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Abstract— In this paper we try to extract consumers’ un-
easy factors on foods such as carcinogenic substance, bovine
spongiform encephalopathy (BSE) problem, genetic recombi-
nation, etc., and try to construct structural models among
these uneasy factors using stochastic DEMATEL. Stochastic
DEMATEL is developed as a revised DEMATEL (Decision
Making Trial and Evaluation Laboratory) to extract struc-
tural models of a complex problematique composed of many
factors under uncertainty. For structural modeling of uneasy
factors on foods we look at the binary relation such that “How
much would it help to dissolve uneasy factor j by dissolving
uneasy factor i?”” Finally, we try to find the priority of dis-
solving each factor among all the uneasy factors based on the
information of stochastic composite importance. This would
contribute for decision support to dissolve uneasy feeling and
to get sense of security on foods.

Keywords— safe, secure and reliable society, structural model-
ing, decision support, stochastic DEMATEL, stochastic compos-
ite importance.

1. Introduction

Food safety has been the focus of concern of the gen-
eral consumers, policymakers and risk assessors. Fisher
et al. [1] presented the potential of a transdisciplinary ap-
proach to food risk analysis in terms of delivering addi-
tional improvements to public health. As one of such ap-
proaches we will try to extract a structural model among
consumers’ uneasy factors on foods such as carcinogenic
substance, bovine spongiform encephalopathy (BSE) prob-
lem, genetic recombination, etc., and try to construct struc-
tural models among these uneasy factors using stochastic
DEMATEL.

DEMATEL (Decision Making Traial and Evaluation Lab-
oratory) [2-4] has been widely used to extract a prob-
lem structure of a complex problematique. By using DE-
MATEL we could quantitatively extract interrelationship
among multiple factors contained in the problematique.

It is important and useful to get the structural model of
a problematique from which we could find the priority
among multiple strategies to improve the structure. This
is the main aim of DEMATEL. However, the conventional
DEMATEL is insufficient to obtain significant implication
of the priority of the strategies for decision making as
follows:
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1. Shortage of information on the importance of each
factor

In the conventional DEMATEL it is hard to find the
superiority of factors, since we could get only interre-
lationship of factors contained in the problematique.
To overcome this difficulty we developed a new cri-
terion “composite importance (CI)” [5] combining
the interrelationship of factors and the importance of
each factor.

2. Shortage of flexibility to describe structural uncer-
tainty

Conventional DEMATEL describes the deterministic
interrelationship among factors contained in the prob-
lematique. However, the strength of the interrelation
among factors may be dependent on the various situ-
ations, and the fluctuation may depend on the factors
taken into account. To overcome this difficulty we
developed a stochastic DEMATEL [6] to deal with
flexible interrelationship among factors in the prob-
lematique.

In this paper in the context of finding priority among multi-
ple strategies to improve the structure of the problematique,
we aim at three objectives as follows:

e We describe the method of stochastic DEMATEL
briefly.

e We show usefulness and future problem of stochas-
tic DEMATEL through an empirical analysis of or-
dinary consumers’ and food specialists’ uneasiness
over foods where we deal with structural modeling
of uneasy factors on foods.

e Using the information of stochastic composite impor-
tance (SCI) we try to find the priority of dissolving
uneasy factors on foods.

2. Outline of stochastic DEMATEL

2.1. DEMATEL

Suppose, in a complex problematique composed of n fac-
tors, binary relations and the strength of each relation are
investigated. An example of binary relation is such that
“How much would it contribute to resolve uneasy factor j
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by resolving uneasy factor i?” We would get n x n adjacent
matrix X that is called the direct matrix. The (i, j) element
x;j of this matrix denotes the amount of direct influence
from factor i to factor j. If the direct matrix X is nor-
malized as X, = A;X, by using A; = 1/(the largest row sum
of X), we would obtain

X' =X, +X>+A=X,(I-X,)"". (1)

Matrix X/ is called the direct/indirect matrix. The (i, j) el-
ement xlfj of the direct/indirect matrix denotes the amount
of direct and indirect influence from factor i to factor j.

Suppose D; denotes the row sum of ith row of matrix X/.
Then, D; shows the sum of influence dispatching from fac-
tor i to the other factors both directly and indirectly. Sup-
pose R; denotes the column sum of ith column of ma-
trix X/. Then, R; shows the sum of influence that factor i
is receiving from the other factors. Furthermore, the sum
of row sum and column sum (D;+ R;) shows the index
representing the strength of influence both dispatching and
receiving, that is, (D; + R;) shows the degree of central role
that the factor i plays in the problematique. If (D; — R;) is
positive, then the factor i is rather dispatching the influ-
ence to the other factors, and if negative, then the factor i
is rather receiving the influence from the other factors. We
call D; the degree of dispatching influences, R; the degree
of receiving influences, (D;+ R;) the degree of central role
and (D; — R;) the degree of cause.

2.2. Composite importance

Suppose based on the degree of dispatching influences we
found a factor that may contribute to improve the overall
structure. In this case to resolve this factor is not neces-
sarily the best choice, since the factor that could contribute
to resolve some important factors may be more efficient
to resolve even if it may not contribute to improve overall
structure. Since the original DEMATEL is not taking into
account the importance of each factor itself, it is not pos-
sible to evaluate the priority among the factors. Similarly,
it is not possible to evaluate the priority of each factor by
just looking at the importance of each factor. We need to
take into account both the strength of relationships among
factors and the importance of each factor. To reflect both
viewpoint we proposed the composite importance z as [4]

2=y + Xy, = 1+ X )y,, )

where y, denotes the normalized n-dimensional vector of y
that denotes n-dimensional vector composed of the impor-
tance of each factor, where normalized means to divide
each element of y by the largest element in y.

2.3. Stochastic direct matrix

In the ordinary DEMATEL the direct influence from fac-
tor i to factor j is written in the (i,) element x;; of
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the direct matrix X. Suppose the structure of the prob-
lematique is uncertain and x;; is a random variable. Fur-
thermore, suppose the stochastic parameter values of x;; are
different for different pair of i and j. When each element
of the direct matrix is a random variable, each element
of the direct/indirect matrix X/ is also a random variable.
Furthermore, the composite importance z is also a random
variable. Therefore, it is necessary to extend the ordinary
DEMATEL to deal with uncertainty in the problem struc-
ture. We developed a stochastic DEMATEL [6] in which
we could take care of various uncertainties in the problem
structure.

In the stochastic DEMATEL it is postulated that we de-
scribe the amount of direct influence by expectation and
the amount of uncertainty by variance and the shape of
distribution. Suppose we got n X n direct matrix X and the
matrix E of probability density function as

811(x1011)A g1,(x]61)
E = M O M

8nl (x|9nl )A gnn(x|9nn)

where g;;(x|6;;) denotes the probability density function of
direct influence from factor i to factor j, and 6;; denotes
the parameters of this probability distribution including ex-
pectation and variance of the random variable x;;.

Let Gy be a set of stochastic direct matrices X* generated
by a Monte Carlo method from the direct matrix X with
probabilistic information. Then, we obtain

; 3)

Gy = {Xf, X3, A, Xf}. 4)

In the stochastic DEMATEL we need to collect the infor-
mation on the variance as well as on the expectation of
influence.

2.4. Manipulation in stochastic DEMATEL
and stochastic composite importance
We normalize the stochastic direct matrix as
X5 = X", (%)
where A, = 1/(the largest row sum of X*). Then we obtain
X=X+ (X +A=X(1-X) 7, (6)

where X5/ denotes a stochastic direct/indirect matrix that
has the same property as the ordinary direct/indirect matrix.
If we obtain X*/ for all X* contained in Gy, we obtain a set
Gyxr of stochastic direct/indirect matrix as

Gxr = {Xff XA X } %)
Stochastic composite importance is obtained as
&=yt Xy = 1+ X )y, @®)
The set Gz of SCI is obtained as
Gzz{zsl,zi,/\, zf}- )
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Furthermore, we could obtain the set of the degree of dis-
patching, the set of the degree of receiving, the set of the
degree of central role and the set of the degree of cause,
respectively.

In the ordinary DEMATEL we could decide the priority
of each factor based on the value of composite importance
itself. In the stochastic DEMATEL we use three stochastic
decision principles as follows:

e Expectation principle. We decide the priority based
on the expected value or median of SCI.

e Max-min principle. We decide the priority of each
factor by maximizing the worst value (either 2.5%
or 25%) of SCI. This principle reflects a pessimistic
decision.

e Max-max principle. We decide the priority of each
factor by maximizing the best value (either 75%
or 97.5%) of SCI. This principle reflects an opti-
mistic decision.

The stochastic DEMATEL could describe the uncertainty
of the structure of complex problematique, could describe
the uncertainty of priority by SCI and could decide the pri-
ority of each factor reflecting the decision makers attitude
whether he/she is pessimistic, neutral or optimistic.

3. Structural modeling of uneasy factors
over foods by stochastic DEMATEL

We use the data obtained from ordinary consumers and food
specialists. For both groups 10 uneasy factors are chosen
as follows:

1) food additive (FAD),

2) genetic recombined food (GRF),

3) food forged display (FFD),

4) agricultural chemical problem (AGC),
5) imported food (IPF),

6) BSE problem (BSE),

7) environmental hormones (EVH),

8) carcinogenic (CAR),

9) allergic (ALL),
10) food poisoning (FPO).

Respondents to the questionnaire are 10 ordinary con-
sumers and 10 food specialists. The importance of each
factor is asked to the respondents by 5-grade evaluation
where the importance of each factor means the degree of
feeling uneasy for each factor. Then, the strength of binary
relation for each pair of factors is asked by 3-grade evalu-
ation. We look at the binary relation such that “How much
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would it contribute to resolve uneasy factor j by resolving
uneasy factor i?”

The direct matrix is obtained by averaging the data of
10 people on the strength of binary relations. The data
for the importance of each factor are first normalized be-
tween 0 and 1 and then averaged for 10 people.

The dispersion of the data of the strength of binary relations
obtained from the respondents are used as the variance of
the strength of binary relations. This implies that the vari-
ations among people would induce structural uncertainty.
The shape of the stochastic distribution is assumed to be
cutting normal distribution defined on [0-1,000,000], since
the data obtained from respondents are all positive num-
bers. The number of stochastic direct matrices generated
by random numbers are 1,000.

Structural model for uneasy factors of ordinary consumers
is described as follows: the degree of central role for
FFD (1.45) is high and FFD has the property of both cause
factor and effect factor, but since the degree of cause for
FFD (0.55) is positive, FFD is rather a cause factor. Ac-
tually, FAD, GRF, IPF, BSE and ALL are greatly affected
by FFD.

Fig. 1.
sumers.

Structural model of uneasy factors for ordinary con-
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FAD GRF FFD AGC IPF BSE EVH CAR ALL FPO

Fig. 2. Degree of dispatching influences for ordinary consumers.

The degree of central role for FFD (1.45) is the high-
est, and then IPF (1.33), EVH (1.24), GRF (0.941) and
AGC (0.850). These factors are all cause factors. On the
other hand CAR, ALL and FPO are completely effect fac-
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tors. Figure 1 shows a structural model of uneasy factors
for ordinary consumers.

Figure 2 presents the degree of dispatching influence, and
Fig. 3 shows the stochastic composite importance, for ordi-
nary consumer. In these figures, besides expected values,
2.5% and 97.5% data are also shown.
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Fig. 3. Stochastic composite importance for ordinary consumers.

Figure 4 shows a structural model of uneasy factors,
Fig. 5 presents the degree of dispatching influences, and
Fig. 6 shows the stochastic composite importance, for food
specialists.
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Fig. 4. Structural model of uneasy factors for food specialists.
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Fig. 5. Degree of dispatching influences for food specialists.
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Fig. 6. Stochastic composite importance for food specialists.

For ordinary consumers is as follows: FFD, IPF, EVH,
BSE, AGC, GRF, FAD, CAR, ALL, FPO. On the other
hand, the priority for food specialists is as follows: FFD,
IPF, GRF, AGC, BSE, EVH, FAD, CAR, ALL, FPO. These
results are obtained from SCI.

4. Concluding remarks

In this paper a stochastic DEMATEL is applied to struc-
tural modeling of ordinary consumers’ uneasy factors on
foods taking into account the uncertainty of structure. It
is demonstrated that the stochastic DEMATEL and the in-
formation obtained by the SCI are quite useful for struc-
tural modeling of complex problematique under uncer-
tainty. A new knowledge obtained in this study is that in
order to resolve uneasy factors over foods it is effective
to solve the problems of food forged display (FFD) and
imported food (IPF).

For further study we need to develop a method of iden-
tifying appropriate probability distribution function or we
need to develop a non-parametric approach. We also need
to develop a method of collecting information on variance.
For these purposes we need to experience more empirical
analysis of various case studies.
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