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Abstract

The behaviour of the actors in a decision aid process is determined by different fac-
tors, all of which have an impact on the effectiveness of the process and its results.
A framework, originally created to document decision aid processes and to study the
reasons for backward and forward cycles in the process, has been used to compara-
tively analyse several multi-criteria decision aid interventions. The study has led to
the identification of three basic process typologies, in relation with some organisa-
tional and processual complexities and factors which, as behavioural aspects, have
the main influence on the interaction between the analysts and actors of a decision
aid process. The work is a proposal for the behavioral OR research agenda.

Keywords Decision aid process - Complexity factors - Behavioural aspects - Multi-
criteria decision aiding

1 Introduction

It is commonly accepted that traditional Operation Research (OR) originally focused
on the scientific method to maintain objectivity... The aim was to use both the
method and models to identify an optimal solution to problems, independent of per-
ceptions, appreciations and the feelings of human beings (White 2016).

The necessity of opening the mind of operational researchers to behavioural con-
siderations that improve the OR practice is the clear meaning behind White’s mes-
sage, which underlines how literature has criticised the OR original assumptions,
above all in the contexts of Problem Structuring Methods (see, for instance, Rosen-
head and Mingers 2001; Smith and Shaw 2019). Multi-Criteria Decision Aiding
(MCDA) has also shaped the relationships between behaviour and OR. MCDA is

P< Maria Franca Norese
maria.norese @polito.it

I Politecnico di Torino, Torino, Italy

Published online: 18 August 2020 &) Springer


http://orcid.org/0000-0001-7317-8107
http://crossmark.crossref.org/dialog/?doi=10.1007/s40070-020-00113-w&domain=pdf

M. F. Norese

defined as the activity of a person who, through the use of explicit but not necessar-
ily completely formalised models, helps obtain elements of responses to the ques-
tions posed by a stakeholder of a decision process. These elements work towards
clarifying the decision and usually towards recommending, or simply favouring,
behaviour that will increase the consistency between the evolution of the process
and this stakeholder’s objectives and value system (cf Definition 2.2, Roy 1996).

I am an experienced MCDA analyst and I have often tried to explain to my stu-
dents how an analyst should behave in complex situations, but I quickly realized that
this kind of knowledge is not easy to transfer (Ackermann, 2011). When my students
are involved in internships and work on processes that require analysis and improve-
ments, they are expected to document their activities as well as the rationale behind
their choices and actions. In general, however, they tend to only describe the techni-
cal tools that they used and the quantitative results of their interventions.

I often meet some of my ex-students, young management engineers and some-
times actors in decision processes, who occasionally activate a decision aiding
process. However, they do not know why some of their decision aid activities are
effective in some situations but generate confusion and delays in others. They do not
know which factors influence their behaviour, but they are aware that different deci-
sion processes and organisations require different behaviours.

Learning from past interventions is difficult without a logical framework that
facilitates the analysis of how a context and its perception have oriented an action
and why models and methods are tools that sometimes produce a solution that is
often only the first step of the nonlinear path of decision aiding. Indeed, MCDA
(see Roy and Vanderpooten 1996 and the web site of the EURO Working Group
MCDA https://www.cs.put.poznan.pl/ewgmcda/) adopts a constructivist approach,
where the model as constructed, the concepts and the procedures constitute a com-
munication and reflection tool that allows the participants in the decision process to
carry forward a process of thinking and to talk about the problem (Genard and Pirlot
2002). The decision aid analyst has to stimulate, orient and monitor the dynamics of
this process.

In this paper, a methodological framework is proposed for MCDA analysts. It is
meant to help them identify the factors that influenced their behaviour the most in
their interventions, to enhance the analyst’s personal experience (individual learning
process) and to support knowledge sharing, as well as lessons learned for best prac-
tices among analysts, experienced and novice.

The framework is also proposed to document and collectively analyse the deci-
sion aid activities and their logics as they pertain namely to the nonlinear path that
has produced interruptions, conflicts and misunderstandings, and improved and
facilitated communications, reflections, and shared vision (organizational learning
process in the decision process).

The main components of the framework proposed here (contexts of action and
activities) were identified several years ago (Norese and Ostanello 1989), in relation
to the literature proposals the first section describes. Their usability was tested and
improved in several MCDA interventions in the following years. A map, a visualisa-
tion tool that synthesises the path of an analyst in a decision aid (DA) process and
the prevailing nature of activities and interactions between the involved actors, was
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then introduced to complete the framework and allow it to be applied to several new
MCDA interventions in public and private organisations and some recurring situa-
tions of interaction between analyst and actors to be inductively identified and asso-
ciated with DA process typologies.

The second section proposes an overview of relevant literature on decision and
decision aiding processes, as a terrain for the elaboration of the main framework
components and their definition and use to represent a DA process as a profile in a
map. The third section describes the methodological framework and the main fac-
tors that distinguish the situations, while the fourth proposes three basic typologies
of a DA process, based on real previous cases. The typologies are formulated as
visual representations of the analysts’ paths in their MCDA interventions.

Certain elements of the expertise that has been acquired, from direct experiences
with DA in different problems and organisations, are proposed in the conclusions,
together with a project of experienced and novice DA analysts’ involvement in
future research perspectives.

2 Stimuli from the literature on the description of a decision aid
process

In the eighties, Anna Ostanello and I made several DA interventions using a mul-
ticriteria (MC) approach that “connects the possibility of using MC methods with
a specific way of acting on representations” (de Montgolfier and Bertier 1978) of a
different nature and formalisation level (verbal descriptions, images or data; ideas,
assertions, proposals, suspects, protests or judgements). The potentialities of this
approach became particularly evident in some long and complex interventions, and
underlined the central role of actions, such as structuring and communication, that
are normally neglected in traditional OR (Rosenhead 2006).

We were particularly interested in the interactions between MCDA analysts and
their clients, the decision-makers, and in the role of MC models and methods in
practice, in complex interventions. We found a specific paper, which was the first
that tried to analyse the MCDA process, particularly stimulating. It proposed a
framework to synthesise the main concepts and, above all, some “decision aid
mechanisms” (research, re-initialisation, reaction) which, although generated in the
multi-objective optimisation field, were generalised by Bernard Roy in relation to
any decision aid intervention (Roy 1976, see pp. 25-26). Another important stimu-
lus was an analysis of the decision process and its complexity from the point of view
of a facilitator (Jacquet-Lagreze et al. 1978), which was the result of the authors’
analysis of a report (Witte 1972) about 233 decision processes in Germany involving
the acquisition of data processing equipment.

The logical description of an OR intervention as a nonlinear and cyclic sequence
of modelling and validation activities, proposed in (Landry et al 1983), together
with the distinction between conceptual and formal modelling, and between their
different validation needs and procedures, was very useful because it allowed us to
start identifying and distinguishing the nature of our activities in a DA process.
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The basic concepts underlying the methodological research presented here
are included in the structure of the “unstructured” strategic decisions proposed
in (Mintzberg et al 1976). The strategic decision process, which is described as
characterised by novelty, complexity, and openendedness, and by the fact that the
organisation usually begins with little understanding of the decision situation it
faces or the route to its solution, and has only a vague idea of what that solu-
tion might be and how it will be evaluated when it is developed (see p. 250),
corresponds precisely to our perception of an MCDA intervention in complex
situations. The basic structure proposed in (Mintzberg et al 1976) includes three
phases (Identification, Development and Selection) of the decision process, which
have different names but recall Simon’s intelligence-design-choice model (Simon
1960, 1991), seven central routines, three sets of supporting routines and six sets
of dynamic factors.

We adopted Mintzberg’s structure to describe our “unstructured” DA interven-
tions. The concepts of phases and central routines provided a valuable contribution
and facilitated the documentation and the analysis of each intervention, and above
all of its comprehension and failure cycles (two dynamic factors of the structure).
We found the supporting routines of decision control and communication very inter-
esting, although their operational use was not so straightforward.

We studied sixteen different MCDA interventions we had conducted in the eight-
ies and we then proposed the nature and role of the main activities in (Norese and
Ostanello 1989; Ostanello 1990) to document the steps of a DA process and to study
the reasons behind backward and forward cycles, the elements that had forced us to
backtrack to previous activities or to change elements of the model or of our under-
standing of the problem. The basic structure proposed in (Mintzberg et al 1976),
together with the modelling and validation process proposed in (Landry et al 1983),
influenced our identification of the main components of a general framework of a
DA process to a great extent.

Since the 1990s, the literature on strategic decision problems has revealed inter-
esting analyses, such as “tactics of solution identification” (Nutt 1993) and “new
models of organisational decision making” (Langley et al 1995) in which sequences
of minor decisions are combined differently.

Important contributions in the MCDA field (above all Roy 1996; Bouyssou et al
2000; Belton and Pictet 2002; Belton and Stewart 2002; Genard and Pirlot 2002 and
Vanderpooten 2002) stimulated reflexions on the DA process and Tsoukias (2007)
arrived at the conclusion that a decision aid process is a particular type of deci-
sion process. He described some possible different approaches to conducting a DA
process and introduced the definition of the DA process as a distributed cognition
process.

In the same years, the use of problem structuring methods (Rosenhead 1996;
Rosenhead and Mingers 2001) expanded and disseminated the idea that a com-
mon space of interpretation and understanding has to be created in a DA process to
structure the analysed system and elaborate a clear problem formulation. Specific
MC procedures were proposed to answer the same needs and were oriented towards
understanding complex situations and organising models consistent with the identi-
fied complexities (Norese 1996; Ostanello 1996).
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Since the 1990s, each DA intervention that I have dealt with, in relation to dif-
ferent problems, has become the subject of study during the intervention and in the
ex-post analysis, to test the validity of the identified components of the DA process
presented here, in relation to new stimuli from literature (see, for instance, Franco
and Montibeller 2010; Marttunen et al 2017; Ormerod 2018; Colorni and Tsoukias
2018) and the experience of other DA analysts.

3 A methodological framework of the interaction process
between analysts and actors in MCDA

The methodological proposals from literature and the ex-post analysis of some per-
sonal MCDA cases allowed the first steps to be made towards the elaboration of a
general framework of a decision aid process. The first results were the identification
of the main components (contexts of action and activities) of the framework and
the creation of a map to profile the analyst in interaction with the decision-makers,
actors and information and knowledge sources. These elements are described in
Sects. 3.1 and 3.2.

I then used these methodological tools in every new DA intervention to exten-
sively document the work and to identify any possible factors that could have an
important impact on the decision aid processes and their results, and to analyse them
as behavioural aspects that could affect the interactions between the analysts and
actors in the decision aid processes. I recognised some recurring situations and I
tried to associate specific elements of complexity and behaviour with these situa-
tions, to identify certain DA process typologies, which are presented hereafter in
Sect. 4.

3.1 Contexts of action and activities in a decision aiding process

A DA process deals with a decision problem, in relation to a phase (or more than
one) of a decision process (Simon 1960, 1991) and a decision system, i.e. decision-
makers and actors involved in a decision process and a decision structure that is for-
malized to some extent (actors’ roles recognized by the involved organizations and
specific rules to be implemented in the process, such as number and nature of formal
and informal meetings; verbalization need, task and space of action of a facilitator
and/or a coordinator; formal relationships with non-directly involved actors or actors
in related decision processes etc.).

The decision problem should be sufficiently clear and structured when the
decision process arrives at the Choice phase, and any technical action should,
therefore, be clearly defined, while the information and knowledge resources
should at least be accessible. Therefore, the complexity of the decision process
should be limited. However, the need for a DA intervention result may be urgent,
and acquiring sufficient knowledge of the previous phases and steps of the deci-
sion process may require time and the understanding of a long sequence of past
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internal or external actions (above all when several actors are involved at an indi-
vidual or organisational level).

When the decision process is in the Intelligence phase, that is, an initial pre-
decisional state that is mainly oriented towards understanding and analysis, the
problem can be completely new, with a severe lack of knowledge, and a decision
system has often not yet been activated. These criticalities may be compensated
for by adopting not very restricted time limits because a decision is not imminent.

The complexity and uncertainty elements of the situation determine the nature
of the DA process and, therefore, the activities that have to be implemented
and their sequence. Several factors can guide an analyst towards a specific DA
approach. The state of development and evolution of the decision process should
be identified at the start of each DA process. The other main factors are:

e the organisational complexity (the number of individual and organisational
participants and their roles and relationships in the decision process; the
nature and structure of the decision system and its involvement in the DA pro-
cess; the cooperative or conflictual context, and so on) and

e the operational complexity, above all the structuring level of the problem situ-
ation, the multiplicity and interdependency level of the problem issues, as they
are analysed in (Friend 1989), and the resource state, with reference in par-
ticular to the time and to the availability and reliability of the data, informa-
tion and knowledge.

A decision aid intervention can rarely be described as a linear process. Real
problem situations induce DA processes that are characterised by recurring cycles
(see Belton and Stewart 2002) which generally cause delays and lead to a dif-
ficult way of proceeding. However, these cycles allow the analyst to capture the
complexity that is always present in real life, to acquire and process information,
to identify and control uncertainty, to activate, if required, revisions of problem
formulation or structuring and/or model building.

Eight DA sub-processes were identified, each one with different expected
results, and were defined as contexts of action (Norese and Ostanello 1989).
They are characterised by a specific domain of application of the activities and
by the use of specific tools, whose purposes can be cognitive or operational, and
sometimes political-organisational. Two of them, Identification and Development,
recall the names and contents of the first and second phases of Mintzberg’s model
(Mintzberg et al 1976) and their routines. Control is another context, which is
sometimes oriented towards controlling the DA process, but in general includes
the verification and validation activities of the process (as proposed in Landry
et al 1983). We called the last context of action Structuring, because our interven-
tions, in relation to complex and new decision problems, had been oriented more
to structuring information and elements of knowledge than to developing solu-
tions. Later on, the book by Rosenhead (1989) offered us precious confirmation
of our perception.

The main aims and application domains of the first contexts of action are:
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Identification (1d) of the nature and complexity of the decision problem, and of
the organisational ambit that perceives or has to deal with the decision prob-
lem, of the possible operational approaches, of the information and knowledge
elements that are significant for the specific decision situation, which are at
least partially available or they all need to be acquired, and of the uncertainty
that is associated with these elements;

Structuring (Str) of the decision problem, the identified information and
knowledge elements, the operational approach and models, before they are
developed in a formal way;

Development (Dev), in a formal way, of a possible course of action or a proce-
dure, a knowledge base or an information base, a model, with its components
and possible scenarios, an application of a method or an analysis of its results;
Control (Ctr), which includes DA process management, uncertainty control,
evaluation, quality control of each partial or overall, final or temporary DA
result of a cognitive/operational or organisational/communicative nature, ex-
post evaluations.

An analyst can activate one of the contexts, either working at an individual
level (mainly concerning formal modelling, method applications, result analysis
and validation of each conceptual and analytical modelling result) or in relation to
different Communication situations between a problem owner/client and an ana-
lyst, but also between an analyst and the actors in the decision process. In these
situations, the analyst’s behaviour becomes mainly relational. These new contexts
of action are defined as Communication for Identification (Com/Id), Communica-
tion for Structuring (Com/Str), Communication for Control (Com/Ctr) and Com-
munication for Development (Com/Dev), and specific representation schemes are
used to facilitate inquiry, diffuse information, explain, clarify, justify, persuade,
negotiate and to acquire consensus and legitimation.

Each individual or interactive context of action is associated with elementary
activities or procedures (i.e. structured sequences of activities) that make the pur-
pose of the context of action operational. A complete list of all the activities is
not possible, but in (Norese and Ostanello 1989) we grouped them into five types
as the four technical contexts of actions plus communication, which synthesises
the set of interactive contexts of action, to simplify their memorisation and the
analysis of their meaning in a specific context.

Each type is associated with a code (Ri), and some examples of the possible
activities of each type are indicated in brackets after the code and name of each
activity type:

R1-identification (examining, exploring, seeking, diagnosing, recognising,
distinguishing),

R2-structuring (shaping a decision problem, organisation of knowledge/infor-
mation elements, the sequencing of activities, the act of arranging elements of
uncertainty, ambiguity and contradiction),

R3-control (testing, verification, validation, evaluation, impasse or conflict
management, uncertainty control, choosing),
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R4-development (shaping, elaboration, creation, modelling, design, planning,
processing, applying, activating),

R5-communication (explanation, clarification, informing, calling attention to,
facilitating cooperation, coordination, stimulating new and shared representations, a
debate or explicit points of view).

A context of action can be associated with different activities: usually with the
activity of the same name, but other activities can contribute towards making the
purpose of the context operational. For example, organising and improving a knowl-
edge base for a DA intervention is the aim of one of the specific contexts of action,
Structuring. A sequence of several activities allows this aim to be achieved: an
activity of new knowledge source identification and knowledge acquisition (R1), fol-
lowed by a verification activity of the knowledge reliability (R3) and by others that
organise the connections between old and new elements (R2). At this time, previous
knowledge elements are validated (R3), because they seem to be linked to the new
elements and are confirmed by the new source, or possible contradictions are identi-
fied (R1) and used to acquire and structure new knowledge elements (R1 and R2).

Some activities, which are put into action in the Control or Com/Ctr contexts,
determine whether the DA process can move forward, or should go backward, to
re-activate previous contexts of action or to switch to other more promising actions.
Any passage from one context of action to another is the consequence of the
expected result validation activities, which demonstrate whether the predefined pur-
poses have been partially or totally attained, or if they are unreachable and a differ-
ent technical approach is, therefore, required.

3.2 A map to profile the analyst’s behaviour in a decision aid process

A real-life DA process is not often described in detail in literature and the DA actors’
behaviour is not always analysed and described in terms that are sufficiently clear,
especially when the DA process has to be understood by an audience that consists
of students or non-expert practitioners (Ormerod 2014). Therefore, a visualisation
tool was created and used to profile the analyst’s behaviour and the interactions with
and between the actors in the DA processes and to facilitate the understanding and
communication of past experiences. This tool consists of a grid where any activated
context of action (and its purpose) is described by means of its required activities
and procedures, to make the meaning of each individual or collective activity and
the aim of each associated tool explicit. The grid is divided into four quarters to
distinguish four organisational situations during a DA process and two different ana-
lysts” behaviours, one mainly technical and the other mainly relational (see Fig. 1).
The grid rows are associated with the contexts of action. There are four lines
in relation to the operational level (second and third quarters, Id, Str, Ctr, Dev),
where an analyst is mainly focused on answering the client’s demand. Another
four (Com/Id, Com/Str, Com/Ctr, Com/Dev) are in relation with the analyst’s
interaction with the client (first quarter) or, when it is required, with the deci-
sion system and the decision process actors (fourth quarter). Each column is
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Activities
Contexts R; R, R; Ry Rj R, R, R; R, R;s
of action
Id I——______________1
I ”' . m Analyst’s
Str Analyst at an individual Analyst and technical
Ctr I and operational information/knowledge behaviour
I level sources I
Dev —_—— e — — . — e —— —
Cowid ([ — — —— —— — ——— /777771
. I I v DA process
om/Str . Analyst in interaction with actors’
Com/Ctr I Mtsraction between decision system and/or decision h relational
analyst and client
process actors behaviours
Com/Dev I_________________I

Fig. 1 A map to profile the analyst’s behaviour in a DA process

associated with an activity that can be developed in a context of action, and each
point of the grid is the intersection of a row and a column.

The path of an analyst during a DA process and its constituting steps can be
documented as a sequence of points on a map. Each point represents an analyst’s
activity (as indicated by the position of a point on a column) and the context
of action in which the activity is implemented (the position of the point on a
row), i.e. the meaning and main purpose of the specific activity in a DA process.
The line that connects this sequence of points suggests a “profile of the analyst’s
behaviour” during a DA process, which can fundamentally be relational (if the
profile is mainly developed in the quarter(s) I (and IV) of the grid) or cognitive-
operational, if the other two quarters are used more.

The first quarter includes all the relationships between an analyst and client.
Sometimes, the relationship is minimal and limited to an initial interaction, to
define the problem situation and indicate the needs and available resources, and
then to a final communication of the results and testing of their reliability and
applicability (always in the Com/Ctr context). In other situations, the client is
more involved in the DA process, and participation, therefore, implies collective
Com/Str and/or Com/Dev actions in the first quarter, and a shared control of the
DA process (Com/Ctr), and not only a verification of the quality of each result.

The second and third quarters are used to document the several possible activi-
ties, associated with contexts of action, at an individual level. The operational
activities are documented in the second quarter, while the cognitive, to identify
knowledge sources, and to investigate and acquire data, information and knowl-
edge, in the third quarter. The fourth quarter indicates direct and operational
interactions of the analyst with the decision system and sometimes with the deci-
sion process. The involvement of the analyst in the decision system and/or in the
decision process is a natural characteristic of some DA processes (the behavioural
characteristics of participatory processes are described in White (2016)) or it is
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required because only the points of view and expectations of the actors and their
organisations allow the analyst to define and structure the problem and model.

The map can be used to easily communicate the meaning and complexity of a
specific intervention to others (students, analysts, information /knowledge sources,
actors and decision-makers). It allows an easy and immediate distinction to be made
between DA processes considering that, in some cases, only two quarters are used
and the activities in three or four quarters are evident in other situations.

4 Application of the profiling map to distinguish basic DA processes

A new analysis of the old cases (a great deal of paper and electronic documents,
notes, formal and informal minutes of the meetings and transparencies for work-
shops and conferences), plus several cases that I have dealt with since the 1990s,
has verified the validity of the original definition of contexts of action and activities.
Some experienced DA analysts used and are using the proposed DA components to
analyse their DA interventions. It was not necessary to change anything and no new
components had to be introduced. Only the list of the possible activities, in relation
to the five typologies, increased.

I used the map of the DA process (see Sect. 3.2) to document, analyse and com-
pare situations. Specific procedures, as sequences of activities in a context of action
in relation to some specific situations, were identified and studied, and their graphi-
cal representations were inferred for several situations (Montagna and Norese 2008;
Norese 2010, 2016b). Backward cycle sequences were studied to identify the criti-
cal factors and elements of complexity that had not been clearly recognised at the
start of the DA process. The elements that can generate difficulties in a DA pro-
cess should be described and their knowledge easily transferred to practitioners and
young DA analysts.

A profiling map can be used to describe the main complexity factors, in the DA
processes, that require specific and different DA approaches. The main elements,
which are important reasons for the behaviour of the actors in the DA processes, can
be analysed in relation to the organisational and/or operational factors of complexity
(see Sect. 3.1) and some criticalities that are associated with the nature of a prob-
lem situation and a decision situation. Adopting Simon’s three-phase framework of
Intelligence, Design and Choice (Simon 1960, 1991), a possible distinction between
decision situations (and, therefore, between decision aid approaches) is related to the
decision process phase in which an MCDA intervention develops.

Logical representations of the different complexities of these DA processes are
proposed in the map (see Fig. 2 a, b). Different quarters are used and several (verti-
cal) shifts of the context of action are sometimes evident (e.g. data and knowledge
are identified and then structured, to develop a model and then the application of
a method), while a sequence of different activities in the same context (horizontal
shifts) is frequent in other situations, because only an intense integration between
activities, i.e. a specific procedure, can achieve the purpose of a context of action.

Figure 2a logically and synthetically represents two decision aid processes devel-
oped in the Choice phase of a decision process. The DA processes that mainly
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a
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Fig.2 a Synthetic profiles of DA processes (at least partially structured problems). b Synthetic profiles
of DA processes (new problems and involvement of a decision system in a DA process)
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develop in the second quarter of the map, in general, refer to a problem that is at
least partially structured, while information that is consistent with the problem is
present, although not immediately available, in the involved organisation(s). When
knowledge and information are available and reliable at the start of the DA process,
model structuring and development, and method application and result validation
are activated in the second quarter, while the first quarter only includes communi-
cation between the analyst and client-oriented towards problem identification and
definition (Com/Id), and then the result analysis and validation (Com/Ctr). In some
situations, the third quarter also becomes important because an operational com-
plexity is associated with the cognitive needs of the DA process, which have to be
satisfied through knowledge/information sources of the involved organisation(s), in
the Identification and/or Structuring contexts of action.

A DA intervention is very different if the problem is new, with a severe lack of
knowledge, and the decision process is in the Intelligence phase and mainly oriented
towards understanding and analysis. In these situations, a structured decision system
has often not yet been activated and the client may be someone who perceives the
possibility of (or the need for) activating a new decision process, or may have been
an actor in a past decision process who would like to take on a more active role in
relation to the future process. The operational complexity concerns the information
state (data and information can be completely or partially lacking and information
sources unknown), as well as an ill or non-structured decision problem. Activities in
the fourth quarter of the map (see Fig. 2b) indicate that Communication contexts are
activated because the DA analyst has to involve the organisation and all of the possi-
ble stakeholders, not only in information acquisition but also in problem formulation
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and structuring. Continuous shifts of contexts of action mainly indicate sequences of
problem re-formulations, and different modelling/validation approaches in the sec-
ond quarter, or the involvement of new knowledge sources in the third or fourth.

A specific difficulty of a DA intervention, above all for young practitioners, is the
distinction between the information sources of an organisation, which facilitate the
activities of an analyst in Identification, Structuring or Control contexts of action in
the third quarter, and the actors in the decision process, in interaction with the ana-
lyst in the fourth quarter. Both quarters can be covered in a DA process, but the roles
and activities of an analyst are technical (cognitive) in the third quarter, while they
become organisational-political in the fourth quarter.

This situation is evident when a DA intervention is activated for a collective deci-
sion and the actors are directly involved in the DA process. It may be less evident
when an apparent investigation becomes a direct, and sometimes unintended and not
fully understood, involvement in a complex decision process.

Based on a comparative analysis of several cases of direct DA intervention (more
than 30 cases that I dealt with), and of some MCDA applications that were ana-
lysed in (Norese 2016a), three typological situations, or basic DA processes, have
emerged. I call these Model structuring and method application, Action develop-
ment and Problem formulation. Specific versions and limited variants of these three
basic situations are present in some cases, while a sequence of these basic DA pro-
cesses is present in others. Each basic DA process is logically described below, in
terms of its main characteristics, and a specific case is then synthetically described.

4.1 Model structuring and method application

This kind of DA process develops in the first and second quarters when the client’s
request for an intervention (starting point, in the first quarter) is clear and well-
structured and can refer to knowledge of the problem, pre-existing procedures and/
or partially structured information. All the elements that have to be included in a
formal model are collectively identified in the first quarter and stated in the sec-
ond (Fig. 3a). A vertical cycle, which connects two quarters, indicates an iteration
between different contexts of communication (first quarter, above all Com/Id and
Com/Ctr) and an operational use of their outputs, in the second quarter. Horizontal
cycles indicate that the acquired elements are structured (Structuring context, cycle
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Fig. 3 a Profile of the typology. b A variant
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of the R2 and R3 activities) and formally developed in relation to a possible method
application (Development context of action, the cycle of the R4 and R3 activities).
When the model has been developed, a method application, a result analysis and a
validation procedure are conducted, first in the second quarter (in the Development
context) and then in the first quarter (in the Com/Ctr context) to conclude the DA
process.

A variant of this basic DA process also implies the use of the fourth quarter,
because some actors in the decision process are involved in model structuring and
validation, that is, in shared activities (in this case in the fourth quarter), as far
as validation of the temporary and final results are concerned. A case that corre-
sponds to this variant was described in (Norese and Torta 2014). This situation is
characterised by a cooperation of the actors who work for and together with the
decision-maker. Their activities are described in the fourth quarter to distinguish
them from the decision maker’s activity (dotted lines in Fig. 3b), but they can be
inserted directly into the first quarter because these actors are included in the deci-
sion system.

Figure 4 describes a project selection case, pertaining to the public administration
(Norese and Viale 2002), as a path on the map that starts (point 1) in an essentially
communicative context, oriented towards defining the intervention mode and the
time limits (the Com/Str context and the R5 activity in the first quarter).

Point 2 is always communicative but is aimed at identifying elements of knowl-
edge and information, in relation to the past procedure and its weakness (Com/Id,
R5). The iterative activations of the R2 and R3 activities (cycle of points 3 and 4,
in the Structuring context, second quarter) are used to structure and control the
acquired elements. Another cycle of R4 and R3 activities is used to formally develop
a model and some applications of a method, in relation to data from old projects,
and to validate the model and method results (cycle of points 5 and 6, in the Devel-
opment context, second quarter). The results are analysed and validated in the first
quarter (in the Com/Ctr context, the R3 activity, point 7). After the method applica-
tion to the new projects (a new R4 and R3 cycle), the DA process comes to an end.

In the studied case, when a new DA intervention was required to update the pre-
vious model, in relation to new requirements, the DA path was reproduced with the
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Fig.4 An example of Model structuring and method application DA process
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same structure. The client’s understanding of the path and involvement in the model
updating were directed towards generating self-sufficiency in the repeated decisions
concerning this course of action.

4.2 Action development

When the request is well structured and refers to partially structured information,
but no possible solutions or alternative courses of action are available, the DA pro-
cess is mainly directed towards identifying some possible actions (sometimes in the
organisation memory) or towards elaborating them through a specific sequence of
activities.

The term “action” here refers to Bernard Roy’s definition of this general concept:
“An action a is the representation of a possible contribution to the comprehensive
decision that can be considered autonomously with respect to the decision process
development state and which can serve as an application point for decision aid. The
application point is then sufficient to characterize a” (Roy 1996). Moreover, a poten-
tial action is “an actual or dummy action temporarily judged as being realistic by at
least one actor or assumed as being such by the analyst”.

Generating potential actions is a decision problem and a component of a DA pro-
cess that is underdeveloped in the literature (Colorni and Tsoukias 2018). Action
identification and Action elaboration are here proposed as two variants of the same
basic DA process, whose name refers directly to the Development phase in (Mintz-
berg et al 1976) and the main purpose is the development of the potential actions of
an MC model to then pass on to the application of an MC method.

4.2.1 Action identification

Mintzberg et al (1976), analysing strategic decision processes, defined a Search and
Screen Routine that moves from one activity (exploring and searching for ready-
made solutions) to another (screening the ones that are not consistent with the
requirements), and recursively identifies and selects a new set of alternatives, until a
final "stable" set of developed alternatives is reached.

In an MCDA process, Action identification means that some investigations are
performed, above all in the third quarter, to explore the organisation (or the organi-
sation environment) and identify possible actions, to evaluate them and exclude the
ones that are not consistent with the requirements. This is an incremental approach
because evaluation and exclusion allow the needs to be defined more clearly, in rela-
tion to the limits and potentialities of the identified actions. A new set of actions
is then identified, and so on, until consistent actions are found and the system
requirements are stabilised (Identification context, the cycle of R1 and R3 activi-
ties) (Fig. 5). If multiple sources of a different nature and formalisation level are
involved, a Structuring context becomes essential (a cycle of R2 and R3 activities, in
the second or third quarter with the aid of the sources).

Subsequently, there is a shift to a Development context in the second quar-
ter, to develop a formal model, which includes the identified actions, and then the
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IV

application of a method. The quality of the results is tested at the technical level
(second quarter, Control context) and with the client or the decision system (first
quarter, the Com/Ctr context of action).

A specific case of this DA process was described in (Norese et al 2015). The
request was clear (some companies were involved in an innovation project and
wanted to know the requirements of the potential new clients) and there was partially
structured information on the product (military Unmanned Aerial Vehicles-UAV
that they wished to direct towards civil applications) (point 1 in the first quarter, see
Fig. 6). The structuring of a possible approach started from the identification of a set
of possible clients (point 2) to acquire knowledge from their needs, proposals and
suggestions. In this case, the identification of possible actions (i.e. a complete list
of possible civil applications) was necessary to identify the specific requirements
that should have been included in the company’s product improvement processes.
The main part of the DA process is profiled on the map in the Identification con-
text of action in the third quarter (points 3 and 4). The search for the possible civil
UAV uses (the actions) was made by questioning the possible clients, in the Public
Administration, who were not involved as actors in the decision process at this ini-
tial phase of the project. The R3 activities verified whether the identified actions
were consistent with the available or possible performances of a UAV. Points 5 and
6 (Structuring context, second quarter) are associated with structuring and control
activities, to create classes of actions and verify their completeness and legibility,
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Fig.6 A DA process of Action identification
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to develop a requirement model (points 7 and 8 in the Development context). The
model was analysed with the involved companies in terms of feasibility (point 9), to
propose it to new actors (the most interesting possible clients) in a future phase of
the project.

4.2.2 Action elaboration

Mintzberg et al (1976) hypothesised that when faced with repeated failure in the
search for an acceptable ready-made solution, an organisation resorts, whenever
possible, to the design of a modified or custom-made solution. This is a complex
and iterative procedure that begins with a vague image of an ideal solution and then
goes through to a sequence of nested cycles, each narrower and more focused than
the previous one. The organisation is generally oriented towards designing only one
fully-developed solution because the design of custom-made solutions is expensive
and time consuming, but when a limited amount of design is involved, as in modi-
fied solutions, organisations are willing to develop a second solution to compare
with the first one.

In an MCDA process, when the problem situation is new and possible actions
cannot be identified in the organisation and its environment, all the knowledge ele-
ments of the involved actors are used to elaborate at least one action and to modify it
and produce some variants, in relation to the different points of view of the involved
actors (Fig. 7).

A Communication context for the Development of complex actions (Com/Dev)
has to be activated with the client (first quarter), and the action space and its com-
plexity factors should be identified (R1 activities). The same Com/Dev context
is made operational in the fourth quarter by considering activities in interaction
with the decision system and decision process actors. Any element (idea, debate,
inquiry, report, local rule and so on) that could be connected to the actions that
have to be elaborated generates fragments of action (as defined in Roy 1996),
which are combined during each iteration, if significant for the problem and
reliable (cycle of interactive R2 and R3 activities). A shift to the second quar-
ter allows these structured elements to be formally developed and their consist-
ency to be verified (cycle of interactive R4 and R3 activities in a Development
context). Other shifts from the second quarter to the fourth one and back to the

Fig.7 Action elaboration
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second quarter are required until a complete frame has been structured and vali-
dated. When one or more actions are elaborated, they can be evaluated and com-
pared in the second quarter, to arrive at an acceptable result, at both a technical
(second quarter, Development context) and decisional level, with the client (first
quarter, the context of action Com/Ctr) or with the involved actors (fourth quar-
ter, Com/Ctr).

Action elaboration is a DA process that is closely related to organisational
complexity, where the roles and relationships of the participants in the decision
process are crucial. Each specific activity, in a Communication context in the
fourth quarter, can generate unexpected results, not only in the DA process but
also in the decision process. Certain observed difficulties and real technical mis-
takes suggested the need for a specific tool, a model management support system
that facilitates the analysis when the main complexity factor is associated with
the organisation and its conflictual context, and the Multiple ACtors RepresentA-
tions ModElling (MACRAME, see Norese 1995; Norese and Salassa 2014) is the
only possible approach of fragmented knowledge acquisition.

Concurrently, a good relationship with participants and between the partici-
pants positively impacts the operational complexity, because these actors are
essential knowledge sources.

Figure 8 presents a case of Action elaboration for a public administration
(Norese 1996), in relation to an innovative Emergency Department project in
Regional hospitals. The points of view and improvement proposals of the actors
(coordinators and personnel of emergency departments) were analysed in a shared
modelling action. The components and structure of alternative possible actions
were analysed in the fourth quarter (points 2 and 3, Com/Deyv, cycle of R2 and R3
activities) and formal actions were then developed (points 4 and 5, cycle of R4
and RS activities). Criteria to evaluate the generated actions were developed in
the fourth quarter (points 2 and 3, Com/Dev) to be used in the second quarter in
an MC method application (points 4 and 5, cycle of R4 and RS activities).
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Fig.8 An example of Action elaboration

@ Springer



M. F. Norese

4.3 Problem formulation

A DA process may become very complex if the request is ill-structured and not
clear, above all when the problem situation is new and information, knowledge
and previous procedures do not exist. It is important that the problem can be
seen and analysed in its total context, in order to be clarified and defined (Bowen
1983).

In these situations, a formal decision system does not often exist, because it
has not yet been activated, and the client, who may be an actor in some decision
processes who perceives the need for the activation of innovative situations, often
involves experts to obtain a better understanding of the problem and to activate a
pre-decision phase of Intelligence. The client may also be a researcher, that is, an
expert in a specific domain, who becomes a DM in relation to a new and badly struc-
tured research project. An analyst may be involved as an expert in MCDA and may
be included in a team of experts, or may interact with the client and facilitate the
understanding of the problem and the relationships between its main components.

The collective work of analysing data and elements of knowledge and redefin-
ing them until an acceptable level of internal consistency is obtained, is aimed at
formulating the decision problem and at developing schemes for present or future
decisions.

At the start of a DA intervention, a problem formulation may not exist, but
it can gradually evolve from a generic indication of a need to the definition of a
problem situation. The DA intervention mainly develops in the fourth and second
quarters, or only in the fourth when the analyst becomes an actor in the decision
process (see Fig. 9).

Recurring shifts from structuring to validation, and vice versa, are adopted to
organise and validate, or re-organise and test, structures of knowledge that can
include and synthesise elements from different sources, and which can vary from
structured data to incomplete analyses, verbal indications, interpretations and so
on (Com/Str and Com/Ctr). Different activities can make the purposes of the con-
texts of action operational. R1 can solicit and facilitate knowledge acquisition,
while R4 develops and RS proposes formal representations to facilitate communi-
cation oriented towards structuring and control.
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Fig.9 Problem formulation as a basic DA process
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When some components of the problem seem structured and validated, their for-
malisation in a shared problem formulation (Com/Dev) requires a control context of
the action that either validates the results or indicates the need for de-structuring and
re-structuring (a new shift from Com/Dev to Com/Ctr and from Com/Ctr to Com/
Str, if required).

A specific version of Problem formulation is frequent in relation to innovative
research projects, where an analyst and researchers interact in the fourth quarter.

4.3.1 Model-based process (MBP) of problem formulation and model structuring

When a problem arises in a research context that is so new that problem formu-
lation is not an easy step, a specific version of problem formulation can be used
(see Balestra et al 2001; Cavallo and Norese 2001; Norese et al 2016a, b; Norese
and Scarelli 2016). A draft of a multicriteria model is structured and tested by the
research team in the fourth quarter (points 2 and 3, Com/Str, cycle of R2 and R3
activities, Fig. 10) and the available data are used to develop the first application of
an MC method (point 4, R4, Com/Dev). The shared analysis of the results of this
application, in a Control context of action (point 5, R3, Com/Ctr), is used to identify
weaknesses in the results and the possible reasons for any weakness in the model
parameters or structure (point 6, R1, Com/Ctr), and, therefore, to introduce possible
changes. The improvement proposals of some model parameters are then used in
a cycle of method application and testing of the results (cycle 6-4-5-6). If these
improvements are not sufficient, new cycles of model re-structuring, MC method
application and result analysis are activated (cycle 6-2—-3-4-5-6, new problem for-
mulation). I described this structured sequence of activities in (Norese 2016b) as a
specific MCDA process that is based on a new and conscious use of multicriteria
models as communication spaces and I called this DA process Model-Based Pro-
cess. It is oriented towards improving the robustness of a DA intervention and its
results through an incremental and shared definition of the problem and model. The
main aim of this process is to reduce the uncertainty that is often not only associ-
ated with the model parameters but also with the model structure when the problem
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Fig. 10 An example of MBP of problem formulation and model structuring
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formulation is not clear or well defined (see, for instance, Norese et al 2013; Norese
and Carbone 2014).

4.4 A sequence of basic DA processes

A sequence of basic DA processes is often present when a first DA approach does
not produce results but leads the analyst towards another basic DA process. In other
situations, a sequence of two or more basic DA processes indicates a DA process
that requires more than one phase. It may start as Problem formulation and evolve
towards contexts of action and activities of Action development, if the problem for-
mulation does not include possible actions, to complete the DA intervention.

An example of both these situations was described in (Norese 2010) and proposed
the behaviour of an analyst in an expert team, where communication and interac-
tion were essential for the problem formulation (fourth quarter) and then to model
structuring and development (second quarter). At the end of an innovative moni-
toring of projects funded in a Public Administration, the DM activated a “table of
experts” to synthesise the monitoring results (point 1 in Fig. 11). The table included
field experts, but also the author, as an expert in methodologies, some analysts who
had monitored the development of the funded projects and a few coordinators of the
funded projects.

The DM’s request was considered to be too generic, then the table of experts tried
to obtain indications on the purposes of the monitoring process and the possible
uses of the monitoring results, but the tentative did not produce any effect. As a
consequence of this DM’s unstructured request, the experts conducted an analysis
of the funding law, its implementation and the data from the monitoring process,
which produced a debate between the experts in relation to the concepts they used
to define criticisms and weaknesses. The generated conflictual ambit of work led to
each attempt of problem formulation being blocked because each expert’s proposal
was vetoed by another expert (points 2 and 3, cycle of R1 and R3 activities in the
fourth quarter, Com/Str action context).

The situation only changed when a new structuring approach was proposed and
accepted (point 4, RS activity, Com/Str context, fourth quarter). The points of view,
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Fig. 11 An example of two basic DA processes in sequence
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which the experts expressed in relation to their knowledge of the field, were organ-
ised in a draft MC model that synthesised the proposed judgements in relation to
the monitoring process and some possible future decisions. The model was used to
elaborate a shared and formal language that involved the experts and the other par-
ticipants (the actors in the table). Each different interpretation was discussed and
only shared elements were included in the model (points 5 and 4, shift from Com/Str
to Com/Ctr and vice versa, cycle of the R4 and RS activities). Some elements, which
had been acquired during the monitoring process (data, interviews, critical events
and their motivations, evolutions of the funded project or the funding process, and
so on), were then analysed and used to express hypotheses, i.e. a set of formulations
of how the monitoring results could be used to make a decision. A collective action
of Development was facilitated by the R2 activities (point 6 in the fourth quarter),
which were used to organise data from the monitoring process as possible results. A
shift to the Com/Ctr context and to the R3 activities was required to achieve a col-
lective testing of each hypothesis (point 7).

In the end, another basic DA process, Model structuring and method application
was activated (points 8—12). Thus, the models and results of an MC method applica-
tion were used not only to produce improvement proposals but also to validate the
monitoring database and to propose a reference procedure for future monitoring pro-
cesses and decision activities.

5 Conclusions

Practitioners have perceived that only appropriate behaviour for a specific kind of
decision process and organisation can facilitate decision aiding in a real situation.
However, learning from past interventions is difficult without a logical framework
that facilitates documentation and analysis. Young DA analysts cannot use experi-
ence and need tools to understand how a good perception of the main complexi-
ties of a problem and decision system can orient and guide their actions and why.
Organisational change problems need tools that describe how an agile logic of itera-
tive and incremental development of knowledge, with the direct involvement of
the actors in a decision process, can be effective and no longer than a very quick
approach of problem solving when the problem is not so clear.

For these reasons, a logical framework was proposed to better describe and
explain how an analyst behaves or should behave, in complex situations, and which
factors mainly influence the time, efforts and results of an intervention. A map, a
visualisation tool that synthesises the path of an analyst in a DA process and the
prevailing nature of activities and interactions, allows the analysis and comparison
of DA processes, which appear as synthetic profiles on a map, and the identifica-
tion of three typological DA processes as “basic” situations, or “modules” that can
be combined to describe a particularly difficult DA process. Figure 12 synthetically
describes the basic DA processes by means of the quarter where the process mainly
develops (the darkest), the grey quarters that are occasionally used and the white
quarter that is not usually used.
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Fig. 12 Logical representation of the DA processes and their main feature

The map and typologies are suitable for an analysis that, after a DA intervention,
involves learning from the past, or which, during a very difficult DA path, needs a
shared and explicative communication space, to clarify the situation and define a
new DA strategy.

The list of possible typologies is not exhaustive, but it can stimulate new analy-
ses of cases and the proposal of new typologies. The basic DA situations can be
described, put in relation to factors of complexity and used as guidelines for novice
DA analysts. A test of the “legibility” of these typologies (comprehension of the
main characteristics of a basic situation and immediate understanding of the com-
plexity factors and their impact on the analyst’s behaviour) produced positive reac-
tions in experienced DA analysts, but a limited comprehension in the novices, for
example only in relation to the specific typology that a novice DA analyst knows
directly.

Some new cases, presented as examples of DA processes, could improve the
young analyst comprehension. The cases should be related to different typolo-
gies and each one should present how the adopted approach can deal with a spe-
cific complexity factor. A future analysis should further study the dynamic factors
described in (Mintzberg et al 1976), and above all the failure cycles. The reasons
for these cycles have to be analysed in true DA processes to obtain more knowledge
and improve some control activities, which should reduce the negative impact of a
very long intervention, but at the same time preserve the positive impact of a failure
analysis on the individual and collective learning processes.

The map that was proposed to describe any specific DA path is also useful to
document and compare different situations, but it should be improved to transpar-
ently include and underline the complexity factors that describe the nature and
complexity of specific DA interventions for students, practitioners, actors and
decision-makers. The logical and simple profiles in Fig. 2a and b can be consid-
ered a first proposal, because they synthesise the most evident differences in the
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typologies, by means of very simple images. The detailed maps should be made
more self-explanatory. I involved some DA analysts in a test of the communica-
tive potentialities of the map and their points of view will be used to make the
detailed map a better tool.

Certain elements of the expertise that has been acquired from direct DA expe-
riences in complex decision situations have confirmed that MCDA shows a good
adaptability “to the empiric behaviour of decision makers” (Munda 1993) and
a clear orientation towards problem solving situations, as defined in (Luoma
2016), that is, decision making non-recurring situations or situations that recur
in a novel way. Interactive procedures, which involve the actors in a decision aid
process (at least an analyst and a client) and some knowledge sources, are always
activated in MCDA interventions (Vanderpooten 2002). However, a large variety
of tools can be used to help the analyst in his/her individual work (in the second
quarter of the map) and only a few of them offer actual support in interaction and
communication contexts. Therefore, an MC model often becomes a tool which
plays an important role in decision aiding, as an evolving system that generates
a communication space between an analyst and a decision system (see Landry
et al 1996; Genard and Pirlot 2002; Tsoukias 2007). A future detailed analysis
of how an intelligent integration of different tools (which may be analytical sys-
tems, conceptual and formal models and procedures, but also diagrams, images
and sketches) can contribute to facilitating interaction and learning, in relation to
the different contexts of action, and to improving DA in practice.

An analysis of the roles, actions and interactions of the DA process actors is
essential to distinguish between the risky behaviour of an analyst and behaviour
that can improve the effectiveness of a DA process. The analyst’s behaviour in the
DA process typologies is linked to certain characteristics of the decision problem,
system and process that should be investigated at the start of any DA intervention.
They are essential to identify the action space and its resources and constraints,
to adopt a consistent approach and to activate contexts of action that are aimed at
reducing complexity, controlling uncertainty and improving the robustness of the
overall intervention and its results, at both an organisational and an operational
level.

For these reasons, the DA analysts who were involved in the improvement of
the communicative role of the map were sent an invitation to send me feedback on
the structural components of the framework, not only to validate their consistency
and completeness, but also to operationally use the framework (and the map, or an
improved version of the map) in a research project aimed at communicating our
expertise to young DA analysts by means of a structured sequence of DA cases.

Each DA analyst was asked to use the framework to recognise the typologies of
personal DA interventions and to underline the main complexity elements (in rela-
tion to the decision system, actor network, structuring level of the problem situation,
unavailable resources, multiplicity and interdependency level of the problem issues
etc.) and the behaviour they adopted to deal with them. The idea was to identify a set
of DA cases and combine them in a structured system that includes all the different
DA typologies and at least one DA process description for each main complexity
factor.
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