (Adapted from the original in
French [19].)
It is worthwhile to report that, in sequence with the decision taken at second stage of the Metro Porto S.A process, the two bidders selected (G1 and G3) were invited
to improve their best bids, 1.1 and 3.1, respectively, in any
of the evaluation criteria, provided that their partial values
did not decrease in any of them, a condition that was respected by the two groups. After the negotiation, the two
bids were re-analysed and re-evaluated taking into consideration the ameliorations introduced. At the end, the contract
was awarded to Group G1, which means that G1 succeeded
in improving its bid enough to overcome its initial disadvantage towards G3 (see Fig. 10).
Since 1996, the robustness analysis reasoning and
the operationalisation of the concept of additive
dominance have been deeply extended in the MACBETH approach. The M-MACBETH software (available at
http://www.umh.ac.be/∼smq) now allows users to perform
dominance analyses for many situations of poor preference
information other than weight rankings, and not only on the
weights but also on the partial values (cf. [5]). M-MACBETH
displays a “control panel” for robustness analysis shown
in Fig. 11, that demonstrates the use of this feature for
cases in which the constraints for additive dominance are
the ones implied by the matrices of judgements in the
evaluation criteria and the ranking of their weights. The
output table con2rms the decision taken by the Evaluation
Committee in 1996. The cross-hatched cells correspond to
“incomparability” situations: if the cells (x; y) and (y; x)
are cross-hatched, then there exist some numerical values,
compatible with the preference information taken into account, for which the output of the additive model is “x
globally better than y” and other ones (also compatible with
the same information) for which the output is “y globally
better than x” (which is a meaningless result).

• agreement with the assumptions of its application;
• assimilation of its essential theoretical principles;
• natural agreement with the sequence of phases proposed
to construct the evaluation model;
• satisfaction with the contribution provided to ensure coherence and formal correctness in procedures;
• approval of the MACBETH qualitative judgement process,
and the freedom with which it provided them to verbalise
their own values. In the words of the Evaluation Committee of the Porto case in its 2nal report: “the method has
never been, throughout the whole process, a factor constraining decision-making by the Evaluation Committee,
which has always been exclusively responsible for formulating the necessary value judgements”.
Finally, there are two key conclusions derived from rePecting upon our interventions as facilitators and analysts
in public sector processes such as bid evaluation in public
call for tenders as well as in other multicriteria decision
analyses developed for private companies. On the one
hand, in both types of frameworks we have been adopting a constructive decision aid attitude, closed to what
[20] calls “process consultation”: the core of our intervention has been to contribute to the process of developing
a common language for stimulating group interaction and
debate, using the technology as an instrument to assist us
in helping our clients to increase their knowledge about
their problems and to 2nd their own solutions for them. On
the other hand, interventions on bid evaluation in public
call for tenders are much more demanding, both from the
facilitators’ and the clients’ perspectives: it is not enough
to help the decision-making group to achieve an agreement
on a decision, it is also necessary to help them justify it
in a clear and unambiguous way. As a matter of fact, it
is not easy to deal with the tension provoked a priori in
Evaluation Committees by the mere hypothesis of potential
future (legal) disputes about the integrity of their judgements and decisions. A public call for tenders put out by
Câmara Municipal do Funchal (Municipality of Funchal,
in Madeira Islands) has been recently contested in court
by the bidder ranked the second best by the Evaluation
Committee. It is interesting to report that, in his sentence,
the Judge explicitly emphasised the robustness and correctness of the multicriteria methodology applied in the
bid evaluation (under the facilitation of the 2rst author and
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Fig. 11. A posteriori robustness analysis performed with the M-MACBETH for MCDA software.

another colleague), but agreed with the argument presented
by the contester’s lawyers that the participation of the two
consultants in the meetings of the Evaluation Committee
would require, from a legal point of view, that they should
have been formally appointed by the Mayor as members
of the Evaluation Committee, which had not been the
case!
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