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Abstract. In order to aid groups in complex decision-making processes,
the Multi-Actor Multi-Criteria Analysis (MAMCA) methodology has
been developed. The MAMCA methodology differs from the classical
approaches of Multi-Criteria Decision-Analysis (MCDA) in the fact that
the different actors who are involved in a project, the so-called stake-
holders, are explicitly involved throughout the steps. In this research,
after a brief summary of the MAMCA methodology, we will present the
MAMCA software, an interactive web tool which was established based
on the aforementioned methodology. In the software, several visualiza-
tions are provided to aid decision makers with analysis of the problem
at hand. Furthermore, we discuss how we adapted the PROMETHEE
method to provide a comprehensive overview on the performance of the
different solutions to the problem, so-called alternatives. The software
and the visualizations are demonstrated with an example [13], a case
study for the choice of an Urban Consolidation Center (UCC) in Brussels.
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1 Introduction

In order to achieve more sustainable solutions, in addition to the economical
effects, the ecological, spatial and social impacts of a project should be con-
sidered [2,17,28]. The MCDA approach makes it possible to evaluate several
alternatives on various quantitative and qualitative criteria [22]. A further step
in the evolution of appraisal methods is the explicit introduction of the stake-
holder notion in the analysis. A stakeholder is by definition any individual or
group of individuals that can influence or are influenced by the decision [10].

The MAMCA methodology makes these stakeholders explicit in the appraisal
methodology. MAMCA is a methodology to evaluate, amongst others, trans-
port projects, and aid groups in complex decision-making processes. In order
to include the stakeholders’ opinions into the decision-making process, already
in the very beginning, during the problem formulation phase, the stakeholders
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are identified together with the possible alternatives that can be considered.
Thereafter, the stakeholders’ criteria and priorities will be gathered. Finally,
the alternatives will be evaluated on the gathered criteria. Hence, the MAMCA
methodology adds an extra layer to the traditional MCDA method, namely the
actor layer. In other words, per stakeholder a Multi-Criteria Analysis (MCA)
model is built. All these models are aggregated in the final step.

The MAMCA methodology has already proven its effectiveness in evaluat-
ing complex sustainable mobility and transport policy decisions [20]. However,
in order to create an accessible and global multi-actor multi-criteria analysis
application, the MAMCA software has been developed.

The MAMCA software, follows the steps of the MAMCA methodology. First,
a project is set up with a goal in mind and the alternatives are defined. There-
after, the stakeholders are identified. Various stakeholder groups with different
criteria per group can be created in the MAMCA software. While several rep-
resentatives can be added to each group, the concept of participants has been
introduced to the MAMCA software, to allow large groups, such as citizens, to
have a direct impact on the decision by participating in a survey.

Allocating weights is possible with three methods: pairwise comparison
(introduced by Saaty in [23]), equalization and manual allocation. The Preference
Ranking Organization Method for Enrichment Evaluations (PROMETHEE)
method, developed by Brans in [3] and further extended by Brans and Vincke in
[5], is provided for evaluation in the MAMCA software. Alternatively, Analyti-
cal Hierarchy Process (AHP) method, introduced by Saaty in [23] is provided as
well. Moreover, diverse visualizations have been adopted to assist stakeholders
in analyzing different decisions.

During the development of the software, further effort has been put into the
adaption of the PROMETHEE method. In this paper, we propose an alternative
series of steps to calculate the final net scores of the alternatives. The proposed
steps, reach the same net scores as calculated by the original PROMETHEE
method. The benefit gained by the proposed steps is that we receive a perfor-
mance indicator for each alternative on all criteria, providing a comprehensive
analysis on the alternatives.

In Sect. 2, some literature in the transport sector, which use MCDA meth-
ods in their appraisal are reviewed and some related software packages are
discussed. The theoretical foundations of the MAMCA methodology will be
reviewed in Sect. 3. Thereupon, the MAMCA software is established and intro-
duced in Sect. 4. Herein, the focus will lie on the provided visualizations and the
adaption of the PROMETHEE technique. Finally, in Sect. 5 we will discuss the
future necessary steps and we will conclude in Sect. 6.

In this paper, in order to present some features of the tool and discuss the
provided visualizations, we will take a case study for the choice of an Urban Con-
solidation Center (UCC) in Brussels from [13], as an example. In the example,
the MAMCA software has been used as a methodology to consider the interest
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of the stakeholders while evaluating the different implementation scenarios in
the Brussels-Capital Region1.

2 Related Work

The application of MCDA in the transport sector has a broad scope, ranging
from the evaluation of policy measures in passenger transport [2], to strategic
decisions [8,26], technologies [19,25], locations [15,24], and finally infrastructure
projects [7]. Żak and Thiel in [28] give a comparison of several MCDA methods
to solve mass transit systems’ decision problems. For an overview of transport
applications and applied MCDA methods see [17]. For the transport sector many
different stakeholders are often involved [27,28] such as: users of the transporta-
tion, owners, managers and employees of the transportation companies, and
responsible authorities for the transport operations. Not taking into account the
divergent objectives of stakeholders, will make implementation of the selected
alternative impractical.

PROMCALC [4] was the first published software by Mareschal and Brans,
the authors of the PROMETHEE method and the GAIA visual module [6].
PROMCALC, published in 1990’s, was replaced by the Decision Lab [9] devel-
oped in collaboration with the Canadian company Visual Decision in 2000s
[1]. Thereafter, Visual PROMETHEE [9] has been introduced in 2010, which
has spreadsheet interface, complete and partial rankings and sensitivity analy-
sis for evaluation of PROMETHEE rankings’ robustness. D-Sight Collaborative
Decision-Making (CDM) [11] is a web Group Decision-Support System (GDSS)
tool published in February 2010. D-Sight CDM has PROMETHEE I and II
rankings, the GAIA visualization tool, sensitivity analysis and a modern user
interface. Expert Choice [12] is a GDSS based on AHP, evaluating the alterna-
tives based on pairwise comparisons. The Expert Choice software is equipped
with sensitivity analysis and uses three types of comparisons namely verbal,
numerical and graphical to evaluate the alternatives.

3 MAMCA Methodology

In a classical MCDA approach the following steps are taken: problem defini-
tion, developing the alternatives, developing a set of criteria and an evaluation
matrix of their importance, the general evaluation of the alternatives, and finally
the implementation [7,21]. Moreover, various stakeholders are often involved in
the decision-making process. It is important to explicitly involve stakeholders’
objectives in the process and analysis. The MAMCA methodology differs from
the classical approach of MCDA in the explicit introduction of stakeholders in
a very early stage. These stakeholders will be key to identify and evaluate the
criteria, which are here equal to the objectives of the stakeholders.

1 Understanding of the example is not necessary in this article. It is uniquely used to
present the software.
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The first step in the MAMCA approach is the definition of the problem and
the identification of the possible alternatives submitted for evaluation. The stake-
holders are identified in the second step. Stakeholders are people who have an
interest in the consequences of any decisions taken. An in-depth understanding
of each stakeholder group’s objectives is critical in order to appropriately assess
the different alternatives. Stakeholder analysis should be viewed as an aid to
properly identify the range of stakeholders who need to be consulted and whose
views should be taken into account in the evaluation process.

The choice and definition of the evaluation criteria are primarily based on the
identified stakeholder objectives and the purposes of the alternatives considered.
In the MAMCA methodology, the criteria for the evaluation are the goals and
objectives of the stakeholders, and not the effects or impacts of the actions per
se as is usually done in a multi-criteria analysis. The given weights represent the
importance the stakeholders attach to these objectives.

In the fourth step, for each criterion, one or more indicators are constructed:
direct quantitative indicators such as money spent, number of lives saved, reduc-
tions in CO2 emissions achieved, etc. or scores on an ordinal indicator such as
high/medium/low for criteria with values that are difficult to express in quanti-
tative terms. The measurement method for each indicator is also made explicit;
for instance for the “economic activity” criterion, the number of jobs created
counted by the number of people is considered. This allows measuring of the
performance of each alternative in terms of its contribution to the objectives of
specific stakeholder groups. Steps 1 to 4 can be considered as mainly analytical,
and they precede the ‘overall analysis’, which takes into account the objectives
of all stakeholder groups simultaneously and is more ‘synthetic’ in nature.

The fifth step is the construction of an evaluation matrix, aggregat-
ing each alternative’s contribution to the objectives of all stakeholders. Any
MCDA-method can be used to assess the different strategic alternatives. The
PROMETHEE method has, for example, been extended in [18], the Analytical
hierarchy process (AHP) method in [23] and ELECTRE in [14]. These methods
give each stakeholder group the liberty of having their own criteria, weights and
preference structure and only at the end of the analysis the different points of
view are confronted.

The multi-criteria analysis developed in the previous step eventually (in step
six) leads to a classification of the proposed alternatives revealing the strengths
and weaknesses of the proposed alternatives. A sensitivity analysis is performed
in this stage in order to assess the stability of this ranking. More important
than the ranking, the multi-criteria analysis reveals the critical stakeholders and
their criteria. The multi-actor, multi-criteria analysis provides a comparison of
different strategic alternatives, and supports the decision makers in making their
final decision by pointing out for each stakeholder which elements have a clearly
positive or a clearly negative impact on the sustainability of the considered
alternatives.

The last stage of the methodology (step 7) includes the actual implementa-
tion. When the decision is made, steps have to be taken to implement the chosen
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Fig. 1. Methodology for the multi-actor multi-criteria analysis (MAMCA) [16]

alternative by creating deployment schemes. The information on the points of
view of each stakeholder, received from the previous steps, tremendously helps
to define the implementation paths. The overall methodology of the MAMCA is
shown in Fig. 1.

4 MAMCA Software

The MAMCA software is developed in Java and PHP and runs inside the Glass-
Fish and Apache application containers, respectively. It contains three layers: the
first layer is the data access layer, the second layer is the logic layer, programmed
in Java, and the user interface is the third layer.

Fig. 2. MAMCA software
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Figure 2 demonstrates a screen-shot of the MAMCA software. It displays the
first page of the workspace after a project manager has logged in to the software
and has selected a project. We can see the project title and the evaluation
type (PROMETHEE or AHP). Afterwards, we can see the navigation bar which
follows the steps defined in the MAMCA methodology.

The MAMCA tool can be accessed after logging in to the platform by a
user-name and password. Thereafter, either a new project should be created or
we can access an existing project. When creating a new project, the title, goal,
description and evaluation type of the project should be identified.

4.1 Alternatives

In the first step, demonstrated in Fig. 2, we can define new alternatives, modify
or remove them. The alternatives can be added one by one or imported from a
Microsoft Excel sheet. The alternatives list can be exported as a Microsoft Excel
sheet. In the presented project to implement an urban consolidation center in
Brussels, six alternatives have been defined. Each alternative has a name and
description, which is shown if the pointer stays on the alternative name in the
table.

4.2 Stakeholder Analysis

In the second step, involved stakeholders are introduced. Four types of actors
are introduced in the MAMCA tool: project manager, actors, participants and
experts. Project managers are the creators of a project. They will define the
project and the alternatives, which are the same for all the stakeholders. There-
after, the project manager will introduce the involved stakeholders as groups of
actors, participants or experts and will invite one or many people to each group.

Actors are stakeholder groups that are engaged in the project and are inter-
ested in the outcome of the project. Thus, apart from their defined task they will
have access to the result of the project. Each actor group has different privileges.
When creating the actor groups, it has to be defined: (a) if the actors in each
group will add their own criteria or if they are pre-defined and added by the
project manager, (b) if the evaluation table will be filled in by the actors or if it
will be filled in by the project manager or experts.

In the MAMCA process, often the representatives of the identified stake-
holder groups are invited. In order to find more equitable and sustainable solu-
tions, it is necessary to involve all stakeholders, and not only their representa-
tives, especially for large groups, such as citizens. The increasing digitalization of
the world and the knowledge-based society ensure that people will increasingly
be able to participate in the decision process. Even stronger, people will ask to
be involved in these processes. In order to explicitly integrate a broad set of
various and often conflicting points of view, the concept of participants has been
introduced in the MAMCA software. Participants are people from large groups
such as citizens, which are important to consider but are hard to contact in per-
son. In order to include more stakeholders’ opinions, the process has been made
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brief, and the participant groups receive a link to fill in a pairwise comparison
based on their priorities.

Furthermore, experts have been introduced to the MAMCA methodology
to assist on the fourth step of MAMCA methodology, where indicators and
measurement methods to evaluate alternatives are defined. For each stakeholder
group introduced in the second step, we can define whether the stakeholder group
has the expertise to fill in the evaluation table or if an expert will be invited to
carry out the evaluation. Similar to the alternatives list, the actor groups list can
be imported and exported. Figure 3 shows the actors for the UCC case project.

Fig. 3. MAMCA software: stakeholder groups

4.3 Criteria and Weights

In the third step, per stakeholder group the criteria are defined. Each criterion
has a name, group and description. It is important to realize that the criteria are
different for each stakeholder group. The criteria are added by actors during the
project or are predefined by the project manager. The criteria can be imported
and exported as an Microsoft Excel sheet.

The fourth step is the weight allocation. In this step, three methods are
provided to allocate a weight to each criterion. If we equalize the weights, the
criteria groups will each get an equal weight, thereafter those weights will be
equally divided to the criteria in that group. We can assign the weight manually.
If the weights do not sum up to 1, a ratio of the weights will be saved. Finally,
the pairwise comparison method introduced by [23] can be used to weigh the
criteria.

4.4 Evaluation

The fifth step is the evaluation step. When creating the project, we must choose
between AHP and PROMETHEE. If the chosen method is AHP, alternatives will
be compared pairwise for each criterion. Please refer to [23] for further explana-
tion on the AHP technique. If PROMETHEE is the chosen appraisal method,
the evaluation table has to be filled in, indicating on a quantitative or qualitative
scale how each alternative has scored on each criterion. The parameters for each
criterion have to be defined as well. In the following, we will further discuss the
PROMETHEE technique.
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PROMETHEE Technique. PROMETHEE is an outranking method to
rank a finite set of alternatives based on a set of often conflicting criteria.
PROMETHEE I and PROMETHEE II has been originally introduced by Brans
in [3]. Thereafter, several other versions of PROMETHEE have been introduced,
which we will not review in this paper as they are not relevant to our research.

The basic principle of PROMETHEE II is based on the pairwise compari-
son of alternatives along each recognized criterion. In PROMETHEE II, each
alternative is evaluated on different criteria, providing the evaluation table. In
order to get the ranking of the alternatives, in addition to the evaluation table,
three sets of information are required: the weight allocated to each criterion,
the preference function for each criterion and whether the criterion is to be
maximized or minimized. Brans and Vincke suppose that all the criteria have
the same importance or the stakeholders will introduce normalized weights as
their preference index [5]. The preference function takes the difference between
the evaluations of each two alternatives, and gives a preference degree ranging
from zero to one. Brans and Vincke in [5] proposed six basic types of preference
function: usual criterion, U-shape criterion, V-shape criterion, level criterion, V-
shape with indifference criterion and Gaussian criterion. Furthermore, for each
criterion, the value of an indifference threshold: q, and the value of a preference
threshold: p, and the value of an intermediate value between p and q, s has to be
defined. The stepwise procedure for calculating the ranking of alternatives has
been discussed in [3], and demonstrated, as in Fig. 4 by Behzadian et al. in [1].

4.5 Results

The sixth step which is the multi-actor tab, includes the visualizations and analy-
sis which will be discussed in details in the following.

Multi-Actor Analysis. In Fig. 5 the scores of the alternatives derived from
all stakeholder groups are aggregated in one chart providing the multi-actor
view. The scores of alternatives for each group is an arithmetic mean of the
alternatives’ scores for each stakeholder in that group. As Fig. 5 reveals, there is
not always a single best alternative available. On the other hand, we can realize
Scenario 2b and 3b have performed better compared to the other alternatives.
Scenario 2b has scored positive for all the stakeholder groups except for the
Citizens. It has been the best alternative for the Shippers and LSP. Furthermore,
it has scored positive for the Receivers and Authorities. It has to be investigated
how to adapt Scenario 2b to better perform for the Citizens. Scenario 3b has
been the best alternative for Citizens and Authorities, and has received positive
scores for the LSP and Receivers. Further analysis can be applied to become
aware of how to adjust Scenario 3b to better perform for the Shippers.

Multi-Actor Box Chart Analysis. Figure 6 provides a comprehensive
overview on the alternatives’ scores. It demonstrates the range of the scores
each alternative has received and where the scores are more concentrated, while
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Fig. 4. Stepwise procedure of PROMETHEE II [1]
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Fig. 5. MAMCA software: multi-actor analysis

not directly showing each stakeholder’s opinion. This visualization is especially
beneficial when we have a large number of stakeholders and stakeholder groups.
The top and bottom quartiles of the alternative’s scores are demonstrated by
the lines, and the green and blue boxes show the middle top an middle bottom
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quartiles respectively. Scenario 1 has a high concentration in the negative scores,
representing that it has received negative scores from all the stakeholders. Sce-
nario 2b has a rather high concentration in the positive scores, showing that it
has received positive scores from most of the stakeholders. While Scenario 3b
has a very high top score, the opinion of stakeholders has not been united about
it, as the box has a large area.

BAU Scenario 1 Scenario 2a Scenario 2b Scenario 3a Scenario 3b
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Fig. 6. MAMCA software: multi-actor box chart analysis

Alternatives Evaluation Analysis. In order to calculate alternatives’ net
scores with PROMETHEE II, a five-step procedure has been introduced by [3],
demonstrated in Fig. 4 by Behzadian et al. [1]. In this research, we propose a
four-step procedure to calculate the alternatives’ net scores, presented in Fig. 7.
In the proposed procedure, the first two steps are identical to the original steps.

The benefit of using the proposed procedure is that we evaluate the per-
formance of each alternative on all criteria. In the third step of the procedure,
a matrix, shown in Fig. 8, is built representing the performance of alternatives
on the criteria set. Thereafter, in step four, the net score of each alternative is
calculated summing up their performance on the criteria set, multiplied by the
criteria weight. It is important to mention that the final net scores of alternatives
calculated by the proposed four-step procedure are the same as the net scores
calculated by the original five-step procedure.

Figures 9 and 10 exhibit results of the calculation based on the four-step
procedure suggested in Fig. 7. In these figures, we can see how alternatives
have performed over the criteria set of each stakeholder group. Figure 9 is from
analysis of the Citizens. Scenario 2b has scored positive for all the stakeholder
groups except Citizens. Thus, in Fig. 9 we can investigate how we can adapt
this alternative in order to perform better for Citizens. While Scenario 2b has
scored negative on almost all the criteria of this group, we assume if the noise
problem would be addressed, the score of the alternative will change greatly.
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Fig. 7. Stepwise procedure of adapted PROMETHEE calculation (Step 1 and 2 from
[1], Step 3 and 4 from own setup)

This hypothesis will be tested using sensitivity analysis in the following. Fur-
thermore, in Fig. 10, we observe that the reason for scenario 3b receiving a
negative score for the Shippers, while receiving a positive score for all the other
stakeholder groups, is due to the high transport cost of this scenario. Thus, a
solution such as a subsidy from the government, in order to lower the cost of
this scenario for the Shippers, can provide an alternative that is satisfying to all
stakeholders.

Fig. 8. The matrix representing the performance of alternatives on the criteria
(own setup)

Sensitivity Analysis. In the MAMCA software, we provide two sensitivity
analysis: weight analysis and evaluation analysis. In the weight analysis, using a
flowing bar chart, criteria weights of different stakeholder groups can be changed



50 S. Hadavi et al.

Space occupancy Transport emissions Urban accessibility Safety Noise level Overall
-1

-0.6

-0.2

0.2

0.6

1

-3.49

3.49

C
rit

er
ia

 W
ei

gh
t

E
valuation S

core

Criteria

0 0

Group Weight Contribution BAU Scenario 1 Scenario 2a Scenario 2b Scenario 3a Scenario 3b

Evaluation and Weight Chart
Urban Consolidation Center in Brussels , Citizens
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Fig. 10. MAMCA software: shipper’s alternatives evaluation analysis

and the result of these changes are demonstrated in the multi-actor analysis
chart. Hence, we can investigate how changing the weights of some of the criteria
for one or more of the groups will affect the results in the multi-actor view. In
the second case, evaluation analysis, we can adjust the “Alternatives Evaluation
Analysis” chart of some of the stakeholder groups, and the result of this will be
shown in the “Multi-Actor Analysis” chart. Changing the noise level of Scenario
2b for Citizens results in receiving slightly positive score for this scenario. Thus,
we realize if the noise problem of the Scenario 2b will be solved, this scenario
will have positive scores from all the stakeholders.
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5 Discussion and Future Work

The use of the MAMCA software has made interactive workshops possible. In
these interactive workshops, the focus is on the discussion, as well as on the
weights of the criteria and the evaluation. Directly a common understanding of
the problem and better insight is gained about the objectives and concerns of the
other stakeholders. Finally, some template and guided projects, such as the city
distribution game with 5 stakeholder groups, namely the shippers, the logistic
service providers, the receivers, the citizens and the authorities can be used for
training and exercise purposes.

A future work in the MAMCA development is to incorporate the “partici-
pation” concepts, by further enhancing the implemented “Participant” concept.
The nature of the problem could be defined by stakeholders, others than the
public officials and organized interests. Participation addresses the need for a
dynamic approach facilitating mutual decision making accessible by a wider com-
munity. Herewith decision making goes beyond the existing political structures
and dialogs.

Additional future work in the MAMCA software is integrating co-creation
and co-design into the planning and decision-making process. Identification of
alternatives with high levels of cooperation requires an interface facilitating
identification and integration of the co-created alternatives into the evaluation
process. Co-creation incorporates the formal structures of planning and evalua-
tion, with the generally more informal process of identifying the alternatives.

6 Conclusion

In this paper, the MAMCA software was introduced, in order to aid groups in
decision-making process and provide support to all the stakeholders. Software
follows the steps of the MAMCA methodology, involving stakeholders explicitly
in the appraisal process. Using the MAMCA software in interactive workshops,
further enhances a mutual understanding between the stakeholders.

The softwares introduced in the related work section have either AHP or
PROMETHEE for evaluation. The MAMCA software provides a choice of both
of the algorithms. In the reviewed softwares, several stakeholder groups can
be involved, but the criteria are the same for all the groups. In the MAMCA
software, each stakeholder group has their own criteria. A MCA model is built for
each stakeholder and aggregated in the final step. The “participant” concept to
include large groups’ opinions in the decision-making process, through a survey,
has been introduced in this paper.

In this contribution, a four-step procedure has been proposed as an alter-
native to the original five-step PROMETHEE algorithm. The proposed four-
step procedure provides the same net scores for the alternatives as the origi-
nal PROMETHEE. The benefit of the proposed procedure is the performance
indicators received for each of the alternatives on the criteria set. Several visu-
alizations such as “Alternatives Evaluation Analysis” providing an overview on
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performance of the alternative on the criteria set with positive and negative
scores, “Multi-Actor Analysis” and “Multi-Actor Box Chart Analysis” are fur-
ther contributions of this paper.
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