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Affective Design of Warning Sounds used in
Windows Operating Systems

Seung W. Hong' + Eui S. Jung' - Sungjoon Park” + Dong S. Choi'

'Korea University Department of Industrial Systems and Information Engineering, Seoul, 136-701

*NamSeoul University Department of Industrial and Environmental Systems Engineering, Chonan, 330-707

In order to properly design warning sounds that are affectively suitable to computer users, warning sounds used
in Windows operating system were analyzed in terms of their sound properties; frequency band, spectral
characteristics and physical intensity. A total of 36 warning sounds (3*4*3) were generated and tested with
respect to three experimental variables. Among 178 collected affective adjectives that are related to hearing and
sounds, seven representative affective adjectives were abstracted by statistical grouping techniques. In the
experiment, subjective preference tests were performed for the 36 warning sounds according to the seven
affective factors. From the result, the affective factors were again grouped into three major factors and the 60dB
boost-type warning sounds at the low frequency band were, in general, the most preferred, followed by the 70dB
cut-type sounds at the middle frequency band. These warning sounds have a characteristic of boost power
spectrum below 1000Hz frequency band and received good scores on simplicity, clarity and accurateness.

Keywords: windows operating systems, warning sounds, factor analysis, multi-dimensional scaling
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2 o]FojA gtk A1 “ﬂ/\]?(] (warning), 7]¥-3(basic), £
Fr(error), Y4 WA X|(general), A T(question), F-A1%5 H|-$-7]
(recycle-alternate) ol AME-5 &= AREEE B2 FA 5 0] glo
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ARE-E AZE9)0]E Cool Edit Pro 2.1, WaveLab 4.0, Visual
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Table 1. 13 Sound characteristics

Sound Name Frequency Intensity Duration
(Hz) (dB) (sec)
Chime 1427.125 67.09 0.631
Chord 1015.815 45.01 1.098
Ding 789.88 63.26 0.915
Notify 917.41 57.66 1.352
Recycle 3016.09 50.83 0.574
Ringin 1662.79 77.43 0.905
Ringout 440.05 80.58 0.468
Warning 771.92 83.06 0.24775
Basic 786.55 72.08 0.177914
Error 78.81 77.23 0.510113
General 588.50 66.46 2.122721
Question 1464.75 74.97 0.249161
Recycle-Alternate 3000.86 58.72 2182177
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Figure 1. Time-frequency distribution of recycle-alternate
warning sounds.

2N PREET EEREEEREERERECE
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£AEY BA0|R Fos $HE Bolo] 28 PHT Ak
AR Fup JEEE F33le] g Zxe 3 xEs}
o gyojy Age] EA4E A 71 de] AHEH
= WY o]t Kim et al, 1992).

Figwe 25 ‘FA% ¥1$7) AL 229 58] 29 Ed g 24
3 Ajolct. g A NG o 24 HEEE HHE
= 3c}(Jung eral, 1988). ‘F A5 H|$-7]" AL = 2,500Hz9]
A 4,000Hz] T3} ol A AA <] 97.9%E A 3= A
£ B & 9lth £, 2,500Hz, 3,100Hz, 4,500Hz9) Fut4= tf o
A AdHeE & FuF YR Frrt Aty &
% S

Table 2. result of the factor analysis for 13 warning sounds
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Figure 2. power spectrum of recycle-alternate warning
sounds.

AAA 42 Figure 28} o] 137]9] AL =0 thsA o}
9 29 Y £4& st 7} A S8 21§ Fs8G
ol HAsiA 13749 AREE=el tiEiA 891 FA(factor
analysis)& A A5t 01, 89155 WY(extraction method) ©.
B2E FA4E BX(principal component analysis) o]-&3}% 1
L9129 3} w8 (rotation method)2- 2] Z}3} A (orthogonal )44
£ 2 varimax8| A 9] YutAQl vHE HeRd¢ ) Table 2&
Zt ol gt Q184 9] Aoy, BNAR 1RA|7} 104
Al 8R19] #7672 A 615 2.2 11 & ok A A 7}
£2lo] 2R3z vl &L 229 10] 24.81%, 891 2+ 19.11%, &
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EE & 1F Y5t Table 33t 2ot

Factor
Warning Sound
1 2 3 4 5 6
Chime -.032 958 -.040 046 -.139 006
Chord -.029 .101 026 012 959 -.035
Ding 996 -.036 020 -034 -013 -016
Notify 997 -.034 021 -031 -.009 -011
Recycle -.129 -125 -.028 382 -.088 -.523
Ringin -.034 541 -.036 721 278 -.017
Ringout -.063 -.101 -125 -.007 -.108 .859
Warning -.124 -210 577 -014 11 455
Basic 997 -034 023 -.035 -011 -013
Error -077 011 TJ17 -.098 -.248 -071
General -073 794 -123 014 375 -.132
Question 224 -.082 .838 -.023 225 -024
Recycle-Alternate -.037 -.044 -.064 944 -075 -.091
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Table 3. Grouping of 13 warning sounds

Groupl Basic, Ding, Notify

Group2 General, Chime

Group3 Warning, Error, Question

Group4 Recycle-Alternate, Recycle, Ringin

Group5 Chord

Group6 Ringout
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o2 A8t 15 2= 1,000Hzo0 A 2,000Hz71 A o] F3b4
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Table 4. The first-round abstraction criteria to reduce the

number of affective adjectives.

Criteria

Example

Identical meaning

Outcrying-Noisy

Meaning representing scale

Light-Dark

Negative implication

Uncomfortable-Arrogant

Opposite meaning

Good-Bad
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Figure 3. Power spectrum pattern of six distinct sound grouping.
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3 s Fo] 'L AFIIAA07 °hHE UHeErEoZHN  oh FaSe] W= 3702 A frequency band, spectral charac-

Table 5. Result of the factor analysis for 29 affective adjectives

Affective Adjective Factor

1 2 3 4 5 6 7
Short .044 -.091 .043 179 .099 -.019 854
Healthy -.104 -359 213 398 -.013 -711 .006
Urgent 841 -011 -.031 .086 -.264 -.052 121
Long -.076 -.071 .085 324 186 .809 - 118
Deep -.071 -.170 216 316 .163 620 -318
Clean -479 -.386 124 .625 -.035 157 .089
Surprising 875 -.053 .037 -.205 -.005 .000 025
Sharp 779 172 101 -.104 -.125 372 .053
Masculine 381 -.047 784 .008 158 260 086
Simple -291 .074 -.341 -.010 223 -.083 .805
Bold 180 526 .580 .001 -.136 -223 257
Frightening 730 -.123 293 .196 -.230 -334 -.071
Precise -.024 .839 161 -.017 -.045 -225 124
Clear -267 169 011 .870 .044 061 036
Heavy 025 .081 .566 .029 .043 -.025 -.179
Scary .626 =257 439 -.003 -.072 -.089 - 181
Punctual -.138 .863 -.125 125 173 176 119
Fast 358 361 .097 185 -.540 010 510
Elegant .078 .260 -.071 .829 245 074 180
Serious .803 .095 242 -291 203 -.043 -.200
Stable -.368 205 307 112 .686 249 212
Stringent 485 107 547 -.154 -.056 .006 -.199
Proper 188 260 -.180 365 742 036 .033
Accurate -.194 .857 .004 212 218 154 -.032
Importance 348 .663 343 116 296 .046 -.134
Abundant -.174 438 -.098 -.200 .584 161 298
Calm -.320 162 327 302 .691 202 116
Needy 227 474 =276 425 297 278 -.043
Definite 070 907 .039 -.024 .072 -.027 -.108
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Table 6. Further classification of affective adjectives into affective dimensions by the factor analysis

Group Description Affective Dimension

1 Surprising, Sharp and Serious Sharpness

2 Precise, Punctual, Accurate and Definite Accurateness

3 Masculine and Heavy Heaviness

4 Clean, Clear and Elegant Clarity

5 Stable and Calm Calmness

6 Deep Deepness

7 Simple and Short Simplicity

teristics, physical intensity ©] ™, A o) AF&-H 7B 0523 * 4 *
39 2oz 367h7F AFHJAT BE B L5 160 ES] &
B2l 2. 24 2] 44,100HzW ol A A A =] Ak

(1) Frequency Band

frequency band= 500Hz W|9Fe] low frequency band(l),
500~1,000Hz2] middle frequency band(m), 1,000Hz ©]/3<] high
frequency band(h)Z Y312 H(lee, 2001), 22+ critical band
center frequency+ 250Hz, 570Hz, 1,600Hz©] CKIshiyama et a.l,
2000).

(2) Spectral Characteristics

5o 2HEY o] SRS getdl] el vhe] AHE
25 E4elE 23 57 HH o R £/ et W
of 42 MA3HA = Ak spectral characteristics= focused,
flat, cut, boost2] Wl 712 S e} 2 U= 4= Utk

focused sound(Fo)= o1 H F3= tf ol A 349]7} A5 H 0
2 ZA) 8= & Figure 4(a)°] ™, Flat(F) 2 §& 3¢ th
oA ThFatA 917k ZAsHe Gl Figure 4b)olTh 3
cut(C)2 flatd Fejol A 133 ooz A 5¢)7} 7HAs)
= 8 Figure 4(c)°] ™, boost(B)= flat3t & e o] A 1153} off
oo 2 AH 997} Z7}8lE 3 8 Figure 4(d)E 7213 9tk

(3) Physical Intensity
2hd o] Gl ol whebA =3 sound level) o] 917+ 24 5

o, AFHE 5T A 3742 o9t =E5F0] Yt
Ao 2 50dBo]4, ] 70dBS ZH8}RA] O EZ B o
A= physical intensity S 50dB, 60dB, 70dB 2 L0} 4] 21238}
ArKKjellberg et al., 1996).

39, A3} 50dB, 60dB, 70dB Y] =& A|Ze}7] YA &
AR 2FZE AT

(%) 1omod

(%) 1om0g

(%) 19m0J

(%) 1oMOJ

Figure 4. Spectral characteristics of designed warning sounds.

1000 Hz Frequency (Hz)
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1000 Hz
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1000 Hz Frequency (Hz)
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Table 7. Factor loadings and scores

Factor Loading

Factor Score

Affective

Dimension Factorl Factor2 Factor3 Type Factorl Factor2 Factor3
Deepness -0.224 0.944 -0.134 H B 7 -0.936 1.098 0.744
Sharpness -0.077 -0.026 0.986 H B 6 -1.310 0.268 0.468
Simplicity 0.934 -0.023 -0.196 H B 5 -0.824 -1.039 1.302
Clarity 0.897 -0.312 -0.173 HC7 -1.215 0.946 0.073
Heaviness -0.394 0.895 0.109 H C_6 -1.010 0.200 0.582
Calmness 0.137 0.742 -0.628 HCS5 -0.799 -0.362 1.627
Accurateness 0.828 -0.316 0.430 H F1L 7 -1.320 0.595 -0.556
H_FL 6 -1.610 -0.298 -0.472

H_FLS -1.197 -0.732 0.004

H_Fo 7 -1.217 0.993 -0.472

H_Fo 6 -1.397 -0.016 -0.132

H Fo § -1.080 -1.121 0.173

L B7 1.425 1.148 -0.090

LB6 1.884 -0.132 0.041

LBS5 1.597 -0.682 1.316

L CJ7 1.053 1.155 -0.570

LC6®6 1.619 0.607 -0.119

LCS5 1.838 -0.164 1.259

L FL7 0.286 0.331 -0.953

L FL6 1.712 -0.367 0.115

L FLS 0.677 -0.805 0.599

L Fo 7 1.937 0.385 -0.340

L Fo 6 1.822 0.232 -00354

L Fo 5 1.797 -0.173 0.899

M_B_7 -0.884 1.285 0.152

M _B_6 -0.746 0.757 0.563

M B S -0.162 -0.931 0.958

M_C_7 -0.575 1.706 0.695

M_C_6 -0.854 0.856 0.383

M CS5 -0.626 -0.156 1.000

M_FL 7 -0.501 0.424 -0.652

M_FL 6 -1.034 -0.456 -0.897

M_FL 5 -1.065 -1.215 -0.048

M _Fo_ 7 0.242 0.069 -0.367

M _Fo_6 -0.099 -1.118 -0.564

M_Fo_5 -0.084 -1.343 0.557

Note: H B 7 is for example, the abbreviation of a boost-type 70dB warning sound in the high-frequency band.
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Figure 5. Positioning of warning sounds and mapping of affective dimensions.

Table 8. Sound characteristics being affectively favored

Affective Dimension Frequency Band Spectral Characteristics Physical Intensity
Simplicity low Focused 60dB
Clarity low Boost 60dB
Accurateness low Boost 60dB
Deepness middle cut 70dB
Heaviness middle cut 70dB
Calmness middle cut 70dB

Table 8¢ #4243} T, A%, 72 low frequency
band boost, 60dB9] 7g %o] /\i;iﬂzq;‘q/«}oﬂ/q =2 7W/ﬂ

TE Holn middle frequency

33 ARg W g2 24 AT ANOVA

36749] 7B arsroll thek 24 249 H7HAHE Table 99+ 2
o] Aol ti et BAHEAANOVA)S A5

Table 99 EXA3} frequency band$} spectral charac-

teristics 7} 744 A a T o 593t JFS nj X = Ao 2 e}

11, frequency band9} spectral characteristics, spectral charac-
teristics®} physical intensity, frequency band, spectral charac-
terlstlcs U physical intensity 9] W& 2F-8-0] 7HA4 M5 ol J3k

PR = A0 E YT whehr, £E7 2fo] & dobi

7] 184 AFEE-A(post-hoc test) S AAJSFATE AFSEA L

SNK(Student Newman-Keuls) H|=2EE o] &3} &
1, Table 10 74 115-2] Mol W& 74 A5 &= o AREEA
Afolt},
AL W4 Fo frequency bandoA= low frequency
band ! middle frequency band”7} A1, high frequency band =
§0.2 ot AT BIELS 5959l Fol 7t ZAD
S
Z, low frequency band % middle frequency band”} high
frequency band Bt} A =7} e A8 & & ATk
T3}, spectral characteristics o A1 cut, boost, flat, focused sound
Abol o] fof gt F Ak VA ek gktk kAR cut¥} boost
o] e} 7}HlatZ} focused sound ] FEj Rt} AT 7} =7
Y= A & 4= Utk 538 physical intensity ol A= 70dB
o) BA o2 PN BRkoL FAACZ foi% A4
o) 2 10| A Skl
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Table 9. Result of ANOVA for affective preference

%%'XgQ]%' =

Source+ DF SS MS F Value Pr>F
S 26 52.49 2.02
FB 2 20.32 10.16 25.23 0.0001*
FB*S 52 20.94 0.40
SC 3 5.47 1.82 2.89 0.0409*
SC*S 78 49.33 0.63
PI 2 0.33 0.16 0.67 0.5174
PI*S 52 12.67 0.24
FB*SC 6 54.15 9.02 20.12 0.0001*
FB*SC*S 156 69.97 0.45
SC*PI 6 12.84 2.14 2.92 0.0101*
SC*PI*S 156 114.52 0.73
PI*FB 4 2.12 0.53 1.27 0.2877
PI*SC*S 104 43.53 0.42
FB*SC*PI 12 17.62 1.47 3.11 0.0003*
FB*SC*PI*S 312 147.25 0.47
Corrected Total 971 623.54
(*: =0.05)
+S=Subject, FB=Frequency Band, SC=Spectral Characteristics, PI=Physical Intensity
Table 10. Grouping for frequency band and spectral characteristics
SNK Frequency SNK Spectral
Grouping Mean Band Grouping Mean Characteristics
A 4.24 low A 4.17 cut
A 4.15 middle A 4.16 boost
B 3.90 high A 4.05 flat
A 4.00 focused sound
4 EQ W =TT Heat B Y e auE AeE B4 o) BEge o
ol 7] 3| A mdprefE AMESIATE 1 A e AE £
B A= 7189 A S9AA A JAN Bugs Hrkst & SR Buss ot AT B Typedt
= ° 520l A= Zo] o AZ AA T Aigol e ALAE WAY A%, ey AR, Bge] s B
28t ojufd AALS UE A Gotuxt AAJsdtt S FAskaL e, Aed L, st te] e 8t
B 3= frequency band, spectral characteristics, physical — U] WeFS d At QIth At o] &= e =9
intensity & W52 = 36709 AiSS ARfsted A Ha A IS AL AT ol= G AR BE
T 2AE Stk 248800 EAME THY AL AT o] BYE 8R10R AFFE F Yte RS gr|gt) 3
e degor AaFRHATt 89 18 S, A, T2 SHANE e Ause 9 A9, A9 2%
A, el 2= A T 84 89132 Ate R AR T A A5 FFE e A ¢+
Zrolflon, e ad duEA A QIR A3 Tk F, B B Typeol vt £2 54X E Y
£ Z AdWsta Aok P AEE Ao O dsEE BA Rt ok gwbH o s o AY AGH low
Gotr 7] 3 Ak A=W & o] &tk T 78S vk frequency band, boost, 60dbS] L&) 2 S EE UERY
gog B3 UEE A QTS Fotiy] foto] B4 1 3lom, A, 7 P2 middle frequency band, cut,
TAE ARSEINCH, 4 I a2 ARAPE ISk 7 70dB9) Falsol w2 A =S UEhl AL )it
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9401, spectral characteristicst= SNK 4104 TR 2=
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Figure 6. Time-frequency distribution of the warning sound with
best affective preference.
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Flgure 7. Power spectrum of the warning sound w1th best
affective preference.
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(loudness), 28]9] E7lFAY Fd AR E FR3E= 5o
AFZL 2(sharpness), &9 HA%E FH$-8hE & Z(tonality),
=9 A& Hrhshe 22y X(roughness) £0.82 B 42 9]
tHChoi, 1997).
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