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Summary: Research on MCDA has put increasing attention in supporting group decision-making. Here we focus on the particular case where individual multi-criteria models are developed, and the performance of decision alternatives are assessed using each individual model. These models are then used for supporting negotiation and agreement between agents.  This type of intervention favours an in-depth elicitation of a single perspective and avoids group thinking. Its main disadvantage, so far, has been neglecting the systemic nature of organisational decision making, discarding any connection between the agents, which could lead to improve performances along the system. In this paper we propose the modelling of what we call “inter-relationship” criteria, trying to overcome this limitation. Using inter-relationship criteria, the performance of a given decision alternative considers the systemic impact it has on different areas of an organisation. The paper presents the framework and illustrates its use in practice, using a real-world case study.

1. Introduction
Group decision-making has been considered as one of the most important aspects of the organisational life, governing strategic choices. Research on MCDA has focused increasing attention in supporting this type of decision process (for an overview see Matsatsinis and Samaras, 2001) which has a more complex nature when compared with individual decision-making: there are different perceptions about the issue at stake, there are conflicts of interest among agents competing for resources, and the decision is a social process where organisational politics and negotiation play an important role. On the other hand, considering the organisation as a system, the performance of a given department will influence the performance of another ones, and thus the performance of the system itself. Therefore some sort of collaboration between agents is needed.

Traditionally there are two modes of modelling preferences when supporting group decision-making with MCDA. Firstly, it is possible to develop individual multi-criteria models and assess the decision alternatives using each model (Individual-Based). These models are then used for supporting negotiation between agents. Secondly, the analyst may support the development of a single multi-criteria model for the whole group, which is then used for evaluating the alternatives (Group-Based). In this case, the negotiation occurs during the development of the model itself. 

An advantage of Individual-Based interventions is that it favours an in-depth elicitation of individual perspectives and avoids groupthinking (where powerful members of the group dominate the building of the model, a risk in employing Group-Based). Its main disadvantage so far, has been neglecting the systemic nature of organisational decision making, discarding any connection between the agents, which could lead to improve performances along the system. In this paper we propose the modelling of what we call “inter-relationship” criteria, trying to overcome this shortcoming in Individual-Based interventions. 

The paper illustrates the use of this framework in practice, using a real-world case study. The case was conducted with the maintenance team of Itaipu Bi-National Hydroelectric Power Plant, and focused on devising strategies for improving the maintenance system there. Four decision makers were involved, each responsible for a given area, and individual multi-criteria models were built to evaluate performance. Inter-relationship criteria between each pair of decision-makers were elicited, and the models were employed to evaluate potential strategies for improvement. Conclusions about the case study and directions for further research are presented at the end of the paper.

2. The Systemic Perspective

Organizational theories determine that organisations can be viewed and analysed from different viewpoints or perspectives. In each perspective, a specific understanding, with regard to it, can be generated. On the other hand, each new understanding generated concerning the organisational complexity, complements the rest. The adoption of certain perspectives or organisational images will mainly depend on the "art of reading and understanding the organizations" (Morgan, 1995). Each image incorporates a series of philosophical premises, which, in their turn, direct the manner in which the organisational problems can be dealt with.

Let us assume that Individual-Based mode is adopted in supporting group decision-making, and individual models are constructed to assess the alternatives available to the group. In practice this would require an initial identification of stakeholders that would compose the group, usually taking a top manager from each department within an organisation (finance, production, etc.). A multi-criteria model would be build for each manager, and the performance of each decision alternative (e.g., investment in training) would be appraised on each model. 

This mode of modelling is assuming a specific image, where the evaluation of the performance of an organisational system results in the separate evaluation of each one of the parts of the system. Therefore, each part of the system evaluated corresponds to an isolated and isolatable specific evaluation. It may be, however, a simplistic way to address group decision-making dealing with organisational problems: 

"Traditionally, the organizations are designed around functional specialities, such as financial, manufacturing, marketing, sales, engineering and purchases. Each function has its own body of knowledge, language and culture. This gives rise to functional silos that become transformed into large obstacles to the implementation of strategies, since the majority of organizations face great difficulties in communication and coordination between these specialised functions" (Kaplan and Norton, 2001, p.22).   

Another image of an organisation is a systemic one. The term “systemic” has been a buzzword for a while, and has devoted the attention of philosopher, scientists and management gurus (Sterman, 2000). Its key idea is that “a complex whole may have properties which refer to the whole and are meaningless in terms of the parts which make up the whole” (Checkland and Scholes, 1999, pp. 18-19) and this whole, or a system, has a purpose (emergent property) that can be achieved just by the whole itself  (and not only by its parts).

Another distinction is between close and open systems. The term "closed" refers to the organization of its processes, since the order and its behavior are not dictated by the environment, but established by the system itself. But organisations and environment are visualized in a state of continual interaction and mutual dependency. These latter systems, which maintain this type of relationship with their environment, also receive the name of "open systems". When the organization is defined as an open system, the diverse internal levels of it can be seen as subsystems. Although of lesser complexity, each subsystem itself can be dealt with as a complex open system (Morgan, 1996). 

The challenge here is to move from this general ideal of a systemic analysis into tools that may support group decision-making, using Individual-Based MCDA modelling, in incorporating this systemic perspective. In the next two section we present an approach for this type of modelling.

3. Framing Decisions with a Systemic Perspective

An individual decision making process may be conceptualised as a decision frame, as suggested by Keeney (1992) and shown in Figure 1. The plan of strategic objectives of a given decision-maker A defines the plane of alternatives available to him/her. The essential objectives, that may be represented by a multi-criteria model, at the same time reflect the strategic objectives and focus on a smaller set of alternatives that fulfil his/her essential objectives.
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Figure 1 – The Framing of Individual Decisions (adapted from Keeney, 1992)

In Keeney’s framework the only actions to be considered are those that can be directly imputed to the management of the decision maker concerning his/her area. Another element of this approach is that, of all the objectives that interest the decision maker in the evaluation of performance, the only ones considered are those that can be controlled by the decision maker. Any action or objective not under the control of the decision maker(s) of the area, consequently occupies a position outside the decision making frame and is disregarded. 

If we try to use Keeney’s framework on the Group-Based mode modelling, then it is just a matter of replacing “decision-maker A” by “group” in Figure 1. In this case the group is considered as a single entity, and individual perspectives are not usually represented in the model. However, using an Individual-Based mode requires a different conceptualisation of the framework, as we suggest below.

The two larger frames (see Figure 2) represent the decisional context of decision-makers A and B from the same organisation.
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Figure 2 – The Decision Framework of an Individual-Based Mode
The larger face of each frame ((1 and (2 planes) represents the set of decision/actions available to the decision maker A and B, and the smaller face the common strategic objectives (( plane). Both decision makers share the same global strategic objectives of the system. Inside each decision frame there is an expanded plane ((1 and (2 planes) which represents the essential objectives of each decision maker. On the expanded delta2 plane  are reflected the actions which are under control of the decision-maker B (black square) and actions which are beyond his/her control but under control of decision-maker A (dashed square). On the expanded delta1 plan, there are actions which are under control of decision-maker A (black square) and actions that are from third parties, but affect the essential objectives of A (dashed square). Therefore, with this approach, we can have alternatives/actions which are not directly controllable (see Keeney, 1992) by a decision-maker but are important, and thus should be taken into account in the analysis.

4. The Inter-Relationship Criteria

Using an individual-based mode, the first step of an intervention is to identify the key actors of the system, individualizing their roles and their visions of the system. In consequence of this, an individual performance model may be identified for each key actor. This individual model proposes a representation of the performance issue while maintaining the vision and the individual perspective of each actor.

Once the individual models were built, it may be possible to identify upon which bases the interrelationships between the key components of the system occur. In other words, to recognize the interrelationships criteria from which opportunities can be visualized for improving the adjustment between the various organisational areas involved.

Another task at this point of the intervention may be to identify how the key actors of the system see their relationships with elements that are external to the organisational area (incorporating the notions of the open systems). In a similar manner to the above, the identification of the interrelationships criteria may permit visualizing opportunities for improving the adjustment of the various organisational areas of the organisational system considered as areas that are external to the system.

During this process of analysis, it may be useful to consider that the product of the system being studied synthesizes its "emergent property" or purpose. So the group may be focused on identifying the purpose of the whole system, instead of having each individual concerned with parochial issues which concern solely his/her department.

In this manner, the approach proposed will represent in each model:

· the individual concerns of each decision maker regarding the performance, that can be directly controlled by him/her. Therefore, in each model it is necessary to identify that which pertains to the decision-making frame of each decision maker;

· how each decision maker perceives the influence of other actors upon the performance of his area. That is, each model should incorporate all the aspects that influence the performance results of each decision maker, including those that are outside his individual decision-making frame. The overall vision of all the performance models will form the description of the performance problem of the system. 

Figure 3 shows, in a summarised manner, the diverse elements considered for the construction of the systemic vision of performance in the proposed approach. 
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Figure 3 –Inter-relationship Criteria in Group Decision-Making
In the first place the key actors of the system being considered appear. For each one of these key actors a vision must be constructed that incorporates both the objectives that can be directly controlled by him (white squares in the figure) and those that are affected by other actors (interrelationships criteria between internal areas of the organization – shaded squares in the figure). 

The influence of the external actors upon the organisational system is also considered (as also shown in  Figure 3) thus configuring the interrelationships criteria of each organisational area with areas/people/groups that are external to the organization. However, what are not considered are the visions of these actors (external to the organization) concerning the problem, since this would imply transferring to outside the system a part of the references for analysis The influence of the actors external to the organization is defined, starting from the vision of each key component of the organization. (The most updated concept of organic systems does not deny the relationship existing between the live systems and the environment, but stress that the principal reference of this relationship is "within" the system and not "outside" the environment.)  

5. Testing the Approach in a Case Study

In order to test the approach we are suggesting, we employed it in a real-world problem, which is described below. Reflections on the case study follow.

5.1. The Problem – Performance Evaluation in a Maintenance Superintendence

The maintenance area (Superintendence of Maintenance – SM) of the Itaipú Binacional corporation was chosen for the development of the case study. Itaipú Binacional is at present the plant with the largest installed power in the world (12,600 MW) and to this day holds the annual power production record (13,057 MW). Itaipú is a utility owned by the governments of Paraguay and Brazil, with a complex system of dividing the functions, which permits the joint administration, operation and maintenance by Paraguayan and Brazilian staff. This maintenance area will be the system to be analysed. Four decision-makers were involved in the process:

· Superintendent of Maintenance;

· Vice Superintendent of Maintenance;

· Manager of the Department of Maintenance;

· Manager of the Department of Maintenance Engineering. 

The principal product of Itaipú Binacional is the generation of quality power. This quality can be defined as the delivery of power to its customers with the voltage and frequency varying within pre-established limits and with minimum discontinuity in the supply. What is sold is not energy, but instead, power availability. The availability and reliability of the product offered by the utility is the major responsibility of the area of maintenance. The area of operation is responsible for the delivery of this product. The intervention purpose was to support the group in evaluating potential alternatives to the improvement of the Maintenance system.

In the particular case of the "Superintendence of Maintenance" (SM), the capacity to have available power with reliability is the principal property emerging from the system. Like any other emergent property, this one cannot be attributed to any single one of the areas comprising the system. This property only arises from the SM system as a whole. With a vision of the systems, it is easier to comprehend the limitations of considering and seeking local improvements that are merely improvements to the component areas of a system. The latter will be meaningless unless they are accompanied by actions to improve the quality of the adjustment and integration of each constituent part of the system. 

5.2. The Model Structuring

It is important to take into consideration that upon commencing the task of structuring the problem, the area in question had previously defined its Mission. In spite of an existent single mission for each key component, each one of these components reinterprets this mission starting from the position it occupies within the organization. 

Individual interviews were held to identify those aspects considered most important by the decision makers, with regard to the performance of the system. The structuring task was carried out by individual interviews and concentrated on identifying the viewpoint of each key component regarding the aspects that best explain the performance question in its own area. A model with a hierarchical structure of objectives was constructed to represent the perception of each component in relation to the question. 
In order to obtain the perception of each of the decision makers regarding the relations that most influenced performance, the decision makers were encouraged to discuss (see Figure 4):

· their own management, their relations with other areas within the system and their vision of the results;

· their relations with other areas outside the system. 
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Figure 4 - Relationships between Decision-Makers and other Actors in the Case Study
It is important to stress that the objectives identified by each decision maker, that are affected by third parties (or interrelationship criteria), follow the same characterization as the other objectives of the hierarchical structure. In other words, these objectives also complete their definition with descriptors and value functions (see Keeney and Raiffa, 1993). The techniques presented by Keeney (1992), Basadur et al. (1994), and Ensslin et al. (2001), for structuring the problems were particularly useful to the development of the hierarchical objective structure or the ramification of values for each decision maker.


Thus, each ramification was used merely as a part of the description of the performance issue. In this manner, an overall vision is required of all the Hierarchical Objective Structures in order to reach comprehension of this issue as shown in Figure 5, for detail of the structuring of this problem see     Roig-Sannemann (2001). In all, an average of six interviews was required with each decision maker. The duration of each interview averaged two hours. All the interviews were recorded, which facilitated the subsequent analysis of each one. A multi-attribute value function was employed to aggregate performances along each decision-maker value tree – so he could appraise how attractive each alternative was for his subsystem.

Figure 5 – Overview of Value Trees in the Case Study
5.3. Comments on the Intervention

The incorporation of the systemic perspective exerted influence on the manner of ordering the values of all the actors involved and in the comprehension of the results. According to the vision of the various key components, it was possible to construct local performance indicators of the various areas pertaining to the system being studied, as well as performance indicators pertaining to the quality of integration of the various parts of the system. In order to make these last indicators feasible, it was necessary to identify the interrelationship criteria taking into account the vision of each key component of the organisational system being studied. 

The description was not constructed into a single model with the intention of representing the understanding shared by the different components of an organisational area surrounding the performance problem. Instead of this, the final description resulted from observing the various models obtained. A model was constructed for each key component of the system. Each model presented and clearly identified various improvement opportunities for the manager himself and for the system. In accordance with the description obtained, each area can be improved based on: i) the individual actions of each manager in relation to various aspects considered critical; ii) the negotiation of each manager with those who affect and influence aspects of the performance model constructed for his area. This occurs, in many cases, because of the improvement in the performance of some actions and in the obligations that have to be assumed by others. 

It is always necessary to stress that each model corresponded to an individual vision that is not isolated from the greater context of the system in question. The improvement of the system passes through the joint treatment of all the models and not of each one of these individually. Apart from this, in the systemic view, the search for local improvements to the detriment of the global ones may be invalidated when the purpose of the search seeks to strengthen the system. 

It is believed that, although the approach proposed in the present case study was not compromised with the description of reality (the description is intended to conform to the viewpoint of the decision makers of the system, and what they desire in terms of organisational performance), this did not impede the description visualizing convenient (real) actions for improving the performance of the individual and of the system. 

It is important to keep in mind that one of the objectives of the work was to generate a description of the performance problematic as visualized by the key components of an organisational system. This comprehension passes through the understanding of how each manager constructs his own vision (which includes his values and his perceptions) concerning the performance question. Thus, each model synthesizes the assemblage of values that each key component of the system wants to communicate to the others.

In the second place, as each model was considered merely part of the description of the performance issue of the system, no model can be considered more important than the others. In this case, the analyst or facilitator could not identify a priori the convenience of one action of potential improvement in comparison with another. In other words, no scale factors exist between models to assist this last point. Therefore, each improvement action should be analysed from the viewpoint of the impact of the action upon all the models and the convenience identified by the managers of the system regarding its implementation. In this proposal, the individual capacity to defend, negotiate and argue the importance of a particular action is, finally, what will determine the chance of its being put into practice. 

6. Conclusions and Directions for Further Research

This paper proposed that, when supporting groups with MCDA in an Individual-Based mode, the analyst might introduce a systemic perspective using inter-relationship criteria. The adoption of this approach may assist the managers in identifying opportunities for improvement both at the local level (performance of the parts of the system) and in the integration of the diverse parts that form the system. We presented a case study were this approach was employed and made some reflections on the intervention. The approach is still in its initial stages of design, and we recognise that more research is needed on this subject. However we think that it may be of interest of the MCDA community, and for this reason we want to share our ideas to discussion and debate. Its limitations are discussed below.

Apart from the negotiation itself, no suggestion was presented in the paper concerning the identification of the most convenient group of actions for improvement, in accordance with the resources available and to resolve any conflicts of interests. In any case, a clear explanation of the preferences of each decision maker and the possibility of identifying the impact of the potential actions upon the diverse viewpoints will benefit communication, and consequently, the successful progress of the discussions. It is important to point out that the entire proposal of this study and of its results is limited to the process of assisting the decision, which precedes the process of actually taking the decision. 

The adoption of a participative approach also presupposes that the area being studied adopts a particular type of management that validates this type of approach. In areas marked by the existence of an autocratic management, this type of approach obviously couldn't possibly be adopted. 

The models developed in the case study were descriptive and had as main objective the comprehension and understanding of the problem involving the situation. All the actions for improvement should result, therefore, from the comprehension, subsequent discussion and agreement between the decision makers with regard to the most convenient actions to be implemented. 

The additive function used as a base for modelling the values and preferences of each decision maker is only partially useful for identifying opportunities for improvement. As already commented, the proposed modelling will reveal a clear improvement for all the decision makers only in the cases where an action being considered dominates all the others and produces a positive effect upon all the individual models. Apart from this situation, the proposed modelling doesn't offer a mathematical support for evaluating the trade-offs between all the criteria. 

The incorporation of the systemic perspective exerts an impact upon the concept of controllability associated with the identification of essential objectives in each value tree. In order to define these essential objectives it was necessary to use an enlarged vision of the decisional frame, in which the alternatives might not necessarily be directly controlled by the management of the decision maker. Without limiting the group of alternatives to those controlled by the decision maker, it was sought to identify, in the most comprehensive manner, all the alternatives that might influence a particular aspect. Finally, in the systemic vision, the phenomena cannot be studied in isolation but only while integrated into a vision of a greater whole. 

Obviously, the proposal of the present study, presupposes a managerial style that leaves room for the equal participation of all its managers. To promote the improvement of the system before focussing attention on diverse local improvements is one of the challenges of the systems thinking. The conviction that this thinking does not subvert the natural order of the priorities is based on the understanding that the weakening of the system ends by compromising the survival of all its components. In view of this, it is logical to think that the participation of the top hierarchy of the organisational area should guide and assign priority to systems thinking with regard to the generation of improvements. 
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