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This  paper  describes  a  methodology  for  the  development  of  a  proactive  balanced  scorecard  (PBSCM).  The
balanced  scorecard  is  one  of  the  most  popular  approaches  developed  in  the  field  of  performance  mea-
surement.  However,  in  spite  of  its  reputation,  there  are issues  that  require  further  research.  The  present
research  addresses  the  problems  of  the  balanced  scorecard  by  utilizing  the  soft  computing  characteristics
of  fuzzy  cognitive  maps  (FCMs).  By  using  FCMs,  the  proposed  methodology  generates  a  dynamic  network
of interconnected  key  performance  indicators  (KPIs),  simulates  each  KPI  with  imprecise  relationships

t  of  ea
uzzy cognitive maps
imulation

and  quantifies  the  impac

. Introduction

Today, companies are evolving in turbulent and equivocal
nvironments (Drucker, 1993; Grove, 1999; Kelly, 1998). This
equires companies to be alert and watchful so as to detect weak-
esses (Ansoff, 1975) and discontinuities in regard to emerging
hreats and opportunities and to initiate further probing based on
uch detections (Glykas, 2004). The strategic role of performance
easurement systems has been widely stressed in management

iterature. These systems provide managers with useful tools to
nderstand how well their organisation is performing and to assist
hem in deciding what they should do next (Neely, 1998; Glykas &
aliris, 1999).

Performance measurement systems have grown in use and
opularity over the last twenty years. Organisations adopted per-
ormance measurement systems for a variety of reasons, but mainly
o achieve control over the organisation in ways that traditional
ccounting systems do not permit (Kellen, 2003). A review of the lit-
rature shows that traditional performance measurement systems
based on financial measures) have failed to identify and integrate
ll those factors that are critical in contributing to business excel-
ence (Eccles, 1991; Fisher, 1992; Hayes, Wheelwright, & Clark,
988; Kaplan, 1983, 1984; Maskell, 1992).

During the last decade, a number of frameworks, that help in

esigning and implementing performance measurement systems,
as been identified in the literature, such as the balanced score-
ard (Kaplan & Norton, 1992), the performance prism (Kennerley &
eely, 2000), the performance measurement matrix (Keegan, Eiler,
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ch  KPI  to  other  KPIs  in  order  to adjust  targets  of  performance.
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& Jones 1989), the results and determinants framework (Fitzgerald
et al., 1991), and the SMART pyramid (Lynch & Cross, 1991). These
frameworks aim to assist organisations in defining a set of mea-
sures that reflects their objectives and assesses their performance
appropriately. The frameworks are multidimensional, explicitly
balancing financial and non-financial measures (Kennerley & Neely,
2002). Furthermore, a number of researchers have proposed a wide
range of criteria for designing performance measurement systems
(Globerson, 1985; Maskell, 1992; Morris, 2002).

Despite, the existence of numerous approaches (frameworks,
criteria, etc.) it is evident, from the literature, that the need for
a broader research in the field of performance measurement is
required. The criticism about the static nature of performance mea-
surement systems as well as the relationships and trade-offs that
exist among different measures is the catalyst for this research.
Furthermore, the software applications that have been developed
so far lack of an analytic capability and they cannot do predictive
modelling (Morris, 2002). Despite the many attempts in this area
(EIS, decision support tools), it is claiming that these tools do not
necessarily advance the decision-making process.

The main objective of this research is to propose a methodol-
ogy (not a new performance measurement framework) that will
support existing measurement framework(s) during the process
of performance measurement systems’ design, implementation
and use, and to advance the decision-making process. Conform-
ing to the most favoured approach, we have adopted the balanced
scorecard, to explore the existence of trade-offs among measures
within the dynamic nature of performance measurement systems

that provide predictive modelling capabilities. The use of FCMs in
the development of a Balanced Scorecard, will allow prospective
decision-makers to incorporate their insights into the model. They
may  select the most preferable measures, add new ones, test the
relationships between them, and visualise holistic outcomes.

dx.doi.org/10.1016/j.ijinfomgt.2010.12.007
http://www.sciencedirect.com/science/journal/02684012
http://www.elsevier.com/locate/ijinfomgt
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This paper consists of five sections. Section 2 provides a lit-
rature review and research background; Section 3 presents the
roposed methodology. Section 4 discusses the applicability of the
roposed methodology. Finally, Section 5 concludes this paper.

. Literature review

Senge (1992) argues that, in today’s complex business world,
rganisations must be able to learn how to cope with continuous
hange in order to be successful. In this changing environment,
he need for adequate design, implementation and use of perfor-

ance measurement systems, is greater than ever. Eccles (1991)
laims that it will become increasingly necessary for all major busi-
esses to evaluate and modify their performance measures in order
o adapt to the rapidly changing and highly competitive business
nvironment.

The introduction of a performance measurement system is
ased on a three-stage process: design, implementation and
se. Failing to implement any of these stages will result into a
on-robust performance measurement system. When attempting
o improve organisational performance by utilising performance

easurement systems a critical point is the selection of appro-
riate measures. Anticipating this, several approaches have been

ntroduced (frameworks, criteria, etc.). However, in spite the avail-
bility of such approaches, the need to further research the area of
erformance measurement is necessary.

Several authors have recognised that much more has to be
one in order to identify the relationships among measures (Bititci
nd Turner, 2000; Flapper, Fortuin, & Stoop, 1996; Neely, 1999).
aplan, when interviewed by de Waal (de Waal, 2003), argued

hat cause-and-effect relationships should be tested further. Nev-
rtheless, in almost all cases, organisations ignore the dynamic
nterdependencies and trade-offs among measures. Furthermore,
riticism exists regarding performance measurement systems and
heir static nature. According to Kennerley and Neely (2002),  con-
ideration is being given to what should be measured today, but
ittle attention is being paid to the question of what should be mea-
ured tomorrow. They suggest that measurement systems should
e dynamic and must be modified as circumstances change. A rad-

cal rethink of performance measurement is now necessary more
han ever (Corrigan, 1998; Takikonda & Takikonda, 1998). In an
ttempt to describe and test cause-and-effect relationships, Kaplan
nd Norton (2001) proposed the use of strategy maps. However,
he causal relationships that strategy maps claim to model are not
lways linear and one-way (Kaplan and Norton refer only to linear
nd one-way cause and effect chain), but mostly a fuzzy mess of
nteractions and interdependencies.

Kellen (2003) argues that in the area of executive management
nly 6 in 10 executives place confidence in the data presented to
hem. He points out that one of the main factors that prevent mea-
urement is the fuzzy objectives. By the same token, Xirogiannis,
hytas, Glykas, and Valiris (2008) explains that in a performance
easurement system a large number of multidimensional fac-

ors can affect performance. Integrating those multidimensional
ffects into a single unit can only be done through subjective, indi-
idual or group judgement. It is impossible to have an objective
easurement and scale system for each different dimension of
easurement that can facilitate objective value trade-off between

ifferent measures. They argue that techniques, which are suited
o fuzzy paradigms, should be considered.
Identifying the relationships and trade-offs that exist among
easures will be a great step towards the design of a robust per-

ormance measurement system. However, the robustness of the
erformance measurement system is also based on its successful

mplementation and use. According to Neely et al. (2000),  imple-
ation Management 31 (2011) 460– 468 461

mentation is not a straightforward task due to fear/resistance,
politics and subversion. Dumond (1994) claims that the main prob-
lems in the implementation of performance measurement systems
are raised due to the lack of communication and dissemination
of performance information. According to De Geus (1994) even a
simplified but credible (causal) model can be a powerful communi-
cation and learning tool. In the same token, Morecroft (1994) argues
that models are more effective when they become integral parts of
management debate, communication, dialogue and experimenta-
tion. It is possible for managers to gain insights about how their
actions might affect outcomes if they work with models. Further-
more, experimentation with models creates a cycle of increased
learning and improved models.

Finally, further to all the aforementioned issues, Morris (2002)
argues that software applications that have been developed so far,
lack of an analytic capability and they cannot carry out predictive
modelling. Despite the many attempts in this area (EIS, Decision
Support tools), it is claimed that these tools do not necessarily
advance the decision-making process.

2.1. Balanced scorecard

According to Kaplan and Norton (1996a), the balanced score-
card supplements traditional financial measures with criteria that
measure performance from three additional perspectives—those of
customers, internal business processes, and learning and growth
(Fig. 1).

• Customer perspective
Since companies create value through customers, understand-

ing how they view performance becomes a major aspect of
performance measurement.

• Internal business process perspective
According to Kaplan and Norton (2000),  in the internal-

business-process perspective, executives identify the critical
internal processes in which the organisation must excel.

• Learning and growth perspective
According to Kaplan and Norton (2000),  this perspective of the

balanced scorecard identifies the infrastructure that the organi-
sation must build to create long-term growth and improvement.
Learning and growth come from three principal sources: 1. Peo-
ple; 2. Systems; and 3. Organisational procedures.

• Financial perspective
Within the balanced scorecard, financial measures remain an

important dimension. Financial performance measures indicate
whether a company’s strategy, implementation, and execution
are contributing to bottom-line improvement.

• Limitations of the balanced scorecard
Balanced scorecard (Kaplan & Norton, 1992), briefly described

previously, is the most popular framework in the area of perfor-
mance measurement. The introduction of the balanced scorecard
was  mainly based on a transition from the traditional financial
performance measurement systems towards a more balanced
approach (financial and non-financial measures) that includes
several measures in a multi-dimensional structure. In spite of
its “reputation”, there are several issues related to the balanced
scorecard, which need further research. More particularly:

• Cause and effect consider to be one-way in nature
The cause and effect concept is a very important element

to consider in an attempt to construct a Balanced Scorecard.

However, the way  cause and effect is illustrated is rather prob-
lematic. Measures in the balanced scorecard are placed in a cause
and effect chain rather a systemic approach. Kaplan and Norton
(1996b) argue that ‘the financial objectives serve as the focus for
the objectives and measures in all the other scorecard perspectives’.
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This statement ignores any feedback loops that might exist.
Trade-offs among measures and among the four perspectives are
ignored

Ignoring the trade-offs among measures as well as among the
four perspectives is rather not an efficient approach. By doing so,
the communication of strategy and dissemination of performance
information is restricted because users are not in position to iden-
tify and learn why and how certain things have occurred.
Measures are equally weighted

All the measures in balanced scorecard are given the same
weighting. This is not what happens in reality. Some measures
may  be more important and have greater impact compared to
others. Weighting the measures among each other is critical on
decision-making.
Design techniques used for the development of a balanced score-
card are rather poor in illustrating the dynamics of a system
(absence of feedback loops)

Two of the most usual design techniques used for the devel-
opment of the balanced scorecard are the bubble diagram and
the generic value chain model (Fig. 2(a) and (b)). Recently Kaplan
and Norton (2001) introduced a new model; the strategy maps
(Fig. 2(c)). However, as it has been observed, these models lack
the ability of representing feedback loops. This is not very suitable
for communicating strategy as well as exploring the interrela-
tionships among measures and in turn objectives. Ignoring the
feedback loops (two-way cause and effect) at the design stage of
a performance measurement system will lead to a non-effective
representation of the organisation and the dynamics that are
involved. Introducing new measures in this way restricts the pos-
sibility to identify the consequences that might be raised in the
whole system.

.2. A fuzzy logic view—FCMs

Fuzzy logic was introduced in 1965 by Zadeh as a means of repre-
enting data and manipulating data that was not precise, but rather

uzzy. The theory of fuzzy logic provides a mathematical strength
o capture the uncertainties associated with human cognitive pro-
esses, such as thinking and reasoning. Since its first appearance,
uzzy logic has been used in a variety of applications, such as image
etection of edges, signal estimation, classification and clustering.
d scorecard.

A fuzzy logic technique represents an alternative solution to the
design of intelligent engineering systems. Thus, fuzzy rule-based
experts systems are widely applied nowadays, this being supported
by the fact that fuzzy logic is linguistic rather than numerical, some-
thing which makes it similar to human thinking and hence simpler
to understand and put into practice. It is not within the scope of
this paper to present an overview of fuzzy logic and the reader is
directed to the seminal work on the subject by Zadeh (1997) and
in the more recent non-mathematical text by Kosko (1998).  In this
paper, the concept of an FCM is used to define the state of a set of
variables/objectives.

FCMs are soft computing tools which combine elements of fuzzy
logic and neural networks. They are fuzzy signed directed graphs
with feedback loops, in which the set of concepts (each concept
represents a characteristic, state or variable of the system/model;
concepts stand for events, actions, goals, values and/or trends of the
system being modelled as an FCM), and the set of causal relation-
ships is modelled by directed arcs (Fig. 3). FCM theory developed
recently (Kosko, 1986) as an expansion of cognitive maps that had
been employed to represent social scientific knowledge (Axelrod,
1976), to make decision analysis (Zhang, Chen, & Bezdek, 1989)
and to analyse extend-graph theoretic behaviour (Zhang & Chen,
1988).

Fig. 3 illustrates an FCM which is used to simulate the behaviour
of Company Profitability in terms of other factors that positively or
negatively affect its state (behaviour). In the figure above, Company
Profitability is directly affected by the following factors: Customer
Satisfaction (positive effect), Sales Volume (positive effect) and Inter-
nal Cost (negative effect). Directed, signed and weighted arcs, which
represent the causal relationships that exist between the concepts,
interconnect the FCM concepts. For example, in Fig. 3, there is a
strong positive relationship from the Customer Satisfaction concept
to the Company Profitability concept. Each concept is characterised
by a numeric value that represents a quantitative measure of the
concept’s presence in the model. A high numeric value indicates the
strong presence of a concept. The numeric value results from the

transformation of the real value of the system’s variable, for which
this concept stands, to the interval [0,1]. All the values in the graph
are fuzzy, so weights of the arcs are described with linguistic val-
ues (such as: “strong”, “weak”, etc.) that can be “defuzzified” and
transformed to the interval [−1,1].
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Studying this graphical representation, one can conclude which

oncept influences other concepts and their interconnections. This
epresentation makes updating the graph structure easy, as new
nformation becomes available or as more experts are asked. This
an be done, for example, by the addition or deletion of an inter-
onnection or a concept.
opment of a balanced scorecard.

Between concepts, there are three possible types of causal

relationships expressing the type of influence of one concept on
another. The weight of an interconnection, Wij, for the arc from
concept Ci to concept Cj, can be positive (Wij > 0), which means that
an increase in the value of concept Ci leads to the increase of the
value of concept Cj, and a decrease in the value of concept Ci leads to
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{Breakthrough Results} = {FCMs} → [Simulate]
Fig. 3. A simple FCM.

he decrease of the value of concept Cj. Or there is a negative causal-
ty (Wij < 0), which means that an increase of the value of concept
i leads to the decrease of the value of concept Cj and vice versa.
hen there is no relationship from concept Ci to concept Cj, then

Wij = 0). In Fig. 3, the weight of the interconnection between the
oncepts, Company Profitability and Sales Volume is positive (rep-
esented by a blue arc and a positive value) and is illustrated as
ollows: if Sales Volume is high then Company profitability will be
igh—if Sales Volume is low then Company Profitability will be low.

An expert defines the main concepts that represent the model
f the system, based on his knowledge and experience on the
peration of the system. At first, the expert determines the con-
epts that best describe the system. He knows which factors are
rucial for the modelling of the system and he represents each
ne by a concept. Moreover, he has observed which elements
f the system influence other elements and for the correspond-
ng concepts he determines the positive, negative or zero effect
f one concept on the others. He describes each interconnection
ith a linguistic value that represents the fuzzy degree of causal-

ty between concepts. The linguistic weights are transformed into
umerical weights using the methodology proposed by (Glykas,
010).

When the FCM starts to model the system, concepts take their
nitial values and then the system is simulated. At each step, the
alue of each concept is determined by the influence of the inter-
onnected concepts on the corresponding weights:

t+1
i

= f

⎛
⎝

n∑
j=1,j /=  i

wjia
t
j

⎞
⎠ (1)

here at+1
i

is the value of concept Ci at step t + 1, at
j

the value of
he interconnected concept Cj at step t, Wji the weighted arc from
oncept Cj to Ci, and f a threshold function. Three threshold func-
ions have been identified in the literature (Kosko, 1998) and are
escribed below:

si(xi) = 0, xi ≤ 0
si(xi) = −1, xi > 0
bivalent
si(xi) = −1, xi ≤ −0.5
si(xi) = 0, − 0.5xi < xi < 0.5
si(xi) = 1, xi ≥ 0.5
trivalent

(2)
si(xi) = 1
1 + e−cxi

logistic signla, c = 5
ation Management 31 (2011) 460– 468

3.  A proactive balanced scorecard methodology (PBSCM)

3.1. Successful execution of strategy: a new component

According to Kaplan and Norton (2004) successful execution of
a strategy (Breakthrough Results) requires two components:

{Breakthrough Results}
= {Describe the Strategy} + {Manage the Strategy} (3)

The philosophy of the two  components is simple:

• You cannot manage (second component) what you cannot mea-
sure (first component).

• You cannot measure what you cannot describe (Breakthrough
Results).

According to Kaplan and Norton (2004),  their first book, The
Balanced Scorecard,  has addressed the first component by showing
how to measure strategic objectives in multiple perspectives. It also
presented the early ideas regarding the second component, how
to manage the strategy. Their second book, The Strategy-Focused
Organisation, has provided a more comprehensive approach for
how to manage the strategy. It has also introduced strategy maps
for the first component, how to describe the strategy. Their third
book, Strategy Maps, goes into much more detail on this aspect,
using linked objectives in strategy maps to describe and visualize
the strategy. They rewrite the above “equation” as follows:

{Breakthrough Results} = {Strategy Maps} → [Describe]

+ {Balanced Scorecard}  → [Measure] + {Strategy

− Focused Organisation} → [Manage] (4)

However, it is our belief that both Eqs. (2) and (3) omit an important
component: Simulate the Strategy. Hence, we rewrote the Eq. (2)
as follows:

{Breakthrough Results} = {Simulate the Strategy}
+ {Describe the Strategy} + {Manage the Strategy} (5)

By incorporating this new component (Simulate the Strategy) in
the above “equation” we aim to overcome all the limitations iden-
tified in the literature review (in particularly in Section 2.2.1) and
view performance measurement and in particularly the balanced
scorecard within a systemic approach. In order to address this new
component, we suggest the use of fuzzy cognitive maps (FCMs). As
it was described previously, FCMs are fuzzy signed directed graphs
with feedback loops, in which the set of objects is modelled by the
nodes, and the set of causal relationships is modelled by directed
arcs. The FCM theory, was  developed recently (Kosko, 1986) as an
expansion of the cognitive maps that had been employed to repre-
sent social scientific knowledge (Axelrod, 1976), to make decision
analysis (Zhang et al., 1989) and to analyse extend-graph theoretic
behaviour (Zhang & Chen, 1988). FCMs combine the strengths of
cognitive maps with fuzzy logic. By representing human knowl-
edge in a form more representative of natural human language
than traditional concept mapping techniques, FCMs ease knowl-
edge engineering and increase knowledge-source concurrence. The
characteristics and the structure of FCMs allow us to re-write Eqs.
(3) and (4) as follows:
+ {FCMs} → [Describe] + {Balanced Scorecard}  → [Measure]

+ {Strategy-Focused Organisation}  → [Manage] (6)
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In the above “equation”, in the first instance (simulate),
e use the simulation characteristics of the FCMs theory. The

CM approach involves forward-chaining (what-if analysis). The
orward-chaining provides business domain experts with the capa-
ility to reason about the map  they have constructed (nodes,
elationships and weights) and examine different scenarios. In the
econd instance (describe), we utilise the representation capa-
ilities of the FCMs theory. FCMs are illustrated as causal-loop
iagrams. This is very suitable for communicating strategy as well
s exploring the interrelationships among measures and in turn
bjectives.

.2. Overview of the PBSCM
The methodology for the development of a proactive balanced
corecard is depicted in the figure below (Fig. 4). PBSCM is capable
f illustrating non-linear interactions and feedback loops through
he use of FCMs as a causal-loop diagram and performing what-if
cenarios through the use of FCMs simulation.

able 1
nputs and outcomes of the PBSCM.

Stage Input 

1. Establishing the mission, vision, strategic
objectives, perspectives and critical success
factors (CSF)

1. Interviews with middle 

2. Internal company data 

2.  Identify key performance Indicators (KPI) 1. CSF 

3.  Establish targets 1. KPI 

4.  Define relationships among the identified
KPI

1. KPI 

5.  Assign linguistic variables to weights and
concepts-(KPI)

1. FCM with no weights 

6.  Continuous improvement 1. Final FCM 
BSCM.

The PBSCM goes through a series of stages that involve:
(1) inputs to be provided, and (2) outcomes to be generated.
Business domain experts and/or professionals of performance mea-
surement/balanced scorecard are people with specific business
expertise that contribute towards providing the business knowl-
edge for the PBSCM. The following table (Table 1) indicates the
stages of a PBSCM together with the inputs and outcomes of each
stage.

Before proceeding to each of the aforementioned stages a kick-
off meeting takes place between the domain experts. The aim of
this meeting is for all participants to contribute towards:

• Establishing the PBSCM team.
• Clarifying the objectives of the team.

• Identifying the context of the PBSCM.
• Selecting the reference material to be used for the construction

of the PBSCM.
• Anticipating possible user benefits.
• Preparing further actions for the participants.

Outcome

and top management 1. Mission

2. Vision
3. Strategic objectives
4. Perspectives
5. CSF
1. KPI in each perspective
1. Target for each KPI
1. FCM with no weights

1. Final FCM with weights and concept values

1. Adjust targets
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Fig. 5. Define relationships among the identified KPIs.

The PBSCM methodology is composed of the following stages:

. Establishing the mission, vision, strategic objectives, perspec-
tives and CSF

In this stage the focus is on understanding the organisation’s
strategy, culture and capabilities in order to specify the strategic
objectives (which state the specific goals/directions the organi-
sation aims to achieve), perspectives and critical success factors
(things the organisation must do well to achieve its strategic
objectives).

. Identify key performance indicators (KPI)
This stage aims to narrow down the list of all possible measures

into a shortest one that provides the KPIs, which will be used in
each perspective.

. Establish targets
Measurement alone is not good enough. We  must drive

behavioural changes within the organisation if we expect to exe-
cute strategy. This requires establishing a target for each KPI
within the balanced scorecard. Targets are designed to drive and
push the organisation as to meet its strategic objectives. Targets
need to be realistic so that people feel comfortable about trying
to execute on the target.

. Define relationships among the identified KPI
As the KPIs constituting the different perspectives have been

derived, the relationships between these KPIs (KPIs are repre-
sented as concepts in the FCM) have to be defined. An edge
connecting two KPIs represents a relationship. The direction of
the relationship (i.e. which KPI affects the other) is denoted by
the direction of the arrow on this edge. The FCM that has been
constructed (Fig. 5) using the method mentioned above does
not contain any information except that there are relationships
between abstract concepts (KPI). The next step is to enrich the
map  with numerical values, which are assigned to the concepts
and relationships.

. Assign linguistic variables to weights and concepts (KPI)
Knowledge on the behaviour of a system is rather subjective

and in order to construct a model of the system it is pro-
posed to utilise the experience of experts. Experts are asked to

describe the causality among concepts using linguistic notions
(A fuzzy logic perspective). They will determine the influence
of one concept to the other as “negative” or “positive” and then
they will describe the grade of the influence with a linguistic
ation Management 31 (2011) 460– 468

variable such as “strong” and “weak”. Influence of one concept
over another, is interpreted as a linguistic variable in the inter-
val [-1,1]. Its term set T(influence) is: T(influence) = {negatively
very-very high, negatively very high, negatively high, negatively
medium, negatively low, negatively very low, negatively very-
very low, zero, positively very-very low, positively very low,
positively low, positively medium, positively high, positively
very high, positively very-very high}.

We propose a semantic rule M to be defined at this point.
The above-mentioned terms are characterized by the fuzzy sets
whose membership functions � are shown in Fig. 6.
• M(negatively very-very high) = the fuzzy set for “an influence

close to −90%” with membership function �nvvh.
• M(negatively very high) = the fuzzy set for “an influence close

to 80%” with membership function �nvh.
• M(negatively high) = the fuzzy set for “an influence close to

65%” with membership function �nh.
• M(negatively medium) = the fuzzy set for “an influence close

to −50%” with membership function �nm.
• M(negatively low) = the fuzzy set for “an influence close to

−35%” with membership function �nl.
• M(negatively very low) = the fuzzy set for “an influence close

to −20%” with membership function �nvl.
• M(negatively very-very low) = the fuzzy set for “an influence

close to −10%” with membership function �nvvl.
• M(zero) = the fuzzy set for “an influence close to 0” with mem-

bership function �z.
• M(positively very-very low) = the fuzzy set for “an influence

close to 10%” with membership function �pvvl.
• M(positively very low) = the fuzzy set for “an influence close to

20%” with membership function �pvl.
• M(positively low) = the fuzzy set for “an influence close to 35%”

with membership function �pl.
• M(positively medium) = the fuzzy set for “an influence close to

50%” with membership function �pm.
• M(positively high) = the fuzzy set for “an influence close to

65%” with membership function �ph.
• M(positively very high) = the fuzzy set for “an influence close

to 80%” with membership function �pvh.
• M(positively very-very high) = the fuzzy set for “an influence

close to 90%” with membership function �pvvh.
The membership functions are not of the same size since it is

desirable to have finer distinction between grades in the lower
and higher end of the influence scale. As an example, three
experts propose different linguistic weights for the interconnec-
tion Wij from concept Ci to concept Cj: (a) positively high, (b)
positively very high, and (c) positively very-very high. The three
suggested linguistics are integrated using a sum combination
method and then the “defuzzification” method of the centre of
gravity (CoG) is used to produce a weight Wij = 0,73 in the inter-
val [−1,1]. This approach has the advantage that experts do not
have to assign numerical causality weights but to describe the
degree of causality among concepts.

A similar methodology can be used to assign values to con-
cepts. The experts are also asked to describe the measurement of
each concept using linguistic notions once again. Measurement
of a concept is also interpreted as a linguistic variable with values
in the interval [−1,1]. Its term set T(Measurement) = T(Influence).
A new semantic rule M2  (analogous to M)  is also defined and
these terms are characterized by the fuzzy sets whose mem-
bership functions �2 are analogous to membership functions
6. Continuous improvement
The purpose of this phase is to continuously update the usabil-

ity of the FCMs in order to provide improved user support.
The continuous improvement cycle requires the users to run a
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simulation exercise on the FCM (using weight and concept val-
ues defined in the previous stage) and test its effectiveness in
response to the targets defined previously. The adjustment will
be based on the behaviour of the FCM during simulation and on
the results it delivers.

. Discussion

As far as the theoretical value is concerned, the PBSCM method-
logy extends previous research attempts by (a) allowing fuzzy
efinitions in the cognitive maps, (b) introducing a specific inter-
retation mechanism of linguistic variables to fuzzy sets, and (c)
llowing dynamic decomposition and reconfiguration of a balanced
corecard strategy-map. As far as the practical value is concerned,
reliminary evaluation results indicate that when compared to the
xpert estimates, the methodology provides reasonably good activ-
ties.

.1. Added value

Having established the theoretical and practical value of the pro-
osed methodology, it is useful to discuss also the added value of

ncorporating such a methodology during the development of the
alanced scorecard. It is presumed in this paper that the resulting
ethodology provides real value to the principle beneficiaries and

takeholders of balanced scorecard projects. For example:

The methodology eases significantly the complexity of deriving
expert decisions concerning the balanced scorecard develop-
ment.
The proposed methodology serves as a back-end to provide holis-
tic strategic performance evaluation and management.

.2. Preliminary usability evaluation

Senior managers of two major IT enterprises have evaluated
he usability of the proposed methodology and have identified a
umber of benefits that can be achieved by the utilization of the
roposed mechanism as a methodology for balanced scorecard
evelopment. A summary of major business benefits (as identified

y senior managers) is provided to improve the autonomy of this
aper:

Shared goals
◦ Concept-driven simulation pulls individuals together by pro-

viding a shared direction and determination for strategic
change.
10,35,2 influence0,90,80,650,5

inguistic variable influence.

◦ Shared performance measurement enables business units to
realize how they fit into the overall business model of the enter-
prise and what their actual contribution is.

◦ Senior management receives valuable input from the business
units (or the individual employees) who  really comprehend
the weaknesses of the current strategic model as well as the
opportunities for performance change.

• Shared culture
◦ All business units at the enterprise feel that their individual

contribution is taken under consideration and provide valuable
input.

◦ All business units and individuals at the enterprise feel confi-
dent and optimistic; they realize that they will be the ultimate
beneficiaries of the balanced scorecard exercise.

◦ The information sharing culture supports the enterprise’s com-
petitive strategy and provides the energy to sustain this by
exploiting group and individual potential to its fullest.

• Shared learning
◦ The enterprise realizes a high return on its commitment to

human resources.
◦ There is a constant stream of improvement within the enter-

prise.
◦ The entire enterprise becomes increasingly receptive to strate-

gic changes, since the benefits can be easily demonstrated to
individual business units.

• Shared information
◦ All business units and individuals have the necessary informa-

tion needed to set clear objectives and priorities.
◦ Senior management can effectively control all aspects of the

strategic process
◦ The enterprise reacts rapidly to threats and opportunities.

5. Conclusions

This paper proposes a proactive balanced scorecard
methodology (PBCSM). The proposed decision aid may  serve
as a back end to Balanced Scorecard development and implemen-
tation. By using FCMs, the proposed methodology draws a causal
representation of KPIs; it simulates the KPIs of each perspective
with imprecise relationships and quantifies the impact of each KPI
to other KPIs in order to adjust performance targets. The underlying
research addressed the problems of the current balanced scorecard
development process. The main objective of this research is to

propose a methodology (not a new performance measurement
framework) that will support existing measurement framework(s)
during the process of performance measurement systems’ design,
implementation and use, and to advance the decision-making
process. Future research will focus on conducting in depth studies
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o test and promote the usability of the methodology and to
dentify potential pitfalls.
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