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Abstract—In this paper, we introduce a new method for an-
alyzing cause and effect criteria utilizing the Spherical Bipolar
Fuzzy Sets and the DEMATEL (SBFS-DEMATEL) method.
This approach merges the principles of Spherical Bipolar Fuzzy
Sets with the methodologies of fuzzy decision-making trial and
evaluation laboratories (fuzzy DEMATEL). We aim to construct
a cause-effect diagram for subcontractor selection, employing
an enhanced SBFS-DEMATEL method. We detail the opera-
tional concepts applicable to Spherical Bipolar Fuzzy Sets to
establish cause and effect criteria using the fuzzy DEMATEL
approach. Key elements integrated into the SBFS-DEMATEL
include the memberships of SBFSs, the relative weights of
experts, and a transformation equation. The use of linguistic
variables within SBFSs aims to encompass a broad spectrum
of uncertain and fuzzy information, addressing the positive and
negative decisions made by decision-makers. Additionally, we
demonstrate the application of our proposed method through
case studies involving small and micro enterprises.

Index Terms—Spherical fuzzy set, Spherical bipolar fuzzy
set, Fuzzy DEMATEL, Cause-effect diagram.

I. INTRODUCTION

HE fuzzy DEMATEL method incorporates fuzzy sets

(FS) to identify causes within DEMATEL elements.
This approach, a component of multi-criteria decision-
making (MCDM), evaluates causes, factors, or criteria el-
ements using data that may not be stable, reflecting the
inherent ambiguity in fuzzy sets as initially proposed by
Zadeh in 1965 [1]. Researchers have adapted and refined
DEMATEL methods to suit specific scenarios, developing
various fuzzy DEMATEL processes and incorporating dif-
ferent set elements to broaden the method’s applications.
For instance, in 2019, Lazim Abdullah and Pinxin Goh [2]

Manuscript received June 16, 2024; revised November 29, 2024.

This work is partially supported by the Rajamangala University of Tech-
nology Lanna, Fundamental Fund Year 2024 Capital Code FF2567P031.

N. Deetae is a lecturer at the Department of Statistics, Faculty of Science
and Technology, Pibulsongkram Rajabhat University, Phitsanulok, Thailand.
(e-mail: natthinee @psru.ac.th).

B. Srisombut is a lecturer at the Department of Statistics, Faculty of
Science and Technology, Pibulsongkram Rajabhat University, Phitsanulok,
Thailand. (e-mail: cha_sri@psru.ac.th).

T. Gaketem is a lecturer at the Fuzzy Algebras and Decision-Making Prob-
lems Research Unit, Department of Mathematics, School of Science, Uni-
versity of Phayao, Phayao, Thailand. (e-mail: Newtonisaac41@yahoo.com).

S. Piros is a lecturer at the Department of Business Administration,
Faculty of Science and Technology, Pibulsongkram Rajabhat University,
Phitsanulok, Thailand. (e-mail: supanareep @ gmail.com).

P. Thongplew is a lecturer at the Department of Plant Science, Faculty
of Science and Agricultural Technology, Rajamangala University of Tech-
nology Lanna, Phitsanulok, Thailand. (e-mail: pheeraphan@rmutl.ac.th).

P. Khamrot is a lecturer at the Department of Mathematics, Faculty of Sci-
ence and Agricultural Technology, Ralamangala University of Technology
Lanna Phitsanulok, Phitsanulok, Thailand. (corresponding author to provide
e-mail: pk_g@rmutl.ac.th).

demonstrated the use of fuzzy DEMATEL with Pythagorean
fuzzy sets for decision-making. In 2020, Sait Giil [3] in-
troduced a spherical fuzzy extension of DEMATEL (SF-
DEMATEL), enhancing the method’s capability in MCDM
contexts. Further, in 2021, Lazim Abdullah et al. [4] ad-
vanced intuitionistic fuzzy decision-making for subcontractor
selection, proposing that the intuitionistic fuzzy DEMATEL
(IF-DEMATEL) could provide a novel approach for tack-
ling MCDM challenges by utilizing intuitionistic fuzzy sets
(IFSs) for linguistic evaluations. In 2019, Lazim Abdullah
and Norsyahida Zulkifli [5] introduced a new DEMATEL
method based on interval type-2 fuzzy sets for developing
causal relationships between knowledge management crite-
ria. The fuzzy DEMATEL method has been applied across
various fields, including a 2020 study by Merdivinci, F,,
and Karakas, H. [6], which analyzed factors affecting health
tourism performance using the fuzzy DEMATEL method. In
their work, Filipe, J. A., and Geng, T. [7] explored modeling
an idle building case using SWOT analysis and fuzzy DE-
MATEL in a study entitled Modelling an Idle Building Case
Through SWOT Analysis and Fuzzy DEMATEL: A Study
on Anti-Commons. They employed these methodologies to
analyze the complexities of unused buildings. In 2024, Juan
Yang et al. [8] presented an analysis to assess and prioritize
drivers and strategies for transitioning to green energy in
China for sustainable development. Their study utilized the
Analytic Hierarchy Process (AHP) and the fuzzy DEMATEL
method to address decision-making dilemmas associated with
this strategic shift.

Adapting sets with unique characteristics has proven ben-
eficial in refining the fuzzy DEMATEL model. One par-
ticular challenge in decision-making and cause-and-effect
analysis is the presence of negative considerations, which
can influence decision-making processes and cause analyses
through linguistic evaluations. This issue has sparked interest
in developing algorithms incorporating negative consider-
ations, such as the negative fuzzy DEMATEL algorithm.
The development of bipolar-valued fuzzy sets has led to
spherical fuzzy sets (SFSs), which integrate the properties
of Pythagorean fuzzy sets (PFS) and neutrosophic sets to
provide a broader preference domain. This allows experts to
express their hesitations more comprehensively. A distinctive
feature of SFSs is that the squared sum of membership,
nonmembership, and hesitancy degrees falls between 0 and
1, with each degree independently defined within the interval
[0,1] [9], [10], [11], [12]. In 2019, Prince, R., and Mohana,
K. [13] explored the concept of spherical bipolar fuzzy
sets and their application in multi-criteria decision-making
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problems, assessing the value of alternatives. This research
underpinned the structured integration of spherical bipolar
fuzzy sets into the fuzzy DEMATEL framework.

This paper presents a new spherical bipolar fuzzy set in
the DEMATEL method, the spherical bipolar fuzzy DEMA-
TEL (SBFS-DEMATEL), to analyze the cause and effect
criteria and develop a cause-effect diagram. The outline
of the paper is as follows: First, we describe the bipolar
fuzzy set, spherical fuzzy set, and spherical bipolar fuzzy
set. Second, we show the design of the algorithms applied
to the SBFS-DEMATEL method. Finally, we illustrate our
proposed methods with examples of analysis of small and
micro enterprises’ cause-effect criteria with a diagram.

II. PRELIMINARIES

This section introduces Spherical Fuzzy Sets (SFS), detail-
ing their definition, significance, innovation, and a graphical
comparison with Spherical Bipolar Fuzzy Sets (SBES). SFSs
play a vital role in scenarios where opinions are not limited to
simple binary choices but also include options like abstention
or refusal. For example, in decision-making, an individual’s
opinion about a candidate can range from yes to abstain to
no or even refusal. Similarly, in voting contexts, voters can
be categorized into four types: those who vote in favor, those
who vote against, those who refuse to vote, and those who
abstain. Zadeh’s seminal work on fuzzy sets in 1965 [1]
established the foundational concepts, defining a fuzzy set
w within a non-empty set F' as a function mapping F' to the
closed interval [0, 1], that is, w : F' — [0, 1].

Definition 2.1. [/4] A bipolar fuzzy set (shortly, BF set) A
on X is an object having the form

A= {{z,wi(z),wy(2)) |z € X},
where wh : X — [0,1] and wy : X — [~1,0].

Definition 2.2. [14] Let A = (w},w}) and B = (wf,wp)
be two bipolar valued fuzzy sets. Then, their union, intersec-
tion, and complement are well-defined as follows:

o Wiup(@) =mar{wi(z),wi(2)} = wi(z) Vwi(@)

» Waup(r) =minfw, (), wp (@)} = wy (z) A wp(@)

o Whinp(@) =min{wy(z),wj (@)} = wj (@) Awp (@)

o Wanp(@) = maz{wy (2), wp(2)} = wy () Vwp(z)

. w%( z) =1-—wh(z) and wz(x) =—-1—-wy(x)
forall x € X

For simplicity, we use the symbol A = (w},wy) for the

BF set.

Definition 2.3. [9] Let T be a non-empty set on G. A
spherical fuzzy set (SFS) A is given by,

A= {{u, pa(u),va(u), ma(u

where pa 2 T — [0,1),v4 : T — [0,1) and w4 : T —
[0,1] represent the degree of membership, nonmembership,
and hesitancy of the object uw € T to the set SFS subset to
the condition 0 < (pa(u))? + (va(u))? + (ra(u))? < 1 for
all weT.

))|u € G},

For the sake of simplicity, an SFS is denoted as A =
(a,va,ma) for the SFS. The basic operators of Spherical
Fuzzy Sets are as follows:

Definition 2.4. Let A = (ua,va,ma) and
B ={up,vp, ) be two SFSs. Then

o The union of two SFS A and B is defined as

AUB = (auB, VAUB, TAUB)

= {(z, pauB(v),vau(r), TauB(®)) : v € X}

where, paup(x) = max{pa(x), up(x)},
vaup(x) = min{va(z),vp(z)} and
raop(@) = min{(1 — ((max{pa(@), ps(@)})? +
(min{va(e), vs(2)})2) /2, max{ma (), 75 ()} .
Vo e X.
o The intersection of two SFS A and B is defined as

AN B = (LAnB,VANB, TANB

)
= {{z,panB(7),vanB(7), TanB(T)) s v € X}
),

where, panp(r) = min{pa(z), up(x)},
vang(z) = max{va(z),vp(x)} and
manp(®) = max{(l — ((min{ua (), np(@)})? +
(max{va(2), vp (@) })2) /2 min{ra (@), 7o (@)}
Vr e X.
o The complement of two SBFS A is defined as

A= (g vz m7)
={(z, pz(x), vz(z), 71(2)) :
where, pz =1

, Vo e X.
e The addition of two SFS A and B is defined as

A® B = {uagB, VApB; TAGB)
= {{z,pa0B(), vapp(x), TAgp(T)) : © € X}

where, pasp(z) = ((pa(x)?® + (up(2))* —
(na(@))*(pa(x))®)?, vagp(x) = vavp and
Tagn (@) = (1= (up(2))*)ma+ (1= (pa(2))*)7p —
(7rA)2(7rB)2))1/2 , Vo € X.

o The multipication of two SFS A and B is defined as

€ X},

—pg,vg=l-vgand Ty =1—mz

A® B = (1aoB, VA9 B, TA®B)

= {(z, pags(z), vagp(®), TagB(7)) 1 € X}
where, pagp(r) = (CE)/L (r), vagp(z) =
(va(@)® + (vB(x))* - ( A(2))*(va(x))?)'/? and
Taws(z) = (1 - (va(x))*)ma + (1 = (va(z))®)75 —

(ma)%(mB)*)Y?, Vo € X,
o The multiplication by scalar (A > 0) of SFS A is defined
as
AA = (Apa, \va, A\ma)
= {{x, \ua(z), Wwa(z), \ma(z)) 2 € X}

where, A (z) = (1= (1~ (pa(2))*))"/?, Ava(z) =

(va(x))* and Ama(z) = ((1 = (pa(@))*)* = (1 -
(a())? = (wa(@))?))!/?, Vo € X.
o The power of SFS A (X > 0) is defined as

= (), (a), (ma)*)

= {(z, (ua(@))*, (va(@))*, (a)(2)*) 1 2 € X}
where, (1a)* = (pa(@))* , (va(@))* = (1 - (1 -
(va(@))?)* )1/2 and (ma(2))* = ((1 = (va(2))*)* -
(1= (va(2))® = (ma(2))*)")"/?, Vo € X.
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Definition 2.5. [15] Let A = {(ua,va,7ma) be an SFS
defined at the beginning of this section. Then, the score value
of A is defined as

SC(A) = (na)® — (7a)”

and SC(A) € [-1,1].
The accuracy value of A is defined as AC

AC(A) = (pa)® + (va)? + (wa)?
and AC(A) € [0,1].

Definition 2.6. Let T be a non-empty set on G. A
spherical bipolar fuzzy set (SBFS) A is given by, A :

*K%MX(U)’VX(U),WX(U),M( ) au),m ( Nlu € G},
where pl : T — [0,1],1/A 1, = T — 10,1]
], — [-1,0]

cpg T = <1000y [ 1
and 0 < (p} () + (VA( ))? + (
—(pa(u)? + (g (w)? + (4 (u)?

For each, the numbers 17 (u), v} (u), 74 (u) are the pos-
itive degree of membership, non-membership, and the hes-
itancy of u to SBFS A, and p, (u), vy (u), 74 (u) are the
negative degree of membership, non-membership, and the
hesitancy of u to SBFS A. For the sake of simplicity, a
SBFS is denoted as A = <ujg,1/j,7rj,u2,ug,7rz> for the
SBFS. In 2020, Princy, R., and Mohana, K. [13] gave basic
operators of SBFS as fowllows:

[
w4 (u ))2 S 1, -1<
SOforallueT.

Definition 2.7. Let A = (u, v}, 7}, py, vy, 7)) and B =
(uh, v, 75, g Vg, 7)) be two SBFSs. Then

e The union of two SBFS A and B is defined as
AUB :<Hj4_qu VZUB7 WXUB7 HaupsYaus Taup)
={{z, whup(@), vAup(@), i, p(2),
taup(@), vaup(@), maup(2) s w € X},
where (@) = masc{u (@) (x),
Vaup (@) = min{vy (z), v (z)}

Taup(®) = mm{( ((max{ph(z), uj(x)})? +
(min{v; (z), v ( )})2))1/2 max{m} (2), 75 (x)}}
taup(@) fmm{uA(I), (@)}

vyup(@) = max{v, (z )7’/3( x)} and

Taup(®) = max{(l — ((min{uy(z), pp(2)})* +
(max{vy (), vg (2)})?)/2, min{r, (x), 75(x)}},

Vz € X.
o The intersection of two SBFS A and B is defined as

ANB :<MXQB’ VZva WXF]B’ Hanp: Vans: Tanp)
:{<$7 N’XQB ($)7 VXHB(E)v WXQB(‘T)v
14 (2), Vanp(T), Tanp(®)) 1 v € X},
where () = min{yef (@), 5 0),
Vang() = max{vy(z),v5(2)},

Tanp(r) = max{(l — ((min{p}(z), pj(x)})?* +
(max{vy (z),v5 (2)})?)"/?, min{r} (2), 75 ()},
panp () = max{py (x), pp(r)},

V() = min{s (), v (2)} and
Tanp(®) = min{(1 ~ ((max{uy (@), up(2)})* +
B

o The complement of two SBFS A is defined as

(e Zay Sy Vi Vg )

={(z, NZ( ), v %(l’), 71'%(:6)7 /J'%(x% Vi(x% Wi(.%‘»

cx € X},
whereuAflqu, %: —1/%, 7r£:1,7r%’
uf:flfwv flfuiandﬂizflfﬂi,
VxGX.

o The addition of two SBFS A and B is defined as

/T + =+ — — _
AoB _<IU’AG9B’VAGBB77TA@B’IU/A@BaVA®37WA@B>
({1 (2), Ve (2), T ().

ILLZ@B(J;)7V,Z@B($)57TZ@B(1‘)> X e X},

where MA@B( z) = ((uh(z

(h (2))2 (uh (2)*)2, vhe pla) = vivi,
7TA@B(x) = (1= (up(2)?)ma +
(TD2(EE) N2 pagp(@)
(va(2))* + (vp(x ))2—(VX($))2(VX($))2)1/2 and
7"',451913(33) = )2 ( A
(m2)?(7p)*) /2, Vo € X.

o The multipication of two SBFS A and B is defined as

A® B =(gp Vien: Then Haep: Vaop: Tass)
:{(x,,uX@B(x), VX@B(“/’),WX@BW)’
M;@B(x)v VZ@B(£)7 W;@B(x» HEGS X}7
where 15gp(2) = @b . Vi
(Wi(@)? + (v (2))* = ggsf(m))?(yj(x))?)l/?,

w
>
Il

o The multiplication by scalar (A > 0) of SBFS A is

defined as

N =\, A, Ak Ay, vy, Ary)
—{<397)\MA( ), )‘VA( ) /\WA( ),
Ay (@), Avy (@), Ay (2)) - @ € X},

where )\,ujg(x)—(l—(l (uh(x))*)?
i A~ (1
(uh(2)? = (75 (z) /
/\VA(( % ( (
(4 (2)H)M)2, VxEX

o The power of SBFS A (A > 0) is defined as

A)\ :<( X)Av (VZ)Av (772{)’\7 (/-LA)Av (VZ) ’ (T(A) >

={(z, (i ()", Wi @), (7)) (@),
(@)™, (3 (@), (7)) (@)Y) 2 € X},
where (pj)* = (pa(@)* , (vi(@) = (1 - (1 -
(va(@)))M)'? and (75 (x)* = (1 - (va(x))*)* —
(1 = (va(@))* = (mal@)> M2 ()t = -1 -
(1 = (pa@))NV? (g (@) = —(v3(2))* and
(ma (@) = —((1 = (nx(@)*)* = (1 = (ny(2))* -
(ma ()2 Vo € X
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Theorem 2.8. For these SBFSs, A = (ul,vi, 7l 3,
vi,ma) and B = (u5, vl nh ug, vy, mp) , the following
are valid under the condition X\, A1, Ao > 0.

e ADB=Ba® A

e AR B=B®A

e M(A®B)=)\A® B

e MAD®NA= (/\1 + )\Q)A

e« (A® B)* = A*@ B*

o AM @ A2 = AMitA2

Proof: Straightforward. ]
Definition 2.9. Spherical Bipolar Weighted Arithmetic Mean
(SBWAM) for w = w1, we, ws, ..., w, where w; € [0,1] and

n

Z w; = 1, SBWGM is defined as,

=1

SBWAMw(Al, AQ, 7An) = w1A1 D ’LUQAQ D...D wnAn

=<[1 - H(l = (ui)?) N, H(uji)wf‘,

T = k) =TI = (uh)? = (=5 02,
=1 i=1
—TTwa)» H )2)e)t2,
i=1 =1
o (RO H (@ﬁﬂm>

Definition 2.10. Spherical Bipolar Weighted Geometric
Mean (SBWGM) for w = wy, wa, W3..., Wy, w; € [0,1] and

> w; =1, SBWGM is defined as,
=1

SBWGMy(Ay, ..., Ap) = (A1)" & ... & (A,)""

:< [Tty =TT = i) 12,

i=1 =1

TIa- ~TIa - wi)? = ()22,
i=1 i=1
S | CE ORISR | (ROWY

i=1 i=1
Definition 2.11. [13] The score function and accuracy

function of sorting SBFS A = (u, vy, 7k, wa,va,ma) are

defined by,
1 L
o Score(A)= [ — 74 — (v — 5P+ (s — ) —
(v —ma)"]

. Accuracy(A)=§[(uX)2 + (Vj)z + (771;_)2 + (ua)? +
(va)?+ (m4)7]

III. SPHERICAL BIPOLAR Fuzzy DEMATEL

Traditional DEMATEL does not account for expert hesi-
tancy and negative considerations of a problem. To solve this
problem, the literature has introduced the spherical bipolar
fuzzy DEMATEL (SBFS-DEMATEL). The flowchart of the
proposed method is shown in Figure 1. The following section

(IO = () =TI = (ua,)? - (W,Z)Z)“”]”Z>-

/ Enter factors and criteria /

/ Enter linguistic terms for SBFS-DEMATEL /

I
/ /

Enter weights of criteria

v

Compute aggregated decision

v

Compute score influence matrix

v

Compute normalization matrix

v

Compute total-relation matrix

v

Drawing a cause-effect diagram of Prominence

and relation values

End

Fig. 1. Flowchart of SBFS-DEMATEL.

presents an illustrative example to showcase the method’s
practical application.

Step 1: Identifying attributes and selecting decision-
makers.

This step involves the identification of the DMs (DF),
objective, main, and/or criteria (C;), where £k = 1,2,...,m
and 7,7 =1,2,...,n

Step 2: Selecting an evaluation measure for linguistic
assessment.

In developing the evaluation measure for the linguistic
assessment of SBFS-DEMATEL, we built upon the work
of Kutlu Giindogdu and Kahraman [16]. They created a
linguistic scale that corresponds to the evaluation terms of
AHP, treating these as score index (SI) values, as outlined
below:

SI = /100 x [(u—m)]> — (v — )]

Then, we applied the score index (SI(+:~)) for the Spherical
bipolar fuzzy A defined by

SICE™) =[50 x [(uh — 7 4)2 — (Wi — 7))+

(na —7m3)° = (Vg —72)’)I?

Volume 55, Issue 1, January 2025, Pages 232-244



TAENG International Journal of Applied Mathematics

TABLE I
LINGUISTIC TERMS FOR SBFS-DEMATEL AND CORRESPONDING SBFS VALUES
Definition Abb  ut vt ot - vo T S1+=)
Stong S 085 0.15 045 —-0.75 —-0.30 —0.40 3
Moderate M 060 020 035 —-0.65 —0.20 —0.38 2
Weak w 035 025 025 -0.30 —-0.15 —-0.19 1
No influence NI 0.00 0.30 0.15 0.00 —-0.30 —-0.15 0

The calculate of ST(+:=) for SBFS-DEMATEL is shown

in Table I.

To define a suitable SBFS term for SBFS-DEMATEL
applications as indicated in Table I, we consistently apply
the same formula to assign the values of STH=) ag 3,2, 1,
and 0, respectively.

For strong influence,

SIST™) =[50 x [(0.85 — 0.45)? — (0.15 — 0.45)%+
(~0.75 — (—0.40))2 — (~0.30 — (—0.40))2]| /2

=3.02 =~ 3.
For moderate influence,

SIUP™) =[50 x [(0.60 — 0.35)% — (0.20 — 0.35)%+
(—0.65 — (—0.38))% — (—0.20 — (—0.38))?]|"/2
=2.01 ~ 2.

For weak influence,

SIGE™) =[50 x [(0.35 — 0.25)> — (0.25 — 0.25)%+
(—0.35 — (—0.19))? — (—0.15 — (—0.19))]|"/2

=1.01 ~ 1.
For no influence,

SI177) =[50 x [(0.00 — 0.15)% —
(0.00 — (—0.15))2 —
=0.

(0.30 — 0.15)%+
(—0.30 — (—0.15))?]|/2

Step 3: Defining decision-makers weights w as follows:
Let w be a set of weights by a decision-maker in Table
II. The priority value of kth decision-maker is calculated
by wi = Wi/ > pey Wk , where w = Y, w, = 1. The
selection of weighting values is contingent upon the priori-
tization determined by those authorized to make decisions.
The significance is set above 0.5, as illustrated in Table II.
The importance of each decision-maker is assessed such that
if every decision-maker is deemed crucial for this decision,
the value will be equal to 1. Otherwise, the weighting can
be adjusted according to the relative importance of each
decision-maker as deemed appropriate.

Step 4: Consolidating diverse decision-maker D
[dfj]nxn Where137123 wnand k=1,2,3,...,m
and df; = (u7, e U; , dk e 0 dk , dk ), which is utilized
to construct an aggregated direct average influence matrix
D = [dijlnxn, Where dij = (u, v T =

lu’m’ 137 zj7M'L]7 1]7
SBWAM,(dY, d%, ..., d7) = wid}; +wad?; + ...+ wnd}?

o Wig v’

which can be calculated as follows:

dz] <[1 - H(l - ( w H w77
k=1 k=1
[H(l (M;;?j)Q)wz _ H( (M;’fj) (ﬂ-;r )Q)w ]1/2
k=1 k=1
— H((MJ?J)Q)“”, (1— H(l (V(;LJ)2)W)1/2
k=1 k=1
S0 e - TI0 - 0 - <wd§j>2>ww“2>.
k=1 k=1

Step 5: The score influence matrix (S) is derived by
calculating the score value of the same attribute pairs in the
various direct influence evaluation matrices of the experts
obtained from aggregate direct average influence matrix D,
which were used as the score function by

S =

[Sij]nxn7

+)2

+_ o+
PPy —myr

where s;; = Score(d;;) = T
(IU/:] - 7T7;7j)2 - (l/z; - ﬂ-z])2]

Step 6: The initial direct influence matrix, Matrix S, is
normalized to determine the initial direct influences of the
attributes. Let X represent the normalization index, where
all principal diagonal attributes are zero. The matrix X is

derived as follows:

s

X =48,
1 1

n ) n
max; » iy [si| max; Yy [si]
Step 7: Constructing the total-relation matrix X as fol-
lows:

where ¢ = min

t11 tin
=X(I=X)" = [tiglaxn=| ¢ . 1],
tn1 tnn
where T = [t;j]nxn represents the total influences be-

tween each pair of attributes. The method introduces the row
sum (R) and the column sum (D).
The sum of rows R,

R=|> ty
Li=1 |
The sum of columns D,

D:

S
>ty
i=1 |

The row sum (R) quantifies the total influence exerted
by attribute ¢ on all other attributes, reflecting its overall
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TABLE 11
THE SCALE OF LINGUISTIC JUDGMENTS OF DMS’ WEIGHTS

Definition of linguistic terms

Weights (w)

Equally Important (E)
Slightly Important (SI)
Fairly Important (FI)

Moderately Important (MI)

Very Important (VI)

strength. On the contrary, the column sum (D) measures the
degree to which attribute j is influenced by others, thereby
illustrating its relative vulnerability.

Step 8: Drawing a cause-effect diagram of prominence
and relation values. The sums of the rows and columns
across all relationship matrices (R) and (D) are expressed
by R + D, forming a horizontal axis vector referred to as
Prominence, which highlights the importance of a criterion.
Meanwhile, R — D forms a vertical axis called Relation,
indicating whether values are positive or negative, classifying
the attributes into cause and effect groups.

e R— D > 0: Attribute 7 predominantly exerts influence
on other attributes, classifying it within the cause group.

e R— D < 0: Attribute ¢ is predominantly influenced by
other attributes, placing it in the effect group.

The organization of attributes into cause-and-effect groups
is essential for effectively analyzing problems, discerning
influences, and prioritizing attributes. Enhancements within
the cause group will inherently improve the effect group.
Consequently, when resources are scarce, it is strategic to
prioritize the elements of the cause group.

IV. ILLUSTRATIVE EXAMPLE

Doing business is an activity that is very important to the
economic system. At present, it is found that the number
of small and micro enterprises is the largest number of
business units in the country. The operation of micro and
small enterprises in the agricultural business sector requires
planning or creating a strategy for conducting business in
risky conditions. Therefore, there must be a method for
finding causes or affecting factors using mathematical and
statistical methods, which confirm the model in a principled
manner based on reliable theoretical principles. Therefore, in
this simulation, we will study the causes and effects of small
and micro enterprises using the SBFS-DEMATEL method by
setting the situation as follows:

Step 1: Consider decision-makers D* for k = 1,2,3,
who are experts on small and micro enterprises with over
ten years of experience from various sectors, including gov-
ernment, state enterprises, and entrepreneurship. The setting
of criteria involves 20 factors (C;), where k = 1,2,....m
and 7,7 = 1,2,...,20. These factors are considered across
three aspects: business environment, entrepreneurial charac-
teristics, and innovative ability. The determination of factors
influencing the performance of small and micro enterprises
is outlined in Table III.

Step 2: Specify the weights @ = {SI, F'I, E}. Thus, w =
{w1,we, w3} = {0.333,0.381,0.286}, the scale of linguistic
judgments for the decision makers’ weights from Table II.

Step 3: The decision makers’ (D', D?, D?) individualism
directly influences the evaluation, as shown in Table IV.

Step 4: Consolidation of diverse decision-maker matrix D
is shown in Table V.

An example for calculation,

I T A .
di2 = (py, V13; Ti2s H12, V1g; T1p) as follow:

T = G2 =TT = gy ) = (g 212
k=1 k=1
=TTy )2 = =TT = g )>)2,

a1 CtCrRuiE | (b <w;§2>2>wi11/2>
_ (0.85) )O 333;

,.\H

={(1-(1 — (0.85)2)-381)
(1 (0 60) )0.286)}1/2 ( )0 333(0 15)0 333(0 20)0 333
[(1—(0.85)%)*%(1 — (0.85)*)™ (1 — (0.60)%)"* —
(1 —(0.85)% — (0.45)%)°33(1 — (0.85)* — (0.45)*)*-3%!
(1 - (0.15)% — (0.35)2)%-26]1/2 _((~0.75)%)0-333
((=0.75)%)038L((—0.65)2)%286 —(1 — (1 — (—0.30)%)%-333
(1 — (=0.30)%)238L (1 — (—0.20)2)0-286)1/2,
— ([Tt = (—0.75)*)%533(1 — (=0.75)*)"!

k=1
(1= (=0.20)%)"2% — (1 — (~0.30)” — (~0.40)%))*-*%
(1 = (=0.30)2 — (—0.40)%))%381((1 — (—0.20)*—

(—0.38)2))0'286]1/2>
= (0.805,0.163,0.471, —0.369, —0.276, —0.283).

Thus,
dy12 = (0.805,0.163,0.471, —0.369, —0.276, —0.283),
where

dy :</‘d1 ) d1 ; (Jirl s Har > Var s d1>
=(0.85, 0. 15 045 —0.75,—-0.30, —0.40),

i :<“d2 ’ d2 g d2 B> Vaz s d2>
=(0.85,0.15, 045 —0.75,—0.30, —0.40),

i, :<'“d3 , 43 , dd s Hgs > Vas s d~">
=(0.60, 0.20,0.35, —0.65, —0.20, —0.38).

Step 5: Calculate score influence matrix (S) in Table VI
as follows:

For example, the calculation of score influence matrix
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TABLE III
FACTORS INFLUENCING PERFORMANCE OF SMALL AND MICRO ENTERPRISES

Aspects of evaluation Criteria

Business environment
Building customer trust(C2)

Creating satisfaction for customers(C1)

Having more than one supplier(C'3)

The quality of raw materials is by market demand.(Cy)
Product quality can compete with business competitors.(C's)
The product price is reasonable(Cé)

Entrepreneurial characteristics

Business owners dare to experiment and create new business models.(C7)

Business owners accept the risk of failure. (Cg)

Business owners always look for market opportunities to advance their business.(Co)
Business owners create new products for new markets. (C'19)

Business owners overcome difficulties or problems that arise on their own (C'11)

Business owners solve problems themselves without waiting for help from customers. (C12)
Business owners create partnerships with other micro and small enterprises. (C13)

Business owners are open to customer reviews. (C14)

Innovative ability

Create products that are unique and different.(C15)

Create products with harmonious color combinations.(C'16)

Use technology to create new, unique products. (C7)

Apply ideas to create new and interesting identities through technology. (Cig)

Provide new product options that meet the needs of consumers through online media. (C19)
Expand their marketing reach through online media (Facebook, WhatsApp, and Instagram) (C2o)

s12 = Score(di2) as follows:

1
512 =§[(u1+2 —7)? = (v — mih) 2+
(12 — m12)? = (Vg — 712)°]
1
:5[(0.805 —0.471)% — (0.163 — 0.471)+
(—0.369 — (—0.276))% — (—0.276 — (—0.283))?]
=0.012.
Step 6: Calculate X = ¢S5,
where
, 1 1
=min | ———-, ——-—
7 0.451" 0.552

— min[2.217,1.813] = 1.813,

which represents the normalization index in Table VII, as
follows:

Step 7: Construct the total-relation matrix 7" in Table VIII.

Step 8: The total-relation matrix X and cause-effect
diagram of small and micro enterprises in Table IX ranking
of cause and effect group in Table X and Figure 2.

The threshold value is determined based on the average
of the total relation matrix, which is o« = 0.0917. A new
total relational matrix is then formed. If the corresponding
entries of the total relation matrix are greater than «, then the
element of the new total relation matrix is 1. Otherwise, the
element is assigned as 0. The total relation matrix is shown
in Table XI.

A. Sensitivity Analysis

Sensitivity analysis is employed to evaluate a model’s ro-
bustness and detect potential biases introduced by individual
experts. This approach also enhances the methodological
generalizability of the proposed system. In this study, the
authors applied the weight variation method, as suggested
by Biswas and Gupta [17]. The analysis involved three
scenarios:

Test 1: The first expert was assigned a higher weight of
50%, while the remaining experts received weightings of
30% and 20%, respectively.

Test 2 and Test 3: The second and third experts, were given
a higher weight of 50%, with the others being assigned a
weight of 30% and 20%, respectively. These weight distri-
butions are summarized in Table XII.

The results of the cause and effect rankings changed
according to the evaluator’s weight, as shown in Table XIII
and Figure 3, 4, and 5. Considering that the cause and effect
changes are located between the positive and negative y-
axis, the overlapping criteria between these values affect the
cause and effect changes: cg, cg change from effect to cause,
and c¢y3, c14 change from cause to effect. Considering these
events shows that the weighting of the third expert affects
the cause and effect order changes.

V. CONCLUSION

This study introduced the use of the Spherical Bipolar
Fuzzy Sets DEMATEL (SBFS-DEMATEL) method to an-
alyze cause-and-effect relationships in decision-making sce-
narios. Our research demonstrated the efficacy of this method
in constructing detailed cause-effect diagrams, particularly
in the context of subcontractor selection, which is crucial
for project management in various industries. By integrating
the principles of Spherical Bipolar Fuzzy Sets with the
established fuzzy DEMATEL framework, we have provided
a comprehensive tool that enhances the decision-making
process. Using linguistic variables and incorporating expert
weights and transformation equations enable the method to
handle the ambiguities and uncertainties inherent in complex
decision-making scenarios. The application of the SBFS-
DEMATEL method to small and micro-enterprise case stud-
ies has not only validated the method’s applicability but also
highlighted its potential to contribute significantly to the field
of multi-criteria decision-making (MCDM). Our findings
suggest that decision-makers can benefit from the nuanced
insights provided by this method, which accommodate both
positive and negative criteria in a balanced manner. Future re-
search should explore the adaptation of the SBFS-DEMATEL
method to other domains and compare its performance with
other fuzzy set approaches to further establish its versatility
and robustness. The potential for this method to be tailored
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to specific industry creates opportunities for new research
and application, promising substantial improvements in how
organizations approach complex decision-making tasks.
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TABLE IV
DECISION-MAKERS EVALUATIONS ON INFLUENCES

%SSSSMMSSMSMSMMMMMMWOWMMMMMMMSMMMMMMMMMMOMMMMMMMMMMMMMMMMMMMO
%MMMSMMMMWMWSMSSMMWOWSMMSMMMMMMMMMMMMMMOMSSSMMMMWWMMMMMMWWWOM
%MMMMWWMMMMMMWMMMWOWWMMMMMMMSMMMWWWWMMOMMMMMMSWWMMMMMSWWMMOMM
%WWSMMMWWMWSMSMMWOSSSMWWMWMMMWMWMMMMMOMMMMMSMMMMWMMMWMMMMOMMM
%MMMWMMSWWSMWMWWOMMMMMSSWSMMMMWMMIMMOMMMSMMMMWWMMMWWSMMMOMMMM
%MMMMMWMMMMMMMSOMMMMMWMMMMSMWWMMMMMOMMMMMMSMWMMMMWMMMMMOMMMMW
%MMWMWWMSMMWMWOMMSMSMSWMMMMMMMMMMMOMMMMMMMMMMWMSMSMMMMOMMMMMM
%WWMMMMWMSMMWOMMMMWWWMMWMMMMWWMMMOMMWWWMWMMWMSMMWSMMMOMMMWMMM
%MMMWMMMSMMMOWWWMMMWWMMMWMMMMMMMOMWMMSMSMMWMMMWMMMMWOMMMMMMWM
%MMMMMWSMMWOMMMMSMMMWMMSMMWMMMMOMMMSMMMMMWMMSMMMMMMOMMMMMMMMM
%MMWWWMMMWOWSMSMMWWWMWSMMMMMMMOMMMMMMMMMMMMSMMMMMMOMMMMMMMMMM
SEZ=g=7=2c22Z87Z2835538wEZE822220c=255588=23FZ=25555c2252528=553%
CI=E=Z=27=220c=5552228%27275 7852550355282 =555 =
SEESZSEcvwnunzZzZ2Z35537 3852350555252 55585%2523358552%Z05vwEe335825757
S=E=Z=28c==5552=2=3222=2=22c=227=257872=2228=2F=555c=3%225858=5%2=2=
SZZ=2c55553287828855328325505553vwgs3253285833252035222225252858553
SIS =8c=5ZZZ2Z22Z5>555233335380c5w35338Z7Z5285238552593 3705353835528 558555
SEEc======zzz2273222p8c=22222252532=2ZFc=322825F=32225%2=%
SlpoEBZEEERREBRBIBIBERBWCES5552275852582755555503555555558255255>
SlevwBdEZ33525Z5852Z53852Z»|°=2555855555555522Z2Z2Z3|°c5»5552ZZ=82Z555555552

(S

)
Q

TABLE V
CONSOLIDATION OF DIVERSE DECISION-MAKER MATRIX D

(0.653,0.212,0.477,0.000, 0.000, —0.284)

{0.674,0.108, 0.472, —0.183, —0.225, —0.252)

C
{0.805,0.163,0.471, —0.369, —0.276, —0.283)
0

[}
0
(0.718,0.182, 0.461, —0.331, —0.239, —0.248)

(0.538,0.215, 0.330, —0.223, —0.185, —0.192)

(0.616, 0.222, 0.483, 0.000, —0.25, 5 — 0.280)

CL
&)
Ca

C20
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TABLE VI
SCORE INFLUENCE MATRIX S

C; 1 [ C3 Cy Cs Cr Cs Cy C1o C11 C12 C13 Cla C1s C1e C1i7 C1s C19 Cao
Ch 0.000  0.012 0.011 0.016 0.016  0.032 0.015 0.034 -0.014 0.015 0.017 0.023 0.029 -0.005 0.016 0.023 0.015 0.040 -0.007  -0.015
Co -0.003  0.000  0.007 0.023 0.045 0.023 0.007 0.023 0.030 -0.005 0.016 0.034 0.015 0.032 -0.011  -0.005 0.011 0.023 -0.011 0.021
C3 -0.015 0.015 0.000 0.022 0.023 0.040 0.023 0.016 0.039 0.017 0.021 0.016 0.013 0.015 0.040 0.022 -0.011 0.023 -0.011 0.021
Cy 0.023 0.015  0.023 0.000 0.033 0.023 0.040 0.023 0.011 0.033 -0.003 0.011 0.039 0.040 0.016 0.011 0.023 0.040 0.012 -0.003
Cs 0.016 0.015  0.023 0.023 0.000  0.015 0.039 0.016 0.023 0.015 0.023 0.040 -0.003 0.012 0.023 -0.011 0.032 -0.015 0.023 0.040
Cs 0.015 0.015 0.040  0.006 0.023 0.000 0.033 0.023 0.040 0.039 0.011 0.017 0.023 0.029 -0.017 0.016 0.016 0.012 0.023 0.016
Cr 0.033 0.015 0.016 0.016 0.023 0.023 0.000 0.015 0.023 0.016 -0.003 0.023 0.015 -0.003 0.040 -0.003 0.015 0.016 0.016 -0.003
Cy 0.039 0.033  0.016 0.016 0.039 0.040  -0.003 0.000 0.015 0.023 0.045 -0.003 0.013 -0.003 0.032 0.015 0.024 -0.005 0.017 -0.003
Cy 0.016 0.033  0.023 0.013 0.023 0.040 0.005 0.023 0.000 0.015 0.023 0.040 -0.011  -0.003 0.013 0.015 0.032 0.016 0.024 -0.005
Cho 0.016 0.011  0.033 0.040 -0.011  0.023 -0.014 0.023 0.015 0.000 0.015 0.023 0.023 0.040 0.016 -0.016 0.015 0.040 0.040 -0.003
(& 0.040 0.015 0.024 0.016 0.022 0.023 0.030 0.023 0.015 0.015 0.000 0.016 0.023 0.029 0.023 0.017 -0.015 0.023 0.033 0.040
Ci2 0.023 0.024  0.015 0.032 0.016  0.034 0.015 0.016 0.016 -0.003 0.023 0.000 0.015 0.040 0.040 0.017 0.016 0.016 -0.003 0.021
Ci3 0.015 0.033  0.015 0.016 0.011 0.039 0.040 -0.014  0.015 0.023 0.016 0.015 0.000 0.015 0.023 0.040 0.021 -0.017 0.023 0.016
Cla 0.023 0.015  0.033 0.040 0.017 0.015 0.033 0.015 0.016 0.021 0.023 0.011 0.023 0.000 -0.003 0.029 0.023 0.013 -0.003 0.016
Cis 0.016 0.033  0.012 0.015 0.033 0.040 0.017 0.015 0.012 0.040 -0.014  0.015 0.023 0.023 0.000 0.029 0.023 0.013 -0.003 0.016
Cie 0.040 0.023  0.029 0.023 0.024  0.023 0.032 0.015 0.013 0.016 0.021 0.023 0.015 0.023 0.023 0.000 0.033 0.023 0.017 0.016
Ci7 0.033 0.033  0.040 0.017 0.015 0.033 0.040 0.017 0.015 0.015 0.040 -0.014 0.013 -0.003 0.023 0.023 0.000 0.015 0.016 0.016
Cig 0.040 0.015 0.033 0.033 0.016  0.011 0.039 0.040 0.023 0.015 0.040 0.016 0.011 0.023 0.040 0.023 -0.003 0.000 0.012 0.023
Cio 0.040 0.015 0.033 0.015 0.015 0.033 0.040 0.017 0.015 0.033 0.040 -0.021 0.015 -0.003 0.023 0.023 -0.003 0.015 0.000 0.015
Cao 0.014 0.015 0.024  -0.005 0.015 0.040 0.040 0.015 0.012 0.040 0.033 0.015 0.022 0.023 0.030 -0.005  -0.003 0.015 0.015 0.000
TABLE VII
THE NORMALIZATION INDEX MATRIX X = ¢S
C; Ci Cy C3 Cs Cr Cs Co Cio Cn Ci2 Cis Cus Cis Ci6 Cir Cis Cio Cao
Ch 0.000 0.023 0.020 0.029 0.030  0.059 0.027 0.064  -0.023  0.028 0.032 0.041 0.053  -0.009 0.031 0.041 0.027 0.074  -0.015 -0.029
Ca -0.007  0.000 0.014  0.041 0.082  0.041 0.014 0.041 0.056  -0.009  0.030 0.064 0.027 0.059 -0.017 -0.009  0.020 0.041 -0.017  0.038
C3 -0.026  0.027  0.000  0.040 0.041 0.073  0.041 0.031 0.072 0.032 0.039 0.030 0.025 0.027 0.073 0.041 -0.019  0.041 -0.017  0.038
Cy 0.041 0.027  0.041 0.000 0.060  0.041 0.073 0.041 0.020 0.060 -0.006  0.020 0.072 0.073 0.029 0.020 0.041 0.073 0.023 -0.007
Cs 0.030  0.027 0.041 0.041 0.000  0.027 0.072 0.030 0.041 0.027 0.041 0.074 -0.006 0.021 0.041 -0.018 0.059 -0.026 0.041 0.073
Cs 0.028 0.027  0.074  0.007 0.041 0.000 0.060 0.041 0.073 0.072 0.020 0.032 0.041 0.053 -0.033 0.029 0.030 0.021 0.041 0.030
Cr 0.060  0.027  0.029 0.030 0.041 0.041 0.000 0.027 0.041 0.030 -0.007 0.041 0.027 -0.006 0.074 -0.007 0.027 0.029 0.030 -0.007
Cy 0.072 0.059  0.029 0.031 0.072  0.073  -0.007 0.000 0.027 0.041 0.082 -0.007 0.025 -0.007 0.059 0.027 0.044 -0.009 0.032 -0.007
Cy 0.030  0.059 0.041 0.025 0.041 0.074 0.009 0.041 0.000 0.027 0.041 0.074 -0.019  -0.006 0.025 0.027 0.059 0.030 0.044 -0.009
Chio 0.029 0.020 0.060  0.073 -0.018  0.041 -0.026 0.041 0.027 0.000 0.027 0.041 0.041 0.074 0.030 -0.030 0.027 0.074 0.073 -0.007
Cu 0.074  0.027 0.044  0.030 0.040  0.041 0.056 0.041 0.027 0.027 0.000 0.029 0.041 0.053 0.041 0.032 -0.029 0.041 0.059 0.073
Ci2 0.041 0.044  0.027 0.059 0.030  0.064 0.027 0.029 0.030 -0.007 0.041 0.000 0.027 0.073 0.074 0.032 0.029 0.031 -0.007 0.038
Ci3 0.027 0.060 0.027 0.029 0.020 0.072 0.073 -0.025 0.027 0.041 0.030 0.027 0.000 0.027 0.041 0.073 0.039 -0.028 0.041 0.030
Cla 0.041 0.028 0.060  0.073 0.032  0.028 0.060 0.028 0.030 0.038 0.041 0.020 0.041 0.000 -0.007 0.053 0.041 0.025 -0.007 0.030
Cis 0.030  0.059 0.021 0.028 0.060  0.073 0.032 0.028 0.021 0.073 -0.023 0.027 0.041 0.041 0.000 0.053 0.041 0.025 -0.007 0.030
Cie 0.073 0.041  0.053 0.041 0.044  0.041 0.059 0.027 0.025 0.030 0.038 0.041 0.028 0.041 0.041 0.000 0.060 0.041 0.032 0.030
Cir 0.059 0.060 0.073 0.032 0.028 0.060 0.073 0.032 0.028 0.027 0.074 -0.023 0.025 -0.007 0.041 0.041 0.000 0.027 0.029 0.030
Cig 0.073 0.027  0.060  0.059 0.029 0.020 0.072 0.073 0.041 0.027 0.073 0.030 0.020 0.041 0.073 0.041 -0.007 0.000 0.021 0.041
Chg 0.073 0.027  0.059 0.027 0.028 0.060 0.073 0.032 0.028 0.060 0.073 -0.037 0.027 -0.007 0.041 0.041 -0.007 0.027 0.000 0.027
Cho 0.025 0.027  0.044  -0.009 0.027 0.073 0.074 0.028 0.021 0.073 0.060 0.027 0.040 0.041 0.056 -0.009  -0.007 0.027 0.027 0.000
TABLE VIIL
THE TOTAL-RELATION MATRIX T

Ci Ci Cs Cs Cy Cs Ce C7 Cs Cy Cio Cii Ci2 Cis Cia Cis Cie Cir Cis Cig Cao

Cy 0.057 0.073 0.079 0.080 0.083 0.126 0.088 0.108 0.025 0.076 0.077 0.083 0.096 0.040 0.081 0.078 0.065 0.109 0.020 0.008

Cy 0.050 0.052 0.074 0.091 0.133 0.111 0.078 0.089 0.102 0.042 0.080 0.107 0.067 0.102 0.032 0.026 0.058 0.076 0.013  0.072

C3 0.038 0.089 0.071 0.098 0.107 0.154 0.111 0.086 0.128 0.093 0.090 0.086 0.073 0.086 0.126 0.078 0.028 0.088 0.021  0.076

Cy 0.118 0.101  0.127 0.076 0.133 0.142 0.157 0.109 0.088 0.130 0.065 0.082 0.130 0.131  0.101 0.071 0.096 0.126 0.066 0.041

Cs 0.091 0.08 0.111 0.098 0.066 0.118 0.140 0.086 0.097 0.090 0.098 0.120 0.048 0.074 0.103 0.020 0.098 0.028 0.077 0.107

Cs 0.096 0.094 0.149 0.080 0.108 0.096 0.135 0.103 0.133 0.134 0.088 0.087 0.094 0.107 0.039 0.071 0.075 0.076 0.084 0.068

Cr 0.111  0.082 0.087 0.079 0.097 0.116 0.060 0.078 0.088 0.081 0.043 0.086 0.071 0.039 0.121 0.033 0.068 0.070 0.057 0.027

Cy 0.133  0.120  0.101  0.089 0.137 0.157 0.071 0.061 0.085 0.104 0.136 0.051 0.078 0052 0.111 0.069 0.087 0.045 0.070 0.039

Cy 0.093 0.119 0.113 0.084 0.108 0.155 0.081 0.102 0.059 0.086 0.101 0.120 0.032 0.050 0.082 0.068 0.098 0.079 0.079 0.034

Cio | 0092 0.081 0.131 0.132 0.046 0.127 0.051 0.100 0.084 0.064 0.088 0.085 0.096 0.125 0.086 0.023 0.066 0.122 0.104 0.034

Ci1 | 0.147  0.099 0.126 0.099 0.116 0.144 0.141 0.110 0.093 0.104 0.069 0.091 0.104 0.114 0.114 0.079 0.025 0.100 0.101  0.113

Chr2 | 0.111  0.111 0.105 0.122  0.103 0.154 0.111 0.092 0.090 0.066 0.101 0.059 0.087 0.130 0.132 0.079 0.078 0.084 0.034 0.080

Ch13 | 0.090 0.118 0.100 0.087 0.084 0.155 0.143 0.032 0.086 0.103 0.080 0.081 0.053 0.083 0.09 0.109 0.082 0.025 0.078 0.066

Chra | 0.109  0.091 0.133  0.133 0.098 0.117 0.136 0.087 0.087 0.100 0.101 0.076 0.097 0.057 0.062 0.095 0.087 0.079 0.037 0.067

Cy15 | 0.091 0.121 0.097  0.091 0.124  0.157 0.104 0.086 0.082 0.132 0.037 0.084 0.094 0.099 0.058 0.091 0.092 0.074 0.036 0.067

Ci6 | 0.150 0.117 0.139 0.117 0.124 0.149 0.149 0.101 0.094 0.104 0.108 0.105 0.093 0.106 0.117 0.053 0.112 0.105 0.073  0.076

Ci7 | 0128 0.125 0.147 0.094 0.101 0.154 0.150 0.096 0.091 0.097 0.132 0.037 0.082 0.054 0.107 0.086 0.045 0.086 0.070 0.071

Cig | 0.154 0.108 0.147 0.136 0.116 0.134¢ 0.161 0.146 0.112 0.109 0.141 0.097 0.090 0.110 0.151 0.096 0.053 0.068 0.068 0.088

Cig | 0.137 0.089 0.131 0.088 0.094 0.148 0.143 0.092 0.086 0.125 0.126 0.022 0.084 0.051 0.104 0.082 0.039 0.084 0.043 0.065

Cy | 0090 0.089 0.116 0.056 0.092 0.158 0.141 0.086 0.082 0.134 0.115 0.083 0.094 0.098 0.114 0.035 0.038 0.079 0.069 0.041
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TABLE IX
SUMMATIONS OF ROWS AND COLUMNS
Criteria R D R+D R—D Influence group
Ch 14516  2.0856  3.5372  -0.6340 Effect
Co 1.4538 1.9683  3.4221 -0.5146 Effect
C3 1.7260  2.2811  4.0070  -0.5551 Effect
Cy 2.0884 1.9323 4.0207  0.1561 Cause
Cs 1.7610  2.0688  3.8298  -0.3078 Effect
Ce 19170 27714  4.6884 -0.8544 Effect
Cy 1.4922 23490 3.8411  -0.8568 Effect
Cs 1.7968 1.8489  3.6458  -0.0521 Effect
Co 1.7417 1.7907 3.5324 -0.0490 Effect
C1o 1.7361  1.9757 3.7117  -0.2396 Effect
Ci1 2.0877 1.8733  3.9611 0.2144 Cause
Ci2 1.9272  1.6407 3.5679  0.2865 Cause
Ci3 1.7519  1.6630 3.4149  0.0889 Cause
Cia 1.8497 1.7054  3.5551 0.1443 Cause
Cis 1.8154 19363 3.7516  -0.1209 Effect
Ci6 2.1922  1.3402 3.5323  0.8520 Cause
Cir 19528 1.3912  3.3440  0.5616 Cause
C1s 2.2852  1.6047  3.8899  0.6805 Cause
Ci9 1.8324  1.1994 3.0318  0.6330 Cause
Cao 1.8072 1.2402 3.0474 0.5670 Cause
TABLE X

RANKING OF CAUSE-AND-EFFECT GROUPS

Cause group  Ranking | Effect group  Ranking

Cis6 1 Co I

C1g 2 Cg 2

C1o 3 C1s 3

Cao 4 C1o 4

C17 5 Cs 5

Ci2 6 Co 6

C11 7 Cs 7

Cy 8 Cq 8

C14 9 Ceg 9

C13 10 Cr 10
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Fig. 2. Cause-effect diagram of small and micro enterprises.
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TABLE XI

THE NEW TOTAL RELATION MATRIX

Ci |Ci Cy (O3 Cys Cs Csg C;r Cs C9g Cip Cin Ci2 Ciz Cia Cis5 Cig Ciz Cig Cig Cxp
[ 0 0 0 0 0 1 0 1 0 0 0 0 1 0 0 0 0 1 0 0
Ca 0 0 0 0 1 1 0 0 1 0 0 1 0 1 0 0 0 0 0 0
Cs3 0 0 0 1 1 1 1 0 1 1 0 0 0 0 1 0 0 0 0 0
Cy 1 1 1 0 1 1 1 1 0 1 0 0 1 1 1 0 1 1 0 0
Cs 0 0 1 1 0 1 1 0 1 0 1 1 0 0 1 0 1 0 0 1
Cs 1 1 1 0 1 1 1 1 1 1 0 0 1 1 0 0 0 0 0 0
Cr 1 0 0 0 1 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0
Cs 1 1 1 0 1 1 0 0 0 1 1 0 0 0 1 0 0 0 0 0
Co 1 1 1 0 1 1 0 1 0 0 1 1 0 0 0 0 1 0 0 0
Cio 1 0 1 1 0 1 0 1 0 0 0 0 1 1 0 0 0 1 1 0
C11 1 1 1 1 1 1 1 1 1 1 0 0 1 1 1 0 0 1 1 1
C12 1 1 1 1 1 1 1 1 0 0 1 0 0 1 1 0 0 0 0 0
C13 0 1 1 0 0 1 1 0 0 1 0 0 0 0 1 1 0 0 0 0
C14 1 0 1 1 1 1 1 0 0 1 1 0 1 0 0 1 0 0 0 0
Cis 0 1 1 0 1 1 1 0 0 1 0 0 1 1 0 0 1 0 0 0
C1i6 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 0 0
C17 1 1 1 1 1 1 1 1 0 1 1 0 0 0 1 0 0 0 0 0
C1s 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 0 0 0 0
C19 1 0 1 0 1 1 1 1 0 1 1 0 0 0 1 0 0 0 0 0
Cao 0 0 1 0 1 1 1 0 0 1 1 0 1 1 1 0 0 0 0 0
TABLE XII
WEIGHT ASSIGNMENT OF EXPERTS DURING SENSITIVITY TESTS
Test Expertl  Expert 2  Expert 3
Test 1 0.5 0.3 0.2
Test 2 0.3 0.5 0.2
Test 3 0.2 0.3 0.5
TABLE XIII
RANKING OF EXPERTS BASED ON SENSITIVITY
Original Test 1 Test 2 Test 3
Criteria  Ranking Influence group | Ranking Influence group | Ranking Influence group | Ranking Influence group
C1 18 Effect 18 Effect 18 Effect 19 Effect
Co 16 Effect 14 Effect 16 Effect 17 Effect
Csy 17 Effect 16 Effect 17 Effect 16 Effect
Cy 8 Cause 9 Cause 7 Cause 8 Cause
Cs 15 Effect 17 Effect 14 Effect 14 Effect
Ceg 19 Effect 19 Effect 20 Effect 20 Effect
Cr 20 Effect 20 Effect 19 Effect 18 Effect
Cg 12 Effect 12 Effect 11 Effect 9 Cause
Co 11 Effect 11 Effect 12 Effect 10 Cause
C1o 14 Effect 15 Effect 15 Effect 15 Effect
Ci1 7 Cause 10 Cause 8 Cause 7 Cause
C12 6 Cause 5 Cause 6 Cause 6 Cause
C13 10 Cause 8 Cause 9 Cause 11 Effect
Chiy 9 Cause 7 Cause 10 Cause 12 Effect
C1s 13 Effect 13 Effect 13 Effect 13 Effect
C1g 1 Cause 1 Cause 1 Cause 3 Cause
C17 5 Cause 2 Cause 4 Cause 5 Cause
C1s 2 Cause 3 Cause 2 Cause 1 Cause
C1g 3 Cause 4 Cause 5 Cause 2 Cause
Cao 4 Cause 6 Cause 3 Cause 4 Cause
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Fig. 3.
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Fig. 4. Cause-effect diagram of small and micro enterprises of Test 2.
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Cause-effect diagram of small and micro enterprises of Test 3.
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