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Abstract
The paper proposes the use of a collective cognitive map when solving governance problems as an effective means of diverse stakeholders’ interests and goals agreement. For compose such a map, an original approach is proposed that combines (1) the clarification and
agreement of stakeholder representations on the governance problem using a number of criteria for improving the map quality and (2) the
clusterization of similar stakeholder representations.
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1. Introduction
1.1. The problem statement
Modern decision maker’s situations are characterized not only by
rapid variability, by the interaction of many diverse and interdisciplinary factors, but also by the presence of active stakeholders
whose beliefs and interests lead to variety of the directions of the
situation development.
Therefore, in the area of public administration and government
policy making governance in condition of strategic development
becomes increasingly important along with traditional management.
Unlike management, governance focuses on other activities, mainly related to goal-setting and monitoring. Governance is about
negotiating and deciding amongst different stakeholders’ value
interests.
Governance ensures that stakeholder needs, conditions and options
are evaluated to determine balanced, agreed-on system objectives
(goals) to be achieved; setting direction through prioritization and
decision making; and monitoring performance and compliance
against agreed-on direction and objectives [1].
The stakeholder's community of consists of individuals and groups
that have not only different interests, but also different potential of
positive or negative influence on the joint activities outcome. At
the same time, their interaction at the level of public administration has often a distributed nature. In these conditions, the role of
governance networks increases.
According to [2], a governance network is a temporal institutionalization of a forum of interdependent but operationally autonomous and self-governing actors who collaborate in a shared effort
to achieve agreed goals.
It is important to note that substantive complexity within governance networks is not so much caused by the complicatedness of
problems and lack of information and knowledge, how many lack

of consensus on the nature of problems, their causes and solutions
[2]. Governance problem solving, policymaking involve with
diverse stakeholders. They have different perceptions of the situation and also interpret available information differently.
Therefore, collecting information and tapping into expert
knowledge cannot solve the complex problems in conditions when
they are interpreted in different ways.
Thus, one of the most important means of improving the quality of
governance activities is the integration of information and communication technologies with the latest achievements in the area
of expert analytical methods and technologies of goal setting,
monitoring and analysis of situations that take into account the
listed specifics of stakeholder interaction in solving governance
problems.

1.2. The proposed approach to the problem solution
In the modern decision making methodology, methods of cognitive mapping are being developed.
The application area of cognitive maps covers complex and illstructured systems and situations, including situations related to
stakeholders.
A cognitive map of the situation is understood as a formalized
model of the situation, reflecting the knowledge and or beliefs of
the subject, individual or collective, about the causal (or, causeeffect) influences between the significant factors of the situation.
The application spectrum of cognitive maps spreads from conceptual modelling, aimed at improving the structuring and understanding of problems (see, e.g., [4]), before to solving practical
problems of analysis and modelling the situation dynamics (see,
e.g., [5]).
In the first case, a total and agreement representation of the problem situation is constructed in the form of a weakly formalized
cognitive map.
In the latter case, so-called formal cognitive maps (FCMs) are
used. The Figure 1 shows a fragment of such map (a map of the
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enterprise development with environmentally dangerous production).
Formally, the obligatory base of the FCMs family is a directed
graph, which nodes are associated with factors (or concepts) and
arches are interpreted as direct causal influences (or causal relations, connections, links) between factors. Usually arches are attributed with influence signs (“+” or “–”) or influence weights
(intensities).
In addition to listed constructs, i.e. factors, which are represented
as variables, and their links, the prevailing role in definition of
behavior is played by one more construct, which we refer to as a
bundle, i.e. a factor with all incoming direct influences with the
associated function, sometimes referred to as the influence aggregation function. (Weights are parameters of a specific type of the
function.) So the FCMs allow for formal processing [6].
In the paper, we focus on FCMs.

Fig.1: Fragment of a cognitive map of the enterprise development with
environmentally dangerous production

In our study, we propose the CCM use to improve governance
effectiveness. In this context, the CCM is seen as a means (1) of
agreeing the stakeholders' opinions, (2) of their total representation of the governance problem, (3) of identifying possible conflicts of interest and seeking their solution. In this case, the CCM
can reflect not only the opinions of stakeholders, but and the
knowledge of multidisciplinary team of experts to complete representation of the situation.
In the stakeholder theory [7], in analyzing the business situation,
different categories of stakeholders are distinguished: internal and
external, primary and secondary. The selection basis is the two
main attributes: the degree of the relationship of stakeholder interests with the strategic goals of the organization's development and
the degree of their influence on the achievement of these goals.
The internal primary stakeholders are those whose interests are
directly related to the organization goals (e.g., owners, managers,
employees). The stakeholders of the external environment in relation to the organization can be primary (e.g., consumers, competitors) or secondary (e.g., government).
In our study, we focus on agreeing the interests of the community
of primary stakeholders, connected with the identified governance
problem and interested in its solution. The secondary stakeholders'
influence (in terms of [7]) is also taken into account in the CCM
based on the additional knowledge of multidisciplinary team of
experts.
To compose such a map, we propose original approach, combining (1) the clarification and agreement of stakeholder representations on the governance problem using a number of criteria for
improving the CCM quality and (2) the clusterization of similar
stakeholder representations.
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2. Collective cognitive map construction
2.1. The state of the art. The brief description
An analysis of recent publications ([5], [7]-[10]) on approaches to
composing a CCM shows the following.
• CCMs can be divided into two categories on the basis “whose
knowledge is being structured?” [9]. The first category includes
traditional CCMs. Given the lack of objective data about the problem situation, such a CCM is represented as a “complete” model
reflecting the knowledge of a multidisciplinary team of traditional
experts. Here, the “complete” model is understood as a model
sufficient to represent the problem situation from the point of view
of the experts. Accordingly, the more the diverse experts are involved, the more different aspects of the situation are reflected in
the CCM.
According to [9] the second category of CCM appeared recently.
It is connected with the need to include in the model of representations of so-called non-traditional experts  stakeholders. These
CCMs are often used in the context of planning and management,
decision-making in different areas (e.g., environment [9], corporate business [10]).
The distinctive feature of the second category is that the CCM
reflects the stakeholders' representations of the problem, taking
into account their interests, goals, vision of possible ways of the
situation development. It is important here to get an agreed representation on the problem and its solution.
Further for brevity in the paper, if the difference between experts
and stakeholders is not significant, the term “actors” is used.
• In the cognitive mapping, two approaches to composing CCM
are common [5], [9]: the aggregation technique, when individual
maps are formed, and then aggregated into a CCM and collective
technique, when a general map is constructed in a group discussion (using methods brainstorming, focus groups, etc.).
The choice of technique is related to the intended use of the CCM.
The aggregation provides a comprehensive problem situation representation, taking into account the diversity of individual representations of it. The collective approach is aimed, first of all, at
achieving a common understanding in the team on the problem
situation.
In the area of FCM application the aggregation technique prevails.
Here the typical function of the formal “agreement of points of
view” in the CCM is the integration of several cognitive maps by
averaging the influence weights between the same factors [5].
Human processes of agreeing knowledge and representations of
actors, as far as can be judged from publications, are not supported
today by any systematic methods. In practice, it is carried out by
moderators, based on their experience [9]. Here and below, the
moderator is an actor who owns the cognitive mapping methodology.
• Finally, it is important to highlight the problem of risks for the
validity of results due to the human factor in FCM application. It
consists in the inevitable and significant participation of people
(experts, stakeholders, moderators) in solving problems through
formal methods. The practical significance of this problem in cognitive
mapping
is
justified
and
empirically
confirmed[6], [11], [12]. Not only do researchers in cognitive mapping directly or indirectly talk about risks for validity (or directly
errors), but also in the related area of system dynamics [13], [14];
different approaches are proposed to reduce the role of risks in the
construction of cognitive maps.
However, this problem is practically not considered in the CCMs
context. Among the few publications, it is possible to single out
the researches of T. Bouzdine-Chameeva (e.g., [15]), which raises
the question of the dependence of the CCM validity on the concepts' system used in the formalization of expert representations.
A. McLucas, a system dynamics specialist [14], singles out the
agreement of points of view as a significant means of supporting
validity, in particular, with regard to the evaluation of the factor
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Our approach to composing of formal CCMs is as follows.
• Rejection of the typical procedure for the CCM construction: a
formal integration of several cognitive maps by averaging the
influence weights. It is caused by a lack of knowledge of acceptable validity necessary for estimating influences' weights in the
map (confirmed by studies on the expert estimation problem in
cognitive mapping [12]).
• The CCM formation is proposed to begin with the construction
of sign cognitive maps before estimating the influences' weights in
them. Our practical experience shows that in order to increase the
validity of the estimation of the influences' weights, the quality
parameters spectrum of the sign map, such as the comprehensibility of factors, links, etc., plays a decisive role.
In sign cognitive map, only the signs of causal influences are given: (+) – a positive influence or (–) – a negative influence. (The
fragment of the map (Fig. 1) can be represented in the form of a
sign map, if instead of the influence weights leave the corresponding signs of influence.)
Each such sign cognitive map K l reflects the representation of a
stakeholder l (or group, in the case of a joint construction) on the
governance problem.
Among actors, there must be a moderator who manages this process with the purpose of
– achievement of an acceptable intuitive understanding and consistent representation of the problem situation by the stakeholders;
here by “acceptability” is understood such a level at which a collective solution of the problem situation is possible without taking
into account the existing differences in the understanding of the
situation by different stakeholders;
– decreasing of a negative distorting effect when translating primary representations into a formalized situation model in the language of a formal model (selected type of FCM).
In the latter case, it is a question of two interpretations of the same
formal map: intuitive and mathematical ones (the latter being formally processed later to produce new knowledge) with more or
less distortion between them. In particular, these or other unacceptable or risky distortions arise when translating the primary
knowledge about the problem situation into the elementary constructs of a map [16]. The Fig. 1 shows the elementary constructs
of a map.
Our hypothesis is that when compositing maps on the basis of
structuring and agreeing stakeholder representations, one can rely
on a criteria family of the absence of risks for the validity of the
end results that has been developing in our studies, starting from
[11] and up to the present day.
The criteria family forms an open system that reflects the logic of
composing cognitive maps from elementary language constructs
(factors-variables, direct causal links and bundles (Fig. 1)), up to
the criteria applicable to more complex constructs.
With regard to capabilities of estimation of conformity, the proposed criteria are not formal. This means that decision on conformity is made by the actor composing a map independently or
with the help of the moderator carrying out control of formalization correctness. In order to facilitate understanding, criteria are
provided in the form of statements in natural language.
The efficiency of these criteria is empirically confirmed by the
improvement of the cognitive maps' quality that were built in the
process of cognitive mapping teaching (i) students who studied
systems modelling technologies; (ii) experts and analysts in the
area of public administration.
This study showed that the application of this approach requires
the development of typical techniques of teaching cognitive mapping (with the support of the appropriate software) for the various

is formed by integrating the maps {K l }Ck included into it based
on the criterion of the stakeholder interest proximity. The median
maps agreement procedure includes the determination of significant differences between them, integrating them into the total
situation map in the case of weak differences and the conflict
analysis in the case of significant differences [18].
In general, several CCMs can be obtained. The formation of several CCM allows you to take into account alternative views about
the governance problem. Thus, the application of this approach
avoids the "averaging" (i.е., ignoring the differences) of the actors'
opinions used in modern aggregating procedures of cognitive
maps.
Further on each such CCM (after estimating the influence
weights), control problems can be posed and solved using the
techniques of statement and solving of situation development control problems under the influence of external environment using
the SWOT-analysis and situation control problems with many
active stakeholders [19].

3. Conclusion
The proposed approach to agreement the stakeholders’ interests is
focused on teamwork on complex issues or formation and argumentation of the strategy goals of development in the area of public administration and government policy making with the involvement of various sectors of civil society.
Currently, our efforts are aimed at implantation this approach in
the author technology of the strategic goal-setting and monitoring
of a complex system development [19]. The Figure 2 shows the
general scheme of strategic goal-setting and monitoring of a system development, implemented by technology.
Our approach to collective CM construction

Introduction

Technology process
Stage 0

Situation model, including
- cognitive map KS
- initial state by factors X(0)
- goal image C(XC, R(XC))
- set active stakeholders
of situation S, {ASi}

Creation or correction of situation model
based on the cognitive map
Stage 1
Problem situation diagnosis

Situation monitiring

2.2. The main ideas of our approach

categories of actors involved in the decision-making process in
governance.
• Next, the formed stakeholder maps {K l } are integrated into
CCM (possibly in several CCMs) based on the principle of their
representations proximity on the governance problem. To do this,
we propose a formal procedure for clustering maps {K l } based on
the proximity of the matrices associated with these maps (proximity measures are selected according to known functions used in
multiparameter classification [17]).
Accordingly, one or more clusters {Сk } are formed, each of which
includes stakeholder cards with similar representations on the
governance problem. In each Сk , a median map K Ck of the cluster

Used support tools of the technology
- Formal methods and applied techniques (1) of constructing specific situation models
and (2) of the developmenting and analysing of situation scenarios
- Software (WEB-application)

values when initiating an imitative model of causal influences. But
the listed authors in their papers do not give any practical recommendations on the indicated problem.
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NO
Stage 2
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Y
Y  P, R(Y ), X neg

Diagnostic chart
DC = (P, Xneg, T(P,Xneg),
{Gireas ( P, X neg )},{ASi})

YES

UY

Сontrol problems statement and solution
Factors of favorable
Y
Y
influence U  X pos

Control problems
Control problems
Other
of the situation taking
of the situation
control
with many active into account the influence
problems
of external environment
stakeholders

YES

Y

X (0)
UY  
NO

if Y '  Y
if Y '  Y

Planned realization of development strategy

UY

Estimation of the achievable state
of the situation with regard to Y’
with discovered U Y
Development strategy correction

Fig. 2: The general scheme of strategic goal-setting and monitoring of a
system development
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Today, the technology includes an open set of approaches and
techniques aimed at early stages of solving system development
problems in ill-structured situations: diagnosing problems and
dynamic goal-setting in the framework of strategic planning and
management.
Dynamic goal-setting supposes the formation and argumentation
of the strategic goals of the system development and the directions
of their achievement; and the possibility of their correction based
on the monitoring of the situation.
The technology is applicable to objects of different scale (enterprise, corporation, region, state, military organization, etc.).
Used support tools of the technology include
– formal methods and applied techniques (1) of constructing specific situation models and (2) of the development and analysing of
situation scenarios;
– software (WEB-application).
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