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Decision support systems are often demanding in terms of modelling and use, while purchasing software 
can also represent too large an investment for many organizations. The level of maturity of an 
organization influences the use (or non-use) of methods and tools for decision support, which is 
definitely lower in the public sector than in the commercial sector. The public sector uses considerable 
assets in its operation and investments, and therefore good decisions are of crucial importance for 
further development (at state, regional and local levels). In this article we present a decision support 
system which incorporates a process, approach and web-based software that is simple enough to use 
and be accepted in organizations and environments less inclined to use a systematic approach to 
decision making. The system is implemented as a web application, and the simplicity of the system is 
enhanced by the use of fuzzy logic. With this article we are opening discussion on the question of 
implementing management support systems in the public sector, where, with a suitable approach and the 
support of responsible persons, such solutions could play an important role. The results of the case 
studies on the use of the system in Slovenian municipalities indicate that the task will not be an easy one, 
because the opinions of the participants concerning a systematic approach to decision making are 
widely divergent. 

Povzetek: V prispevku je predstavljen internetni sistem za podporo odločanju v javnem sektorju. 

1 Introduction 
Decision support systems are gaining recognition in the 
public sector, which seeks solutions to various problems 
in a number of diverse areas. Many solutions are closely 
tied to individual fields, such as medicine [1], ecology 
[2] and spatial planning [3]. Others, in a more general 
way, are directed towards support in strategic planning 
and solving problems in management [4], [5]. Lately, due 
to the redirection of politics away from ascertaining 
public opinion about the functioning of the public sector 
towards public engagement and cooperation in decision-
making processes, the number of solutions in the area of 
e-democracy is increasing [6], [7], [8], [9]. Support 
systems and cooperation in decision making are, 
however, still used mainly in narrow professional circles 
and have not found their way to political decision makers 
or to the public [10]. The challenge of successful 
implementation of a decision support system in the 
public sector, with engagement over the whole spectrum 
of decision making, is still unmet. 

An important negative effect is also the conviction 
that there are great differences in decision making in the 
private and public sectors. This conviction is perpetuated 
by stereotypes of decision-making processes in both 
sectors, as shown in Table 1 [11]. The authors of a 
comparison, Bots and Lootsma [11], argue that all the 
mentioned approaches, with regard to the areas of 
operation and specifics of the branch of activity, can 
occur in either the private or public sector. For this 

reason, the question of decision making cannot be clearly 
separated into public and private decision making, yet we 
must take into account that the public sector has 
numerous specific features. If we add to this the 
increasingly emphasized demand for the engagement and 
co-deciding of the civil society, it becomes clear that in 
the development of decision support systems for the 
public sector, as well as in cases of direct transfer of 
solutions for the private sector to the public sector, we 
must also take into consideration the specific needs and 
demands of the public sector. Certain of these demands 
can be addressed by adapting existing solutions, but there 
are also numerous issues which demand special treatment 
and the development of a specific solution adapted to the 
environment. 

 
Private sector Public sector 
Decisions are made by a 
single agent (individual 
manager or management 
team) whose authority is 
defined by a hierarchical 
organization structure. 

Decisions are not made but 
"happen" as a result of a 
complex interaction 
between administrators, 
trade unions, pressure 
groups, etc. 

Decisions are dominated 
by a single interest, 
typically the competitive 
position of the company. 

Decisions involve many 
and often divergent 
interests of a society, and 
aggregation into such 
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notions as "general 
welfare" only masks the 
conflict 

Decision alternatives are 
evaluated on the basis of a 
limited set of quantitative 
economic criteria such as 
market share, bottom line 
profit or shareholder value. 

The set of evaluation 
criteria is large and has a 
wide variety of both 
quantitative and qualitative 
criteria, whose values are 
difficult to establish and/or 
aggregate. 

Decisions typically have a 
planning horizon of 
months to at most several 
years (e.g. new products 
and markets). 

Decisions have a planning 
horizon of several decades 
(e.g. decisions on 
infrastructure).  

Table 1: Perceptions of decision-making processes 
 
When we speak about decision support in the public 

sector today, it is best to observe the issue in its most 
general form. Representative democracy, as we know it 
today, has a range of shortcomings. For this reason and 
thanks to the development of information and 
telecommunication technology, the public sector and 
politicians are seeking possible solutions to enable an 
approach to participatory democracy of an Athenian 
type. It requires that citizens be involved in all phases of 
decision making. They need, therefore, to learn about the 
problem, its alternative solutions and their implications, 
and about their own and other participants’ interests and 
constraints. Since these interests may produce conflicts, 
the citizens need to be able to identify these conflicts and 
resolve them. It is also necessary that they be able and 
willing to take responsibility for their decisions [8]. E-
democracy is today one of the principal challenges in the 
development of e-government [10], [15], [16].  

Any consideration of decision making in the public 
sector must take into account that events take place in a 
triangle – politics �� civil society �� administration, 
where the civil society should be understood in the 
broadest sense as non-political and non-administrative 
(Figure 1) [7]. 

 
Figure 1: Basic spheres and relations in a democratic 

governmental system [7]. 
 
In the figure, arrows indicate influence and circles 

indicate domains of control. Intersections indicate 
"transaction zones" where control is negotiated by 
lobbyists and media, for example, on the left-hand side, 
intermediary service deliverers on the right-hand side and 

professional interaction in government boards and 
committees on the top [17]. 

Joint decision making by all three groups of 
participants is possible only if all of them are sufficiently 
acquainted with the subject of their decision making. 
Decision making should therefore be treated 
comprehensively as a process which implements all the 
phases necessary for high-quality decisions. The general 
process framework of decision making must take into 
consideration at least three phases (Figure 2) [18]: 
� Formulating: Actors become aware of a decision 

problem at the "Doing" level, which represents the 
implementation phase, and initiate a decision process 
instance. Depending on their own background, 
experiences and agenda, as well as predefined goals 
and constraints, they formulate alternatives and 
criteria while seeking and filtering information about 
the problem. The produced alternatives and values 
are then passed to the appraising stage. 

� Appraising: The role of actors at this stage is to 
assess the alternatives produced in the previous 
stage. Input that has been passed from the 
"Formulating" phase is evaluated and alternatives 
examined by the decision makers.  

� Evaluating: The actors who are involved in this stage 
devise a framework for the evaluation of alternative 
interventions. Decision analysts or expert decision 
makers calculate the consequences of alternatives 
and choose a technique for the appraisal of 
alternative interventions. 
Support for the decision-making process must be 

ensured with appropriate information and 
telecommunication technology and tools. The question of 
decision making in the public sector motivated our work 
and research with the aim of contributing to solving the 
issue and to adding a new solution to the range of current 
tools, specific to the environment in question. We are not 
alone in this, since the necessity of solving this type of 
problem is recognized throughout the world [11], [15], 
[16], [19], [20], [21]. 

 
Figure 2: General decision process framework [18]. 
 
We have established improving the quality of 

decision making as our foremost goal. The concept of 
quality decision making is defined by efficiency, 
effectiveness, future-influencing capacity and legitimacy 
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[22], [11]. Efficiency is the ratio between invested effort 
and achieved results. In decision making, the internal 
efficiency that we would normally find in the production 
of products and services has little significance, since the 
number of decisions with respect to the time they take 
can only be an informative indicator, not to specify 
effectiveness. For this reason, effectiveness is linked to 
the decision-making results, that is, the effectiveness of 
reaching goals. 

If we wish to achieve the long-term positive effects 
of the decision, we must set long-term goals, given that 
such goals are an important element of effectiveness. 
This especially holds true for the public sector. 
Legitimate decisions are those which the participants 
accept, and therefore the views of the participants must 
be incorporated in the goals, meaning that in assessing 
the quality of decisions in the public sector we are 
dealing with only two aspects: invested effort or the time 
consumed, and effectiveness, which is exemplified in 
achieving goals and legitimacy. We must chose suitable 
goals within a reasonable time and then select the 
optimum path towards reaching them. 

The paths to high-quality decisions can be very 
diverse. In our case we must answer to various desires 
and the needs of a large number of participants, and 
therefore cooperation and reaching a consensus is 
undoubtedly the correct path. Experience indicates that 
effort invested in finding a consensus is rewarded with 
better, more innovative and efficient solutions, which are 
willingly accepted by the key participants [23]. Innes and 
Booher [24] specified three classes of the effects of the 
process of finding a consensus, which promise that 
efforts invested in consensus will be richly rewarded 
(Table 2): 

First-order effects 
� Social Capital: Trust, Relationships 
� Intellectual Capital: Mutual Understanding, Shared 

Problem Frameworks, Agreed Upon Data 
� Political Capital: Ability to Work Together for 

Agreed-Upon Ends 
� High-Quality Agreements 
� Innovative Strategies 

Second-order effects 
� New Partnerships 
� Coordination and Joint Action 
� Joint Learning Extends into the Community 
� Implementation of Agreements 
� Changes in Practices 
� Changes in Perceptions 

Third-order effects 
� New Collaborations 
� More Coevolution, Less Destructive Conflict 
� Results on the Ground: Adaptation of Cities, 

Resources, Services 
� New Institutions 
� New Norms and Heuristics 
� New Discourses 
Table 2: Potential outcomes of consensus building [24] 

2 DSS in public sector 
Before we start with detailed aspects of the issue, it 
would be prudent to devote a few words to the definition 
of decision support systems [12].  

Decision Support Systems (DSSs) are interactive 
computer-based systems intended to help decision 
makers utilize data and models to identify and solve 
problems and make decisions. The "system must aid a 
decision maker in solving unprogrammed, unstructured 
(or 'semistructured') problems...the system must possess 
an interactive query facility, with a query language that 
...is ...easy to learn and use" [13]. DSSs help 
managers/decision makers use and manipulate data, 
apply checklists and heuristics, and build and use 
mathematical models. According to Turban [14], a DSS 
has four major characteristics: it incorporates both data 
and models; it is designed to assist managers in their 
decision processes in semistructured (or unstructured) 
tasks; it supports, rather than replaces, managerial 
judgment; and its objective is to improve the 
effectiveness of decisions, not the efficiency with which 
decisions are being made. The five types of Decision 
Support Systems are: 
� Communications-Driven DSS – uses network and 

communications technologies to facilitate 
collaboration and communication; 

� Data-Driven DSS – emphasizes access to and 
manipulation of a time-series of internal company 
data and sometimes external data; 

� Document-Driven DSS – integrates a variety of 
storage and processing technologies to provide 
complete document retrieval and analysis; 

� Knowledge-Driven - intended to suggest or 
recommend actions to managers. These DSSs are 
personal computer systems with specialized 
problem-solving expertise; 

� Model-Driven DSS or Model-oriented DSS –
emphasizes access to and manipulation of a model, 
e.g. statistical, financial, optimization and/or 
simulation. Simple statistical and analytical tools 
provide the most elementary level of functionality. 
Most current advanced DSSs are combinations of all, 

or nearly all, five generic types. In the public sector, as a 
result of problem scope, social diversity and dynamics, 
the stakeholder network is generally more complex and 
less transparent, and its interests are more diverse. The 
variety of interests in particular seems to favor multi-
criteria decision analysis (MCDA) approaches to 
decision support [11]. Thus at least two of the types of 
DSSs listed above (communications-driven and model-
driven DSSs), especially for the public sector, should be 
able to handle a multi-criteria decision analysis approach.  

Group Decision Support Systems (GDSSs) are 
interactive, computer-based systems that facilitate the 
solution of unstructured and semi-structured problems by 
a set of decision makers working together as a group. A 
GDSS aids groups in analyzing problem situations and in 
performing group decision-making tasks. Any of the five 
generic types of DSSs can be built as a GDSS. 
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Usually a DSS is tailored to either a specific 
application area (e.g. strategic planning, water 
management or policy making) or a particular decision-
making phase (e.g. problem framing or decision-tree 
development), or both. According to Bots and Lootsma 
[11], they can be divided into three categories. 
� Generic DSSs. These decision-support information 

technology (IT) applications are domain-
independent (spreadsheets, generic DSSs for 
conceptual modeling, based on a particular problem 
solving method, and generic DSSs consisting of 
electronic meeting systems that support problem 
solving in a group). 

� Domain-specific DSSs. The core of these systems is 
a model that computes the impact of measures on a 
given subsystem (economic, biological, or other) and 
presents the results in tabular or graphic form. 

� Phase-specific DSSs. These applications aim to 
support one particular phase in the decision-making 
process (problem formulation phase, choice phase, 
negotiation support systems). 
The aim of our research is the development of a 

model of a decision support system for the public sector 
and usable solutions for a chosen research environment. 
In this we have bound ourselves to the principle that the 
solution must be as general as possible. However, given 
the fact that for the development of e-democracy the 
local environment is the most suitable [16], we have 
decided to focus on local self-government and its key 
development problem: deciding on investment projects in 
local communities, with the aim of ensuring good 
decisions, which is related to the quality of selection of 
such projects. As the key point in ensuring the quality of 
decision making, we have focused on cooperation and 
reaching a consensus in determining that well prepared 
investment projects will be selected [24] and that they 
will be possible to realize within the set framework. It 
will in turn have a beneficial effect on efficient use of the 
local community's budget and ensure that the chosen 
investment projects will bring the participants long-term 
positive results. 

A systematic approach to decision making is new to 
most Slovenian municipalities. For this reason, and 
because of time and financial limitations, we have 
limited the scope of the planned model and solutions in 
the sense of the typology of the projects [11] and a multi-
phase approach [10], taking into consideration only two 
groups of participants. The subject of the research was 
the decision-making process concerning investment 
projects which are included in the Plan for Programme 
Development, as well as the annual budget in the local 
community. The aim of the research was to shape a 
decision-making model and the use of support system in 
a chosen environment within the following framework: 
� Model-Driven Group Decision Support System 

based on Multi-Criteria Decision Analysis with 
suitable elements of Communications-Driven DSS: 

� Domain-specific DSS, with the intention nearing a 
generic DSS, covering local government decision 
making on investment projects (plans for 

development programs and investments from the 
municipal budget); 

� Phase-specific DSS with emphasis on the choice 
phase with the intention to cover some aspects of the 
problem-formulation phase and negotiation support 
systems; 

� Considering two basic areas of democratic 
governmental systems (formal politics and 
administration) with the intention to make the 
participation of the civil society possible. 
The research thesis refers to the feasibility of the 

model in given circumstances in a given environment 
and asserts: "The decision support system in a chosen 
environment and set framework enable simple 
expressions of appraisal and balanced participation in 
decision making for all participants and ensure a final 
solution which the decision makers and responsible 
persons consider to be suitable". We have checked this 
with case studies in three Slovenian municipalities. 

3 Research design 
We have addressed the issue by a review of the literature 
and by setting basic guidelines for a solution. We then 
studied the environment for dealing with the issue, i.e. 
municipalities. Within the aim of our research, that is, 
finding a solution to the issue, which encompassed a 
study of documentation and interviews with participants 
in the decision-making process, we sought answers to the 
questions of how decision making progresses and why 
undesired results occur. 

We found answers to the following questions: 
How… 
� does decision making progress in including 

investment projects in the municipal budget? 
� are the interests of various political options 

asserted? 
� are various expert opinions and interests 

asserted in decision making? 
� do expert opinions affect political decisions? 
� does adjustment of opinions about individual 

projects and groups of projects that have been 
selected take place? 

Why… 
� do the selected projects often fail to meet 

expectations? 
� can evidently less suitable projects dominate 

clearly more suitable ones? 
� are attempts in adjusting opinions often 

unsuccessful? 
On the basis of the case study we defined a solution 

model and developed web-based software for support of 
the model specified in the decision-making process. The 
research theses were analysed in  case studies in three 
Slovenian municipalities within which we verified the 
suitability of the model, functioning of the software and 
the response of decision makers to this new, systematic 
approach to decision making. 

We first presented the solution and its goals to the 
leaders in the municipality. We then analysed the 
situation in the area of investment projects and chose 
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projects (five to seven projects) about which decisions 
had been made. In two cases the responsible persons in 
the municipality invited experts and municipal 
counsellors, while in one case, due to local elections, we 
decided to first make an appraisal with the municipal 
expert services and postpone the counsellor appraisals to 
a time after the elections. The number of questionnaires 
handed in by representatives of expert services was six, 
nine and ten, while the municipal counsellors contributed 
two and four. The assessment was initially conceived as 
anonymous; however, in the first case it was decided to 
have personal signatures, and in the second case, a 
statement of affiliation to the expert services department. 
In the case of the counsellors the process was 
anonymous, while in the third case, appraisal by expert 
services was also fully anonymous. 

We processed the results and presented them to the 
participants in the appraisals. During the presentation we 
initiated a discussion concerning the usefulness of the 
approach, and in two cases we made a survey by which 
we measured the opinions of the participants concerning 
the approach and the end results. On the basis of the 
results we have made an appraisal of the model and 
solutions, and developed guidelines for further steps. 

4 Solution model design 

4.1 Investigative case studies 
The Local Government Act [25] and Municipal 

Statutes [26] regulate the functioning of municipalities. 
The statutes define the organisational structure of the 
municipality in detail (division into sub-units of local 
self-government – local communities, specification of the 
committees and boards of the municipal council and the 
organizational structure of the municipal government). In 
deciding on investment needs, the public participates 
through a council of presidents of the local communities, 
which is the mayor's counselling body, expert staff of the 
municipal government represented by heads of the 
department and the mayor’s collegium, and municipal 
counsellors who work through committees and the 
municipal council. If we add to this the forms of direct 
public decision making (people's assembly, referendum 
and public initiative), we find that the organizational 
structure of decision making in the municipality is 
sufficiently comprehensive. 

However, for efficient progress in decision making 
this is not nearly enough. We would need a firm 
framework for decision making which would define the 
procedures, roles, inter-relations and limitations of the 
decision-making process. Unfortunately, we have not 
found this in any of the processed cases.  

Due to this, preparation of the projects and 
preliminary appraisal of the participants’ response (civil 
society, politicians and municipal government) 
progresses in an unsystematic and non-transparent 
manner. Investment projects are prepared within narrow 
political or expert circles, and the number of people who 
are well acquainted with all the parameters is low. 
Cooperation and balance between the participants is 

lacking, and the opinions and arguments of those who 
think in a different way are often ignored. This causes 
frequent situations where poorly prepared projects 
without prior discussion within the civil society and/or 
interaction between expert staff of the municipal 
government and/or counsellors reach the phase of final 
decision making by a poorly informed municipal council. 

This situation is an ideal environment for asserting 
informal or formal power over arguments and the needs 
and desires of different-thinking people. The municipal 
government is aware of this problem, but has neither the 
knowledge nor the motivation to alter the situation. 
Numerous urgent and "urgent" projects, the first based on 
the actual needs of the participants and the other 
supported by informal (political) power, give the 
government little hope that this situation can be changed.  

On the basis of the collected answers in our research, 
we can confirm that the environment in question is 
relatively immature in the area of decision making and 
that municipalities are confronting numerous difficulties: 
� unorganized progress of opinion adjustment and 

deciding on preparing investment projects and their 
inclusion in the development plan or municipal 
budget 

� powerful influence of the distribution of informal 
and formal powers in the municipality on the 
selection of possible investment projects and 
inclusion of approved projects in the budget 

� difficulties in balancing opinions between 
professional fields, between political options and 
between or with the civil society 

� the mayor’s great direct influence on shaping expert 
opinion and political decisions 

� absence of a comprehensive overview of the 
development of the local community 

� poorly informed decision makers and public 
concerning the plans, realization and effects of the 
projects 

� lack of qualifications and lack of motivation of the 
municipal government to improve the current 
situation 

� unawareness and lack of motivation of the 
politicians to cooperate in solving issues 

� a low level of public involvement in the preparation 
of decisions concerning solutions  
Despite the relatively poor state of affairs, we were 

encouraged by the fact that leading staff of the municipal 
government understand the problem and are willing to 
invest the time and effort to find a solution.  

4.2 Solution framework 
The basic goal of our work is to improve the quality of 
decision making with the aid of a tool for decision 
support. Apart from ensuring the best possible 
participation of well-informed participants in the 
decision-making process, consensus is the central point 
of quality and success in decision making [23]. 
Implementing the principles of new public management 
in local self-government requires greater differentiation 
and responsibility in decision making, for which reason 
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the motivation and qualification of professional decision 
makers and especially municipal councillors is of key 
importance for successful development of the local 
community [27]. 

This is why the model, and with it the solution, had 
to ensure a decision-making framework in accordance 
with the conclusions expressed thus far, with a definition 
of the procedure and roles in decision making through 
the following steps: 
� specification of the selection of alternatives, 
� specification of the participants in decision making, 
� specification of criteria and limitations, 
� appraisal and choice, 
� iteration (in case the solution is not satisfactory), 
� documentation and archiving, 
and a simple approach to enable appraisal without special 
knowledge in the area of decision-making or intuitive 
response, and by this to attract decision makers to 
cooperate and to appreciate the results of this method of 
decision making. Here we must point out the importance 
of knowledge exchange and constant adjustment, and 
improvement of the solution with regard to the capacity 
and motivation of the chosen environment, since this is 
the only correct way to achieve better decisions [28]. 

4.3 Solution model 
The solution consists of the framework for decision 
making and web-based software for decision support 
within the following scope: 
� specification of of alternatives 
� specification of the participants in the decision 

making 
� specification of attributes, criteria and limitations 
� designing questionnaires 
� appraisal 
� analysis of the results and level of consensus 
� selection 
� export of the results by various cross-sections of the 

given structure. 

The definition of a multiple-attribute decision 
problem encompasses the following:  
� a set of attributes (parameters, factors, viewpoints, 

views, ranges) C={c1,…,cn}; 
� a set of alternatives (possibilities, projects, scenarios, 

actions, goals, purposes) A={a1,…,am}; 
� specific information in each pair ��� , ���; 	 
�1,  , ��, � 
 �1,  , ��, ascertaining the relative 

importance of each attribute cj – weight wj; 
� suitability rij, which is the decision maker’s appraisal 

of the alternative ai with regard to the attribute cj; 
� the merging function U, by which the appraisals of 

criteria rij for individual alternatives are aggregated 
into joint alternative appraisals; 

� in group decision making, the given alternatives are 
appraised by the set of individuals D = {d1,…,dk}. 

The core of the solution is a three-dimensional group 
multi-attribute decision space: 
� the basic structures are decision trees for each 

individual alternative, where the appraisals of the 
attributes cij (leaves) join into the appraisal of the 
alternative ai by the aggregating function Ua, 

� the individual alternatives ai join into subsets of the 
set A, �� 
 ���� and the common appraisal for the 
subset of alternatives is given by the aggregating 
function Uv, 

� the appraisals of individual appraisers dl are joined 
into group appraisals for all the nodes and leaves of 
the decision tree by all the alternatives and variants ���; �� 
 ����; � � 1,  , |����|. 
For the sake of simplicity, we have upgraded the 

decision-making model with fuzzy logic methods and 
implemented the appraisal with linguistic variables [29]. 

One thinks in terms of descriptive categories for 
which reason the appraisal by descriptive values 
demands much less mental effort. An appraisal method 
that demands less mental effort will be more precise than 
a method that demands greater mental capacity [30]. We 
can therefore claim that a descriptive appraisal is more 
precise than a numeric one. Additionally, a definition of 
the appraisal by linguistic variables is easier for the 
appraiser [31], [32]. These are undoubtedly sufficiently 
substantial arguments to support our approach. 

In fuzzy logic theory we can find suitable solutions 
for joining values, based on the mapping of linguistic 
values into fuzzy numbers and the use of aggregation 
operators for fuzzy numbers in making the calculation. 

The starting point is Zadeh’s definition of linguistic 
variables [33, 34]:  

A linguistic variable is defined by a quintuple �!, "�!�, �, �, #$� in which ! is the name of the 
variable; "�!� (or simply") is the term set of !, that is, 
the set of names for linguistic values !, with each value 
being a fuzzy variable denoted generically by % and 
ranging over a universe of discourse � which is 
associated with the base variable &; � is a syntactic rule 
(which usually has the form of grammar) for generating 
names % of values of  !; and # is a semantic rule for 
associating each % with its meaning #$�%�, which is a 
fuzzy subset of �. A particular %, that is, a name 
generated by � is called a term. A term consisting of a 
word or words which function as a unit (i.e. always occur 
together) is called an atomic term. A concatenation of 
components of a composite term is a subterm. An 
example of the term set (abbreviated by " instead of "�(�) is: 
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" � )*+�+�,, -./+0,, �+12 -./, -./, #	334+, 5	67,�+12 5	67, 5	67+0,, #&0, 8+ 9. 
The basic variable & is the assessed probability or degree 
of support, and comprises the values from the unit 
interval & 
 ;0,1= [35]. The general rule that assigns a 
fuzzy set to the term % can be written as: #$�%� �>�&, ?@�&��; & 
 ;0,1=A, which is for the term high: 

#$�5	67� � BC&, ?D�EF�&�G ; & 
 ;0,1=H. 

What we have just written is in fact the definition of 
a fuzzy set: 

Given a universe of discourse �, the fuzzy set �I in � 
is given by its membership function ?JK�&�: � M ;0,1=, in 
which the function ?JK�&� is interpreted as the degree of 
membership of & in the fuzzy set �I. Clearly, the fuzzy set �I is fully determined by the set of ordered pairs �I �>�&, ?JK�&��; & 
 �A. 

Operations with fuzzy sets within given universe of 
discourse are operations with membership functions, 
which allows us relatively easy calculations with fuzzy 
sets defined with sufficiently simple membership 
functions. Expectations connected to this are fulfilled by 
Bonissone and Decker with the uniform scale for 
mapping linguistic conditional terms to fuzzy intervals 
[35], which are fuzzy subsets in the set of real numbers. 

In this manner we have merged the advantages of 
using linguistic variables with the simplicity of 
mathematical operations over numeric variables. Thus 
we have avoided problematic and complex definitions of 
aggregation functions and unsurpassable limitations in 
respect of the branching out and size of the decision-
making tree in aggregating linguistic values based on 
logical rules (rule-based aggregation). We have 
preserved the flexibility of modelling logical rules with a 
system of weights, which determine at each node the 
contribution of the child to the appraisal of the parent.  

4.4 Software tool characteristics 
The software itself consists of four modules (Figure 

3). The module for implementing groups of cases is 
intended for defining the basic parameters of processing. 
With its help we can define the basic structure of the 
system and choose the methods of aggregation in tree 
structures. The number of questions is the number of the 
leaves of the appraisal tree; the content of the questions 
and the appraisal scale are determined with regard to the 
needs of each individual group of cases. 

We first determine the decision-makers and the 
alternatives about which the decisions will be made for 
each separate case in the module for data collection, and 
if necessary we merge them into groups of decision-
makers and subsets of projects – alternatives. The 
module also includes a user interface for appraisal. The 
job of calibrating the mapping is intended for registering 
the posture and mood of each individual decision-maker 
concerning the mapping of linguistic values into fuzzy 
numbers. With the help of the calculation module from 
the acquired appraisals, we fill in every point (leaf, node 
or root) of the given structure with three values: 
linguistic, fuzzy and real (Figure 4). 

The module for presenting and exporting the results 
allows presentation and export along various cross-
sections of the given structure.  

The software tool is a web based application based 
on PHP 5 with database engine MySQL 5. It allows 
flexible settings of: 
� structure of decision tree, 
� appraisal scales (term sets) and mapping functions 

from linguistic values to fuzzy trapezoidal numbers, 
�  aggregation functions and distance measures. 

With the intention of sharing ideas, knowledge and 
software itself after some tests the source code will be 
given in open source community.  

Module for data collection for individual 
cases 
� data on users and groups of users 
� data on projects and groups of 

projects – alternatives 
� appraisal 
� calibration of mapping of linguistic 

variables into fuzzy numbers 

Presentation and export of results 
� values and graphic presentations 
� export to a table – Excel or Calc 

Module for implementation of a group of cases 
� definition of the decision-making tree 
� developing questionnaires 
� setting functions and weights 

Figure 3: Software modules 

Calculation module 
� mapping linguistic values into fuzzy 

numbers and real numbers 
� aggregating the values of all nodes 

along the entire structure, 
approximation and sharpening of the 
fuzzy values into linguistic values 
and real numbers 

fuzzy 
number 

 
real number 

linguistic 
value with 
deviation 

appraisal 
(linguistic value) 

aggregation 

approximation 

mapping 

defuzzyfication 

Figure 4: Functionality of the calculation module [36] 
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 The software tool is available at http://www.fu.uni-
lj.si/bsc/. To obtain a user name and password, please 
contact the author of this article. 

 

5 Case studies 
5.1 Settings of the model 

The research comprised three case studies in which 
we could, due to the similarity of the issues, use the same 
settings of the model, which include the decision-making 
tree, appraisal scale and functions of the mapping, 
aggregation, approximation and defuzzyfication. 

Decision tree 
Starting from the framework of deciding on capital 

investments in the public sector [36], legally prescribed 
definitions and the analysis of the method of decision 
making in local communities in Slovenia, we have 
determined the structure of the decision tree (Figure 5). 

Appraisal scale and mapping 
The appraiser approves each attribute with a 

linguistic appraisal, which represents the degree of trust 
in the suitability of the project in terms of the given 
attribute (Table 3 and Figure 6). 

 
Term Fuzzy number Label 

Reject 0 0 0 0 L1 

Lowest .01 .02 .01 .05 L2 

Very Low .1 .18 .06 .05 L3 

Low .22 .36 .05 .06 L4 

Medium .41 .58 .09 .07 L5 

High .63 .80 .05 .06 L6 

Very High .78 .92 .06 .05 L7 

Highest .98 .99 .05 .01 L8 

Must Be 1 1 0 0 L9 

Table 3: Linguistic values and equivalent fuzzy 
trapezoidal numbers 

 
Figure 6: Graph of the mapping function 

 
Arithmetic, aggregation function and distance measure 

As a short break, have a look at a graph of a fuzzy 
number (more precisely, a fuzzy interval or trapezoidal 
fuzzy number, Figure 7): 

 
Figure 7: Graph of a fuzzy trapezoidal number 

 
For fuzzy numbers, the computation necessary for 

algebraic operations are considerably simplified. The 
calculations within the decision-making framework are 
only done with positive fuzzy numbers (?JK�(� �0, N ( O 0), and therefore only the arithmetic for a 
positive fuzzy number will be introduced (the definitions 
(Table 4) comprise the fuzzy numbers �I � ��, P, Q, R� ��3 8K � ��, 3, S, T�): 

 

Table 4: Arithmetic operations for trapezoidal fuzzy 
numbers [35:230] 

For the model to work, it will also need a 
aggregating operator. Following the simplicity principle, 
we have opted among the many operators for generalised 
operators of weighed mean expressed in the formula: 

Operation Result 

1
�I U1P , 1� , RP�P V R� , Q��� W Q�X 

�I V 8K  �� V �, P V 3, Q V S, R V T� 

�I W 8K  �� W 3, P W �, Q V T, R V S� 

�I · 8K  ���, P3, �S V �Q W QS, PT V 3R W RT� 

�I
8K  U�3 , P� , �T V 3Q3�3 V T� , PS V �R��� W S�X 

Contribution to the 
goals 

Importance of the 
problem solved by 
the project 

Quality of project 
preparation 

Feasibility 

Risk 

Project price and 
costs during project 
exploitation 

Cost-benefit ratio 

Compatibility with 
the goals 

Project 
contribution 

Feasibility 
and risk 

Cost-benefit 

Appraisal of 
the 
alternative 

Figure 5: Decision tree of the module of multi-
attribute appraisal of investment projects 
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7Z[��\, … , �^� � �∑ /���Z�̂`\ �ab, �� 
 ;0,1=, 	 
 c^, Q 
 d�Q e 0� 
where for the components of the vector /f � �/\, … , /^� 
holds ∑ /� � 1, /� g 0N	 
 c^.�̂`\  The vector /hhi is 
termed the weighed vector, and its components /� the 

weights. In the simplest version (equal weights /� � \
^ 

and Q � 1) it is simply the arithmetic mean. 
The final results of these calculations, trapezoidal 

fuzzy numbers, are not suitable for the presentation of 
results to appraisers. We must therefore map them back 
to linguistic values. We must find the linguistic value of 
which the fuzzy equivalent is the closest to the given 
trapezoidal fuzzy number.  

For this purpose we need a metric of the fuzzy sets. 
The Tran-Duckstein distance takes into account the 
fuzziness of the fuzzy numbers and is confirmed in 
practice in an environmental-vulnerability assessment. 
We have, therefore, decided to choose it for our 
framework. For trapezoidal fuzzy numbers the general 
definition is simplified as (j�Q� � Q, �I � ��, P, Q, R�,8K � ��, 3, S, T�):  

�kl��I, 8K , Q� � U� V P2 W � V 32 Xl

V 13 U� V P2 W � V 32 X ;R W Q W T V S=
V 23 UP W �2 Xl V 19 UP W �2 X ;R V Q=
V 23 U3 W �2 Xl V 19 U3 W �2 X ;T V S=
V 118 ;Rl V Ql V Tl V Sl=
W 118 ;QR V ST=
V 112 ;RS V QT V RT V QS= 

 
Figure 8: Tran-Duckstein distance for generalized left-

right fuzzy numbers (GLRFN) [37:340]. 
 

Calculations 
The linguistic values of the leaves are the direct result of 
the appraisal process, and the equivalent fuzzy numbers 
are the images of a simple mapping between them 
(Figure 6). The values of the parent nodes are calculated 
from the leaves towards the root of the tree as fuzzy 
arithmetic mean of fuzzy values of the children 

�I�,� � 1q�,� r �I�s\,�,�; 	 � t W 1,  ,1; � � 1,  , u�; v � 1,  , q�,�;�  

where I is the number of levels of the tree, i is the current 
level of the tree, Ji is the branching of the tree, j is the 
position of the node at the  i-th level, Ki,j is the number of 
children of the parent in question at the level i+1, and k is 
the position of the child of the parent in question. 

The calculated trapezoidal fuzzy numbers �I are 
approximated back to linguistic values - so that the 
closest representative -K of the linguistic values -� is 
found: -w�� � -: �k��I, -K, Q� � min� �k��I, -K� , Q� ; 	 � 1, … , �. 

For higher granularity of the end results we 
introduced the approximation deviation. This is defined 
as the relative number of the difference in distance of the 
approximated fuzzy number and the fuzzy number image 
of the linguistic approximation and the difference 
between two adjacent linguistic values: �+{ � 

|}
~
}�W �k��I, -Kw��, Q�

�k�-Kw���\, -Kw��, Q� , 	j �k��I, 0K, Q� W �k�-Kw�� , 0K, Q� O 0 
�k��I, -Kw��, Q�

�k�-Kw��, -Kw��s\, Q� , 	j �k��I, 0K, Q� W �k�-Kw��, 0K, Q� g 0
� 

The approximation with the deviation is then 
labelled as: � -w��, 	j �+{ O W0,25-w��, 	j W 0,25 � �+{ � 0,25-w�� M, 	j �+{ O 0,25.  

This is our original solution, distinguished by its clarity, 
which allows precise and efficient presentation of the 
results to the decision makers [38].  

The values of all the variables in the tree are merged 
into an appraisal of the variants � of the plan for the 
development programmes and into joint group appraisals 
of several appraisers �. This aggregation is also done 
with the calculation of the fuzzy arithmetic mean of the 
fuzzy numbers: 

�I�,� � 1|�| · |�| r r �I�,�; � 
�� ����; � 
 ����; 	
� 1,  t; � � 1,  u�; 

for all subsets of the set of alternatives A and the set of 
appraisers D, for which it is reasonable in the given case.  

5.2 Results 
The case studies derive from the execution of the model 
in the chosen municipalities with the following steps: 
� presenting solutions to the leaders (management 

director, heads of departments ) 
� preparation, adjustment and certification of the 

appraisal plan 
� specification of the decision makers and groups 
� specification of alternatives – projects 
� presentation of the model and procedure to the 

appraisers 
� executing the appraisal 
� presentation of the results and discussions 
� appraisal of the solution model 

A detailed report about the progress and results of 
the case studies would unfortunately exceed the scope of 
this article, and we have therefore focused on the results, 
connected to the thesis of feasibility and usefulness of the 
model presented in the introduction. We verified the 
thesis by two methods: 
� leading a discussion with the appraisers after 

presenting the results of the appraisal 
� with a questionnaire about the progress and 

usefulness of the solution 
The discussion revealed that the municipal 

government was well aware of the question of decision 
making. Municipal counsellors were less forthcoming. 
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They recognised the question of decision making, but 
they did not accept it as theirs. 

The appraisers filled in the questionnaire in two 
cases, but only representatives of the municipal 
government responded. We have presented the appraisals 
in Appendix 1 at the end of this article.  

The questionnaire referred to the following elements 
of the appraisal and attitude of the participants in the 
appraisal of the presented solutions: 
1. Dissatisfaction with existing decision-making 

methods. 
2. Willingness to cooperate in implementing new 

methods and approaches. 
3. The method allows for easy expression of opinions 

about the projects and efficient cooperation in 
decision making. 

4. The results will contribute to faster and better 
choices of projects. 

5. The questionnaire is easily understood and allows 
for good expression of opinions. 

6. I am content with the proposed decisions. 
7. All the chosen projects are acceptable to me. 
8. I wish to use the method in the future. 

The results showed two very different facets of the 
municipalities. In the first municipality the collective 
satisfaction rating was High, an estimation given by all 
but one appraiser, who responded negatively (rejected) to 
the proposed choice of projects (Statement 7). Among 
other appraisers one could feel that all the proposed 
projects were not fully acceptable to them. Nevertheless, 
lower ratings than High were generally rare, so that the 
collective ratings, except two which refer to the results of 
the ratings themselves (Statements 6 and 7), were High. 
The highest estimated statement about willingness to 
cooperate in introducing new methods was Very High. 

The results in the second municipality showed that 
the appraisers had different views of the presented 
method. The collective rating Medium was the result of 
three High and Medium ratings each and four ratings of 
Low. The collective rating Medium was given to almost 
all the individual statements, with the exception of 
willingness to cooperate in implementing new methods. 
Estimation of the method (Statements 3, 4 and 5) was in 
the opinion of most appraisers in accordance with their 
willingness to use the method in the future. Only one 
appraiser deviated from this pattern, who estimated 
willingness for future use of the presented method as 
High, but gave much lower ratings for the method. 

The results of the case studies more or less confirm 
the thesis that the presented solution enables simple 
expression of the estimations in the municipalities, as 
well as balanced participation in decision making and 
ensures a final result which the decision makers and 
responsible persons accept as suitable. Of course, we 
cannot ignore the facts that necessitate an appropriate 
level of caution in confirming the thesis, since we have 
done the survey in only two municipalities. The 
appraisers in the second municipality were quite critical 
of the method, and we have yet to discover the reasons 
for such differences among appraisers in the same 
municipality. In any case we can claim that the method is 

suitable and enables, with correct preparation, swift 
execution of the appraisal procedure without major 
difficulties. Most of the participants in the three cases 
studies responded well to the method, and we thus can 
expect a positive response in the future. 

We have attached the questionnaire and the appraisal 
results in both cases to this article. 

6 Discussion 
On the basis of the literature and studies of the situation 
and circumstances in the chosen environments we 
formulated certain principles and developed a decision-
making model for investment projects in the public 
sector. We implemented a general model, which we have 
concluded must be simple for use in collecting data as 
well as in presentation of results, in a web-based 
software solution and tested it in three case studies. The 
study showed that we have fulfilled the requirement for 
simplicity and that the appraisers recognized the results 
as legitimate. We have confirmed the research statement 
within the given framework and have thus confirmed the 
approach and solution as a suitable tool for decision 
support in the public sector. 

The formulated principles for the general decision-
making model proved to be suitable and their realisation 
led to the successful execution of the appraisals. Our 
expectations concerning the approach to appraising and 
the quality of the results were met [30]. The chosen 
limitations described at the end of the first chapter 
prevented us from declaring the model a comprehensive 
solution to the question of decision making in the public 
sector. It will still have to be extended and generalized, 
which means that we must surpass the limitations and 
expand the model from the domain of local government 
to other domains, cover all the phases of decision making 
starting with recognition and definition of the problems 
and engage all participants involved in one way or 
another in the decision-making process. 

The implemented solution showed that our approach 
is suitable and that we can ensure good-quality decision 
making. The approach with linguistic variables 
simplified the system, which is especially important from 
the point of view of presenting the results. A two-stage 
presentation of the results (with deviations and only with 
basic values of linguistic variables) allows overview on 
two levels of resolution (23 values and 7 values). Due to 
the limitations of the software, we could only test one 
setting of the model. This limitation will be rectified in 
the future version of the solution. 

We have confirmed the research thesis in a given 
context, which is only the first step to comprehensive 
confirmation of the model as a good solution for the 
problem in question. Our expectations that the solution 
would make the decision process easier have been met. 
Unfortunately we were unable to attract a larger number 
of municipal counsellors. We therefore foresee additional 
presentations to the municipal council for the next 
appraisal, by which we will ensure the suitable 
participation of municipal counsellors. In addition, the 
expansion of the model to all phases of decision-making 
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and to other domains awaits us in the future. We will 
devote special attention to the question of reaching a 
consensus and the quality of decision-making, and 
develop a method for assessment of the quality of 
decision-making in the public sector, which will enable 
us to prepare a comprehensive estimation of the 
circumstances of decision-making in given environments 
and the usefulness and quality of the presented decision 
support model. 

7 Conclusion 
Using fuzzy logic, we extended the selection of cases for 
the use of these methods. By mapping linguistic variables 
into fuzzy numbers we avoided the limitations connected 
to indirect aggregation of linguistic values [39], [40] and 
to the breadth of the tree structure stemming from the 
approaches based on defining the values of the parents 
with logical expressions for all possible values of the 
children [41]. In this manner we managed aggregation 
without limiting the number of leaves, levels, alternatives 
and appraisers. We also enabled the formation of subsets 
of alternatives – variants and subsets of appraiser groups. 
The calculations are simple enough so that the applied 
system is not demanding in terms of computer capacity. 
Of course new dangers and limitations accompany new 
approaches. Since there are no directly comparable 
systems we will need more time and effort to confirm the 
results. This is similar to mapping the values of linguistic 
variables into fuzzy numbers. There are only a few cases 
in use, and it will require additional time and effort for 
further development in this area. 

Implementation of the model in an environment of 
local self-government is a contribution to the 
development of decision support in a local environment 
and thus a contribution to the development of e-
democracy in the matter of public co-deciding. The 
possibility of formation of variants (subsets of 
alternatives) is especially important here, as well as the 
groups (subsets of appraisers) that can profitably be used 
in seeking a consensus. Activation of the public in 
recognising the problems of decision-making and 
engaging them in seeking a consensus can considerably 
contribute to better understanding between all the 
participants in the local community [24]. 

The proposed solution is suitable for any system in 
which we wish to aggregate and compare values of 
various types of variables in organizations and systems 
with a hierarchical structure of goals and indicators, since 
the new version will accept all three types of entry data 
(numeric, linguistic and fuzzy numbers) and convert 
them into the other two forms according to rules 
prescribed for implementation of the solution. This will 
enable not only comparison of various types of variables, 
but also a flexible adaptation of the conversions, which 
will additionally enable comparability between the same 
types of variables from various definition areas. 

Our article is a small piece in a mosaic of activity 
and research in the area of e-democracy [15]. It upgrades 
electronic election systems in which the voters choose 
between confirming or rejecting an individual alternative 

and enables estimation of the level of agreement among 
the participants. Based on fuzzy logic, which facilitates 
the comparability of various indicators, the solution also 
becomes a tool for monitoring success and outcomes of 
the functioning of the public sector. 
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9 Appendix 
The data captured in two case studies and the 

appraisal results are presented in two following tables. 
The first information in appendix is the legend of tables 
which contains the labels of input data (variables -  
questions, Table 5) and the labels of linguistic values 
(results, answers, Table 6). 
 

c1 
Dissatisfaction with existing decision-making 
methods. 

c2 
Willingness to cooperate in implementing new 
methods and approaches. 

c3 
The method allows for easy expression of 
opinions about the projects and efficient -
cooperation in decision-making. 

c4 
The results will contribute to faster and better 
choices of projects. 

c5 
The questionnaire is easily understood and allows 
for good expression of opinions. 

c6 I am content with the proposed decisions. 
c7 All the chosen projects are acceptable to me. 
c8 I wish to use the method in the future. 

Table 5: Labels of input variables 
 

Label Term 

L1 Reject 

L2 Lowest 

L3 Very low 

L4 Low 

L5 Medium 

L6 High 

L7 Very high 

L8 Highest 

L9 Must be 

Table 6: Labels of linguistic values 
The data of the case studies are given in the rows of 

the tables, while the results calculated are presented in 
the last columns (overall appraisal of the model given by 
a particular appraiser) and in the last rows (collective 
appraisal of an attribute), thus the collective overall 
appraisal occupies the outmost right cells in the last rows 
(Table 7 and Table 8). 

 
 
 

 c1 c2 c3 c4 c5 c6 c7 c8 Σ 

1 L8 L5 L6 L6 L7 L6 L1 L6 
L6
← 

2 L8 L8 L7 L6 L6 L6 L5 L6 
→ 
L6 

3 L5 L8 L6 L6 L6 L5 L5 L7 L6 

4 L7 L7 L6 L6 L5 L5 L5 L7 L6 

5 L3 L6 L5 L5 L7 L7 L5 L7 
→ 
L5 

6 L7 L8 L6 L6 L7 L6 L6 L7 
L7
← 

Σ L6 L7 L6 L6 L6 
L6
← 

L5
← 

L7
← 

L6 

Table 7: Data and results of the first case study 
 

 c1 c2 c3 c4 c5 c6 c7 c8 Σ 

1 L5 L5 L6 L5 L5 L5 L5 L5 L5 

2 L1 L7 L3 L7 L5 L5 L5 L5 
L4
← 

3 L5 L8 L6 L5 L5 L5 L5 L7 
→ 
L5 

4 L8 L5 L6 L6 L6 L5 L5 L6 
L6
← 

5 L5 L5 L4 L4 L5 L5 L5 L4 
→ 
L4 

6 L5 L7 L5 L5 L6 L5 L5 L5 L5 

7 L2 L6 L4 L2 L5 L5 L5 L6 
→ 
L4 

8 L7 L7 L1 L1 L1 L5 L5 L2 L4 

9 L7 L7 L8 L7 L7 L5 L5 L7 L6 

10 L7 L6 L7 L7 L7 L5 L5 L7 L6 

Σ L5 L6 
→ 
L5 

L5 L5 L5 L5 L5 L5 

Table 8: Data and results of the second case study 
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