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Abstract : In those day, the Busan local government had instituted a rule to support and enhance competition as well as improve respect for the ship
management industry. This study aims to extract the cause factors to enhance such competition using intuitionistic decision making trial and evaluation
laboratory (DEMATEL) and interpretive structural modeling (ISM) methods. First, eight factors were extracted from the specifications in the Ship
Management Industry Development Act. Second, the intuitionistic fizzy number was converted to a crisp number using the standard fuzzy number. Third,
the influence relationship was analyzed using DEMATEL, and the priority ranks for the factors are determined using ISM. From the results of the impact
relationship analysis, the three main cause factors were determined as improvement of technical ship management capability, improvement of expertise of
manpower for onshore management, and improvement of the quality of the Korean seafarer. The priorities under the ISM method, in descending order,
were as follows: improvement of the quality of Korean seafarers, improvement of professionalism among the manpower for shore management,
improvement of technical ship management capability, improvement of commercial ship management capability, establishment of a comprehensive
information system, improvement of the working conditions and employment environment for seafarers, financial support such as overseas orders, and
strengthening the availability of foreign seafarers. Therefore, it is necessary to prioritize policy promotion based on these factors, especially the top three,

as these have the highest impact.

Key Words : Ship management industry, Competition, Intuitionistic fuzzy, DEMATEL (Decision Making Trial and Evaluation Laboratory), ISM
(Interpretive Structural Modeling)
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Table 1. Activity range in ship management industry
Authors

Lee et al.(2010)| Ship construction, Ship operation, Ship repair
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Fig. 1. The evaluation model on serious maritime accident risk.



, T1utel] AubtE)abe] 4 - HHE 98k Has A}
gojtt, gt Tl weh Autme|sbdel S47 A F
5 flste] AR Autaeaty B THHEA|H 45
A AL, e L T8 S T A, AutaardA
7} #EshE AhQEH(@] =l AYdE s Egeithe] dg
3 I A FAS Q3 AA E A, ke e
of mE Mo 22x 9 u§3A sl et X4, 7]
=4 -4 Mutge] 9 Aus 3 A9, Aukde] A
o] §4E flste] Hash wsH| 5 A9, 1ytol] Aut
HEtg el $48 flste UEHE R A= A 9
AME T 4 itk kA SRl WAlE AlE ) A QAL
AES AAY FHLAE st HARFS TS Table 29}
ol = AN, A F2FE 2 83 A,
7= Adubge] 9% Ao, S IE e Alx, T
HEAZETS, 58§ 5 A9, =9 Ad 35 23l 34
A Adutke] AgAa 5 gl 81w A4 S 9k

Table 2. The elements to enhance the competition in ship

management industry

No Elements

cl | Improving the quality of Korean seafarer

Improvement of seafarer working conditions and employment

c2 -
environment

c3 | Enhancement of technical ship management capabilities

c4 | Enhancement of expertise of shore management personnel

c5 | Comprehensive information system construction

c6 | Financial support such as overseas orders

Table 3. Ship operation of the initial direct-relation matrix in IFS

SO cl c2 c3 A cS c6 c7 c8
cl 0,0) (1,0 (1,0) (1,0) ](0.9,0.1)[(05,0.1)| (1,0 (1,0)
2 (1,0 0,0) (1,00 [(090.1)| (1,0) |(02,0.1)|(0.50.1)| (1,0)
c3 [[(0.5,0.1) [ (0.5,0.1)| (0,0) |(0.50.1)](0.4,0.1)|(0.7,0.1) [ (0.2,0.1)| (1,0)

a || o 070D @0 | 00 | 020 | 090 |0901)] 1,0
5 |[070.0] 0501 ]0501)] 070 | 00 | 020) |040.1)]050.1)
6 |[(05,03)](0.50.D)] (050.1)] 04,01 ] 050.1)| ©0) |0.501)] (0.70)
7 1[05,03) ] 040D)] ©0.D) |©0201)]050.1] 002 | ©0) |050.1)

8 |[07,0.0] 040D ] 070 |©0501)] 07,0 |©050.1)]0250.D] 0,0

cl: Improving the quality of Korean seafarer, c2: Improvement of seafarer working
conditions and employment environment, c3: Enhancement of technical ship
management capabilities, c4: Enhancement of expertise of shore management
personnel, ¢5: Comprehensive information system construction, c6: Financial support
such as overseas orders, c7: Strengthening the supply of foreign seafarers, c8:
Enhancement of commercial ship management capabilities

Table 33} o] &g HoA 8A7F JIAA ] FAHL
03°]3KF, FAIHEE 07 ol’h=E etttk 2(7)el uhef
Table 38 ZZFHA A3 o= T3EA Table 49+ 2T}

Table 4. Ship operation of the initial direct-relation matrix in

standard fuzzy subsets

SO cl c2 c3 c4 cS c6 c7 c8
cl 0 1 1 0.9 0.7 1 1
2 1 0 1 0.9 1 0.55 0.7 1
c3 0.7 0.7 0 0.7 0.65 0.8 0.55 1
c4 1 0.8 1 0 0.6 0.95 0.9 1
c5 0.8 0.7 0.7 0.85 0 0.6 0.65 0.7
c6 0.6 0.7 0.7 0.65 0.7 0 0.7 0.85
c7 0.6 0.65 0.45 0.55 0.7 04 0 0.7

c7 | Strengthening the supply of foreign seafarers

c8 0.8 0.65 0.85 0.7 0.85 0.7 0.575 0

c8 | Enhancement of commercial ship management capabilities
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cl: Improving the quality of Korean seafarer, c2: Improvement of seafarer working
conditions and employment environment, c3: Enhancement of technical ship
management capabilities, c4: Enhancement of expertise of shore management
personnel, c5: Comprehensive information system construction, c6: Financial support
such as overseas orders, c7: Strengthening the supply of foreign seafarers, c8:
Enhancement of commercial ship management capabilities
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FHol FEAAG R HIA A o] SFE
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Table 5. Ship operation of the initial direct-relation matrix in
crisp values

aEE Adutdeibql el A Ak ddad] =

Al el A el T A sk 23 BA| Y H 2 Table 83 2t

Table 8. ship breaking of the initial direct-relation matrix in crisp

SO cl c2 c3 c4 c5 c6 c7 c8 values

cl 0 4 4 4 3.6 2.8 4 4

2 4 0 4 36 4 22 2.8 4 SB cl c2 c3 c4 c5 c6 c7 c8
a3 28 28 0 28 26 32 22 4 cl 0 24 24 22 28 3 3 3.6
4 4 32 4 0 24 3.8 3.6 4 2 2 0 2.6 24 2.8 3 2.6 2

5 32 28 2.8 34 0 24 2.6 2.8 c3 2.8 24 0 3.2 36 3 2 34

c6 24 2.8 2.8 2.6 2.8 0 2.8 3.4
c7 24 2.6 1.8 22 2.8 1.6 0 2.8
c8 32 2.6 3.4 2.8 3.4 2.8 2.3 0

cl: Improving the quality of Korean seafarer, c2: Improvement of seafarer working
conditions and employment environment, c3: Enhancement of technical ship
management capabilities, c4: Enhancement of expertise of shore management
personnel, c¢5: Comprehensive information system construction, c¢6: Financial support
such as overseas orders, c7: Strengthening the supply of foreign seafarers, c8:
Enhancement of commercial ship management capabilities

2 A=z, £, oA X MA FHoM Y LAY

ojdel AadE xd, o, diA T AFFd 2 AA
Feell A A aAPE 2 el 5 vk WA dx2gH
A YA sk A3 dAI Y E2 Table 67 2t}

Table 6. Ship construction of the initial direct-relation matrix in
crisp values

SC cl c2 c3 A cS c6 c7 c8
cl 0 2.8 34 3 3.6 2.6 2.8 32
2 2 0 2.6 22 3 2.8 2 2
c3 2.6 24 0 34 2.8 32 2.4 3.8
c4 2 3.6 3.6 0 3.6 2.6 3 4
c5 34 2.8 34 2.8 0 2.2 2.6 2.8
c6 24 22 2.6 2.8 34 0 2.4 32
c7 2 24 22 2 2.6 2.2 0 2.4
c8 3.8 3.6 3 4 3 3.6 2 0

cl: Improving the quality of Korean seafarer, c2: Improvement of seafarer working
conditions and employment environment, c3: Enhancement of technical ship
management capabilities, c4: Enhancement of expertise of shore management
personnel, ¢5: Comprehensive information system construction, c¢6: Financial support
such as overseas orders, c7: Strengthening the supply of foreign seafarers, c8:
Enhancement of commercial ship management capabilities

el ool ] T A|sketk 24 WA E 2 Table 79 2T

Table 7. Ship repair of the initial direct-relation matrix in crisp

c4 2.4 24 2.6 0 2.8 2.6 2.6 3.4
c5 3.4 2.6 3 4 0 2 3
3
3

c6 22 22 2 2 0 22 3
c7 22 24 24 2.6 2.6 0 22
c8 3 32 32 3.8 3 4 2.2 0

cl: Improving the quality of Korean seafarer, c2: Improvement of seafarer working
conditions and employment environment, c3: Enhancement of technical ship
management capabilities, c4: Enhancement of expertise of shore management
personnel, ¢5: Comprehensive information system construction, c6: Financial support
such as overseas orders, c¢7: Strengthening the supply of foreign seafarers, c8:
Enhancement of commercial ship management capabilities

pEte 2 Az, &7, e, A 5 e A5 99

& wE FgE A2 Je) GNP Table 99 Pk

Table 9. The initial direct-relation matrix in crisp values

All cl c2 c3 c4 cS c6 c7 c8

cl 0 114 12.6 12 134 11.2 12.8 14.6
c2 10 0 12 11.2 12.8 84 10.2 104
c3 10.6 11.2 0 13 12.6 12.8 10.2 15
c4 11 13 13.8 0 124 12 122 14.2
c5 134 11 12.6 132 0 8.6 11 124
c6 8.8 92 11 10.6 11.8 0 9.6 12.8
c7 8.4 94 8.8 102 11 9.6 0 9.2
c8 12.8 12.2 12.6 13.2 12.4 134 8.9 0

cl: Improving the quality of Korean seafarer, c2: Improvement of seafarer working
conditions and employment environment, c3: Enhancement of technical ship
management capabilities, c4: Enhancement of expertise of shore management
personnel, ¢5: Comprehensive information system construction, c6: Financial support
such as overseas orders, c¢7: Strengthening the supply of foreign seafarers, c8:
Enhancement of commercial ship management capabilities

4.2 ®A FHoM g7t AL 24 I MR EF
1) A SFoM 7H5Z s 8 =2y

Table 95 21(10)~ 2(11)& ©]-&3}o] A+f3}5} Table 103}
zu}

values Table 10. Normalized direct-relation matrix

SR cl c2 c3 A cS c6 c7 c8 All cl c2 c3 A cS c6 c7 c8

cl 0 22 2.8 2.8 34 2.8 3 3.8 cl 0.00 0.13 0.14 0.14 0.15 0.13 0.14 0.16
c2 2 0 2.8 3 3 0.4 2.8 24 c2 0.11 0.00 0.14 0.13 0.14 0.09 0.12 0.12
c3 24 3.6 0 3.6 3.6 34 3.6 3.8 c3 0.12 0.13 0.00 0.15 0.14 0.14 0.12 0.17
4 2.6 3.8 3.6 0 3.6 3 3 2.8 4 0.12 0.15 0.16 0.00 0.14 0.14 0.14 0.16
c5 34 2.8 34 3 0 2 2.8 2.8 c5 0.15 0.12 0.14 0.15 0.00 0.10 0.12 0.14
c6 1.8 2 3.6 22 3.6 0 2.2 3.2 c6 0.10 0.10 0.12 0.12 0.13 0.00 0.11 0.14
c7 1.8 2 24 3 3 3.2 0 1.8 c7 0.09 0.11 0.10 0.12 0.12 0.11 0.00 0.10
c8 2.8 2.8 3 2.6 3 3 24 0 c8 0.14 0.14 0.14 0.15 0.14 0.15 0.10 0.00

cl: Improving the quality of Korean seafarer, c2: Improvement of seafarer working
conditions and employment environment, c3: Enhancement of technical ship
management capabilities, c4: Enhancement of expertise of shore management
personnel, c5: Comprehensive information system construction, c¢6: Financial support
such as overseas orders, c7: Strengthening the supply of foreign seafarers, c8:
Enhancement of commercial ship management capabilities

cl: Improving the quality of Korean seafarer, c2: Improvement of seafarer working
conditions and employment environment, c3: Enhancement of technical ship
management capabilities, c4: Enhancement of expertise of shore management
personnel, c5: Comprehensive information system construction, c6: Financial support
such as overseas orders, c7: Strengthening the supply of foreign seafarers, c8:
Enhancement of commercial ship management capabilities
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Table 11. Total relation matrix

All || cl c2 c3 A cS c6 c7 c8 D
cl || 1.23 | 137 | 147 | 146 | 1.51 | 1.35 | 134 | 1.56 | 11.28
2| 1.17 | 1.09 | 129 | 128 | 1.33 | 1.16 | 1.16 | 134 | 9.81

c3 | 1.30 | 134 | 131 | 144 | 147 | 1.33 | 129 | 1.53 | 11.01
c4 | 1.34 | 139 | 148 | 135 | 1.51 | 1.36 | 134 | 1.56 | 11.34
c5 | 1.29 | 130 | 140 | 140 | 131 | 1.26 | 1.26 | 146 | 10.68

c6 || 1.14 | 1.17 | 1.26 | 1.26 | 1.30 | 1.06 | 1.14 | 1.34 | 9.66
c7 ] 1.04 | 1.07 | 1.14 | 1.15 | 1.18 | 1.06 | 094 | 1.19 | 8.78
c8 | 1.33 | 135 | 144 | 144 | 147 | 1.34 | 128 | 1.39 | 11.04
R || 9.84 | 10.09 | 10.78 | 10.78 | 11.08 | 9.93 | 9.75 | 11.36

cl: Improving the quality of Korean seafarer, c2: Improvement of seafarer
working conditions and employment environment, c¢3: Enhancement of technical
ship management capabilities, c4: Enhancement of expertise of shore management
personnel, c¢5: Comprehensive information system construction, c6: Financial
support such as overseas orders, c7: Strengthening the supply of foreign seafarers,
c8: Enhancement of commercial ship management capabilities
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Table 12. Result of prominence-relation

DR D-R Cause-effect | Prominence-relation
cl 21.12 1.44 Cause Minor key factor
c2 19.90 -0.28 Effect Independent factor
c3 21.79 0.23 Cause Key factor
c4 22.12 0.55 Cause Key factor
c5 21.77 -0.40 Effect Indirect factor
c6 19.59 -0.26 Effect Independent factor
c7 18.53 -0.97 Effect Independent factor
c8 22.40 -0.32 Effect Indirect factor

Average 21.45 -0.27

cl: Improving the quality of Korean seafarer, c2: Improvement of seafarer working
conditions and employment environment, c3: Enhancement of technical ship
management capabilities, c4: Enhancement of expertise of shore management
personnel, c¢5: Comprehensive information system construction, c6: Financial support
such as overseas orders, c7: Strengthening the supply of foreign seafarers, c8:
Enhancement of commercial ship management capabilities

Minor key factors Key factors
100
050 3 +ch
.
0.00 +
-0.27t2m 1200 32000 1.00. 00. " 00
6 c5 : M
050 [« [« : 5 c8
1.00 +<7
2145

Independent factors Indirect factors

Fig. 2. Prominence-relation Map.

3) EA| YoM JiE K017 HEQ T AL 24
Zb @Qlo] s HAPH] HF kel 1.34 o] golH 12
E718ke] AE 297 JFBAS Ve Table 1374 2t}

Table 13. Network relation matrix

All cl 2 c3 A cS c6 c7 c8
cl 1 1 1 1 1 1 1 1
2 0 1 0 0 0 0 0 0
c3 0 1 0 1 1 0 0 1
c4 1 1 1 1 1 1 1 1
c5 0 0 1 1 0 0 0 1
c6 0 0 0 0 0 1 0 1
c7 0 0 0 0 0 0 1 0
c8 0 1 1 1 1 1 0 1
- Average: 1.34

cl: Improving the quality of Korean seafarer, c2: Improvement of seafarer working
conditions and employment environment, c3: Enhancement of technical ship
management capabilities, c4: Enhancement of expertise of shore management
personnel, ¢5: Comprehensive information system construction, c¢6: Financial support
such as overseas orders, c7: Strengthening the supply of foreign seafarers, c8:
Enhancement of commercial ship management capabilities

Table 138 18] 3}5}W Fig 33 2o Sa#eed A
A AlaL(cd), FAANY AETFY(cl) 802> BZE 29
off dgks Fa1, =l MY FF A3 (DLl BE 29l
of JFgs FA & 89loF YERRTH

Improving the quality |-
of Korean seafarer (C1]
\ Improvement of seafarer
S —— F, working conditions and
employment environment (c2)|

nhancement of commercial
| |ship management -
apabilities(c8)

L I\
|
."‘
[ | Strengthening the supply |/
| | of foreign seafarers (¢7) i
\ |
\ pl |
s I i
o I
I’ Financial support such as |.
\ overseas orders (c6) i

construction (c5)

Fig. 3. Network relation graph.
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Table 14. Structure Graph

o
W
Q
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o
-
(<]
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All cl
cl
c2
c3
4
c5
c6
c7
c8 0

average: 1.31

cl: Improving the quality of Korean seafarer, c2: Improvement of seafarer working
conditions and employment environment, c3: Enhancement of technical ship
management capabilities, c4: Enhancement of expertise of shore management
personnel, c¢5: Comprehensive information system construction, c¢6: Financial support
such as overseas orders, c7: Strengthening the supply of foreign seafarers, c8:
Enhancement of commercial ship management capabilities
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Table 15. Structure Sets

Reacélgtblhty Antsegtend Interssgtctlon Level | Rank
cl 1,2,3,4,5,6,7,8 1,4 1,4 5 1
c2 2 1,2,34,8 2 1 5
c3 2,3,4,5,8 1,4,5,8 4,58 3 3
c4 | 12345678 1,3,4,5,8 1,3,4,5,8 4 2
c5 34,58 1,3,4,5,8 34,8 1 5
c6 6,8 1,4,6,8 6,8 1 5
c7 7 1,4,7 7 1 5
c8 2,3,4,5,6,8 1,3,4,5,6,8 1,3,4,5,6,8 2 4

st4 Fig 49} 2t

Improving the quality
of Korean seafarer (C1
|

Enhancement of expertise|
of shore management
personnel (c4)

Table 152 L) =3}

Level 5

Level 4

cement of technical

Level 3

Level 2

Improvement of seafarer
working conditions and
employment_environment (c2)

Level 1 i i
information system overseas orders (c6) of foreign seafarers (c7)

Comprehensive Finandial support such as Strengthening the supply
construction (c5)

Fig. 4. Hierarchical structure.
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Table 16. Structure graph and rank in ship construction

SC|[ cl c2 c3 c4 c5 c6 c7 c8 Rank
cl 1 1 1 1 1 1 0 1 1
c2 0 1 0 0 0 0 0 0 7
c3 0 1 1 1 1 1 0 1 3
c4 1 1 1 1 1 1 0 1 3
c5 0 1 1 1 1 0 0 1 2
c6 0 0 1 1 1 1 0 1 3
c7 0 0 0 0 0 0 1 0 7
c8 1 1 1 1 1 1 0 1 3

cl: Improving the quality of Korean seafarer, ¢2: Improvement of seafarer working
conditions and employment environment, c3: Enhancement of technical ship
management capabilities, c4: Enhancement of expertise of shore management
personnel, ¢5: Comprehensive information system construction, c6: Financial support
such as overseas orders, c7: Strengthening the supply of foreign seafarers, c8:
Enhancement of commercial ship management capabilities

&g 9] $=9]= Table 173} o] k=Xl xF& 84k (cl)
= §33EE HAEg Ai(eh) > A 2221 2 183
4 M) > THHABA =R TFZ(S) = 58 & AY(c6) >
714 AukatE] A=k Aaue3) = 959l A I A3k
= FgA Adute] A GL(c8) O ToE YERTH
Table 17. Structure graph and rank in ship operation
SO cl c2 c3 c4 c5 c6 c7 c8 Rank
cl 1 1 1 1 1 1 1 1 1
c2 1 1 1 1 1 0 1 1 3
c3 0 0 1 0 0 0 0 1 6
c4 1 1 1 1 1 1 1 1 1
[ 0 0 1 0 1 0 0 1 4
c6 0 0 0 0 0 1 0 1 4
c7 0 0 0 0 0 0 1 0 6
c8 1 0 1 0 1 0 0 1 6

cl: Improving the quality of Korean seafarer, c2: Improvement of seafarer working
conditions and employment environment, c3: Enhancement of technical ship
management capabilities, c4: Enhancement of expertise of shore management
personnel, ¢5: Comprehensive information system construction, c¢6: Financial support
such as overseas orders, c7: Strengthening the supply of foreign seafarers, c8:
Enhancement of commercial ship management capabilities
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Table 18. Structure graph and rank in ship repair

SR cl c2 c3
cl
c2
c3
c4
c5
c6
c7
c8 0 1 1 0 1 6

cl: Improving the quality of Korean seafarer, c2: Improvement of seafarer working
conditions and employment environment, c3: Enhancement of technical ship
management capabilities, c4: Enhancement of expertise of shore management
personnel, c¢5: Comprehensive information system construction, c¢6: Financial support
such as overseas orders, c7: Strengthening the supply of foreign seafarers, c8:
Enhancement of commercial ship management capabilities
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Table 19. Structure graph and rank in ship breaking

SB cl c2 c3 A cS c6 c7 c8 Rank
cl 1 0 0 1 1 1 0 1 5
2 0 1 0 1 0 0 0 0 6
c3 1 0 1 1 1 1 0 1 3
c4 0 0 0 1 1 1 0 1 1
c5 1 1 1 1 1 1 1 1 2
c6 0 0 0 1 0 1 0 0 8
c7 0 0 0 1 0 0 1 0 6
c8 1 1 1 1 1 1 1 1 3

cl: Improving the quality of Korean seafarer, c2: Improvement of seafarer working
conditions and employment environment, c3: Enhancement of technical ship
management capabilities, c4: Enhancement of expertise of shore management
personnel, c¢5: Comprehensive information system construction, c¢6: Financial support
such as overseas orders, c7: Strengthening the supply of foreign seafarers, c8:
Enhancement of commercial ship management capabilities
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Table 20. Result of prominence-relation in each part

SC SO SR SB
cause
cl cause (Key factor) cause cause
cause
2 effect (Key factor) effect effect
cause cause
3 effect effect (Key factor) (Key factor)
cause cause cause
ot (Key factor) (Key factor) (Key factor) effect
cause
c5 effect effect effect (Key factor)
c6 effect cause cause effect
c7 effect effect effect effect
c8 cause effect effect cause

(Key factor) (Key factor)

cl: Improving the quality of Korean seafarer, c2: Improvement of seafarer working
conditions and employment environment, c3: Enhancement of technical ship
management capabilities, c4: Enhancement of expertise of shore management
personnel, ¢5: Comprehensive information system construction, c¢6: Financial support
such as overseas orders, c7: Strengthening the supply of foreign seafarers, c8:
Enhancement of commercial ship management capabilities
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