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a  b  s  t  r  a  c  t

Scenario  Planning  helps  explore  how  the  possible  futures  may  look  like  and  establishing  plans  to  deal
with  them,  something  essential  for any  company,  institution  or country  that  wants  to be competitive
in  this  globalize  world.  In this  context,  Cross  Impact  Analysis  is  one  of  the most  used  methods  to  study
the  possible  futures  or scenarios  by identifying  the  system’s  variables  and  the  role  they  play  in  it. In this
paper,  we  focus  on  the method  called  MICMAC  (Impact  Matrix  Cross-Reference  Multiplication  Applied
to  a Classification),  for which  we  propose  a new  version  based  on Computing  with  Words  techniques  and
fuzzy  sets,  namely  Fuzzy  Linguistic  MICMAC  (FLMICMAC).  The  new  method  allows  linguistic  assessment
of  the  mutual  influence  between  variables,  captures  and  handles  the  vagueness  of  these  assessments,
ICMAC
omputing with Words
uzzy sets
inguistic labels

expresses  the  results  linguistically,  provides  information  in absolute  terms  and  incorporates  two  new
ways  to visualize  the results.  Our  proposal  has  been  applied  to  a real  case  study  and  the  results  have  been
compared  to  the original  MICMAC,  showing  the  superiority  of  FLMICMAC  as  it  gives  more  robust,  accurate,
complete  and  easier  to  interpret  information,  which  can  be  very  useful  for a better  understanding  of  the
system.

© 2014  Elsevier  B.V.  All  rights  reserved.
. Introduction

How will the future look like? How to be prepared for possible
uture situations? Finding good answers to these kind of questions
s essential for any company, institution or country that wants to
e competitive in the current globalized world, as evidenced by the

arge number of foresight agencies, organizations and departments
perating around the world.1 Events such as climate change, global
arming, the current financial crisis or the emerging economies of

ountries as China, Brazil or Russia give even more importance to
hese studies.

Many methods to address the above questions can be found in
he literature. One of the most employed approaches is Scenario
lanning [1–5]. It is widely understood as a family of methods to
elp managers imagine possible futures by stimulating creative
hinking in order to consider a wide variety of scenarios in a sys-

ematized way [5]. These scenarios are coherent descriptions of
lternative hypothetical futures that reflect different perspectives

∗ Corresponding author. Tel.: +34 958 240593.
E-mail addresses: pjvi@decsai.ugr.es (P.J. Villacorta), admase@decsai.ugr.es

A.D. Masegosa), dcastell@ull.es (D. Castellanos), mtl@decsai.ugr.es (M.T. Lamata).
1 http://www.globalforesight.org/foresight-organizations/orgs—top-foresight.

ttp://dx.doi.org/10.1016/j.asoc.2014.06.025
568-4946/© 2014 Elsevier B.V. All rights reserved.
on past, present and future developments, which can serve as a
basis for action [6].

Broadly speaking, the diversity of techniques employed in Sce-
nario Planning can be classified into qualitative and quantitative,
based on the nature of the procedures they employ [5]. Among the
most popular quantitative methods [5], we  find Interactive Cross
Impact Simulation [7], Interactive Future Simulation [8], Fuzzy Cog-
nitive Maps (FCM) [9], Trend Impact Analysis (TIA) [10] and Cross
Impact Analysis (CIA) [11]. Both TIA and CIA use probabilities given
by human experts. They represent probabilities of deviation from a
model that has been fitted to historical data, in the former, and prior
conditional probabilities of the events involved [12], in the latter
(in its original conception). Finally, FCMs capture causal relation-
ships in a weighted directed graph that enables the study of loops
and indirect relations. The use of FCMs in developing scenarios is
very recent [9].

In this work we focus on Cross Impact Analysis (CIA) [11]. In
the initial proposal by Gordon [13], experts are asked about prob-
abilities (conditional or marginal) of the factors that constitute a
scenario, that are later operated to obtain the probability of the sce-
nario. However, a lot of different variants of CIA have been proposed

since then in the literature, some of which do not necessarily make
use of probabilities. Roughly, they can be classified in four groups
[14]: deterministic [15,16], probabilistic [13,17], equation-based
[18], and fuzzy [14,19,20]. One well-known variant of CIA method

dx.doi.org/10.1016/j.asoc.2014.06.025
http://www.sciencedirect.com/science/journal/15684946
www.elsevier.com/locate/asoc
http://crossmark.crossref.org/dialog/?doi=10.1016/j.asoc.2014.06.025&domain=pdf
mailto:pjvi@decsai.ugr.es
mailto:admase@decsai.ugr.es
mailto:dcastell@ull.es
mailto:mtl@decsai.ugr.es
http://www.globalforesight.org
dx.doi.org/10.1016/j.asoc.2014.06.025
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ig. 1. (a) Example of an influence interrelation network: Vi→ Vj indicates that Vi in
hese  interrelations are very strong (VS). MICMAC provides the same output in both

roposed by Duperrin and Godet is MICMAC [4,15]. Godet suggests
pplying MICMAC at the first stage of the Scenario Planning pro-
ess, when the experts define the main variables of the system and
heir interactions in order to identify the role they play in the sys-
em. MICMAC analyses the importance of a given set of variables
hrough a matrix that contains the influence that each variable has
n the others. The influence is not expressed with probabilities but
sing integer values between 0 and 3. The main characteristic fea-
ure of this procedure lies on its ability to uncover both global direct
nd indirect influence/dependence among variables.

MICMAC has been successfully applied in many fields. Some
ecent examples are listed next. In [21], the authors employ this
ethod to categorize the drivers and barriers of mobile banking

also known as M-Banking) in India. In [22], MICMAC was  used
o identify factors that represent a major threat for the dynamic
oosening, under soft foot conditions, of a bolted joint. Another
nteresting application is found in [23], where it was used to
ssess the driving power and dependence of supply chain risks.
n [24], MICMAC was employed to analyse the effect and depend-
nce among the overall design components, and to consider the
elationship network graph of distribution of components in the
ystem. A recent study by Guo et al. [25] employed a four-stage
ovel approach for analysing and developing a structured hierarchy

ramework for students’ usage of computer-mediated communi-
ation media in learning contexts. In this work, the authors used
ICMAC to analyse the driver and dependence power for each
edia use reason and identify the hidden and indirect relation-

hips among all reasons. Diabat and Govindan [26] presented a
odel of green supply chain management. The model developed
as validated on a case study by applying MICMAC.

MICMAC and some other CIA methods, despite being very suc-
essful tools, still exhibit some drawbacks. First, the information
s given by various experts through opinion pools, panels, etc.
uch information is vague due to the subjective character of the
ata, imprecision on the opinions, not enough consensus among
he experts, etc. This vagueness in the information is not properly
ddressed by these methods since they model and aggregate
xperts’ opinions using integer numbers, which cannot cope with
ncertainty. Another drawback caused by the same fact is the low

nterpretability of the results, which are numerical values that
ack a deep meaningfulness. Furthermore, much of the informa-
ion provided by MICMAC is relative. For example, consider two
ystems with the same influence interrelation network among
ariables (Fig. 1(a)). In one of them, all interrelations are very
eak (Fig. 1(b)) and in the other, they are very strong (Fig. 1(c)).
ICMAC gives the same output in both cases, since it only provides

elative information, expressed as rankings. This issue also arises
hen displaying the results: the same plot is obtained for the two

ituations. For a good understanding of the system, it is important
o provide the user with both relative and absolute measures of

he importance of the variables.

The drawbacks mentioned above might lead to a distorted view
f the system and therefore, of future scenarios. In order to over-
ome these problems and obtain a more robust approach, we
ces Vj . (b) System where these interrelations are very weak (VW). (c) System where
s.

introduce Computing with Words (CW) techniques taken from the
Soft Computing field. To be precise, the use of linguistic labels and
fuzzy sets to represent the information allows establishing lin-
guistic assessments (e.g., high, medium, low) of mutual influence
relations and, at the same time, captures the uncertainty behind
such judgments in a satisfactory way. Moreover, systems designed
following the CW paradigm both give and receive linguistic data,
which makes the information closer to human language and thus,
easier to interpret. This approach has been recently applied with
success in other fields as selection of personnel [27,28], risk
assessment [29], product design and development [30–32], quality
service evaluation [33,34] or renewable energies [35,36].

Based on this idea, we aim at developing an improved version
of MICMAC that overcomes these problems, as well as presenting
novel ways to visualize the linguistic results. This new method is
called Fuzzy Linguistic MICMAC (FLMICMAC) and has shown good
results in preliminary studies with an earlier version [37]. The par-
ticular objectives we pursue with this method are the next:

• Allow the user to input data in linguistic format.
• Address the inherent vagueness present in foresight and forecast

studies.
• Show linguistic output information to the user at different gran-

ularity levels.
• Give the decision-maker information in both relative and abso-

lute terms to check the role of the variables and the real strength
of their impact in the system.
• Provide new graphical representations to achieve a better under-

standing of the system.

The contribution is structured as follows. We  start describing the
MICMAC methodology in Section 2. Then, our proposal is presented
in Section 3. Section 4 deals with the application of our method to
a real case-study, and the comparison of the results with those
obtained by the original method. Finally, Section 5 is devoted to
conclusions and further work.

2. MICMAC

2.1. Description of the methodology

The MICMAC method for structural analysis is aimed at deter-
mining the most important variables within a system among a set
of variables, initially specified by an expert committee, and estab-
lishing their role in the system. This is accomplished by studying the
influence relation among the variables. Basically, MICMAC consists
in the following three steps:

1. Define relevant variables. The variables of the system are defined
basing on the opinion of several experts, brainstorming and lit-

erature review. An unsorted list of variables is given as an output
in this phase. Let n be the number of variables identified.

2. Specify the relations between the variables. The experts provide a
n × n integer matrix that states the influence that each variable
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has over the rest of variables of the system. This matrix is called
the Matrix of Direct Influence, MDI. Every cell MDIij denotes to
what extent variable i influences variable j. This value can be
0 if variable i exerts no influence on variable j, 1 if there is low
influence, 2 if there is medium influence, and 3 if there is a strong
influence. The cells MDIii of the diagonal are all set to 0. According
to Godet, in real systems only about 30 % of the cells of the MDI
matrix have values different from 0.

. Identify the key variables. This is the main step of the method.
Some important measures that give us a clue of the degree of
importance of the variables can be computed from the MDI  after
simple operations. There are two procedures to accomplish this:
(a) Direct method. It ranks the variables according to their

direct influence/dependence on/of the rest of variables. To
this end, MICMAC adds the elements of the kth row and
the kth column of the MDI  matrix to obtain the global
direct influence, Ik =

∑n
j=1MDI(k, j), and dependence, Dk =∑n

i=1MDI(i, k), of the kth variable, respectively.
With this information, an influence ranking �I and a

dependence ranking �D are built by sorting the variables
decreasingly according to their influence and dependence,
respectively. Both rankings serve as a first indicator of the
importance of each variable in the system.

(b) Indirect method. It ranks the variables according to their
indirect influence and dependence, which are caused by the
propagation of the influences/dependences through some
other intermediate variables. This may  bring out some vari-
ables that, despite not having very high direct influence or
dependence values, are relevant when considering the sys-
tem as a whole. Such measures are calculated as follows:

1. Initialization. Let �1
I and �1

D be the influence and dependence
rankings obtained with the original MDI  in the direct method.

2. i ← 2
3. Iteration:
• Do M ← MDIi and compute the new influence and depend-

ence rankings �i
I and �i

D over the resulting matrix M,  as
explained above.
• If �i

I = �i−1
I and �i

D = �i−1
D then do  ̌ = i − 1 and stop

Else do i ← i + 1 and iterate again.
4. Let MII  (Matrix of Indirect Influence) be the matrix MDIˇ.

Then for every variable k, its global indirect influence and
dependence are computed over MII, analogously to the direct
method: I′

k
=

∑n
j=1MII(k, j), D′

k
=

∑n
i=1MDI(i, k).

Indirect influence/dependence rankings are obtained by
sorting the variables decreasingly according to these meas-
ures.

.2. Establishing the role of the variables in the system

The direct and indirect influence/dependence of the variables
an be used to study their role in the system. To this end, MICMAC
and CIA methods in general) establishes a bi-dimensional cate-
orization of the variables by means of the influence-dependence
lane [15], whose representation and categories can be seen in
ig. 2. The chart is a two-dimensional map  where the horizon-
al axis represents the degree of dependence and the vertical axis
he degree of influence. The axes dividing the four quadrants are
ocated at mean global influence and dependence, respectively. The
one where a variable is located gives information to the decision-
aker about the role the variable plays within the system. Refer to

15] for details.

Finally, recall that the output of MICMAC consists of four rank-

ngs (direct and indirect influence/dependence rankings) and two
nfluence/dependence charts (i.e., direct and direct). The rankings
nly show relative information, that is, they inform us about how
Fig. 2. The influence-dependence plane.
Figure reproduced from [15].

influent/dependent a variable is with respect to the others, but
there is no measure that establishes if the influence/dependence
of a variable is strong or weak in absolute terms, as we showed in
the introduction. The charts pose the same problem. The position
of a variable in the chart depends on its distance to the average
global influence and dependence, which are represented in the
horizontal and vertical lines in the middle of the chart of Fig. 2.
Coming back to the example of Fig. 1, MICMAC will display the same
influence/dependence charts for both cases (b) and (c). Further-
more, although the input data have a very basic linguistic structure,
the global direct/indirect influence and dependence are numbers
whose interpretability is low or none. Both aspects are addressed
by our proposal that will be described in detail in the next section.

3. Fuzzy Linguistic MICMAC

The main idea behind FLMICMAC is to enable the user to give
qualitative values and to obtain linguistic outputs whose informa-
tion comes in absolute terms. With this goal in mind, we develop
our novel approach using CW techniques and fuzzy sets.

The use of fuzzy sets and linguistic variables is not new in CIA
and MICMAC. For example, in [19], the authors presented a fuzzy
cross-impact simulation for non-cyclic technology impact assess-
ment where the interrelations among variables were modeled as
linguistic values and the time as a fuzzy number. Triangular fuzzy
numbers and linguistic modifiers are employed in [20] to model the
experts opinion in the Kane’s simulation through impact matrix,
a type of qualitative cross-impact analysis. A proposal closer to
our method is found in [14]. In this work, the authors show two
extensions to MICMAC, one where the strength of the influence
among variables are given by linguistic labels and another one by
fuzzy numbers. In the three works we have just mentioned, the
use of linguistic labels and fuzzy numbers is oriented to model the
uncertainty of the expert’s opinion or to prevent the experts giv-
ing accurate values of the impact relationships. However, none of
them provides linguistic data to decision-makers or information in
absolute terms to check the real strength of the variables’ impact.
These are the two  major contributions of our proposal.
Definitions and notation. Before defining our method, we  will
give some basic definitions and the notation used. By a linguistic
variable [38] we  mean a variable X whose values are words or sen-
tences in a natural language. A strict ordering must exist over the
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ossible values of X so that all the values are comparable. As men-
ioned above, it is also necessary to have a mathematical structure
ehind such linguistic labels to enable calculations. Every linguistic
erm has an underlying fuzzy set [39] associated to it. Here, we  will
ocus on triangular fuzzy numbers. A triangular fuzzy number (TFN)
s a fuzzy number Ã whose membership function is defined by three
eal numbers a, b, c, where a < b < c. Thus a TFN can be represented
s a triplet [a, b, c] with the following membership function [40]:

Ã(x) =

⎧⎨
⎩

(x − a)/(b − a) a ≤ x ≤ b

(c − x)/(c − b) b ≤ x ≤ c

0 otherwise

(1)

n our computational model, the experts use linguistic labels to
valuate the influence between the variables, and all the compu-
ations of the method are done with the membership functions of
he underlying TFNs [39].

With regard to the fuzzy numbers, we will show only the math-
matical operations that will be used throughout the development
f the methodology. Let T1 and T2 be two TFNs defined by the
riplets [a1, b1, c1] and [a2, b2, c2], respectively. Then, we  can define

athematical operations between them such as [41]:

ddition : T1 ⊕ T2 = [a1 + a2, b1 + b2, c1 + c2] (2)

ultiplication : T1 ⊗ T2 = [a1 × a2, b1 × b2, c1 × c2] (3)

ower : Tn
1 = [an

1, bn
1, cn

1] (4)

istance between TFN’s [41] : d(T1, T2)

= (|a1 − a2| + 4|b1 − b2| + |c1 − c2|)
6

(5)

efuzzification method [41] : c(T1) = (a1 + 4b1 + c1)
6

(6)

.1. Description of the methodology

Our method can be divided in four main steps that are described
elow. Each step is applied in a different manner depending on
hether we are running the direct or the indirect method; that is
hy we make a distinction when necessary. To make the under-

tanding of the methodology easier, every step is illustrated in the
upplementary material using the toy example of Table 1.

.1.1. Definition of a set of linguistic labels for the input
We  will use the set L = {Very weak, Moderate, Very strong}. We

ill abide to this division during the remainder of this paper but
ny other set of labels can be valid as well. This division matches
he original number of possible (crisp) values proposed by Godet.

e will refer to them as L = {l1, . . .,  lN}, assuming that the label None
s not included in this notation because it represents no influence at
ll, in a crisp sense. Therefore, there are N + 1 terms actually. N must

e an odd natural number (usually 3 or 5) so there always exists a
entral label dividing the set in two subsets of labels with the same
ardinality. This is the common assumption when choosing a set of
abels in CW.  This way the original MDI  becomes a linguistic MDI

able 1
 sample LMDI with n = 4 variables and the underlying TFNs. Label definitions: V.
eak  (VW) = [0, 0, 0.5]; Weak (W)  = [0, 1, 2]; Moderate (M)  = [1, 2, 3]; Strong (S) = [2,

,  4]; V. strong (VS) = [3.5, 4, 4].

V1 V2 V3 V4

V1 None V. weak None V. strong
V2 Strong None Strong Weak
V3 Weak None None V. weak
V4 Weak None Moderate None
omputing 24 (2014) 19–30

that we call LMDI, that is, a matrix in which every cell is a linguistic
label with a TFN associated to it, as shown in Table 1. The cells that
are set to None are ignored (discarded) during all the computations
because None is equivalent to an empty cell.

It is important to note that the parameters of the underly-
ing TFN’s may  be either predefined or customized by the user.
The width of the TFN corresponding to a certain label models the
amount of uncertainty assumed by the experts when they use
that label to evaluate a mutual influence relation in the LMDI.
Thus, the user can adjust the values of a, b and c of the TFN to
her/his convenience, in order to properly capture the vagueness
he/she considers behind each linguistic judgment. This issue is
extremely important as it affects the rest of the calculation process,
but usually there is no standard way  to accomplish this task as it
heavily depends on the circumstances of the problem and the final
decision-maker.

3.1.2. Computation of fuzzy direct and indirect global dependence
and influence

Both the direct and the indirect method remain unchanged from
a high-level perspective. We must only redefine the original crisp
sums and products as sums and products of TFN’s, as shown in
Eqs. (2) and (3). The product of fuzzy matrices can now be defined
in terms of sums and products of the TFN’s of the cells. Thus the
direct/indirect influence and dependence of a variable now turn
into TFN’s. The formal description of this step is given below:

(a) Fuzzy direct method:
1. For each variable Vk, k = 1, . . .,  n compute the following TFNs

as indicated in Eq. (2):
Ik ← ⊕n

j=1LMDI(k, j); Dk ← ⊕n
j=1LMDI(j, k)

2. Build the influence and dependence rankings, �I and �D,
by sorting the variables separately according to their
defuzzified influence (c(Ik)) and dependence (c(Dk)) that are
calculated using Eq. (6).

(b) Fuzzy indirect method:
1. LMII ← LMDIˇ, where  ̌ ← min{  ̨ ∈ N: rankings over LMDI˛

match those over LMDI˛+1}
2. Compute the global fuzzy influence and dependence over

LMII of every variable and normalize each component of the
resulting TFN’s by the next formula:

Norm(T = [a, b, c]) =
[√̌

a

n
,

√̌
b

n
,

√̌
c

n

]
(7)

3. Build indirect influence and dependence rankings, � ′I and � ′D,
by defuzzifying the TFN’s using Eq. (6).

The interested reader can refer to Table 5 of the Supplemen-
tary material that summarizes the results of this step using the toy
example. With the purpose of illustrating one important aspect of
our method, a part of such results is shown in Table 2. Focusing
on variables V1, V3 and V4, the original MICMAC with four differ-

ent influence degrees (0, 1, 2, 3), as in our example, would yield
the same dependence value for these three variables, as it occurs
with the central values of the TFN’s of our method. However, the
uncertainty behind the global dependence of the three variables is

Table 2
Fuzzy direct dependence TFN’s and labels assigned to them on the toy example.

V1 V2 V3 V4

Dk [2, 5, 8] [0, 0, 0.5] [3, 5, 7] [3.5, 5, 6.5]
c(Dk) 5 0.083 5 5
Dep. rank 1 2 1 1
Dep. label M VW M M
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ifferent. Looking at the Dk values, V4 has the lowest uncertainty
smallest difference between a and c values) followed by V3 and V1.
he reason for the lower vagueness of the dependence of V4 is that
he extreme labels VS and VW involve less uncertainty than W,  M
r S. However, the different fuzziness of V3 and V1 is due to the fact
hat the accumulation of imprecision when we aggregate three sub-
ective opinions (V1) is greater than when we  aggregate only two
V3). In this way, unlike the original MICMAC, our method is able to
how the uncertainty behind the global influence/dependence of a
ariable to the decision-makers.

.1.3. Computation of the output linguistic term sets for the
irect/indirect influence/dependence

Since the input is given in a linguistic manner, the output
irect/indirect influence/dependence, which are TFN’s, should also
e given in natural language. It would be desirable to know if
he resulting direct/indirect influence/dependence of a variable is
trong, Moderate or Weak because it is more informative than just
aving the resulting TFN [a, b, c] with a ranking that only pro-
ides relative information. The overall aim, therefore, is to assign a
inguistic label to each variable’s fuzzy influence/dependence cal-
ulated in the precedent step.2

In order to provide information in absolute terms using the
utput labels, the new output term sets should be defined from
he ideal case in which all the non-null relations have the same
alue. That is, the output label Very strong is defined from the ideal
ase in which all the non-null relations of our system are Very
trong,  and analogously for Moderate and Very weak. This idea has

 resemblance with the concept of ideal solution of some linguistic
ulticriteria decision making models, which is also obtained after

ubstitution of linguistic labels [43].
The output granularity N (i.e., the number of different output

inguistic terms) can be adjusted by the user. This value can be
ifferent from the number N of input labels, but it must be odd
s well. Possible values for N are 3, 5 or 9. Four different output
erm sets are calculated, namely two for the direct method (one for
irect influence and another for direct dependence) and two for the

ndirect method. The requested granularity is created recursively
y appropriately dividing the output universe of discourse (Fig. 3).
ote that a fine-grain division is more accurate in describing the

nfluence/dependence, but having too many labels may  be prob-
ematic as it is difficult to understand the differences between them,
ven in natural language. The user should establish a trade-off to
is convenience when choosing the value of N.

The detailed calculation of the output labels for both the direct
nd indirect method is given next. To better explain this step, it
as been structured in three stages. Again, the interested reader
ay  refer to Fig. 7 of the Supplementary material for details of the

esults of the fuzzy direct method on the toy example.

(a) Fuzzy direct method:
• Stage 1. Definition of the ideal LMDI’s

1. Let ls, lm and lg be the smallest, the middle and the greatest
labels from the set of input labels L = {ls, . . .,  lm, . . .,  lg}.3

2. For each li in {ls, lm, lg}
(a) Let Mi← Substitute the LMDI cells different from None

by li.

(b) For each variable Vk, k = 1, . . .,  n compute the following

TFN’s:
IMi
k ← ⊕n

j=1Mi(k, j) DMi
k ← ⊕n

j=1Mi(j, k)

2 Selecting the label that best fits a fuzzy number obtained after computations is
nown as the retranslation problem [42].
3 If N = 3 then ls = l1, lm = l2 and lg = l3. If N = 5 then ls = l1, lm = l3 and lg = l5.
omputing 24 (2014) 19–30 23

• Stage 2. Compute the left (L), central (C) and right (R) values
of the influence and dependence output term set universes.

Influence term
set universe

Dependence term
set universe

Linf ← min
k
{ak : IMs

k
= [ak, bk, ck]} Ldep ← min

k
{ak : DMs

k
= [ak, bk, ck]}

Cinf ← median{bk : IMm
k
= [ak, bk, ck]} Cdep ← median{bk : DMm

k
=

[ak, bk, ck]}
Rinf ← max

k
{ck : IMg

k
= [ak, bk, ck]} Rdep ← max

k
{ck : DMg

k
= [ak, bk, ck]}

(k = 1, . . .,  n)

• Stage 3. Definition of the output labels according to granular-
ity.
– If N = 3, then the sets of output linguistic labels are defined

as �I = {ıI
1, ıI

2, ıI
3} and �D = {ıD

1 , ıD
2 , ıD

3 } (Fig. 3(a)) where:
1. Direct influence labels:

ıI
1 ≡ Very weak = [Linf, Linf, Cinf]

ıI
2 ≡ Moderate = [Linf, Cinf, Rinf]

ıI
3 ≡ Very strong = [Cinf, Rinf, Rinf]

2. Direct dependence labels: analogous, using Ldep, Cdep,
Rdep.

– If N = 5 then �I = {ıI
1, . . .,  ıI

5} and �D = {ıD
1 , . . .,  ıD

5 }
(Fig. 3(b)) where:
1. C1

inf ← (Linf + Cinf)/2 C2
inf ← (Cinf + Rinf)/2

2. Direct influence labels:
ıI

1 ≡ Very weak = [Linf, Linf, C1
inf]

ıI
2 ≡ Weak = [Linf, C1

inf, Cinf]
ıI

3 ≡ Moderate = [C1
inf, Cinf, C2

inf]
ıI

4 ≡ Strong = [Cinf, C2
inf, Rinf]

ıI
5 ≡ Very strong = [C2

inf, Rinf, Rinf]
3. Repeat steps (a) and (b) with the dependence points Ldep,

Cdep, Rdep to obtain the five direct dependence labels.
– If N = 9 then it is still necessary to compute 4 intermediate

points (Fig. 3(c)).
(b) Fuzzy indirect method:
• Stage 1. Definition of the ideal LMDI’s

1.  ̌← min  {  ̨ ∈ N: rankings over LMDI˛ match those over
LMDI˛+1}.

2. For each li in {ls, lm, lg}
(a) Let Mi← Substitute the LMDI cells different from None

by li.
(b) For each variable Vk, k = 1, . . .,  n compute the following

TFN’s:
I′Mi

k ← ⊕n
j=1Mˇ

i
(k, j) D′Mi

k ← ⊕n
j=1Mˇ

i
(j, k)

• Stage 2. Compute the left (L′), central (C′) and right (R′) values
of the output term sets universe.

All I′Mi
k

and D′Mi
k

are first normalized using Eq. (7), and then
L′inf, L′dep, C ′inf, C ′dep, R′inf and R′dep are calculated analogously
to the direct method.
• Stage 3. Definition of the output labels according to granular-

ity.
The definition of output labels is also analogous to the direct

method. In this case the resulting labels are �′I = {ı′I1, . . .,  ı′IK }
and �′D = {ı′D1 , . . .,  ı′DK }.

3.1.4. Assignation of the closest label of the output term set to the
fuzzy global influence/dependence

The last step is to assign to every influence/dependence TFN the
closest label of the corresponding output term set, as follows:
(a) Fuzzy direct method:
For each variable Vk, k = 1, . . .,  n assign to the fuzzy influ-

ence/dependence TFN’s the closest label of the corresponding
output term set:
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Fig. 3. Different granularity fo

ıI
k
← arg min

ıj∈�I

{d(Ik, ıj)} and assign that label to Ik. The TFN

of Ik is not modified.
ıD

k
← arg min

ıj∈�D

{d(Dk, ıj)} and assign that label to Dk. The

TFN of Dk is not modified.
(b) Fuzzy indirect method:
The process is analogous to the former. For each variable k,
I′Mi

k
and D′Mi

k
are assigned the closest output label in �′I and

�′D, respectively.
direct influence output labels.

As before, the interested reader may  refer to Table 5 of the
Supplementary material for the computation of the closest labels
for both the fuzzy direct and indirect method (Table 5(a) and (b),
respectively) on the toy example.

3.2. Visualization of the linguistic results
As we explained above, the original version of MICMAC also
presents drawbacks when displaying the results in the influ-
ence/dependence plane due to the relative character of this
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to facilitate the analysis of the results, we only provide a brief sum-
mary here (Table 3) that contains the variables on the first and last
five positions of the Godet’s global direct and indirect influence
Fig. 4. Novel plots to visualize

isualization mode. For this reason, along with the FLMICMAC algo-
ithm, we also introduce two new plots to visualize the linguistic
esults obtained and show both relative and absolute information.
he description of the plots is given next:

Heat map of linguistic results.  First, in order to have a global view
of the system and the strength of mutual influence/dependence
interactions happening in it, we represent the number of vari-
ables to which each of the output influence/dependence labels
have been assigned at the end of the FLMICMAC process (Fig. 4(a)).
Each square of the map  corresponds to a possible combination of
linguistic influence and dependence, and the colour intensity indi-
cates the number of variables having such combination of labels
at the output. This plot can be done for both the direct and the
indirect method, and displays absolute information in a way  that
is easily interpretable and gives an overall view of how influen-
tial/dependent the variables in our system are. In this way, the
global behaviour of the whole system is summarized in a plot
facilitating a better understanding. The detail level of this repre-
sentation depends on the granularity N set by the user. For this
sample figure, we have set N = 5.
Fuzzy influence-dependence plane with absolute information. In
this second graphic Fig. 4(b), we represent the influence and
dependence of every variable in the direct/indirect method in a
bi-dimensional chart that is similar to Fig. 2 but allows visualizing
information in absolute terms. Every point in the space repre-
sents a variable, defined by a pair of crisp values which stand for
the defuzzified global influence and dependence of the variable.
Note we have added a linguistic scale to the axes. The TFNs repre-
sented on them are the output term sets, computed as explained
in Section 3.1.3. Therefore, it is possible to know the output label
assigned to the fuzzy influence and dependence of a variable, by
looking in the axes of the chart for the fuzzy sets to which the point
belongs most. In this way, we can categorize the role of a variable in
the system by comparing its global influence/dependence respect
to the other variables, as in the original plot, and at the same time,
we can check the strength of the global dependence/influence of
this variable in absolute terms, which gives a more accurate idea
of its behaviour in the system.
. Application and comparison in a real case study

To assess our method, we have used a real case study about the
eterminant factors of the rural spaces within time horizon 2010
nguistic results of FLMICMAC.

in France [44]. This example can be downloaded from the LIPSOR
web site.4 The results obtained by our method will be compared
against those from Godet’s original MICMAC method.

We must point out that the focus of this section is not on the eco-
nomic or social interpretation of the results concerning the problem
itself, but on the comparison of FLMICMAC and Godet’s MICMAC, as
well as the advantages of our method regarding absolute linguistic
information and novel plots to visualize the linguistic output. For
that reason, no comments or explanations about the specific results
of the case study will be given, as it is out of the scope of this work.

In this study the group of experts initially defined 50 variables to
be considered in the analysis, which can be found in Table 6 of the
Supplementary material. In the linguistic version, N = 3 labels (with
their underlying TFNs) were defined to be employed in the linguis-
tic fuzzy MDI: L = {Weak = [1, 1, 2], Moderate = [1, 2, 3], Strong = [2, 3,
3]}, which is the same granularity employed in the original MICMAC
method using three integer values {1, 2, 3}. Although it seems we
are doing here a conversion between original crisp values of the
example and linguistic labels, it must be noticed that it has been
done with the only purpose of a fairer and easier comparison of the
results with another existing method, namely crisp MICMAC. When
FLMICMAC is to be applied to a new problem, no conversion has to
be done, since the first step of the method is the definition of a set of
linguistic labels that will be used to assess mutual influence of the
variables and construct the LMDI. No previous numerical (crisp)
evaluation of such influences has to be conducted, but directly a
linguistic one.

Regarding the granularity of the outputs, we  have tested the
values N = 3, N = 5 and N = 9 for the number of output labels in
order to evaluate the influence of this parameter over the actual dis-
tinctness of the linguistic results. The output term sets in each case
together with their abbreviations are summarized in Fig. 3, which
is a generic figure. The concrete values calculated in this problem
(dependence only) can be found in Fig. 8 of the Supplementary
material.

The complete rankings obtained with MICMAC and FLMICMAC
are presented in the Supplementary material (Tables 7–10). In order
4 The implementation of the original MICMAC method, together with this
example, are freely available at http://en.laprospective.fr/methods-of-prospective/
downloading-theapplications.html.

http://en.laprospective.fr/methods-of-prospective/downloading-theapplications.html
http://en.laprospective.fr/methods-of-prospective/downloading-theapplications.html
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Table  3
Top and last five positions of the global direct/indirect influence rankings, according to MICMAC and FLMICMAC.

(a) Direct influence

Var MICMAC FLMICMAC

InfG RG Fuzzy global influence Linguistic output

Ik InfF RF L3 L5 L9

37 59 1 [37, 59, 88] 60.17 1 M S S
5  49 2 [34, 49, 67] 49.50 3 M M MS
4  46 3 [32, 46, 70] 47.67 4 M M MS

32  46 4 [34, 46, 80] 49.67 2 M M MS
19  43 5 [27, 43, 58] 42.83 6 M M M

.

.

.
.
.
.

.

.

.
.
.
.

.

.

.
.
.
.

.

.

.
.
.
.

.

.

.
48 11 46 [8, 11, 19] 11.83 46 W VW QW
38  10 47 [8, 10, 18] 11.00 47 W VW QW
49  10 48 [6, 10, 16] 10.33 48 W VW QW
44  9 49 [7, 9, 16] 9.83 49 W VW QW
46  7 50 [5, 7, 12] 7.50 50 W VW VW

(b) Indirect influence

Var MICMAC FLMICMAC

InfG RG Fuzzy global influence Linguistic output

I′
k

InfF RF L3 L5 L9

37 5.57E+13 1 [1.42E+12, 5.57E+13, 2.22E+15] 22.43 1 M M WM
19  4.82E+13 2 [1.25E+12, 4.82E+13, 1.74E+15] 22.02 2 M M WM

5  4.66E+13 3 [1.27E+12, 4.66E+13, 1.68E+15] 21.95 3 M M WM
25  4.34E+13 4 [1.16E+12, 4.34E+13, 1.79E+15] 21.85 5 M M WM
32  4.28E+13 5 [1.31E+12, 4.28E+13, 2.05E+15] 21.94 4 M M WM

.

.

.
.
.
.

.

.

.
.
.
.

.

.

.
.
.
.

.

.

.
.
.
.

.

.

.
44  1.06E+13 46 [3.35E+11, 1.06E+13, 5.01E+14] 18.79 46 M W W
48  8.63E+12 47 [2.65E+11, 8.63E+12, 4.13E+14] 18.36 48 W W W
38  8.62E+12 48 [2.98E+11, 8.62E+12, 4.41E+14] 18.42 47 VW W W
49  7.79E+12 49 [1.88E+11, 7.79E+12, 3.32E+14] 18.04 49 VW W W

+14] 17.72 50 VW W W

r
o

t

•
•

•

•

•

•

r

Table 4
Results obtained from the Kendall’s tau-b test for  ̨ = 0.01.

Ranking (Godet vs. FLMICMAC) p-value Kendall’s tau-b coefficient

Direct dependence 2.22E−07 0.972
46  6.19E+12 50 [1.96E+11, 6.19E+12, 3.05E

ankings. Such information is enough for explaining the benefits of
ur method.

The variables have been sorted according to Godet’s ranks in all
he tables. The meaning of the columns is the following:

Var is the numerical identifier of the variable.
RG and RF are the ranks assigned to the variable by Godet’s original
MICMAC method and by our FLMICMAC method, respectively.
InfG and DepG are the integer (crisp) values of the influence
and dependence of the variable computed according to Godet’s
method, that is, the sum of its row and column, respectively.
Godet’s rankings RG are obtained by sorting the variables accord-
ing to these values.
InfF and DepF are the real values obtained after the defuzzification
of the fuzzy influence and dependence of the variable, computed
according to the FLMICMAC method. The fuzzy rankings5 RF are
obtained by sorting the variables according to these values.
Ik, I′

k
, Dk and D′

k
are the TFNs of the global direct and indirect

influence and dependence of the variables, respectively.
L3, L5 and L9 are the linguistic labels assigned to the abso-
lute direct/indirect influence/dependence (depending on the
meaning of each table) when 3, 5 or 9 different output labels
are considered, respectively, as indicated in the FLMICMAC

method.

5 Here we use fuzzy to refer to the FLMICMAC method employed to obtain the
anking, not because the ranking itself is fuzzy, which is not the case.
Direct influence 3.17E−07 0.946
Indirect dependence 1.59E−07 0.976
Indirect influence 5.14E−09 0.964

4.1. Comparison of FLMICMAC against MICMAC

A number of remarkable results have been obtained after the
application of FLMICMAC to this case study, as can be seen in
Tables 3 and 4.

Godet’s and FLMICMAC rankings are roughly similar but the latter
are more accurate. This is the first important result. This roughly
similarity confirms the correctness of our approach and the good
quality of the obtained rankings. It has been formally assessed using
a correlation Kendall’s tau-b test whose results are shown in Table 4.
We can check that no significant differences are found between
MICMAC and FLMICMAC’s rankings. The null hypothesis of rank
independence is thus rejected in all cases, according to the obtained
p-values. Furthermore, there is a significant positive correlation
between original MICMAC method and our FLMICMAC method.

However, as we  explain next, FLMICMAC provides more accu-
rate rankings since it takes into account the underlying vagueness
of the aggregated experts’ judgments. Let us focus on the five top

ranked variables of Table 3(a). Looking at the central values bk of
the TFNs of column Ik, we  see that they perfectly match the crisp
global influence given by Godet (column InfG). However, the two
sides of the triangles contain additional information to measure
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in absolute terms. This could not be determined in the original
MICMAC method because an integer number is not enough to
assess the influence/dependence in an absolute manner. Such issue
Fig. 5. Number of variables with each possible combination of linguis

he vagueness of the fuzzy global influence of the variable, leading
o a more accurate ranking. For example, variables V4 and V32 are
ndistinguishable according to MICMAC. Their fuzzy influences are
espectively [32, 46, 70] and [34, 46, 80]. Hence V32 is located to
he right (is greater), that is, in the TFNs we see that a32 > a4 and
32 > c4. For this reason, V32 has to be ranked higher than V4, as done
y our method. Another interesting comparison arises between V5
nd V32. Although the InfG value of V5 is greater than that of V4, our
ethod ranks V4 first. This is due to the much greater right tail of

32 which goes from 46 to 80 whereas in I4 it ranges from 49 to 63.
his can be understood as that V32 has a slightly greater possibil-
ty of being more influent than V4, as shown by their defuzzified
alues. Similar situations arise between variables V25 and V32, and
etween V38 and V48 for the global indirect influence.

In addition to this, we should highlight that top ranked vari-
bles pose more uncertainty than those in the last positions. If we
easure the width of the base of the triangle of the TFNs, ck− ak,

t can be seen that it is greater in the top ranked variables, and

his happens in both the direct and the indirect method. The rea-
on is the following. Most likely, a variable k ranked among the
rst positions exerts influence on a lot of variables, hence its fuzzy

nfluence Ik is the result of the aggregation of a higher number of
uence and dependence for different granularity levels at the output.

influence values than that of the variables in the low part of the
ranking. Since each of these influence values (TFNs) represents an
inherently vague assessment,6 the higher the number of influence
values aggregated, the more the accumulated uncertainty, and thus
the wider the TFN. Therefore, the output TFNs are able to properly
capture such uncertainty, making our method especially robust for
the most important variables of the system.

Absolute, linguistic influence/dependence measures. Since the
linguistic information contained in columns L3, L5 and L9 of
Table 3 is absolute, it allows to know whether the top-ranked
variables really have a high degree of influence or dependence.
Notice that although a variable may  be placed on the top of the
ranking, this means only that the influence or dependence of
the variable is higher than the others, but not necessarily high
6 The mutual influence assessment and its corresponding TFN may  be provided
either by one expert or agreed among a panel of experts. FLMICMAC is independent
from how such linguistic assessment and TFN have been obtained.
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Fig. 6. Fuzzy influence/dependence planes showing the defuzzified influence-dependence pairs and the output linguistic term sets on the axes.
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s solved in FLMICMAC. In addition, linguistic values are easier to
nderstand and interpret by humans. This does not happens when
he influence/dependence are expressed only numerically.

Overall linguistic results depiction in heat maps. As mentioned
efore, in order to have a clear idea of the absolute influ-
nce/dependence of all the variables, it is possible to summarize
ll the linguistic information in 2D heat maps (Fig. 5) showing the
umber of variables with each combination of absolute linguistic

nfluence/dependence labels. In our problem, the heat maps show
he central linguistic terms (those around Moderate) appearing

ore often in the results, both in the direct and indirect method.
he number of different labels used at the output of the indirect
ethod is actually very small, and they are concentrated around

entral terms: the majority of the squares are left blank with an
ntensely red central area consisting of 3 or at most 4 coloured
quares. This is due to the fact that the indirect method tends to
ade the output after long computations, leading eventually to more
niform results, which is a common drawback of many linguistic
rocedures. The normalization applied here by taking the ˇth root
ries to overcome such disadvantage.

In our case study, these plots allow the decision-maker checking
t a first glance that, in this system, most of the variables present a
ow-intermediate global influence and dependence. Moreover, in a
road sense, heat maps also serve as a way of clustering the vari-
bles, since those with the same combination of linguistic influence
nd dependence may  play a similar role in the system.

Linguistic influence-dependence plane combining both absolute
nd relative information. As mentioned before, we propose improv-
ng Godet’s influence-dependence chart with linguistic capabilities
hat make it more informative and easier to interpret than a raw
ategorization of the variables, as happens in Fig. 2.

In this way, for the direct method, the decision-maker can see in
ig. 6(e) that both the input and output variables (top left area and
ower right area, respectively) have in general a Weak-Moderate
egree of direct influence and dependence, whereas the stake vari-
bles (top right area) present a Moderate-Strong influence and
ependence. If we measure the indirect relationships, then the

nput, output and stake variables all pose a Weak-Moderate influ-
nce/dependence of the system.

. Conclusions and further work

In this work we have presented a novel methodology for struc-
ural analysis in the context of Scenario Planning. Concretely, we
ave developed a Fuzzy Linguistic version of MICMAC using CW
echniques, called FLMICMAC, that maintains the essence of the
riginal MICMAC but adds new stages to define the input and out-
ut in a linguistic way. The main novelties are the following:

Allow for linguistic assessment of mutual influence between vari-
ables.
Capture and handle the vagueness of the – subjective – experts’
opinions using linguistic labels and TFNs.
Provide linguistic measurements of the global direct/indirect
influence/dependence, leading to more interpretable results
which, differently from MICMAC, express the information in
absolute terms.
Present two new techniques to visualize the results (Fig. 4): first,
heat maps that summarize the linguistic information of the global
influence and dependence of the variables; second, an improve-

ment of the classic influence/dependence plane that incorporates
linguistic information to the plot axes. As this information reflects
the global influence/dependence in absolute terms, this new
graphic shows both relative and absolute information to the
user.
omputing 24 (2014) 19–30 29

The new method has been compared versus the original MIC-
MAC  in a real case study [44]. The key findings of this comparison
are listed below.

• The rankings obtained with MICMAC and FLMICMAC are roughly
similar, which confirms that our new method obtains reasonable
results.
• The use of linguistic labels with underlying TFNs successfully

captures the accumulated vagueness that results from aggregat-
ing linguistic judgments when computing the global influence or
dependence of a variable. This ultimately leads to more accurate
and robust rankings than those calculated by MICMAC.
• Such accumulated uncertainty is greater for the most influ-

ent/dependent variables, making them specially prone to
misplacements in the rankings. This has important implications,
since the objective of the structural analysis is to determine the
most relevant variables of the system, which are usually the top
ranked variables. Relevant variables are usually the basis of pos-
terior analyses in Scenario Planning so their correct identification
is crucial. This fact gives even more value to the robustness and
accurateness of the rankings computed by FLMICMAC.
• The heat maps allow the decision-maker to see a snapshot of

the strength, in absolute terms, of the relationships among the
variables of the system. They also cluster the variables in a
visual way, since variables with the same combination of influ-
ence/dependence may  play a similar role in the system.
• The fuzzy linguistic influence/dependence planes, apart from cat-

egorizing the variables in input, output, excluded or stakes (recall
Fig. 2), also establish the influence/dependence of the variables
in each category in absolute terms, leading to a better description
of the role of the variables in the system.

Although our method has been tested only on this concrete case
study, in our opinion the size and complexity of the problem are
enough to consider that the advantages discussed above are gen-
eralizable to other real studies.

The improvements done to MICMAC are not “for free” and entail
some drawbacks that should be considered when applying our
method. First of all, addressing the uncertainty and imprecision
involves a higher complexity that may  not worth in two cases:

• When the vagueness in the input data (relationships between
variables) is low, our method would probably provide the same
results as the original MICMAC.
• Understanding and taking advantage of all the information given

by FLMICMAC requires basic notions of fuzzy sets which may
make FLMICMAC unattractive for some decision-makers who are
no familiar with these techniques.

Secondly, the results of FLMICMAC also depend on how the input
labels have been defined, hence it has a higher number of parame-
ters (extremes of the TFNs) to be set. Although the setting used in
this paper can be employed in a wide range of cases, some particular
problems may  require a different configuration of the TFNs. If the
definitions of the TFNs associated to the input labels do not capture
the uncertainty of the experts’ opinion properly, FLMICMAC results
might be biased and lead to inexact or wrong conclusions. The sen-
sitivity to this setting is low, but it is important to ensure that the
input labels are correctly defined so as to avoid these problems.
Finally, the higher conceptual complexity of FLMICMAC, which
also involves a more difficult implementation, might be a draw-
back towards its generalized adoption in the community. With this
in mind, we  plan to release a web version of FLMICMAC shortly
that will be freely available so other researchers and practitioners
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an use our method with their own data.7 Despite the apparently
igh number of operations, FLMICMAC running time is negligible in
ractice even in a 50-variable problem like the case study presented
ere, hence time complexity is not a problem.

A point we have not addressed in this work is the handling of
otential influence relations between variables, a feature that MIC-
AC  does take into account. Potential relations are those that do not

xist in the present, but may  become effective (with any strength)
n the future. Although they do not require a new methodology
MICMAC just substitutes them by a positive influence degree and
hen checks the variations that take place in the system), we  plan to
evelop specific methods for determining to what extent potential
elations can affect the whole system. A preliminary study in this
irection can be found in [45].

Apart from this, in future works we intend to apply CW and Soft
omputing techniques to other Scenario Planning methods, such
s Morphological analysis, for which very promising preliminary
esults have been achieved recently [46]. We  consider that robust
anagement of the vagueness and uncertainty present in experts’

udgments – often used as input in foresight studies – is essential
o improve existing methods in Scenario Planning and hence, Soft
omputing tools can be very helpful.
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