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The MACBETH Approach:
Method, Applications and Software

Purpose:
To help people make better decisions

Broad methodological framework:
Decision Analysis and Decision Conference

Specific type of modeling:
Multi-criteria value measurement

Selected application:
Bid evaluation, namely in public call for tenders

Software:
The M-MACBETH decision support system
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What kind of decision support?

Normative  Prescriptive Constructive

Participation

→ a sociotechnical approach

Soft? Hard? Both: Smart
Technical elements of Multiple Criteria Decision Analysis
combined with social aspects of Decision Conferencing
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Schools of Decision Analysis

Harvard

multi-attribute

utility analysis

Stanford
model stages

sensitivity analysis
USCsmall models

judgmental ratings
Requisite Decision Models
‘sufficient in form and content 

to resolve the issues of concern’

LSE
groups

small models
constant feedback
iterative approach

generative, constructive
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Requisite Decision Modelling

Definition

• Model is requisite when its form and content are sufficient 
to resolve the issues of concern.

Generation

• Through iterative and consultative interaction amongst 
specialists and key players, facilitated by an impartial 
decision analyst.



13

Social component: The Decision Conferencing Process

Awareness
of issue

Actions

Key
Players

Explore
Issues

Build
Model

Explore
Model

Shared Understanding Commitment

Prepare
-objectives
-participants
-calling note

Compare: Gut⇔Model
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LAYOUT OF THE DECISION CONFERENCE ROOM

ROOM LAYOUT

2 SCREENS

FLIP-CHART

2 COMPUTERS 
AND NOTE 
TAKER

2 PROJECTORS

GROUP SITS 
IN ROUND 

SHAPE

PROCESS CONSULTING TEAM
• 1 facilitator
• 1 analyst (computer operator for M-MACBETH)
Optional (depending on the context):
• 1 analyst/consultant (computer operator for 

background/support information)
• 1 note taker

GROUP OF PARTICIPANTS
• 5 to 15 people with a balanced perspective on the 

meeting’s subject (experts, stakeholders, decision 
makers,…)
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Design of the social process
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Model-building tasks
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Structuring the  evaluation criteria
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Coherence
Construction

methods
Technical

means
Quality
control

Project Feasibility

Good

Neutral
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Bids’ profiles of impacts on the criterion “Bid’s technical value and 
feasibility regarding the proposed constructive methods and the 

technical resources necessary to carry out the works”
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Qualitative impacts resulting 
from the aggregation  of the 
characteristics of each of the 
7 indicators of the criterion

Bids:
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Building the evaluation model
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www.M-MACBETH.com
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Example: Suppose there are three bids B1, B2 and B3
Bids should be ranked according to their relative 

attractiveness in each criterion

B2  preferred to  B1  preferred to   B3

Is ranking by relative attractiveness enough to know if 
the most attractive bid is good or bad? For this purpose, 
references of intrinsic value can be defined

In each criterion, one wants to know not only if one bid is 
more attractive than another but also by how much

B2  → Good → B1 → B3 → Neutral

B2  Good → B1 B3        Neutral
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Good

B 1

B 3

Neutral
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If x and y are indifference (“no” difference) :
v(x) - v(y) = 0

If (x, y) ∈ Ck and  (w, z) ∈ Ck’ (k  > k’) :
[v(x) - v(y)] >[v(w) - v(z)]

that is    [v(x) - v(y)] - [v(w) - v(z)] > 0

or           [v(x) - v(y)] - [v(w) - v(z)] ≥ δ (δ> 0)
Thus, δ is the minimal difference between two categories

sk sk+1
v(x)-v(y)0

Ck Ck+1Ck-1

sk-1

sk
v(x)-v(y)0

Ck+1Ck-1

sk+1sk-1

Ck

δ δ δ
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sk
v(x)-v(y)0

Ck+1Ck-1

sk+1sk-1

Ck

δ δ δ

(x, y) ∈ Ck (k = 1 to 5) :
[v(x) - v(y)] ≥ Sk + δ/2

and [v(x) - v(y)] ≤ Sk+1 - δ/2
(x, y) ∈ C6 :  [v(x) - v(y)] ≥ S6 + δ/2

Moreover S1 = δ/2 because:

For (x, y) ∈ C1 :
[v(x) - v(y)] ≥ S1 + δ/2 and v(x) – v(y) ≥ δ implies S1 = δ/2

s1
v(x)-v(y)0

C1

δ
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We also want to make the judgments of the 
same category as close as possible to each 
other, therefore one should minimize the sum 
of all the differences of value, that is, to 
minimize the maximal difference of value, that 
is, to minimize the score of the best option. 

For a set of consistent judgements
the MACBETH scale is obtained by
linear program that minimizes
the score of the best option
subject to the above constraints
(with δ = 1).
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Use the hand-procedure to find the MACBETH scale for
the 3 bids example (with B2 weakly preferred to Good) 
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Weighting the evaluation criteria:

There are some methodological and technical restrictions that must be 
taken into account in using MCDA in public call for tenders contexts.

One is that the awarding authority is legally obliged to publish, in the 
announcement of the call for tenders, the evaluation criteria and their 
respective weights.

Weighting must therefore take place before the bids are know.

Modelling question: How to ensure that the weighting procedure 
simultaneously respects the legal requirement and the theoretical 
conditions of the additive aggregation model?

Answer: Define two references of intrinsic value in each one of 
the criteria, such as “good” and “neutral” levels of performance.
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Good and neutral levels of performance:

Our experience has revealed that
expending the effort required to identify what is
a good (unquestionably attractive) performance
and
a neutral (neither attractive nor unattractive) performance
contributes significantly
to the intelligibility of the respective criterion.

And it allows the weighting of criteria in a theoretical sound 
way (particularly, the assessment of weights for bid evaluation 
before the bids are known) thus avoiding the ‘most common 
critical mistake’ (Keeney, 1992).
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Weighting judgment

Q. Is one of the reference options, 
read or blue, more attractive 
than the other?

A. Red is more attractive than blue.
Q. The difference of attractiveness 

between them is
very weak
weak
moderate
strong
very strong
extreme

A. Moderate

C1

Neutral

Good

C2

a1 a2

22
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Example of weighting references for a cost criterion:

GOOD NEUTRAL

A bid cost with a global present 
value equal to € 0.6X

A bid cost with a global present 
value equal to € X
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The client

Portuguese Electric Transmission Company
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The problem

Every week, REN launches several calls for tenders:

• Construction of: 
• New power lines
• Up-rating of existing lines
• Electrical facilities 

• Supplying of:
• Equipments 
• Systems of power substations

• Development of engineering projects
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The problem
The REN board asked for the collaboration of a MACBETH 
Team (C.A. Bana e Costa, J. Lourenço, J. Costa) to revise 
the bids evaluation system that was in use at the company.

Diagnosis
Arbitrary hierarchical average sum of direct scores of bids, 
using an evaluation grid

• Scores taken as weights and weights taken as scores

• Weights of criteria based on direct judgements of 
relative importance:

“The most common critical mistake” (Keeney, 1992)
Therapy
Rebuild the evaluation system entirely!
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Benefit criteria
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Constructing descriptors
Define two levels of performance “good” and “neutral”

Describe each performance level carefully, clearly and 
unambiguously

Add more levels, covering the plausible range of performances.
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Building a value function
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Building 
a value function
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Weighting the benefit criteria

Rank and pairwise compare
the fictitious options
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Weighting the benefit criteria
3.   Discuss and adjust the MACBETH weights
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Using the model

Enter the options (bids) in the MACBETH model
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Using the model
For each criterion, enter option’s performance into the model
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A :     0
B :   40
C : 100
D :  -30
E :  110
F :    60

Options 
evaluation

Using the model
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Analysing the model outputs: Comparing differences
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Analysing the model outputs: Sensitivity on weighting
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Analysing the model outputs: Robustness
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OPORTO SUBWAY CASE

The process of the International Public Call for Tenders to award the design, 
construction, equipment, financing and short-term operation, of a light-rail 
system in the Metropolitan Area of Oporto, issued in 1995 by Metro do 
Porto, S.A., took place in three stages:
1st Stage– Pre-qualification,
2nd Stage – Selection
3rd Stage – Negotiation.

Four of the Groups that participated in the pre-qualification were selected:
A1, A2, A3 and A7, presenting a total of eight bids (all accepted):
1.1, 1.2, 1.2’ and 1.3 from Group A1, 2.1 and 2.2 from Group A2,
3.1 and 3.2 from Group A3, 7.1 and 7.1’ from Group A7.

We will examine the 2nd stage, which objective was:
To select for negotiation two bidders (not bids)
from the four pre-qualified Groups.
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The Decision Conferencing Process: A socio-technical process 
composed of a decision conferences with the Evaluation 
Committee series of MCDA decision conferences intermediate 
with “off-line” data gathering and processing :

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 and 
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 application of a 
Multicriteria Decision Aid Methodology” (MACBETH).”
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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 indifferently the best ones) 
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Robustness analysis on the weights
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