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Design Considerations of Auditory Feedback

for Enhancing The Usability of Portable
Digital Electronic Products
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ABSTRACT

Non-verbal sound feedback, called earcon, has been used for portable digital electronic products to
give appropriate information for the selected function. This study evaluated usability based on user
cognition time, error rate, and subjective satisfaction using 20 male and female subjects. The study
compared five major user functions from a portable digital electronic product with currently
available earcons and the same functions from the product with the new earcons (suggested by this
study) which considered user cognitive characteristics, such as loudness, pitch, melody, and length.
For subjective evaluation, the study assessed various earcons by subjective impression of sounds
using the seven-point rating scales. Major statistical results indicated that the new earcons
significantly reduced user error rates and generally improved user performance functions, such as
‘play, off, stop, fast forward, and rewind’

Keywords: Auditory feedback, earcon, usability.

* it Al F et
F 21133791 NEA AET 99E 17
A 3 02-2290-0477
E-mail : mypark@ergo.hanyang.ac. kr



52 A%

g

ABARTEE

.M B

HUQES B2 27 8§73 SoA Ao}
7F Qlal, g A Held FoalFolw e o
# 7 A HEHo  $rH(Brewster,
1998). 4Rty oz FAAFoM ZAngog A}
SEo A A #AF A4y FEI 9
o gtor, A2 5o FAFA Huge
2 AMEEE AT ¢ ohugE tE ZooilA
T Add g #ie] EolA Hm A+
7b =7 AR & 48 30, 2000
d 495 TAEEFTAL $9F9 5 7, 8
T BE FoA daprt Aedgeg gol
< o 2 AR e HEEE %
ALGE 5] A ggHoE FERIAM olfftoew
A gAEo] FIY $AFLR Holsle 7
71 U SATHEHLAANE,
2000). o= EA ABE 93 2B A8
Adga & 4 gloh vLA 28 (non-verbal
sound)®] ¥, <QA-FFEH Ao~
(human-computer interface)&-okelA] $3 %
g FANE F i AMEAE SN S+
Acte A7 3= v} (Blattner, et al,
1992; Brewster, 1994; Gaver, et al., 1991).

Fels @A AQgA o7 74 AR A
T BT FolA Aotz gl o)A AAAFE
off AekAel T <t gL HRE AZHF
22 vehd 4 §l7) dEd o3 71X 28
9] v=¥l(sound feedback)g AMR-3ti Q&
FAHo]cHBrewster, 1997, Sikora, et al,
2000wk ofugl, ditke] Al&xEo] A
AAFS] Qo] 27} o HE QLA

AHol2E 22¢ o o) W FAaA] gz
OB 24 SAY U AL W=
Moz BARE A¥L 25 ¥ 4 U9 8
A% AR AF] AEHE A FRY AL
= v=wel A% Heqe win YA
AAz AgAd HeH Fe QA 2Ug
AAHez DY ATE WANAE =g
o,

2 AT 23 Fug AAAEA vahed,
AR A B4E Y 42 Ae
= YENE o) gl A4 W YL
49 F, 79 2%4E nelstel 28 WA
AFY ALE H=u 4 A §83 724
8% ANeL, ALE FEme) FEYE 4
Fetnx @k,

2, Apuy

£ 47t ¥ 20399 AL43AE e
71&Ed AHEEAD Ao AlE zitE 4
of tha) @& AAlste] 8 AH8AH B
AAAZ, HlEA, A8t EE 9 g
FHH ZAE FAs AR At

2.1 O#xt

040 ¢ #1040z FAHY F 20
B AP AYo] Fesign, I A
B2 42490 2 482 AFH EUE
M FREE Z2EEIH k92 E AMEde
Agol7] wEo AFH AL Aol H |
Q olelm w2 ol 43lE Agld) BH



F194, H3M, 2000.12.31.

FOg uxg AAAE A4 $E 98 A2 =99 1 53

ol gl AgE WddAE AAsid E
3R AP HZd ddd HdEol2E
Aol AU Algre HAPAZ A3
k.

2.2 48 3H|

Aol AMEE 28l B8 B 78E A9
Sonic Foundry, Inc.olA Ajzg 4 #HF
x2 38 Sound Forge 452 AHE31x,
NEg 28E WHE7] 93 Twelve Ton
Systems, Inc.olA AzZtg MIDI =2 1391
Cakewalk Pro Audio 98 AH&&t9ch S92
YAMAHA Electron HS-894] Electronic
Piano &4& A4t A8 tAE =
€€ 9% SonyAte Portable MiniDisc
Recorder& A3t £22& AFEHZ AF3}
Ak s, A AHEE TREESRI} A
B2 388 Visual Basic 68 ©&3ld =l
Astgon yAPAEe] HrHakE Exceldtd
2 244 4¢ F AEE 9o ZREEH
AL AFEH EUHE £¥A7]7] 98 IBM
Pentium [ Computer$t 15” Monitor, -
& 9 JREE AMEEGI A4 29
2 FAZYEI(CIE)Y KS 257189 vF
N AR 25 WY 200-500uxel] A
ZF7HY F0luxE 2o AFANY 2%(H7]
F 9, 1982 ALgsigen, RLes A
ol g AW(HFALE=40dBA)IA &g 4
A&t 38 7AE T1AC Sound Chamber?t
oA BeltoneAt?] Audiometer(Model 11002
AMg-8ted A 8A Tt

2.3 A A=

2.3.1. oY i

2 gL 7% ‘2@(sound feedback)®]
+3'(F, earcond TF), ‘adl9 =79 37}
2 EYWHSE zhE 5X2X2 within-subjects
factorial designo 2 TASIAT. £ A¥AAM
AHE ARAYEE 1Y 19 VERRITH

w/ [ [ [ [

29 #3
{earcon) NEW /
()] S1-520[$1-820 {S1-520 [S1-520 {S1-520
49 37]
A (/)| $1-520|$1-520 |S1-520 |S1-520 [S1-520
PLAY OFF STOP FF  REW
1%
I3 1. AE AEE

Egu4 ‘7)%'€ Play/On, Off Stop, FF,
REW?] 57&202 FAAL, ‘28 7%
A4E 7)%5d i v-22dE 748 71&
238 29 & 715E dEUE BAS}E
Neg A2(a2Y 39 25522 FAHIL
o ‘2ge AV WEe €9 AV} E
(85dBA) WI(X), el Z7|7F &2(66dBA)
A(NY 25F02 FAEH

28 3 M2e 229 7



54 AYA - ugg REAM TS
71E 289 A I AFdE A= ¥ g AFHe ‘2 #9929 @)

Zulo] gl A4/ YREENUZ, e AFE g ‘F 7154 AEEE 28 R W

2 ti5Fo] dEAFH RABIGoERE B F9 2F;F 207HA)eg FAEUY. Visual

dAtfMe 48 YUY AFE EURE 48 Basic 622 ARE Z2EEHYL 29 49

g 5% s}aaq o] 3o £YH ALY 4 JEE A4
AMEE 2 ZA58d HAErtet dosted sy

é‘ﬂﬂ] %t Rl o) Z slFel Hgs
=7E FEEF AAgon, PLAYS OFF¢
74 %% Fade infout effect® Al&3}i, FFe}
REW+ ojele] WrEAlE-E dtgom, STOP
2 713 #A AARAY 2 HEY iEe
g 71%5ol FAH7] Aol L7t FE5Ho
oF 3lmE 1 ~ 22 & WA FEZ MAEA
o},

2.3.2. 3% BF

FEATE QAN ¥EEA 2 FH93F
HEr 9 AR A HI7ERE S5
AR HAR27} 752 L}E}‘—H“ Eat)
& =3, 2 &89 7 JE 715S Fot

= | "y Aztez Ao n, H]i%
AL Fold Agd FgEHe Y /5
ar2A QA EA] E#A B HES o
HeE HYsdrt. £33 Aea 9z ¢
F8 Y YA e & F H4AgA
7} L7le FRAHQA mgo2 Aosgr) <
AR W ESA, AMEAR SR F 8
4 ®7MAE Microsoft?] Excel®} HF 5o
AEo8 ARyt VEHAARSE Z2IYPE
A4 8r ot

]

2.3.3. &Y =4
€ AYe AH4E ZEEEQS 7 438z

a8 4 HEE =2 EErlel Hef

2 A9 A8 3714 5EREQ ‘A
8 4 ‘27 31 V%ol & 20389 WA
27t & A¥xdoM 4Ee BE sy
within-subject Broln g APzAE 2AY
78} AFeAE 20X20 Latin SquareE o] &
3] Counterbalancings Fo2M £A4 2 ¢
& EI: FEEHE Ha st

2.4 &8 R

£ A8 AA HEAA EX AEd o
g Ay 2 AudE, AR 2 Adsd Fo
AER A, A BREoz FASYEL 4,
AP A= Sound Chamber$toll Al BeltoneAt
¢ Audiometer& AH&-3te] M n, Y



#1945, $3W, 2000.12.31.

FUg tAE AARE ASA PLE 99 A4 A=ve ad 55

&3¢ &S (pure-tone)& ©]&3 1000,
2000, 3000, 4000, 6000, 1000, 500Hz$} 3+
M2 AAlsgt

YA A4 AAdgzte diE WA
duld g 9 AFAt AP NA 4F
o 3 21 2 AEgyEe A4 7, A
g2z gdF 2 7%l A 2HUES
AH Ay TR 495 B3 % 2
BEAL gsiA ok 48 wiBAFol
40dBA7} ¥R e #EddA AT
B AgdAe dudde & F 289 #4
¥ Countbalancing® A#8z7A @A 9A
A7 1Y 49 Z2EEA AHH
age] dE HEE FE o, e &
g 28 E3 1 2o B =49 7%
HEL a4 2ow QA AZte] B Y
on EAd th&oz dol7le WEe] YE
gl BES FEW AR BHEE/FEH
ZAFAA, "84, A4, A7HMDE Bt
& 4 glE Fdol o o5& 7TH FHx(
- 62 #Hrislgh ‘Add ¥ EE ‘4
o zZzld dis 57y A8 24P e 5%
olAte] 2E% FAAIte] FojH L 5/ A
g 2o B F ez 4¥ 24 g
Age BHERE Zol7] 98 S dE
ol F33givt.

3.1 =

3.1 XAl

A A WE BARH FH, 29

(sound feedback) FEHUAIe] K&
1% #o% 2xE Jersic, Ao
ojgtd 7|& Aot HEE AR ¥ ¢
2 A\Zko] 77t 411% 9} H072E 7)E 4¥
of 9% Qx|Azke] Ht F 12 FAE WE
< ¢ F UYLk oy 7|E 2y AF F
2 beepro® TFAY B AT 1%
Azo AgAZhHo|7] wEe] MEE LK
th A H o2 AAANTE FA YEhd AL
2 Z2Fo|xn, v W2 c]yFo] M2
28E gutH o2 J)& beepdoll HIE A
Aze] HEFe 1% AL o A8HJYL
22 Aadd o8 FAHE AAAHAANA
ZHEAe &g AfgAzte] ETFEHAN &
RAE L)l tha ZAETE 1= AR) 9%
& FQogdn #odd wehy, 44
duid A AA, ¢ AAALAE F 4d
f8o] fosA 20 7] & # Y
X i

3.2 HESY

e +& 7/IX1 FAF vEEAd A
2ARA A (B 1) 289 F¥L /4
2 1%94 #o3d 273 Jehidx, 29
o] 483} 757 wEALL FAFE 1%
dA #9% A= Jepich AT, &
glo] #7|9te fostA e dHE 4E
itk d3E =A% 19 5 o5, A
2% 2gd 9% o8 71 Y 067BIAR
NE 2fd 97 10438 FEAHYE &
4 Ak



56 43y -2 g KBARITES

B 1. u|g&4 (o] o sk ANOVA E ¥ 2 42 R 7= DS dig Simple
Effect F-Test 22}

Sowce DF  SS MS F Value Pr>F
Subject(S) 19 574275 302% Source DF S8 MS  F Value
A 410400 26100 18 0122 BatPLAY 1 32 32 3,37+
SYA 76 1047600 13784 B at OFF 1 2811 BIL U3
B 1 1332 13325 1914 00003+ B at STOP 1 045 045 047
SB 19 132h 8?9.;3 BatFF 1 045 045 047
C 1 0025 0 008 08637
BatREW 1 005 005 0.
SC 19 M412B 0743 2 ®
AB 4 133400 3480 367 00088 S+A-B v _® 0%
SxA%B 7% 722000 09508 AxEe 7% B Ao {3
B}C 1 0425 0425 063 0430 « a=010904 9] *x 2=00154] &)
SBC 19 12725 0669
AxC 4 1.3400 0.3350 042 0.7969 o @—, =2 TA 38 =] 60] o] 5} = 7Lx
SAC B G 0REL ]o HE =AF 29 60 9, F PO]
ABC 4 080 030 o0x  ogud | ZEFEOIE vs. MEE L)Y AE
SYASBYC 6 T26600 09561 PLAY 7159 d& fo +F 10%04 #9
A 299 7)%5, B 429 48, C A8j9)as] A Uelkon, Mze 4dd o oy
** @001 el 7t WE 042682 7]& PLAY AR E HE

el HE oy £ 085IRT ELIYL
G & Ao =g, g S Aolg e
OFF A= H=we] A9 f9o £3 1%
A F &g K Zolrt folEtA vehge
o, Y2 g AF de F= JF 0425
Iz 71E &9 93 T odle £ 15003

7|1E 22| Mz e

azle| By Br; 3839Yde 4 ¢ ok

2 5 2|9 FE o oy +

EAMor H98 Az $87 75
g g el o AU EFHE @
o}R. 312} Simple effect F test (Keppel, 1993) ' ;

£ AN H2EdY s $30)A e e T
Zt 71%9) foAe ol H29 Zo] e
=3

J8 6 22| FYE Jlsd wE oy

g, v & STOP, FF, REWY] 34+ ¥ &



F19%, H35. 2000.12.31.

FU4 oAE ARAEY ASY P A% 34A dedd ag 57

2 3ol ol BAHLE FAFA Yo
A FRA T, 371K 7% BF e HEL
4§ o83l DS g A o F7)
71& &gl v FYelunl A et e
D2 o EEHYS & Ak ol # A3
E& STOP, FF, REWS] 7§ M2& 48 A
A A 7129 A9 ARH 2R Hd YE
2 AAFAY] dELR F2E o) & &
W, FFe} REWS] %39 71& &7t vtE& 7}
Ax AAE AL ol Edto 2L rE F
2 Wzdey wEoz HAYr] Wl
Addg £ 9k

3.3 DIRE
74 HEQ - 6 dotd FRE VIR

g 2ele) f¥% 4de /¥R B
A5+ 19 73 2% 8ol trehARlch

A
T {——— A E® 22|
j

e
o - M w B @ oo

R
LRI i
STOP FF REW
7|

il it Lk
PLAY/QN OFF

a8 7. 42 R oE 7IsY UEx

-+ - i (8508A)
—w— 2 (65dBA)

BEg

8
5
4
3 .
2
1
0

a8 8 A2le 2ol chiEt JlsY AR

a9 79 gshd 7|8 Z 7%l AHEH
W AEte A2 dAd L 8] A
A7 Avrdoz o 9EFde AoE: Uy
t} 4 5o, 239 £3¥dE UExE N2
¢ PLAYZ 7} HTF 4.3B2 7|1& PLAYAT
377RY wEAYTn #Hrkslga AEE
OFF42: ¥ 482 7]1& OFF4z9 3
T 27BRT 3A wEAYoa Yk
3 A2$ FFAE JT 4628 7|1& FF
2ge] BF 3108 BHEAHTT HrLEs
t} Age A7ld WE 4 7% UERE
B RE 7)o s ez AL
22(65dBA)E M=wF B9t AMEAEL
o wEAPoa Yok (28 8).

3.4 JIEt =5 @It gt

nEx ol9le] Fa AMgzL 74 (FHA,
WA, A, A7l g #8337
Aze g3 2ok

AHgAtge] FRHPOR e A o
FAe 20E AHEFezA FH4E Fol
2 BAZE 29 ¢ A& Aol HWUEH
Ak (g 9). B89 AF 71€ beepe s
b ARG & S$4(MEY)E AHE
' o] & WEIA =7e ALE YEY
1, 289 A7E YEAY 2 JE¥E 1A
A #e AeE wuso g (29 10). &
A A4 beeperEtt 207} AR =

& Fvz dgen, x4 A7t FAL
Rol R =& Zte ASE gyuHEol 2
o (2™ 11). A7He 7§ beepol obd
oOE &40 B2 E AL Ao B} /RF



58 YA g RKBAMTEE
o] © wolx Y, 4l Av)d uet
& FEANE F e Rog Byse] A

7| B f o

(19 12).

—— (BRI
T
...... A MEE 2B/
- m MEE dal/%

3% 9, FalMol i 7|5 AlRSH =9
o "ot g3

—e— 7|22/
.- - 7|EAA/K
—h— A 2R DB/
e M B2R 22|

a3 10. YEHO| oist 75 AIRET=EYe)
o4 ot g

—— 7| ELE|/)
<> - 7| EAR)K
—a— M2E 22|/
- MEE 22K

J8 11, by Mol gl 715 AMREN S el
4o "ot gt

- > - 7Bl X
—h— MEE 22|/

Sl M2 AR

12 HoHol thE 715 AlRET S
H#d ot E

oldel Ae=vEmd g Fa AEAe]
#4E HHeg Z2AE T RH, &9 =
717F AR e NMEE 22E AELYL 9
AAH e AMgate] 248 4 3= Ao
2 BrHEu. ol AHEAHEC] 1&4 beep
TEOE AT o4F d2dg FAE AR
E dEdg o dsgdde R & #
ATE EF 7)Ed AHEHIT e AREE 9
=9e B§, i 80 ~ 89dBAY i e
B Z2YE AREEA ARV 238 F
R=F dA=o] gl Aol A ReA E A
e & A= wddr

4. W2 U =¥ A7

2 47E 2% fFd8 dAE dAAFY
716 AR FEE AR ARE ¥E=E
Wl diste] 71E9] Lot A2 HAE A
a3 AR ES Fstn o Ws4E e
A8E FYsach. 2742 ov Qe Az
T, € 47N AL M2E FEje] 24



#19%, F3%, 2000.12.31.

Fo& OAg ARAE] ALY $4E 98 344 e 38 59

W ERe] AHg-zte]
Aog vehted, 53 PLAY'S ‘OFF 715
AN 2 ZH7E FEHD AR e A
2= A=l tiy AHEAY F8H WEEE
71& A dodpg A2 AAE ARRE
Al o 4ede AR dehdos, A
2 ARE =Y A 2 AR
e beepFRUE Mzt Aoz vyl
ol2 beepddl BF L&2E olFA U7
el diH ez A& durz 74 A
e vEdug AssA] gt A2 F5
of ek, & Aol W& Fa A7E 12is
ol 24 YAE AF 29 (feedback) HA A
v 22 RHA RS AN dd.

YitHog £y AANEIE WEHE o
Bota] A Rl AHAE wY Aoz
7= E, AFA W AR 34 24
(ol, #9424, BEA, A& FE3H7) A
A &9 Beepi & AHS8e Znte @
zrol &4 WS olshe Aol
Asdn & & Ao £F 7PesE &9
azle wad ZsA FAE - 70 dBA) 4
Agte Zo] AHgAlY THEE YHAL
g Aoz wodch dH, A7A EAE
FUS HAEAF] B¢ ARE F=Ho

€ AR YT ARRE el glv AR
ARAFE RE 715 & TR ARE 9
=9E ARSI e AR AUt Bl
2& 715l dANE AF @k AHEE
Qe AHEE FERe] v gt (WA
e 2& Az AFY AlR) & T
AAT. WA AEE HERS EFHEID
ALgtel QA BAE HEstd ASAER

Arg g4 A fad

st EEL Folu AMRE7] HIYIHEF
A s or & Aeolth

a3, A7A ZAGgelvt AT
M RADE 23E LFF ALE HEYY o
3 ATt F2 eysolgich AT 7L
AHgH o o™ AAAF tEM ARRE HE
Holl g F&A dis) FRE d7e =X
Holw], T§ HIo BT ¥ AxAF
ol 7% 71&9 A e diH g s
Y8 dre ook 2%7) e &
FE A Fog ARAAZ el 7N1E A}
¢85 o9 Fg ARE o] HHYE
AF8 3, Yoyt AEAR s g AAE]
43, W= £ JEF AHERY AXY &
HES o83 ARE Dj=we] MAd di#
712 A7 ARE ANRGOE d o 97t
Aotz & 4 k. ®=g B dT7E FaA
AGE AE FEMe 23 dFsojol &
M EEAHE AXAE £ e W29 A
A3 Zolo] dF AT 5 F3 Hd HA
god ve 44 e ARE H=we o
AR o] 8 Aot} vlAEtos #A7AA A
AQ AR E v=wg Jrtg F UE BEH
g uhe)] o3t AFE w=A] WagEojol €
Ak AJZheiet
#

s

Hi

Y 73 A)(2000). A-EEAREFA A)5HE 48
PN a2 E, Y3 A, 20004 14 18
4k

A7), W24 (1998). 258739 fFo| &4



60 Ekk

sty

REAMTES

A vz A - AYH 4% Qg

2Ees EA%Eews] =84, 194-19.

Blattner, M., Papp, A. and Glinert, E. (1992).
Sonic enhancements o two-dimensional
graphic displays. Proceedings of the
ICAD92, Santa Fe institute, Santa Fe,
Addison-Wesley, Reading, MA, 447-470.

Brewster, S. A. (1994). Providing a structured
method for integrating non-speech audio
into human -computer interfaces. Ph.D.
Thesis, University of York.

Brewster S, A, (1997).
sound to overcome information overload,
Displays, 17, 179-189.

Brewster, S. A. (1998). The design o sonically
-enhanced widgets, Interacting with
Computers, 11, 211-235, .

Gaver, W., Smith, R. and O'Shea, T. (1991).
Effective sounds in complex systems: The
ARKola simulation. Proceedings of the
CHI91, New Orleans, LA, ACM Press,
Addison-wesley, Reading, MA, 85-90.

Keppel, G. (1993). Design and Analysis (3rd.
ed.), Prentice-Hall: New Jersey.

Sikora, C. A. and Roberts, L. A. (2000) Sounds
good to me. Global investigation of
auditory feedback. Proceedings of the IEA
2000/HFES 2000 Congress, 387-390.

Using non-speech

)

MX

@ golg

vl Virginia Tech. (VPI&SU)IA 3%
ALY S F vl5 New Jersey
Institute of Technology At&3t3 w4
E AHsdon, 19939 ¥ $gdistn
AdFER] A Feolo, FQ AF #
ARoFR2E IT-FAFE 43 AA 2,
AR FE, AT/ AGRE Fol 9
o}

& 28N
ZAEARY AYFTFHFIDE 23
. A ggdtu iy Ad-3eta
€ 2001d 2¥e EdE HAFelc}h FQ
a7 BHEkRE AXFE, QAz-AHAF
B A3AA 84 Sound-interface 5o
ek

3 5Y(Date Received): 2000/11/30
FA A5 d(Date Accepted): 2000/12/31

=
fun
I
-



