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Cognitive Experiment on Auditory Sounds for Integrated Ship Bridge
Alarm System

Bong-Wang -Lee” - Hongtae Kim”" - Chan-Su Yang” - Young-Hoon Yang®
* Korea Research Institute of Ships & Ocean Engineering/KORDI
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Abstract : A ship can be considered as a large human-machine system and the interaction between worker and system affects the work
performance and its efficiency. In the bridge of a ship, there exist many auditory signals as well as visual signals. Howeue_r, only a few
studies have been performed related to human recognition to darm systems in the bridge In this study, auditory icons and abstract
sounds are compared to find more effective means of alarm systems. The study result shows that auditory icons are recognized faster
than abstract sounds. This result is expected to be use as a basic data for developing performance criteria of auditory display inside
bridge and for designing integrated ship bridge alarm system

Key words : Auditory Sensory Display, Alarm, Warning Sounds, Auditory Icons, Abstract Sounds
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QA3bo] Rz HE ALHE PRE Lolsoled U o
& Az Fze] gadttn A Aok Adut W A
A AHEEE g @8 R SN T FE Adg e

LM B

Aute AgE Az-rlANEPoRA AR ALz
4EAgo] Yot @ o\ FoiNETtel we s 3
A7 AR FebAAL RobAA Hek A%l A2

do] Aol A HRY ANE WAAY Adalx) £
Yoz Aug AT HY, of FrE ATE AHH &
Gstx) ZatA st Felgast 96, 4F Az ool &
97 B, v

g A AxHelA AAQAA ARE AYH) AP
Wgon EARAZ £ 2k olHE EAFAE 21 3
A7 Agsnn st AnE AAANA H5d we) 2w
A AP + ARS WAook ) F, o™ Apo]
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ZE diFEo| NZEAZA(visual display)ol =%}, HzHEA]
A (auditory sensory display)® 43 +E A8t Yot 3
GEAAAE AGEANZA e g8 Azd AA7F Sognt
o]F oA & i, dAAs} e BFE W, HAXNE UF
o ZFud dart ¢le ), AR 2w AE OE A
o o aejn 5243 PFo] 8T Aay wAAYD del

E5% HHE AFY F UHSanders and McCormick,
1987).
Aaore 2 AL A5 EAHY 8T T2 A

Zoll tidt Azt AATH g AFE wF AEiolth w
A 2 dFyeAE FAEAZAR vehlle g3 g 2
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A A4 AA #FE 7] AFE I o) Y
Leung(200D)9]  A7olA  APAAY  Hzto}o] Z(auditory
icon)& A3 71E 4FF vn - GrEiHok 2 A9E
EdZ JFEAER 9 Ae718(04 2 QAo Ay gF
9] 71E)E "lAER, AEEd EgHE 9FE £3siy
“TY A gF Al2"E FEded 712 43 Haat
31, 23 & Al2"(Integrated Navigation System)™ %
M WA A€l (integrated Bridge System)e] HZFEA)AR] o)
Hg e epREstEd Qlo] 7l AER g4sazt o,

2. Mzt gt

21 FUEAIFF

95 o] AHE WolEol=d Qo] A thgoz ®e] A}
SHE 718 HZoltt. HZte] EAS AW AZ4H EA
AAoE OE o8 M =53 HHE ATE F o
Table 1.2 Azt € Az Fde £5F vy Holt}
(Sanders and McCormick, 1987).

Table 1 Comparison of auditory display and visual display

Z2Ax HA2 0I85K= 39 | AR T8I 01R51= 29

AL 7E G AR B

HAIR 7t &S W27} 2
HARE UFo TA - -

2 ga ge WARE o2 W Bolol 3}

WAl ame) AL OE
N7t ZA7} AGAA BE
& 931 9% ey
g BR
A4 gRowA Ae @

WAAZ B2 9XE oE
AR AKA we
58 920l 280 BE

gl 48 #

Table 17} BAY F2 FAFAY AL, QUEY AA
7t ed W, @ZZF HFo] aF¥HE Ay AN o,
@Hla Aust Zo] AL Wit RS Yed o, @A
B A9e Aoz AHgY o ann @SR SRk
& © So|t,

oldg WL B Wt HEsok sn}, B WA
£ ARE0] W] Y9 RA2RE AYE AVsx] Ra}7] o
Zo #m e Ao AeE Wast gl

ol2lg A BAANY AHA APoR: LAt du
ALY a2 AE Ly =S LS IR, F
g nE FINzg Fo As F Awy Ao Hge
AEE AAste ARJNEZ ojRo)A A, ¥ A7 B
Aol 28 o AHe & Yt B4, 2 Wad Puws A
FIAEE S AGH T8 FINEE 4 FYS JHE
AYRES st B4 F otk 281 xdYdze I
A 37 (L BEE, FE 4% £F AYyHez A7S

AASES 50, 21 E= 8F A5 E AMEa, 37 g
of 373t HA oA stejof Atk EF HA dRE AME
g ARREAA vE A3 AdE AEsn AdsiexE
g}dta, 71E A3g BFEA 4= o wAgez )
& Az A¥o] 4xF FrHSanders and McCormick,
1987).

22 2 a3

dF A2 A-Al2" QIEF o]z lojA FaF
FEojth. AZAIe Fad HEE AGISAY, A AN
Folo] AFH e AHEANA MA gz FZHEHQ Feo
& 4R Z 3t olod] AMEAE AasA |t waEd 3
HgsHA AAE ¢4 = ¢F AYe AFE P
ofX ARz T RAAI aRE & F£= o
(Ahlstrom, 2003).

LAY ATA, I3V &3 € oA, HYe] &4 5 Y
2 BoldlA AZH ZHxo oigt A+ E FY3te g} ey
8 Aurd ogd @

1) &3 Mdl{Airway Facility; AF)oll 0{A{e| o2t

Ahlstorm(2003)¢] R A{e]A AF 7oA 43S A%
EATY Ao 4 g3t dFg AgstAdn =3} JZ4 gl
AHgAEe] @78 FEAF|L AT AR Hrista, Aad9
T3 47 $YHE AASAT. o= AFOl ojA e o
TE, GROE AEHE B4, ¥ a8la Roldl T Fukf
o 23& ¢FUch

2) welolAfel ot

W AR dF2 Fedolt AFAaHM F
[3HA AHEELE e T IFTAENAA AHEHE
2 AR ZANFRAR 289 FE EE7] 99 48 B
Boln, oar|ge] wde RYUHY )9 FFo2 olox
A=Atk

Wiklund, Hoffman(1988)2 <¢]8 Au|E9] giiEe o
AFEFRS A AR 75 S TG M-S
Fi FEHoE FYFuz I 9F g2 dto] EA3H
ot g3isch

olgid olm ok oA HZt dFHL yF-Ee A
583 F8Rok) B A L&Ak 2y o8 #
oA &4 YiH(speech alarm)e W2 A A= WA]= ¢
WEe2RE a7t BEE darl gv] Wil oty 83
ANA 3 urEA g Ak ol

£ o8 #AN oA HZF gL A FEgAERT
g8 AL7NA A% 8% 840\

Hope, Morrison(1986)2 %<& 3¢ ZAH&E 714 ulg] =
e g el EAde) disl =9 393, Sara, Wark(1986)
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DEE A gEA e U olase MYsige

I % FE AL gl g AR SyA sy 9
o] Hr, 12 Qs AFZ 8luslA wEG T A
Mcintyre, Stanford(1985)= &4  gvi=zgloly
(reamer-driver)$} £& & e A#AL 947 59 4%
HH B Ago o8 AFTo] AuPhs AL PASAT

Agte]l AHE ORE ogRok glojd oty ule
& $e B9 nesolut & Aot #23 oug AR
$& 13itE AL Brlselr] diolc)

o 2 oo o

¥
ric}
flo
A
p

3) #Zt ool 2

A4 AREEL ZA L4 (speech), %2 A (abstract
sound) 18]31 A7} olo]E(auditory icon) BN AYEE 3
7% 4-gl(environmental sound)®2 TEE 4 9tk

o] RS WA AHEH g3 A}
AL B AR zdln HA QFEHAY e Ber)

e AL AL doe AFe, FHe 48 ddo] &
o= 340 AdE F Uk £4 vAxY dge 4oy
o2 1 AE 2% W gasth gl 23} 599

He S AU A9HA Auso] B AFgoA FHH
=2
54 e FH 49 o8 AFddshe Aol A ¢l
3, AEE F 0 @ AL sPed S /Y a8g Ha
Alset)& WI$-32 713t Rl o|F7] WEe A 7 WA
A8 7} AxY 272 AtEt :
nAjgte 2 @733 2dv & 0 379 ¥4 Huge
2 AHE T gl AAEE 2x o §53 v g4 49
%= 98 FH9 2Foln] Hzt ofo]Eoz Akdn). o
Zt ofolZE FEFH 229 AHEEL FHEAY, 5
e A7 ¥ AgHo A @k X2 Lawrencest
Banks(1973)= #7383 289 7|9 43> 194-ofold A
(194-item set)ll AN = 2343 4+ Qs R HYFI
ot
°] 37 An&I #A3}Y Leung(2001)& 18] AFNA
A olHEd dqa Azt 34, FEHH &8, FAF ololEL
reol HddatEel AH3 SHIA FAT 59 o
TE SR 2 FH S99 A ololE Alolole
A% o7t ey, #EA Al AT FLH oo
of tated felg o)zt YASE Hasch

o de B 2 o

3. A" % "ot

2 47E SRURLWASYS FEHY] A9 1z 24
g BHo2 95Utk olg BANG Ax MTAM AHE
He g@el wstel A¥ £8A50) Fuh} F Axan 3

£ gohugtom, & Al U@ Az 37 ojolag
AN F de WL - ok A9e AN, 49
F ¥ 9% FRAY AN 492 2] da) 48 E A
A5, |

AYel A5E B34 2e UA Quely AHgEE B
uo) dFe AW w8712 HesRes, A7 ooz
AE7E T B3 ool AR,

3.1 AF wy

1) TAEX
S 2B A% £ AYo) Yx ZE Sokdistn 43hd
st 8oz TASAL

2) AEE|

2 d¥e Hde dA =S Yol HAgoz HA A
gro] obd YA 4He AASArh

d¥e SXfFUstn dFHA JAHAT. AF )
2t P4 18GHz¢+ Z2 LCD EYE7JAA, H¥=
1024+768)& Al-83ton, HiFd wolFoz Ay Zag
B 232 F 2/WEA Aol AHgHE 9 F, §54
aE|e}t ARo] ALE FAH ofolE Z MY ALEE
AHg3te] dde A

3) MEHR

Al ¢A JAPAE 4Y FIME Fsigon, 4
Aze] gF Wuby Hye SHFYch 4¥e A A
of A 3RE(ANH AY, §HH &8, 4 ojojP)oz
oA gle MEAE RHYAEES s

Fgol B F, A¥l A82 3 249 F2F a=g
A7t ofolZe] uls) ¢A3 £AT WA gHFS HFe
o, o 1412k ¥ 23e ANk

AP F57 oo 9@ YL WA ANsgen, A
Fo] B F &3 270 g MES AYHEE gt
34 2o dg AYe] B BY F 2 ojo| e )
st AP AASFAT AR Ay T HRS AP
2 3ok

TS Table 28 Aol Q& FHES FolN Ade 94
=28 71719 E2¢ dehie, WA 7158 BAL

HAPAE AFE 2UE o] ol BUH ANE 5
We $ot] 4P FANAT 1023 IFL 5 F,
3 9uE & § e sl g v(eh), NEEHe A9
FEE ATk MES AdYs] Fau I F o Gl
SHAA Hn, B2 IFe dQsA ANHUT 2z 8
Wl ‘End7t vehbe FAld 48 2aHUch
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Table 2 The equipments with recorded alarm used at
the experiment
2191
Radar System Warning
VHF DSC Message
Gyro Compass Failure
S/G Safematic System
S/G System Alarm
Extension Alarm(Engine Machinery) -
Extension Alarm(Cargo Machinery)
3315 - Abnormal
Fire Alarm Controller
AlS Guard Alarm
ME/HF Distress 44!

cooo\woacn.n;mm._‘_g

|t
[l 1]

32 43 23

HA, Aol i3k Agat Fro didt AL AAEAT.

Table 3, Table 4= %2 Aa 9} Hzt ojo)Zo] Wit 1t
A AR 5 BAFEY Q7N wSAlzbo|# AAE
dEs B (Y, N HES Fa7)87|71A - A]7to]
o, LR FE 4FE €3 o] R e At FA
A=} AEaA 23 AL A=A F2 Aitsid

Table 3 The reaction time and the number of correct
answerer for abstract sounds

101 BISAIZHms) YA
No.1 223263 7
No.2 3123.00 7
No.3 113863 7
No4 1136.63 4
No5 2300.63 1
No.6 2113.38 2
No.7 2853.50 2
. No8 27719.25 3
No.9 226363 0
No.10 4011.75 1
No.11 900.875 7

Table 4 The reaction time and the number of correct
answerer for auditory icons

2101 U AlIZHms) HY X
No.l 2922.00 8
No.2 1705.13 6
No.3 545,13 6
No.4 1650.50 8
No5 914.13 5
No.6 699.25 6
No.7 2478.63 6
No.8 1961.%5 5
No9 679.63 6
No.10 519.75 3
No.11 564.50 3 -

PR - PYE

H 23E BEdz $A B4 dAE Table 55 &%
A 289 HZAF olo]ge] YA o WE YEEE T
A& BAErh Table 58 AMEH, No9 (p-value=0.003 <
0.05)9} No.l0 (p-value=0.003 < 005)2 H¢ +F 005914
fgstgct 2z #9 £F 0144 Nob No6 218n
No8 FHIEE ottt oA tiryse] Fuldlx 33
ofe]Zo] 7|Eol ALSHA #F5H 2P R ¢ AA}]
A& B Frh

Table 5 The result of paired t-test according to the
number of correct answerer

S t p-value
No.l 0.3536 -1.000 0.351
No.2 0.3536 -1.000 0.351
No.3 0.4629 -1528 0570
No.4 0.7440 1.426 0.197
No5 05175 2.049 0.080"
No6 05175 2.049 0.080"
No.7 05175 3416 0.011
No.8 0.1830 -2.049 0.080"
. No9 0.4629 4583 0.003"
No.10 0.4629 4583 0.003"
No.11 0.3536 1.000 0.351

(+ Significant at the Level 0.1, #* Significant at the Level 0.05)
33 47 &=

£ A7AE A¥s A AEA PP ANSIUT. A
B AAE7] A el QuA Algel Wate] 2AHE 8
om, Ztzke] ¥5H 2eish BA4H ofo)E NP AFe) HE
& ARG & Fig 1€ 47 Aol AT gol B9
Y Ae nejzT

| ol
o v 2

Yo -UHGAYE

YHU-AHANYE

Fig. 1 General subjects for alarm

Fig. 1€ 9% 7o) 487l g ARo|: 59(625%)
ol o, 3W(325%)°] chiekm chgstsch. Aulsh Y kel
WA AEsL @ o)RolxLrlel W AEAE 19(125%)°]
o, THE5%)] 1A ghn dgsdth 1dn I
2 gl oulshs Aase) WA @ olFiH el e
280l 29(25%)0] o, 69(75%)0] ohitin igaic,
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o) 58 B W FaASE TP AU WX 2elm @
U 54 AAne) WAE T ¥ 4 gk Aoz =AY
o.

Fig. 2& #3534 29 4y Bux AN8 Hgai A%
olct. |

aol
motH 2

duma
O - N B s @ N ®

HUAR-YHTFUYE UBUTEHE

F1g 2 The questionnaire contents for abstract sounds

Fig. 2014 3 WA 2df=ze A8 AA A G s o)
71 AYertl g g dis 29(25%)0] AT o
=@ W 63(75%)°] ot SHEaUT T UA 2
ZE A¥el B F AP AHgd €% 7Eel A=y
e AR GA 29(B%)0l o, 68 (75%)°] oty &4
ik Al HA aYTe dEvtes FHE & F U=
of A& ALz 3W@ETH0l 1y, 56250 ot}
SHIAT A ad=E ggnez A4 oW do] o
oA & UR= kel WiF FE2e i 18(0125%)°]
o, 78(875%)°] okt ettt o] AME FE oif
2o SAYAEL G AFTNo2E ofd Furt agla of
| o|HEZ} ALY E=A EF e AeE FAHIUTh

Fig. 3& AZ3 olo]Z A¥o] Frvia AAHE HE A
27%E BoEn

oo
@ot 2

|
N
AR
N
NN

N

N ‘;:\*Q
o %" X

Abstract soundsd H H T Y T

$uma
O - MmN oW s o ® N @ ©

ouA-YAITEYE

Fig. 3 The questionnaire contents for auditory icons

Fig. 3914 3 @A 2zt 4% 44 A du] m3elA
U3pe) Fo] ANEvMel e AR sy 8F(100%) BT
2303 $ESRY 29T F WA 2dEs $53 &9
A9 e 44 & & A=l F ARe2H 79
(875%)°] o, 19(125%)°] ohizha Theksheir.

2 AW ¥ FAMow ggel FEe] 9 o@D He

ekl JEHE UG, de) HAYASe] BF
4 2% 448 FUe oz FHsY 3] BEe) 7R
71 olgfichn dgsdn, 37 ol A% it
chsta 53 AAz A7 57 g2 X877k A
2 usch

4 22 £

o] A7 A 282 A He YA beep(d e
AN 97t dAYHA A o] EQ ojv] gt 43
3zt ofo] o) Ul M| - Hrlojtk A¥AFAs}t HES
3 A4 ololgel A& 2dnrt Y A IAHL
o] wi} FEo HA He HE&E =E3IAT
Leung(2001)9] Q¢ 4x3ta itk

ATl WHSAIZEE ALY FEA Fol dAT FA
EAS AABEEH, 2 olfte weAIzte] wEokn A
B o 9] guisie vl A Az & 4 8V ¥
Folt. &, whgA|zlo] WExg & ouiz &u & F

271 dEeltt A AGAFE gvlE AGSHA L& 3l
7t ARE 44 $EE F U

AGAr2 AN B4 B4 A7 {9 FE 014M= 5

A, 2 & 00504 2789 o] ofF FrostA et
o}. Table 3, Table 42 vlma] 2H & + UYX°] Nol,
No2, No3 28]iL Noll 717] &4&9] A% #53 LgdA
T 22 ALES BiEu, 439 ¥ HJA4IAETHS] dEHF
A3 ARENETE 2 FH|o]7] Wi f95t] ¥ AHE
3l ReZ wugd

McNamara(1992)2] 79 @ ste] Table 33 Table 40

A AGAS7E goE AL ¢S £ ofd FuAAE 4
Asl7)17F Fde AL gusta, ¥ Ade] Atk AL 9]
B9 Q4 Axrt ul¢ Asivte A¢ vt 98 = 9l
At

B dFoMe A &3 Hge] 127192 EXs gt
43hd StES e R Ade AAEArt 2y &3 A

ol 2d FHAES oz dEE AT F d
F4& st AHE AJE ol AZgrk a8a o] 4
TFolME GF AAY o 2H& 2E UA 59 UL A¥
& ALY, AF AFAME 2Snoise)o] Foj7 A
Aol A¥ol Westtty worETh TF 29 uAd i
AG3} g7t Y= 23 A4 Alelrt 2HE He ARl
Ae] A% gasi)

froox ot (2 ¢

2l

o

¥ EEe IHFATLIN 59 32U HLANE FF
Be) Axd EE LR HA AFER F ARYE
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