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Abstract : Reduced crew performance is frequently cited as a major dausal factor in maritime accident causation. Although considerable
research has been conducted on the hours of work undertaken by seglarers through interviews and the analysis of records, experimental
studies to observe the effects of factors such as high workload, shift patterns, stress, sleep deprivation and disturbance on the cognitive
performance of mariners have been limited. Other safety-critical transport industries, such as aviation and rail, have developed fatigue
management tools to help manage the work patterns of their ‘operators. Such a tool for mariners would assist shipboard crew, marine
pilots and shore management in planning and improving work schedules. The overall aim of this paper is to determine a fatigue factor,
which can be applied to hurman performance data, as part of a software program that calculates total cognitive performance. This program
enables us to establish the levels of cognitive performance of a group of marine pilots to test a decision-making task based on radar
information. This paper addresses one of the factors that may contribute to the determination of various fatigue factors: the effect of
different work patterns on the cognitive performance of a marine pilpt.

Key words : Cognitive performance, Human element, Collision scenatio, Marine pilot officer
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Fig. 2 Navigator model (Papenhuijzen, 1994)
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performance of marine pilots
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Fig. 5 Screen of evaluation for cognitive performance
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Table 1 Types of Scenarios

No. Scenarios Dirgg;ie(;rrll of
1 Rule 14 : Head-on Situation Normal
2 Rule 15 : Crossing Situation Normal
3 Rule 14 : Head-on Situation Normal
4 Rule 13 : Overtaking Normal
5 Rule 15 : Crossing Situation Normal
6 Rule 13 : Overtaking Normal
7 Rule 10 : grcz;lf(;figeieparate Normal
8 Rule 15 : Crossing Situation Opposite
9 Rule 14 : Head-on Situation Opposite
10 Rule 13 : Overtaking Opposite
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Fig. 6 Screen of a scenario on “Rule 10 (TSC)”
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## Basic Ability ## - e
* Sh;;uT:ype1 ‘y : Cargo Ship Oﬂ EH?} ‘ué 7}7]%0111}
= English : Good
R ek B aTle AR AAsd BrsU A3E d)
= How many years have you held that certificate? : 0 - - -
m o] &} &7 m o] Al BLIIALE Ao AE 8. A
88 Fatigue Level #% Bo“] oH‘_‘\L‘]'Q]'E)o—'] a9 oH} ‘—'Ho iaue =2
* O 11 Tired (1 £ h, 7: tired) : 1 =] = = =
* Duerall Tiredness (1-very Fresh, 7ivery tired) : 5 Aletgreh dudgez AAgE Avele 1€ AT 97P7<l
* Watch Keeping Time : 8 Hours /\]L]'I—‘L] _?_Oﬂ _:‘_,_' é._”_ﬁ @-‘“}' Table 3“’}' Table 40“ }\.1 ]'
## Route Inf ti M i = =] =
* nm; :ha:g:;g:lel?n CH : Change ing , €S : C - ’9’} 7ELOI Z}Z‘]— ‘\lé:'_\lL 9029’11‘ 74 O’Q §J 1:: }'O:], -6.@1'3“ 6%7}'9/] K|
= RT : ReturnTime , RH : ReturnHeading , RS : ReturnSpeed a~ o o L
= TRT : Total R Ti =l
= RD Dgs:anciszzn;:w }:‘u:ck as a Ratio of Origianal Track '—I'“7}' T'é Ol'ﬂ] E]'ME}'
No. oT CH cs RT RH RS CPA TRT RD
6 . . . .
S A A Table 3 Score by scenario and criteria (Expert)
y [} 050 15 7 357 16 1.47 125 1.03
5 5 065 12 10 355 15 0.84 134 1.05 S N A
b 0 (L1 18 0.5 360 18 .01 126 0.00 - L enario 2 3 4 5 6 7 8 9 10 V-el’aige
Criteria (Criteria)
. 1 Decision 10.0| 100] 10.0{ 10.0{ 10.0| 100} 10.0| 100| 100] 100
Fig. 7 Screen of test results h
2 Time to Change of 100} 100} 100| 100] 100| 100| 100| 100] 100 100
course (CT)
B A 2" = gAY s Ee Hrtslr] 9 ohe 3 New Heading (CH) 100| 83| 100] 100] 100| 83| 100| 00| 83| 83
7} 728 Scoring Index& T+t 4 New Speed (CS) 100| 100 10.0| 100] 100] 100| 10.0| 10.0{ 100] 100
O =539 58 : FEHFLS T /HNE FEI9 4T |5 I(‘,‘:rie"’(g?)mm to 100| 100] 100| 83 | 100} 100| 100| 83| 50| 92
sl 2Eo] wrAldl Aol thE U= Ao =3
ok S S8l M Aol e e Ae FEd 6 Final Heading (RH) | 10.0] 10.0| 10.0( 10.0{ 100( 10.0{ 100 100 100] 100
22 ol A T} 7o) dlefel= AL
T 3 BER JPte]l FaldE At 7 Final Speed (RS) 10.0{ 10.0] 10.0{ 100§ 100 10.0{ 100] 100| 100} 100
@ AdAg ARk Fofd AR dste] AAAS 7 8 DCPA 50| 00| 83| 50| 83| 100} 50100/ 100| 68
_8]-1:—' /\]ZJ:—% -’::‘—L—Xéfﬂ—\:}- O] }\]ZJ‘—% 26]E7}- E}\]% EF%LE“ 33_"3_’ 9 Total Response time 00| 83| 66| 50| 33| 66| 83| 83| 6.6 59
of EEjo] e W ARWES TEE ARAAZ B
N B - } ! ney 100{ 10.0] 10.0{ 100] 100 10.0[ 100| 10.0| 100} 10.0
® F2PE Yold 4% duede $HE HEg g |wano of ol b
a2 1ﬁo_1 X] %1 %@_—H O}: 7:“:6-:]% }‘]Z_}foﬂ E'_;g‘x*l Oﬂ E];E;_-%]_ Sub Total (Scenario) 85.0] 86.6| 94.9( 88.3[ 91.6] 94.9| 93.3; 86.6| 89.9]| 902
S olomz AYY FRERE oY JrE F2¥ WY
e Hmch AZE A oy FAT A BEE Table 4 Score by scenario and criteria (Cadet)
W groge] JEE YU
Scenario Average
Criteria z 31456782 (Criterfa)
Table 2 Evaluation criteria on the “Rule 15 "(Scenario 2, 5, 8) 1 Decision 100 | 88| 88| 88| 63| 88| 75| 88| 75| 83
Optimum Reasonable | Unacceptable 2 Time to Change of 100 | 100| 100| 88| 100| 100 88| 88| 75| 93
Criteria answer answer answer course (CT) ’ B B e e e I IR I ’
(10 points) (5 points) (0 point) 3 New Heading (CH) 63 | 25| 75| 63| 63| 88| 38| 25| 25| 51
. Port
1 Decision Starboard | Reduce Speed Stan. d_(:)rn 4 New Speed (CS) 100 | 10.0{ 10.0| 75| 50| 88100/ 100 10| 90
2 Time to Change . . Over 10 5 Time to Retum to
- t _ t ' 75 | 75| 63 88| 38| 63| 88| 63|37 65
of course (CT) 0-5 minutes | 5-10 minutes minutes course (RT)
. 020 - 04 0-0 6 Final Heading (RH) 88 | 63| 63| 75| 63] 75| 38| 50| 875 67
3 New Heading (CH) 040 — 050 050 068 >06020
) 7 Final Speed (RS) 100 | 100 100 88 [ 100 10.0[ 100] 100| 10| 99
4 New Speed (CS) Same (18) 0- 18 >18 8 DCPA 38 [ 00] 63| 501 38| 38| 50| 25| 25| 36
5 Time to Return to 10 - 15 . < 5 minutes 9 Total Response time 50 | 63| 63| 63| 63| 63| 75| 75| 625 64
R 5 - 10 minutes .
course (RT) minutes > 15 minutes 10 Distance of new track
. . > 001 as a ratio of original | 50 |10.0| 88| 100( 100/ 10.0| 75| 100| 10| 90
6 Final Heading (RH) 359 — 001 350 - 359 < 350 track
0 - 10 Sub Total (Scenario) 713 | 76.8| 825} 775 67.5| 80.0| 725| 71.3| 688 742
7 Final Speed (RS) 18 10 - 18 > 18
2.0 - 3.0 < 0.7
8 DCPA L0=20 o7 10 > 3.0 X3 Fig. 89 VERd nhs} 7ol 97}2]4 ZEA4e 90
. . . . o) Sl = 2= =M=}
9 Total Response time < 1 mins 1-3 minutes | > 3 minutes et A "ol oM E, g8 AETF] AT oiFEe
10 Divtance of o A2l A FaAke W c} 107 o4 ¥e ZloE
track as a ratio of < 1.05 < 1.25 > 1.25 (BRSARA
original track

- 633 -




1000
D00
8o
00
:15: @o )
o Ao
= a0
00
a0
100
%0 _Scenaro Scenario Scenario Scenario Scenario Scenaric Scenario Scenario  Scenario
. 5 5 7
Fig. 8 Comparison of total score by scenarios
£ A5 E HAME Y3 “Scoring Index” o], 53]
HE 8 7 Fad a4 HEHY A572(DCPA O
3k Hlatel] glojM X, Fig. 9914 B npe} o] gsf A&7}
o F5l BE Ao Bl 2% Yelde Beud
R e

oz Fahtel Qx5 YA nee 98 F7b
49 49e B9 Brhulolge

il

- = y
S AlaEe] AHAEE 5D & g FoE AltgsdHh

8.0 4

| | |0Expert
]

4.0 M

DCPA 8core

9.0 M

20

1.0

{81

Scenario Scemadin Scanarin Scacaro Scensric Scuaanio Scenarin Scanadn Scenario
2 B 4 6 L} 7 10

Fig. 9 Comparison of DCPA score by scenarios
4.8 2

HZ B0 dte] YAEs 9@ doislel] upe} GPS, ARPA,
ECDIS, AIS, VDR, A #17+A]7A] (hull monitoring system) 5

QA58 P ag

rr

o3
oo
ox
2

>

e e &
\ﬂr.
re o

R JR A
Olt
ot
N

o

2 om

o,
. W

o> [
159
=
fo
o 2
2

M

o J
2
ro
)
olf
JEL
offl
2

o

2
Mo Ao
_?l',
N
0 g
o
R
>
e

o [

2 o
)
of

B
lo
o
X
i
2
ol
ke
s
N
r O
e
:oltjt
@
=
=

2
oZ
ol
ok
N
)
ol
s
1o
iTes
g
jo
i
ofy
=
¢

LTI
2
D)
olf
18
o
)

r‘l
[
o

X
=y
N
S
o
Lo
f
1
o
N
N

(=]
JHE Al A AFTE 5 de 2

A 5l

o o
oo LN
>
>
o
tlo
:\é{
i
ol
o
&l

L

fr ®oox o i

o] =2 200595 st E AT A ¢slo
THAES 93T HEKRF-2005-214-D00189). &3 &)
ALY 7| EATFAIGQ] "U-719E gapbM ke Ame &
A7 ML A AR 2ol 2
Hal x¥E o}7A] 92 Southampton Institute (Warsash
Maritime Academy)®] 743 2 S A HdE 2A
g ="

[1] A, F35, #08, o1F7 2004, “24 29
Aol AFANE A7, ek EA s

A, pp. 816-821.

[2] ©1%2k (2005), “SlFANE Fehera) Al 27| wo] &,
FIAGATY 7 BT BIA,

(3] FAA, FF5, A5 (2005), “SFAne TRE x4}
ZRae] BE A7, AFBALALE EASELH

=4, pp 73-78.

[4] Ttoh, K., Hansen, J., Nielsen, F. (2001), “Risk Analysis
of Ship Navigation by Use of Cognitive Simulation”,
Cognition, Technology & Work, Vol. 3, pp. 4-21.

(6] Miller, G. A. (1956), “The Magical Number Seven, Plus or
Minus Two: Some Limits on our Capacity for Processing
Information”. Psychological Review, 63, 81-97.

Jor

- 634 -



78 - Mike Barnett - &7

[6] Papenhuijzen, R. (1994), “Towards a Human Operator [8] USCG (1996), "Procedures for Investigating and

Model of the Navigator’, Doctorial Thesis, Delft Reporting Human Factors and Fatigue Contributions to
University of Technology Marine Casualties”, CG-D-09-97, USCG Report

[7] Rasmussen, J. (1983). "Skills, rules, knowledge; signals, [9] Wickens, C. D. (1992), “Virtual Reality and Education”.
signs, and symbols, and other distinctions in human In Proceedings of the 1992 IEEE International
performance models”, IEEE Transactions on Systems, Conference on Systems, Man and Cybernetics, Vol. 1,
Man and Cybernetics, Vol. 13, pp 257-266. pp. 842-847.

AuFFY 20073 49 6Y
a0 2007 108 19Y

- 635 -



