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Abstract – Organization needs performance measurement systems (PMS) in order to 

evaluate the level of satisfaction of objectives and strategies implemented, and consequently 
take the necessary measures to improve its performance. The PMS are known as support tools 
for decision making. Typically organizations have a lot of indicators for the measurement of the 
performance, which often complicates the choice of the adequate indicators and strategic 
actions to be selected due to the large amount of information involved. None of the PMS 
implemented has succeeded in various contexts because of problems in their design, in the 
measures and actions to take as well as in their planning.  

This study proposes a PMS model according a multicriteria decision analysis methodology 
MACBETH, in order to solve the problems described. Thus, a extension of MACBETH to the 
Choquet integral operators was explained to take the criteria interactions problems into account. 
The PMS proposed was implemented and tested in the services of the management entities of 
the water supply services in Portugal to illustrate its functionality. 

 
Keywords – Performance measurement systems, multicriteria model, MACBETH, Choquet 

integral, performance indicators. 

 
I. Introduction 

Nowadays, organizations need to 
develop new strategies and objectives in 
order to achieve an advantage of 
competitive sustainability. How 
organizations manage this sustainability? 
One of the most important step to obtain is 
through performance measurement 
systems (PMS), generating improvements 
in its performance by using methods for 
monitoring the organization (Neely, 1999). 
These systems allow a better effectiveness 
and efficiency in the processes evaluated, 
finding new ways to innovate and add value 
to the customer (Neely, 1999). 

One of the first PMS created was in 
1903, presented by the cousins Du Pont. 
They presented a financial highlight 
performance measurement designated by 
Du Pont Pyramid of Financial Ratios or Du 
Pont return on Investment. Between 1945 
and 1975, in the Taylorian organization era 
thinking in the maximization of the 
organizations earnings was a synonym for 
improvement, creating only purely financial 
expressions of performance (Berrah and 
Cliville, 2007). However, in the era Post-
Taylorian Organization era began to 
integrate more technicians’ criteria, both at 
strategic and operational level, trying to 
improve the performance of the processes 
(Berrah and Cliville, 2007). From 1980 
onwards, the term productivity is replaced 

by the term performance (Ghalayini and 
Noble, 1996). 

Lately, the PMS and its management 
have had a great attention from researchers 
and practitioners in the industry due to the 
great importance that has in the present 
and future of organizations. Therefore, the 
objective is to contribute to the literature in 
order to study and analyze some of the 
PMS implemented and what could be a 
good solution to solve their problems, 
according to a multicriteria decision 
analysis support, best practices and tools.  
Thus, the aim of this paper is to analyze the 
most important PMS used in the 
organizations and structure and design a 
new PMS methodology proposal using a 
methodological approach based on 
multicriteria decision analysis support 
(MACBETH- Measuring Attractiveness by a 
Categorical Based Evaluation Technique) 
and also an approach based on fuzzy 
Choquet integral (IC). 

The paper is organized as follows. In 
section II, a state of art is exposed about 
the main PMS implemented and their main 
problems that need to be solved by our 
methodological proposal. The proposal to 
overtake the problems shown in the 
different PMS is then presented in section 
III. At same time, in this section, the 
proposal is being tested in a performance 
evaluation case study on the water supply 
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services in Portugal. The selected  
methodological approach for the  PMS 
development is based on multicriteria 
methodology MACBETH with the use of CI 
and other support tools for structuring 
problems, such as for example cognitive 
mapping.  Furthermore, a last section is 
introduced with final considerations. 

 
II. Review of Methods 

 
A. PMS definition 
Firstly, this section has the objective to 

define what a PMS is. According to Neely 
(1999):”The performance measurement can 
be defined as the process of quantification 
of the efficiency and effectiveness of an 
action; a performance measure can be 
defined as a metric used to quantify the 
efficiency and / or effectiveness of the 
action; PMS can be defined as a set of 
metrics used to quantify the efficiency and 
effectiveness of actions". Therefore, a PMS 
is a support tool to help decisions making, 
both for the launch or the choice of 
improvement actions or redefine objectives 
(Neely, 1999). Furthermore, the PMS use a 
set of performance measures based on 
multiple criteria. These measures may be 
financial or non-financial, as well as internal 
and external measures within the 
organization.  

 
B. PMS  historical context 

It will be introduced and explained the 
PMS that are most used nowadays by 
organizations. Other specifications of PMS 
are shown in the table 1. After 2nd World 
War, organizations began to think not only 
in the evaluation of the financial measures, 
but also in the non-financial measures 
(Parida, 2006).  

The pyramid SMART (Strategic 
Measurement and Reporting Technique), 
the matrix of result/determinants and the 
Balance Scoreboard (BSC) were created 
(Parida, 2006). The pyramid SMART, the 
inclusion of measures is based in the 
company's internal and external part. It 
begins with a vision of the organization 
considering the economy problems of 
economy, market, customers, quality, 
productivity and delivery. The failure of this 
system is that doesn’t clarify any measure 
to apply or develop (Parida, 2006). The 
BSC (Kaplan and Norton, 1996) is one of 
the PMS most used in companies from all 
over the world (Downing, 2001). In USA, 
yet that is very used, 70% of the times the 
implementation crashed, because it is a 
model that is not easy to implement (Neely 
et al., 2000). This PMS has essentially a 
multidimensional performance 
measurement and management approach, 
identifying and integrating four financial and 
non-financial perspectives: financial, 
customer, internal processes, innovation 
and growth. Thus, allows showing 
managers to implement strategies through 
these four perspectives (Bhagwat and 
Sharma, 2007): client perspective (add 
value); internal perspective (based on 
processes); financial perspective 
(shareholders’ view); innovation and growth 
perspective. However, the BSC is not a 
completely reliable PMS, because only 

focuses on top-
down performance 
measures and fails 
to integrate bottom-
up and horizontal 
(Parida, 2006). 
Furthermore, this 
method does not 
consider whether 
some indicators are 
independent or not 
with each other, so 
when is 
implemented a new 
strategic measure 
may have negative 
impacts on other 
indicators (Bhagwat 
and Sharma, 2007). 

 

C. PMS main problems 
 
Some PMS used and implemented in 

several organizations up to the moment 
were introduced. However, none of the 
PMS have had a completed success yet 
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due to the appearance of several problems 
in the design and implementation, as well 
as in the choice of appropriate performance 
measures. Thus, will be presented several 
problems presented in the four PMS life 
cycle stages of the Figure 1. 
 
Figure 1- PMS life cycle (Santos et al., 
2000). 

 
1- Design problems 
 
Neely et al. (2003) suggest three 

procedures for the PMS designing or 
structuring problems. These procedures 
are: Needs led, a top-down approach where 
through meetings between customers, 
managers, and stakeholders the criteria 
and measures structuring are established; 
Audit led, where the audits are used to 
collect information in order to change the 
performance measures existent; Model led 
uses a theoretical organizational model for 
the designing of the performance 
measures. 

To carry out these designing 
procedures there are two approaches: the 
Consultant led, where the approach is 
made by a consultant without the help of 
the team management, and the Facilitator 
led, where the projects are developed with 
the team management. Indeed, the 
structuring of the PMS proposed in section 
III will follow a Facilitator led approach and 
a Needs led procedure, through 
methodologies known as cognitive maps 
and decision conferences which will 
facilitate the structuring of the methodology 
MACBETH. 

 
2- Measures and analyse problems 
Organizations complain about the 

large amount of complex information on its 
performance as well as the weak analysis 
and many data that the PMS produce 
(Neely et al., 2005). Because of this, many 
trade-offs appear to select the correct 
measures to be implemented in the 
organization causing sometimes the 
selection of the less adequate option and 
thus cause a loss of performance. In 
addition, the literature analysis leads to the 

conclusion that the majority of the 
approaches proposed do not provide 
explicitly aggregation mechanisms or 
proposes methods too simple to deal with 
the high complexity of the situation in 
question. Only some consider appropriate 
explicitly aggregation methods (Berrah et 
al., 2003). With MACBETH methodology 
the additive aggregation methods problem 
of the PMS is solved, because this 
approach is based on simple aggregation 
compensatory methods. 

On the other hand, the majority of the 
implemented systems were not concerned 
with the interdependencies problems 
between criteria, where the criteria can be 
dependent and interact through the various 
levels of the company (Cliville et al., 2006). 
This problem will be solved by proposing 
the introduction of Choquet integral. 
 

3- Planning problems 
How to insert the actions in an 

appropriate strategy for the organization 
achieve the goals, vision and mission 
determined by the same is a general PMS 
planning problem. Another problem is the 
frequently PMS update that the 
organization should do, due to 
environmental market changes, carrying out 
the PMS modifications in order to be 
updated.  

The vision and mission guide us in the 
process choice and, the strategies and 
activities changes to cope with the 
continuous environmental changes of 
markets. Success key criteria are important 
to achieve the mission and vision of the 
company, as well as monitor them are 
important to achieve the strategic objectives 
(Ferreira and Otley, 2009). The structure of 
the organization is influenced by the 
strategy management, because it is who 
decides the way to accomplish the 
objectives of the company. While the 
implementation of the strategy ensures that 
the choice of the strategies are carried out 
and monitored according to achieve the 
necessary results (Ferreira and Otley, 
2009). 

 
III. Proposed and Application of the 

Methodology 
 
The PMS model proposed takes into 

account that there is a multi-criteria 
problem, i.e. it is a problem that pretends to 
sort the best indicators of a set of indicators 
that were initially identified by decision 
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makers, satisfying multiple objectives 
characterized by multiple criteria.  

The PMS structuring it is divided in the 
following steps (Figure 2) (Bana e Costa 
and Beinat, 2005): 1) Problem definition; 2) 
Model structuring; 3) Choquet Integral 4) 
analysis of the results. 

The proposed methodology will be 
presented at the same time with the results 
obtained in the implementation done by this 
methodology in a case study of 
performance measurement of the 
management entities that operate in the 
water supply services in Portugal in 2010.  
Twenty five management entities are 
governed today by Entidade Reguladora 
dos Serviços do Abastecimento de Águas  
e Resíduos (ERSAR). These are: AGS 
Paços de Ferreira, S.A.; Águas do 
Alenquer, S.A.; Águas de Barcelos, S.A.; 
Águas de Carrazeda, S.A.; Águas de 
Cascais, S.A.; Águas da Figueira, S.A.; 
Águas de Gondomar, S.A.; Águas do Lena, 
S.A.; Veolia Água- Águas de Mafra; Águas 
do Marco, S.A.; Veolia Água- Águas de 
Ourém; Águas de Paredes, S.A.; Águas do 
Planalto, S.A.; Águas do Sado, S.A.; Águas 
de Santo André, S.A.; Águas da Teja, S.A.; 
Águas de Valongo, S.A.; Aquamaior- Águas 
de Campo Maior, S.A.; EPAL- Empresa 
Portuguesa das Águas Livres, S.A.; 
Indaqua Fafe- Gestão de Águas de Fafe, 
S.A.; Indaqua Feira- Indústria de Águas de 
Santa Maria da Feira, S.A.; Indaqua 
Matosinhos- Gestão de Águas de 
Matosinhos, S.A.; Indaqua Santo 
Tirso/Trofa- Gestão de Águas de Santo 
Tirso e Trofa, S.A.; Indaqua Vila do Conde- 
Gestão de Águas de Vila do Conde, S.A.; 
Luságua Alcacena- Gestão de Águas, S.A. 

 
Figure 2- Steps for the PMS structuring. 

 

 

A- Problem definition 
The first step is to identify the context of 

the problem where the PMS will be 
implemented. For this, the organization 
objectives must be defined as well as the 
performance indicators in order to do the 
evaluation of the organization. All decisions 
must be made by actors in decision 
conferences. The actors/decision makers 
have a fundamental role in the whole 
process of the PMS, interacting in all stages 
from the structuring until the final results 
analysis (Deeks, 2005). On the other hand, 
the technical process used in PMS should 
be easy to understand and interactive. 
Thus, the multicriteria methodology  
proposed, the MACBETH, ensures that all 
the socio-technical  process is interactive 
and dynamic using qualitative judgments 
from the decision-makers (Bana e Costa et 
al. , 2008).The decision maker chosen for 
the case study was Professor Rui Cunha 
Marques, expert and researcher on the field 
studied. 
 

B- Model Structuring 
Later through decision conferences, 

the actor involved with the help of an 
impartial facilitator, aim to stimulate thinking 
so that progressively (Bana e Costa and 
Beinat, 2005): any concerns arise, as well 
as define their meanings, and also analyze 
them and why they are important; come to 
a decision of the main indicators to assess 
and develop descriptors in order to make 
operational measures to determine the 
attractiveness of options. 

For the model structuring cognitive 
maps must be done. It helps people to 
describe and to structure better the 
problematic context, identifying what are 
the objectives, key issues, strategic 
directions and actions (Eden, 1989). The 
cognitive mapping is a method for working 
on complex problems and is designed for 
quantitative and qualitative approach 
problems. In cognitive mapping the aspects 
are clarified, eliminated, decomposed, 
connected and grouped, to avoid ambiguity 
and eliminate redundancies (Bana e Costa 
and Beinat, 2005). 

At the end, building a cognitive 
mapping the key criteria to evaluate the 
performance in study can be selected and 
then inserted in a value tree through the 
software M-MACBETH. The criteria need to 
be consensual, independent, 
comprehensive, measurable, non-
redundant, operational, and concise as 
possible, to be able to associate them 
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descriptors of impacts and evaluate, thus, 
its attractiveness through the methodology 
MACBETH (Bana e Costa and Beinat, 
2005).Those characteristics are necessary 
to ensure that it is possible to associate a 
criteria with a descriptor of impacts.  

However, the application of this tool 
was not necessary in the case study. The 
decision maker decided to implement and 
use the performance indicators already 
defined by ERSAR. In Figure 3, a value tree 
was inserted in MACBETH with the 22 
performance indicators that can be found in 
ERSAR report.  
 
Figure 3- Value tree inserted in M-
MACBETH 

 

As mentioned, the MACBETH 
methodology uses an additive simple 
aggregation compensatory model of the n 
partial scores                of any 

action "a", according to the analysis of the n 
points, which are set out by the following 
expression (Lourenço, 2002): 
 

 
 

Where   : A→IR is a cardinal function 
defined in the set A of potential actions that 

quantifies the local attractiveness of the 
actions A. For each PVj;    is a constant for 

the criterion   , or how will be designate 
below, is the weight that each criterion 
presents; V(a) measures the overall 

attractiveness of the a ∈ A.    corresponds 

to the level "Good" of impact and    to the 
level "Neutral" impact. However, in the case 
study, the reference levels described were 

for    a level of "the best" impact and    for 
a level of "the worst" impact, with "the best" 
impact corresponding an optimum 
performance for the process evaluated and 
the "worst" impact to an unsatisfactory level 
of performance. 

The next structuring step is to define the 
descriptors of impact. The descriptor of 
impacts is an ordered set of plausible levels 
impact associated to a particular criterion. 
These measure the degree (quantitatively 
or qualitatively) to which each criterion is 
satisfied and objectively described the 
impact of each option.  These descriptors of 
impact must reflect all the possible 
considered impacts in each criteria (N1, N2, 
N3, N4,...). In each group of descriptor of 
impacts are set two fixed reference levels – 
“the best” (green) and “the worst” (blue) – 
according to which the performances of the 
assets are evaluated  (Bana e Costa and 
Beinat, 2005). Observing the table 3 an 
example of a descriptor of impact for the 
service coverage performance indicator is 
shown. All the 20 descriptors were 
discussed and defined in a meeting with the 
decision maker. The descriptors were 
defined as quantitative, because all the 
performance indicators are based in 
numerical data. 

  
Table 2- Descriptor of impact for the 
service coverage criteria. 

 
 

After being validated the value tree 
and their descriptors of impact, by the 
decision maker, the value functions should 
be determinated. To obtain the value 
functions and the respective thermometric 
scales associated, the evaluation was 
performed in the M-MACBETH asking the 
actors to judge qualitatively in decision 
conferences the difference of attractiveness 
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between the different pairs of levels. This 
difference of attractiveness is expressed 
through six semantic categories (Bana e 
Costa, et al., 2008): (1) very weak (muito 
fraco); (2) weak (fraco); (3) moderate 
(moderado); (4) strong (forte); (5) very 
strong (muito forte); (6) extreme (extremo). 

As each judgment is entered in the 
MACBETH matrix of judgments, its 
consistency is tested, and each time that 
appears an inconsistency, suggestions are 
given by the software to move on. After the 
matrix is complete and without 
inconsistencies, a quantitative scale is 
displayed by the software. This scale can 
be discussed and adjusted by decision 
makers. 

The value functions in the case study 
were defined completing the judgment 
matrix for each performance indicator. Each 
matrix was filled out asking to the decision 
maker questions to compare the different 
pairs of levels through the 6 semantic 
categories. An example of the questions 
made is: "what is the difference of 
attractiveness between a management 
entity that has a optimal service coverage, 
i.e., to be at level N1 in the performance 
indicator of service coverage and have a 
medium service coverage (level N3) in the 
same performance indicator?”. Figure 4 has 
an example of judgment matrix and 
thermometric scale obtained by MACBETH. 

 

Figure 4- Matrix of the judgment matrix 
and the resultant thermometric scale. 

 After the identification of the value 
function, the next step in the PMS proposed 
model is obtain the weights for each 
criterion     . The weights assure the 

importance of each criterion possesses in 
the model evaluation. Therefore, in this 
stage the actors in the decision 
conferences begin to ordering the criteria in 
terms of the performance range of the 
descriptors of impact and the importance of 
those ranges are established by ranking the 
best/worst swing according to their overall 
attractiveness. Thus, decision makers 
assess once again through qualitative 
judgments the attractiveness of each swing, 
starting to compare in first place the swing 
most attractive with the second most 
attractive, applying the same six semantic 
categories used in the judgment matrix 
used in the determination of the value 
functions. This process continues until all 
the matrix is fulfilled (Bana e Costa et al., 
2008). 

Following the described process, the 
implementation of the PMS in the case 
study the decision maker thank about which 
of the passages from "the worst" level to 
"the best" level in a given criterion, keeping 
the others in “the worst” level, the 
performance become more attractive and 
with this more beneficial for the supply 
water managing entity. Identified the most 
important swing, was asked the decision 
maker to identify the second most 
important, and so on, until be sorted by 
descending order of attractiveness the 20 
swings. Then, to complete the judgment 
matrix some questions were presented to 
the decision maker such as: "what is the 
difference of attractiveness between the 
swing in "the worst" level to the "the best" 
level in unit operating costs indicator and 
the swing from the "the worst" level to the 
"the best" level in water supplied quality 
indicator?” After being completed the matrix 
and without obtaining inconsistencies the 
value for each of the swings were obtained 
as shown in the following Figure 5. 

 
C- Choquet Integral 
Next step in the proposed PMS is the 

integration in the approach of the Choquet 
integral. One of the PMS problems is the 
possible interactions that can exist between 
the different indicators, thus the final 
decision may be seriously affected if the 
indicators are not independent in the choice 
of the preference. The multicriteria models 
are used to reach the global expression 
through the weighting mean by assigning 
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weights to each indicator, but they do not 
consider if they are independent in 
preference. Because of this the final results 
obtained may not be accurate. It is known 
that the mutual independence among the 
criteria is a necessary condition for the 
aggregation operator be additive. With the 
application of the IC this problem will be 
solved, because it helps in a better 
weighting of the weights in order to relate 
the interactions between indicators. 

The IC is a fuzzy integral, and 
considers the interactions between k of n 
indicators of the problem, which is 
designated as k-additive. The interaction 
value (positive or negative) of the k 
indicators into account will determine if 
these should be evaluated or if the 
evaluation of only one of them is sufficient 
to satisfy the objectives requirements of the 
organization. A positive interaction between 
two indicators demonstrate that the two 
indicators should be evaluated while a 
negative result shows that only one of them 
is sufficient to satisfy the action. As 
previously mentioned the basic question in 
the IC is define the weight of each 
fundamental performance expression in 
relation to all the other contributions to the 
overall performance, i.e. define the Shapley 
parameters and the interaction parameters 
of any pair of performance indicators 
(Gürbüz, 2010).  

The interaction of the parameters     of 

any pair of indicators is comprised within 
the interval [-1,1] (Clivillé et al., 2006) 
Positive values     means that the 

simultaneous satisfaction of the indicators i 
and j are important for the performance 
aggregation evaluation; Negative values      

imply that the satisfaction of i and j is 
sufficient to have a significant effect on the 
final result; A null result     implies that there 

is no interaction, yet the Shapley value acts 
as a vector of weights in the weighted 

arithmetic mean. In MACBETH to obtain 
weights for the elementary performance 
expressions is proposed to consider some 
situations and compare them. Thus, 
Macbeth considers priority situations being 
attached to the elementary expression 
vector as (0,…, 0,1,0, ..., 0). Therefore, the 
performance aggregate expression is 

reduced simply in:     
     where    

  is 

the performance aggregated from the 
vector and       and all the others       

with j≠i (Clivillé et al., 2006). 
In the case of the performance 

expression, the IC 2-additive expressions 
are given by the following equation: 

 
In situations where only      (good) 

and the others are equal to zero (bad), as 
for example (0,..,0,1,0,...,0), the aggregated 
performance expression is the following: 

 
If there is no interaction between 

indicators       ∀  i,j        and therefore 

   
    , i.e. the weights of the weighted 

arithmetic mean. 
 If only      and the others are equal 

to 1, i.e. (1, ... ,1,0,1, .,1) the formula will be 
the following: 

 
If only two elements are equal to one 

    
      

 
   and the others equal to 

zero:

 
By this approach new weight values 

will be obtained by the application of the IC. 
However, in the case of study, this 
important step, was not possible to 
implement it due to the criteria were 
independent in preference. Therefore, it 
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was not necessary the use of this 
methodology. 

D- Analysis of Results 
At last, in this last stage the PMS 

results are analyzed, using the results 
generated by the software MACBETH. This 
software is capable to generate various 
analyses of results types that will be 
presented below.  

Above all, is possible to create value 
categories in order to categorize the 
different criticality degrees of the evaluated 
process. For the allocation of the value 
categories to the evaluated management 
entities is necessary to establish thresholds 
to separate out the different categories. 

To do so, the value categories are 
defined in the case of study using the 
procedure bottom-up, where the decision 
maker begins with a management entity 
characterized by present a performance 
level "the worst" in all indicators. Then, is 
selected a new evaluation criterion in order 
to raise its level of impact to the 
performance level "the best". The decision 
maker continue this procedure until hesitate 
about which is the category that should be 
allocated to the management entity profile 
that results from the rise of impact of the 
last criterion added to the evaluation. Thus, 
in the first hesitation is the profile that 
belongs to the category of average 
performance and in the second hesitation is 
the profile that belongs to the category of a 
good performance (Bana e Costa and 
Oliveira, 2002). In this case, an example of 
the questions would be: "Rising the level of 
impact on the selected indicator, from the 
"the worst" level to the “the best” level, the 
management entity profile continues to 
belong in the category of unsatisfactory 
performance? ". The categorization can be 
observed in Table 3, where the green color 
corresponds a good management entity 
performance, the yellow color corresponds 
a average management entity performance 
and red corresponds an unsatisfactory 
performance, and therefore, more critical 
and bigger the need of an improvement in 
their performance. 
 
Table 3- Value categories determined in 
the case study. 

 

 Score 

Green  70 
Yellow 40-70 

Red  40 

 

Yet with MACBETH methodology is 
possible to do different analysis. An option 
given by the software is sensitivity analyzes 
and robustness analyzes approaches. 
Sensitivity analysis allows checking if other 
preferences or weights affect the order 
chosen, while the robustness analysis 
checks the consistency of the final results 
(Bana e Costa et al., 2005). In this article, 
these kind of analysis is not shown by 
restrictions of space, even was done when 
the PMS was implemented in the 
performance evaluation in the management 
entities. 

On the other hand, after completed all 
the PMS structuring steps described, the 
software generates the results by a global 
thermometer which provides an overall 
performance ranking of each of the 
management entities evaluated. As defined, 
for the case study, an unsatisfactory 
performance belongs to the 0 in the scale 
and optimum performance is given if a 
management entity gets a value in the 
scale of 100. In Figure 6 is presented the 
thermometric scale resulting from the 
overall performance of management 
entities in the year 2010. 

Figure 6- 2010 overall performance 
ranking of each management entity. 

 
 

The decision maker was confronted with 
the final results. Observing the overall 
performance ranking determined by the 
software, the decision maker immediately 
accept the ranking given, because those 
who have a good performance as well as 
those who have a worst performance is in 
agreement with the knowledge that has the 
decision-maker of the general view of each 
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one of the relevant management entities. 
EPAL was the best entity in terms of overall 
performance while the worst was Ad Marco. 
With the constructed value categories now 
we can provide for each one of them, the 
category where is involved and with this 
determine if has to improve its global 
performance urgently. This allocation by the 
3 degrees of performance can be observed 
in the following table. 

 
Table 4- Distribution of the management 
entities by the performance value 
categories.  

 
Another analysis allowed by the 

methodology MACBETH, is a local analysis 
of each option with each performance 
indicator. This is possible due to the study 
of profiles of each of the options (in this 
case the management entities) where is 
shown through a scale of each indicator, 
the impact that has on each option. An 
example of the profiles obtained is 
represented in Figure 7. 

 

IV. Conclusions 
The aim of the article is mainly construct 

and structure a performance measurement 
system based on methodologies as 
multicriteria MACBETH and Choquet 
integral. This methodology has been 
implemented on a case study, in which it 
was tested the methodology proposed to 
build a performance measurement system 
to monitor the 2010 performance of 
management entities of the water supply 
services of Portugal. 

It was intended to develop and test a 

PMS model based on multicriteria 
methodologies, in order to solve the 
problems of the PMS referenced in the 
literature research presented on section II 
that already have been implemented in 
different practical applications on the 
market. Therefore, it was important to 
structure and build a model that would 
inform clearly and methodologically the 
company performance or any operation 
performance performed by the company. 
Thus, the methodology developed was 
developed with the idea that could be 
adapted to any type of practical 
performance measurement.  The additive 
aggregation model used by MACBETH is 
an advantage in respect to others PMS 
models, because it allows that a bad 
performance of an organization in a given 
indicator can be compensated by a good 
performance in another indicator. 

The implementation of the PMS 
proposed to the management entities got its 
purpose obtaining the main concern that 
was which needed a more urgent 
improvement. Also, it was analyzed which 
was the most critical indicators for each 
entity manager. In conclusion, in general 
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way the PMS was applied efficiently in the 
evaluation of the performance. 

Finally, recommendations for future 
works are given: 1) The integration of the 
MACBETH methodology should be 
implemented in solving problems of 
performance measurement with multiple 
performance indicators, as well as decision 
conferences for structuring the problem 
context, so a greater sharing of knowledge 
flows among decision makers and 
therefore, get results more accurate and 
effective as possible; 2) integration into the 
socio-technical process all major actors to 
provide their know -how, such that the 
structure of the problem is carried out as 
efficiently as possible; 3) One of the issues 
to be tested was the integration of the IC. 
So is suggested a better review of this 
methodology and its application in a case 
study in which this methodology can be 
tested. 
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