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The Sound Environment Evaluation of Urban Commercial

Space Users in Urban Commercial Area

CAI Gang-t ing
(Depar tment of A rchitectur e, Cheng K ung Univer sity , T aiw an, China)

Abstract: With the globe getting highly int ernationalized, commercial activit ies have tr ansfo rmed fr om tr aditional

buy ing and selling functions int o mo re complicated functions. Thus, sounds coming from commercial activ ities ar e

becoming much more multifar ious, a t t he same time, mo re annoy ing. T his is because of Taiwan's special r esidence

custom. In Taiwan, most people live in the r esidence-commercial complex zoning , w hich means r esidents expose

to the commercial activ ities no ise in daily liv es. In o rder t o investigat e r esidence-commercial com plex zoning sound

envir onment fr om user's point of v iew , ther e were 800 questionnair es handed round, and 273 questionnaires w ere

replied. Ther e ar e six evaluation factor s in influencing m olding commercial space sound env ir onment. Acco rding t o

the users' observ ation and exper ience, t hr ee factor s play im po rtant r oles in influencing user s' ev aluat ion r egarding

sound environment design, including amenity ( pleasant, comfor table or unpleasant, uncomfor table) , vitality ( active

or inactive) , and at mosphere o f w armth ( warm o r co ld) . I n the r egr ession analysis, amenity and vo lume ( Leq)

have a negative r elat ionship( r= - 0. 558) , which means volum e is an impo rtant fact or in com mercial space sound

envir onment mo lding . In the past, high vo lume amplifier system w as applied ex tensively in commercial distr ict t o

attr act mo re cr ow ds. However , amenity is declined under such noisy env ir onment. It is a ver y im po rtant issue t o

study the trade-o ff r elationship bet ween these tw o situations and improve noise problem in r esidence- commercial

complex zoning .

Key words: urban; sound env ir onment; com mercial space ; evaluation

CLC number: X820. 3　　　　　Document code:A　　　　　Article number: 1005-3409( 2003) 04-0151-08

1　Research Methodology and Summary of Survey

1. 1　Research Content and Methodology

This resear ch was car ried out in tw o pa rts - phy sical

and psycholog ical sur vey s. The physical sur vey w as

conducted by gr ouping resear cher s into g roups o f tw o

members each to sur vey t he environm ent on fo ot and t ake

backg r ound sound measurements at their allo cated resear ch

ar eas and prescr ibed t ime periods. T he result s of t he

sur vey s w ere then entered into the Geog raphic Info rmation

System ( GIS) tog ether with the volume measur ements of

backg r ound sounds o f cor responding geog raphic locations

for information accuracy t est ing and measurem ent -time

err o r adjustments. T he r esult of the analysis cor responds to

the environment al features o f a city-the sound environm ent

of cit y ro ads/ streets var y g reater than that o f smaller allies/

str eets. Based on the results o f the GIS analysis, t hr ee

per iods repr esenting the main hour s of com mercial

activities, morning ( 08: 00 - 10: 00) , no on ( 14: 00 - 16:

00 ) , and evening ( 20: 00 - 22: 00) , w er e select ed for

sound environment r esea rch on comm ercial a reas. In

addition, indoor measur ements of backg round sound

volumes at seventeen categ or ies of commercial spaces were

also carr ied out. In the psycholo gical sur vey , user s of

commercial spaces in fiv e majo r commercial areas in Tainan

City, No rt hern Centr al, East, West, South , and Nor th

D istr icts, wer e interv iew ed for their experiences and

evaluat ions on the sound env ir onments of r espective

commercial areas. Contents of the questionnair e include

user s' basic data ( ag e, sex , o ffice and school commuting

t ime) and their evaluations on the sound env ir onment of the

cho sen commercial spaces ( including the impo rt ance of the
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sound environment , requirements of backgr ound music,

user s' feeling s tow ards sounds and noises, and the deg ree of

disturbance o f the sounds in these commercial spaces) . T he

question o f w hether t he tr ain bell w ould str ess tr ain user s

w ere also surv eyed in the questionnaire.

1. 2　Subjects of Survey

Subjects inter viewed in this r esearch are majo r

consum ers o f comm ercial ar eas in Tainan Cit y. “Random

Sampling ” was utilized for on-site measurements and

sur vey s. Research subjects ar e sampled from a w ide range

of daily and fr equent user s o f commercial spaces.

Geogr aphic a reas include five district s, the Centr al, East,

West , South, and Nor th D istr icts, lo cated on the majo r

commercial activity belt in T ainan City, and sampled

inter viewees are males and females age betw een 10 to 60.

On-site questionnair e was adopted as the method of surv ey.

Eight hundred subject s w ere sur veyed and 273

questionnaires w ere returned. T he r ate of ret urn is

34. 13% .

1. 3　Characteristics of Interviewees

Inter view ees are composed o f 58% of males and 42% of

females. Among those, 7% are age 20 and below , 62% 21

to 30, 23% 31 to 40, 5% 41 to 50, 2% 51 and above.

Occupa tions r ange from 22% of st udents, 33% office

w orker s, 15% freelancer s, 21% technical w orkers, and 9%

housewives. F or a ver age commuting time, 28% o f t he

inter viewees t ake less than 15 minut es, 42% 16 t o 30

minutes, 22% 30 to 60 m inut es, 8% 60 t o 90 minutes. In

order to assem ble a mo re r epr ehensive sampling fo r t he

purpose o f der iv ing an accurate r esult that r eflect s user s'

tr ue evaluations o f the sound env ir onment o f cho sen

locations, all subject s int erv iew ed have been to their

respectiv e commercial spaces pr io r to the inter view.

2　Indoor Sound Environment Imagery Survey of

Various Commercial Spaces in Downtown

Tainan City

　　F rom the above questionnaire, w e der iv ed that sound

envir onments in commercial ar eas ar e very im po rtant

reg arding consumer behavio rs. An adequate sound volume

and good sound environment imager y ar e among t he

standards with w hich consum er s choo se their pla ces fo r

consum ption. A fter compar ing the above stated r esult to

the measur ements o f on-site indoo r backgr ound sound

vo lume in commercia l spaces, sev enteen commercial spaces

of differ ent cat ego ries w er e selected fo r ev aluat ion and

sur vey s on users' exper iences. T he main object ive is to

explo re user s' opinions tow ards the sound envir onments

pr ov ided by a variety of commercial spaces w ith differ ent

sett ings and purpo ses for use. In addit ion, the r esult of

quest ionnair es and on-site backg round sound vo lume

m easur ement s w er e br ought t og ether for a fa ct or analysis in

expectation to deriv e users' ev aluat ion fact or s for var ious

indoor sound environm ents in commercial a reas. The r esult

w as then put under a thr ee-dir ect ional cr oss - analysis t o

determine a level of sound vo lume that is deemed

comfor table to user s for the sound envir onment of

commercial spaces. W ith the r esult, resear cher s furt her

r eviewed and summar ized the com monalities among imager y

fa cto r s of v arious sound environment s o f com mercial

spaces.

2. 1　Measurement Methods

Seventeen commercial spaces w it h var ious setting s in

dow ntown Tainan Cit y w ere measured for indoor

backgr ound noises in this resear ch. P r ecision no ise

m ea sur ing gauges ( B&K 2260 and RION NA - 27) were

used to measure t he Leq value fo r a minimum o f 10 minutes

at differ ent commercial spaces. M icr ophones o f the gauges

w ere placed at a height and po sitio n near the m easur ers'

ear s. T aking int o considerat ion o f different setting s in

differ ent categ or ies of commercial spaces, measurements

w er e taken at var ious positions and actions such as sit ting ,

standing , and w alking. Measur ed sound sour ces ar e r adio

br oadcasting , backg r ound music, and o ther sound sour ces.

I nfo rm ation r egarding the met hods o f measur em ent ,

m ea sur ing t ime, and results is list ed in table 1.

2. 2　Results of Measurement s

T he highest backg r ound sound vo lume measur ed in this

r esearch is the Jazz Restaurant w here the sound o f life-band

m usic w as measured at 88 dB ( A ) . T he low est vo lume

m easur ed, on the ot her hand, w as the comic book sto re at

53 dB ( A ) . Commercial spaces w ith backg round sound

m easur ement s at 80 dB ( A ) or higher include v ideo game

arcade ( 84 dB ( A ) ) , KTV ( 86. 5 dB ( A ) ) , and bow ling

alley ( 83. 3 dB( A ) ) . Measurements over 70 dB ( A ) were

t aken at Sichuan restaur ant ( 74. 1 dB ( A ) ) , seafo od

r estaurant ( 75 dB( A ) ) , fast-fo od r estaurant ( 71 dB( A ) ) ,

bout ique for per sonalized items ( 70 dB ( A ) ) , billiard hall

( 79. 3 dB ( A ) ) , r estaurant complex ( 75. 5 dB ( A ) ) ,

beverage bar ( 74. 4 dB( A ) ) , supermarket ( 70. 5 dB( A ) ) ,

and hypermarket ( 71. 5 dB( A ) ) . Places w ith measurements

below 70 dB ( A ) include depart ment stor e ( 65 dB ( A ) ) ,

fa shion bout ique ( 68. 4 dB( A ) ) , 24-h convenient sto re ( 66.
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8 dB( A ) ) and comic book sto re ( 56 dB( A ) ) .

2. 3　Methods of Analysis

Seventeen commercial spaces o f v arious t ypes and

setting s w ere cho sen for the sur vey of evaluation on user s'

exper iences in this r esear ch. T he main object ive is to

explor e users' opinions t ow ards the sound env ironment s

pro vided by a var iety o f commercial spaces with differ ent

setting s and purposes fo r use. In addition, the r esult of

questionnaires and on-site backgr ound sound volume

m easur ement s w er e brought to get her fo r a cr oss analy sis in

expectation to deriv e users' ev aluat ion fact or s for var ious

indoor sound environm ents in commercial a reas. The r esult

w as then put under a fact or analy sis to determine a lev el of

sound vo lume that is deemed comfor table t o users for the

sound env ir onments of commercial spaces. W ith the r esults

o f t his analysis, r esearchers further r eviewed and

summar ized t he commonalit ies among imager y facto rs of

v ar ious sound environment s o f commercial spaces.

Table 1　Indoor Background Sound Volume of various commercial spaces

C ommercial
s paces

Locat ions of
measurem ents

Length of
t ime measured

Mode of
sur vey

Category of sound sour ces
S ound

volum e Leq

1
T ain an Far Easter n Depar tm ent
S tore, Sh in Khong Mitsuk oshi
Department S tore

60min w alk
Radio, BGM , talkin g, w alkin g
( movem ents )

65dB( A)

2 Chungch eng Road Sichuan
Res taurant

15min s it-in
BGM, cook ing sou nd f rom k itchen, ,
w alking ( movem ents )

74. 1dB( A)

3 S eafood res taur ant 30min s it-in
cookin g sound f rom kitchen, f inger-
guess ing game, laughter , t alking, w alkin g
( movem ents )

75dB( A)

4 Video game h al l 30min s it-in
BGM, sou nd f rom vid eo game mach ines ,
soun d f rom ch ildren p laying, talkin g,
w alking ( movem ents )

84dB( A)

5
Fast food res taur ant
( MacDonald's)

30min s it-in
BGM, talking, sound from children
playing, talk ing, radio, w alkin g
( movem ents )

71dB( A)

6 Bout ique for p ers on al ized items 15min w alk BGM, talking, w alkin g ( movemen ts ) 70dB( A)

7 Fashion Bout ique ( Giordan o) 15min w alk BGM, talking, w alkin g ( movemen ts ) 68. 4dB( A)

8 Bill iard / Pool Hall 30min stan ding
BGM, click ing s ound f rom bill iard balls ,
t alking, laughter, w alkin g ( movemen ts )

79. 3dB( A)

9 Res taurant complex 30min s it-in
BGM, talk ing, sounds fr om playing chess ,
soun ds f rom playing cards , laughter,
w alking ( movem ents )

75. 5dB( A)

10 Beverage Bar 30min s it-in
BGM, sounds f rom playing ch ess , sounds
f rom playing cards , talk ing, w alkin g
( movem ents )

74. 4dB( A)

11 Jazz Res taurant 60min s it-in
BGM, sounds f rom life p erformance,
dancing , laugh ter, greet ing, talkin g,
w alking ( movem ents )

88dB( A)

12 KT V 60min s it-in
BGM, singin g, radio, talking , gr eetin g,
w alking ( movem ents )

86. 5dB( A)

13 24-h con venient s tore 15min stan ding
BGM, talking , w alking ( movements ) ,
greet ing

66. 8dB( A)

14 Superm ark et 30min w alk
BGM, rad io, s ounds f rom w orkin g
machines , greet ing , talkin g, w alkin g
( movem ents )

70. 5dB( A)

15 Bow ling Alley 30min stan ding
BGM, laughter , t alking , w alkin g
( movem ents ) , greet ing

83. 3dB( A)

16 Comic book s tor e 30min s it-in BGM, talking, w alkin g ( movemen ts ) 56dB( A)

17 Hypermarket ( Carrefour) 30min w alk
BGM, rad io, s ounds f rom w orkin g
machines , talk ing, w alkin g ( movements ) ,
greet ing

71. 5dB( A)

　　 T he Main Composit ion M ethod o f Facto r Analy sis

w ithin the spher e of Var ied Vo lume M ethod was adopted in

this r esear ch as the method of analysis. Aft er analyzing the

collected data , factor s t hat have 70% or higher accumulated

factor dev iancy w ere o rg anized and nam ed individually . T he

relev ant co efficient and load capacit y of imager y facto rs of

each element wer e then derived fr om t he collect ed data.

High factor lo ading capacities indicat e that the sound

env ir onments o f these high fa ct or loading commercia l spaces

have some comm onalities. Fr om the data derived in the

analysis, r elat ionships betw een different sett ings of

commercial spaces and user s' sound envir onment imager y

fa cto r s w er e then ar r ived.

2. 4　Sound Environment Imagery Factors of Commercial
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Spaces and the Result of Experience Evaluations

Fo r the purpose of analy zing sound environm ent

imager y facto rs o f va rious commercial spaces, customers in

seventeen differ ent setting s o f commercial spaces w ere

inter viewed for their per ceptions on their r espective sound

envir onments in the fo rm o f questionnair es. The cont ent s of

the questionnaire addressed seven main categ or ies of

w het her the user per ceiv es his/ her chosen sett ing as quiet o r

noisy , plain o r flashy, clo se or open sett ing, pleasant o r

unpleasant , comfo rt able o r uncomfo rtable, liv ely o r less

lively and likeable or dislikeable. Per ception indicat or s w ere

set at a scale of 5. Subjects int erv iew ed w ere to rat e a

certa in attr ibute o f the cho sen place with a scale of 1 to 5.

The r esults o f these questionnair es w ere then brought

to gether with t he Leq value measured at the cho sen

commercial spaces fo r a factor analysis o f comm ercial space

sound env ir onment imagery in expectation to explo r e and

under st and the imager y facto rs o f user s tow ards va rious

commercial spaces.

Result s o f t he quest ionnair es indicated that o ver 60%

of user s of tr aditional commercial spaces such as Sichuan

restaur ant, seafo od r estaurant , bow ling alley , bever age

bar , and pool/ billiard hall find that the env ir onments are

noisier compar ing t o commercial spaces like 24-h convenient

stor e and comic book sto re , which ar e per ceived as quieter .

Table 2　Factor Loading with Varimax

Factors Factor 1 Factor 2 Factor 3

Imagery Factor s Amenity Liveliness Warmth

sound volume - 0. 541254915 - 0. 46106069 0. 3101754

quiet- nois y - 0. 712063773 - 0. 558432702 0. 0098189

plain - f lashy 0. 241095626 - 0. 777550954 0. 1668105

clos ed- opened - 0. 142101405 - 0. 685581468 - 0. 0155952

unpleasant
- pleas ant

0. 903627841 - 0. 132647458 - 0. 0352473

uncomfortable
- comfortable

0. 956193466 - 0. 056769156 - 0. 0817121

lively- less l ively 0. 176690307 - 0. 901359144 - 0. 1641897

cold- w ar m 0. 136214448 0. 188485948 0. 9412911

disl ike- l ike 0. 728955941 - 0. 342154932 0. 1964709

explainin g
variable

3. 19031143 2. 58489482 1. 0838816

accumulated
cont ribut ion

0. 354479048 0. 287210536 0. 1204312

　　The loading capacity ( i. e . a facto r's capacity to explain

var iances) of each facto r w as derived after a facto r analy sis

is carr ied out w ith the aid o f St atistica statist ic so ftw are. It s

induced accumulated va riance explaining capacity ( r ate of

contr ibution) reached 76. 21% ( T able 2) . L oading fact or s

w ith facto r lo ading over ± 0. 7 were chosen to be t he

repr ehensiv e as the majo r fact or o f the element. Thr ee

commercial space sound env ir onment imagery factor s wer e

der ived fr om the analysis. They ar e: facto r 1, sound

volume, quietness, pleasantness, comfor t, and

likeableness; factor 2, luxur ious setting , openness, and

liv eliness; facto r 3, warmth. T he thr ee factor s ar e

indiv idually named as the fo llow ing : factor 1 - sense of

pleasant ness and comfor t, factor 2 - liveliness, and factor

3 - w armth. Each fact or w as than put under a Factor

Sco re Analy sis to com pare it w ith each of t he chosen

commercial spaces and der iv e the common facto rs among

t hese setting s ( table 3) .

Table 3　Factor Score of each category

of commercial spaces

Factors Factor 1 Factor 2 Factor 3

imager y factors Am enity S pace Lively Warmth

comic
bookstore

1. 33421 - 2. 67479 - 0. 04806

department
store

2. 27888 0. 85669 - 1. 40997

24-h
convenient store

0. 42646 - 1. 34547 1. 31873

fashion
bout ique

0. 29493 0. 56492 0. 32619

pers onal ized
bout ique

- 0. 12469 0. 74171 0. 62903

superm ark et - 0. 48219 0. 19300 - 0. 69460

fas t-food
restau rant

0. 82020 1. 08992 - 0. 74928

w holesale
store

- 0. 07467 0. 07529 - 1. 26033

Sichuan
restau rant

- 1. 13615 - 1. 05575 0. 02094

beverag e bar - 0. 35073 - 0. 28379 0. 04305

seafood
restau rant

- 0. 36433 - 0. 97235 - 1. 38709

restau rant
complex

0. 63722 0. 81958 1. 74128

pool/ b illiard
hall

- 1. 28495 - 0. 24683 0. 07658

bow ling
alley

- 0. 68470 0. 34649 0. 40590

video game
arcade

- 1. 05599 0. 73093 - 1. 20054

KT V - 1. 26052 0. 59216 0. 80094

jazz
restau rant

1. 02703 0. 56830 1. 38725

　　Aft er sor ting out the common factor s of each o f the

commercial spaces, commercial spaces that have the factor

o f “a sense o f pleasantness and comfor t”include depar tment

sto re , comic book st or e, jazz r est aurant, fast - fo od

r estaurant , restaur ant complex, 24-h convenient sto re , and

fa shion boutique. Sound envir onments that are classified as

“unpleasant or uncomfo rtable”ar e poo l/ billiard hall, KT V ,

Sichuan rest aur ant, video game arcade, bowling alley ,

supermarket, seafood r estaurant, beverage bar , boutique
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for per sonalized items, and hypermarket ( fig . 1 ( a ) ) .

Spaces that are considered as “lively ” ar e f ast -food

restaur ant, depar tment sto re, r estaurant complex , and

boutique fo r per sonalized items. P laces that a re consider ed

as “not liv ely”ar e comic book st or e, 24-h convenient stor e,

Sichuan restaurant, and seafood restaur ant ( fig . 1 ( b) ) .

Commercial spaces that are classified as giving a sense of

“w armt h”are r estaurant complex , ja zz restaur ant, 24-h

convenient stor e, KT V , and boutique fo r personalized

items, and t ho se that ar e considered as having “less

w armt h”ar e depar tment st or e, seafo od r estaurant, and

video game arcade ( Fig . 1( c) ) .

Fr om the above stated r esult, facto r 1, “a sense of

pleasantness and comfor t”and facto r 2, “liveliness”w ere

put under a bi-dir ectional cro ss analysis, and the result is

show n in g raph 5. Spaces with both “sense o f pleasantness

and comfor t”and “liveliness”ar e depar tment sto re , jazz

restaur ant, fast-fo od restaur ant, restaur ant complex , and

fashion bout ique. P laces t hat have neit her “a sense of

pleasantness and comfor t”no r “liveliness ” are Sichuan

restaur ant, poo l/ billia rd hall, bever age bar , and seafood

restaur ant. Spaces w ith “a sense of pleasantness and

comfo rt”but no t “liveliness”ar e comic booksto re and 24-h

convenient stor e. P laces t hat ar e consider ed as “liv ely”but

not “pleasant and comfo r table” ar e KT V , video game

arcade, and bow ling alley .

A relationship analysis of t he “sound volum e”,

“pleasant ness and comfo rt”, and “liveliness”indicates that

the factor s of “pleasantness and comfor t” and “sound

vo lume ” have a negative r elat ionship with r elation

coefficient at r = - 0. 5582, p value < 0. 001, and standard

err o r = 0. 2142. “L iveliness”and “sound volume”have a

positive r elationship w it h relation coefficient at r= 0. 4857,

p va lue < 0. 001, and standard er ro r = 0. 2257. Fr om

graph 6, w e can see that as the sound volume incr eases, t he

level o f “pleasant ness and com for t”decr eases, and t he

indicates t hat the level o f “liveliness” incr ea ses as t he

“sound volum e”increases, w hich suggest t hat the comfo rt

of a commercial space is no t determined by high vo lume.

Low er volume, on the other hand, incr eases users' comfo rt

level. In contra ry , the sound environment evalua tion on

“liveliness”indicates that higher vo lume indeed achiev es

liveliness for a commercial space. However , the topic again

invo lves t he issue t ha t higher v olume has a negativ e effect

on “pleasantness and com for t”. A compar ison of this

specific sound env ir onment evaluation and t he r esult deriv ed

in pr evious chapt er indicates that the requirements for the

sound volume in a commercial space vary acco rding t o

differ ent ag e gr oups of consumers. Never theless, fo r a

pleasant and comfor table commercia l sound environm ent ,

m oderate sound vo lume is still most accept able by all user s.

According to the r esults of a reg ression analy sis car r ied out

in this resear ch, after t he thr ee facto rs der ived fr om the

fa cto r analy sis w er e co rr esponded to each of the com mercial

spaces, the “24-h convenient stor e”w as cho sen as the

cr itica l value ( F ig . 1 ( a ) - ( c ) ) . Subst ituting it int o

r elevant gr aph of the r egr ession analysis of backg round

sound volume and experience evaluation data co llected in the

initial surv eys, a sound vo lume o f 60 dB ( A ) or below is

ar r ived as t he per ceived level o f comfo rtable and pleasant

sound vo lume.

T he result o f prev ious ana ly sis w as furt her compared t o

t he stipulated day-tim e and night -time noise allow ances for

v ar ious contr o lled zones acco rding to r elev ant no ise contr ol

r egulations. A “r esidential-commercial m ix ed zone” is

classified into the Second Cat ego ry of Contr ol Zones ( w hich

fo cuses ma inly on the character istics of an area for

r esident ial purpo ses that r equir es quietness; its pr inciple of

zoning is based mainly on the second and third classes of

r esident ial zoning laid out in the city planning ) . I ts no ise

cont ro l standard is 65 dB( A ) for day-t ime and 50 dB( A ) o r

below fo r night -time. The avera ge lev el for a pleasant and

comfor table commercial sound env ir onment derived in this

r esearch is 60 dB( A ) and below . A fter modifying the indoor

sound volume w ith a modifier of 10 to calculate the sound

volume aft er it is tr ansmitted outdoor , the idea l sound

volume t ransmitt ed outdoo r is ar rived at 50 dB ( A ) and

under . This result indicates t hat t he der iv ed sound vo lume

fo r pleasant ness and comfo rt co rr esponds to the st andards

o f cur r ent no ise contr ol regulat ions.

F r om the r esults of this analysis, a contr olled indoor

sound volume at 60 dB( A ) and below in commercial spaces

satisfies no t only the criteria for pleasantness and comfor t

but also the standard for no ise contr ol st ipulated in the

env ir onmental pro tection law s. Deduced fr om the result ,

t he ideal sound vo lume not only can induce a po sitive

r eaction fo r commercial behavior s, it is also more

env ir onmentally fr iendly . In addition, the r esults o f this

r esearch furt her indicate that “sound volumes”have a dir ect

effect on user s' experiences and evaluations of com mercial

spaces ( ex : comfo rt , plea santness, and liveliness ) .

T herefo re, t he sound vo lume measurements ( L eq value )
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can ser ve as good “sound envir onment indicato rs ” fo r

commercial space opera tor s, and, from which, user s'

“experience evaluation indicator s”can also be deduced.

3　The Rhythm of Summer Soundscape in Tainan

City Area - The Vibration of Sounds from the

Nature

　　Tainan is a hist or ic cit y. In 1661, Zheng Cheng Gong

expelled the Dutch and established a municipality in Tainan.

During that per iod, immig rants and commercial v essels

fr om China flo cked into the city, and stor es sprout up one

after another . The scale of T ainan City has since been

established. In 1684, the Q ing Government established t he

Taiwan P rovince and set up its capit al in Tainan. Due to

this hist or ic backgr ound, T ainan City has much mo re

hist or ic landmarks than any other counties/ cit ies on this

island, and many of these landmarks ar e blessed w ith

hundred-year-o ld tr ees, for ex amples, t he F ig Park in

Cheng Kung Univ ersity , T ainan Park, M insheng G reen

Park, and the o ld Plum tr ee in the Guan Yu Temple. In

such a g reen env ir onment, there ar e various kinds of natural

Soundscape. T his also indicates that Tainan City's natural

sound envir onment is full of r hyt hms configur ed by the

natur e f rom morning to night , sun to moon, and summer t o

w inter . A lthough we can not hear the vibr ation o f the sound

env ir onment of the nature , fr om our r ecords of a 24-h

research on T ainan City , w e can see t ha t ther e is indeed a

cer tain lev el of r hyt hm occurr ing r epeat edly in the sound

env ir onment of the natur e.

　　　　　F ig . 1( a)　Cat ego ry of Amenity spaces　　　　　　　　　　　F ig . 1( b)　Categor y o f lively spaces

F ig . 1( c)　Categor y o f wa rmly spaces

　　 In this resear ch, the changes in the Soundscape of

T ainan City were recoded 24-h a day for a period of t ime

fr om observ ations o f different segments in the living

env ir onment. Thr ough obser vat ion, m easur ements,

r ecording , and calculation, the resear cher s dr ew the

changes in the Soundscape o f T ainan City int o a gr aph.

Each city is possible to have a nat ur al Soundscape rhy thm

t ha t is endowed by t he na tur e. It is like a symphony; in

w hich, ev ery instr ument is played at the most appropriate

t ime to assemble a piece of harmonic music.

I n this resear ch, tape r eco rder s and high precision

sound pressur e gauges w ere em ployed to record t he changes

o f natura l Soundscape w ithin 24-h in a r esident ial ar ea in

dow ntown T ainan City . F rom graph 11, w e can clear ly see
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the rhy thms and cycles of sounds made by birds, cicadas,

fr og s, and cr ickets in t he course o f a day . T his resear ch

utilized a B&K four-channel da ta co llection analy sis system

to reco rd and analy ze the levels o f sound pressur e made by

birds and cicadas dur ing the day by hour and ex tracted t he

Leq value o f the most stable m inut e in each hour as an

hour ly repr ehensiv e sound volume for the specific kind of

natural Soundscape.

A fter scr eening the sound sour ces, w e discovered that

ot her than noises, natural soundscape can be classified into

four catego ries, bir ds, cicadas, fr og s, and cr ickets. Dur ing

the resear ch period, we found that the m ost beaut iful and

soo thing sound of all is t he fir st bir d chirp dur ing daw n

( ar ound 4: 30 in summer ) . When t he fir st chirp st art s, all

sounds made by fr og s and o ther insect s suddenly “quiet”

dow n. T hese rhyt hms of nat ur al Soundscape ar e like t he

main melodies of m ovem ents in a piece o f music ( Fig. 2) .

Fig . 2　The Rhy thms of Natur al soundscape

in Dow ntow n Tainan City

4　Conclusion

The object ive of this r esea rch is t o explor e user s'

imager y facto rs, ident ify user s' per ceptions of commercial

spaces, and gain the know ledge of user s' “exper ience

evaluation” on the sound env ir onments o f commercial

spaces. In the on-sit e sur v ey o f t he sound env ir onments in

Tainan City ar ea, a Geog raphic Information Sy st em ( G IS)

w as employed to construct the distribut ion g raph of t he

sound environment s. A fter m erg ing w it h the updated

draw ing of the city layout, the tw o sides of m ajo r ro ads in

the city are pr oved to be t he no ise belts. Fo r the par t of

natural soundscape r esear ch, a distinct rhy thm curve w as

der iv ed from the actual sur vey on t he rhyt hms of natur al

sound env ironment in T ainan City . Under the situa tion that

the r ate of complains of ex cessiv e no ises has become

increasing ly higher , a fter successfully r aised the aw areness

o f dw eller s in r esident ial areas, awar eness o f env ir onment

user s should also be promo ted so t hat user s w ill consciously

r educe the ar tificial noises in t he city and liv e harmoniously

w it h the sound env ir onment of the natur e. The rhy thm of

t he natur e does ex ist in a city. The conclusions o f this

r esearch are summar ized in the fo llowing section: M ost

user s o f commercial spaces in the business district o f T ainan

City pr efer to use commercial facilit ies in a pleasant and

comfor table sound envir onment. However , t he r esults of

actual surv eys on commercial sound envir onments indicated

some certain var iables to the above ment ioned st atement.

1. T he average indoor backg round no ise value of

v ar ious commercial spaces measured in this r esea rch is 74

dB( A ) , w hich is consider ed high. Most business oper ato rs

t hink t ha t a higher v olume o f backgr ound music has po sitive

effects in attr acting cust omer s. How ever , the r esults of this

r esearch shows that 63% of users think that a “moderate

level”o f sound volum e is pr eferr ed, w hich ev idently is in

cont rar y t o the opinions o f the business operat or s.

Nevertheless, 22% of users think that backgr ound music in

commercial spaces is “the louder t he better”. T his opinion

is mainly shar ed by users age betw een 15 to 25. In

cont rar y , 15% of user s inter viewed answ ered t he same

quest ion a s “the low er the bet ter”, which is an opinion

shar e mainly by user s at t heir 40s. Ther efor e, w e can reach

a conclusion that commercial space user s o f differ ent ag e

g r oups prefer differ ent lev els of sound vo lumes.

2. Three evaluat ion facto rs w er e der iv ed from the

constr ucted model of users' exper ience evaluation on the

sound env ir onments o f commercial spaces. They ar e

“pleasantness and comfor t”, “liv eliness”, and “w armt h”.

T he facto rs of “pleasantness and comfo rt”and “liveliness”

w ere furt her put under a relationship analysis. Fr om the

r esults, the factor of “pleasantness and comfo rt”appear s t o

have a negativ e relationship with the “sound volum e”. The

r elation coefficient is r = - 0. 5582, p value < 0. 001, and

standard er r or = 0. 2142, w hich suggests that com mercial

sett ings do not need high sound volumes to achieve

pleasant ness and comfo rt . Deriv ed from the result of a

r eg ression analysis, the sound vo lume perceived as pleasant

and comfor table is 60 dB ( A ) and below . This figure also

satisfies the volume standards st ipulated in relevant no ise

cont ro l r egulations.

3. T he envir onments of spaces on comm ercial activit y

belts are g reat ly affected by lo ad speaker s and music, w hich

t ransform the ar eas into high noise belts. Adding t he no ise
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fr om the tr affic, the w hole business cir cle is infused w it h all

kinds o f noises. The place w it h the highest no ise v olume

w as measured at the Chungcheng Business Circle w it h a

noise lev el r eading at 86 dB ( A ) , and the measurement of

the low est no ise lev el w as taken at the sur rounding areas of

the Cheng Y i Park at 46 dB ( A ) . The max imum sound

vo lume differ ence betw een the sur rounding ar eas of a city

gr een belt and spaces in a com mercial ar ea is as high as 40

dB( A ) .

4. By contr olling t he indoor sound volume to a lev el

below 60 dB( A ) , a sense of pleasantness and comfor t can be

achieved as w ell as the standards o f sound volume regulation

stipulat ed in r elev ant no ise contro l law s. T his result

suggest ed that an appropr iat e lev el of sound volume can not

only induce a po sitiv e effect on commercial behavior s but

also tr ansfo rm the com mercial space into a mo re

envir onmental friendly sett ing. According to the result s of

this resear ch, “sound volume” co rr esponds dir ect ly to

user s' experience evaluation ( ex : a sense of comfor t o r

liveliness towards the comm ercial space) . Therefo r e, t he

sound volume measur ement s ( L eq value ) adopt ed in this

resear ch can be used as “sound environm ent indicat or s”fo r

evaluating a commercial space, and user s' “exper ience

evaluation indicat or s”can also be deduced fr om the dat a.

5. In the business dist rict , loud speaker s set up on t he

w alkw ays by business oper ator s often cause t he backgr ound

sound volume of the ar ea to reach a vo lume level as high as

75 to 80 dB ( A ) dur ing business hour s. If the use of loud

speakers can be limited, t he situat ion can be g r eatly

improved. T he max imum sound volume in commercial a reas

in Tainan City can r each as high as 82 dB( A ) and minimum

sound vo lume 46 dB( A ) , which w as taken in a residential

ar ea inside of a commercial distr ict. The difference is 36 dB

( A ) .

6. Compar ing t he density to noise level, com mercial

ar eas in the metr opo lit an that ar e furt her away fr om the tw o

m ajor commercial distr icts, the Chungcheng and Ximen

distr icts, have relatively low er no ise level. T he sound

volume dist ribution can be seen fr om the distr ibution of

m ajor r o ads in the city . I n w hich, ar eas ar ound o r inside the

g r eener y r eser ves in t he city ar e all low no ise ar eas ( 45 t o

50 dB( A ) ) , w hich suggests t ha t open fields and g r eener ies

ar e effectiv e in r educing no ises. L ow no ise ar eas in the cit y

include Chungshan Park , Spor ts Park, Chen-Y i Park, and

t he sur roundings o f Cheng Kung U niver sity .

T his resear ch uses the “comfor t” level ev aluation

indicato r deriv ed fr om the r egr ession analy sis on users'

experience evaluation and utilized the calculation method

and statist ical result s of physical measurements t o

effectively derive the most suitable sound vo lumes for users

in commercial spaces. U tilizing the Geogr aphic Information

Sy stem ( G IS) to pinpoint the sound envir onments in Tainan

city has also been an effect ive met hod of model

constr uction. This resear ch serv es as a subst ant ial r eference

fo r implement ing city sound env ir onments and constr ucting

t he sound envir onments for commercial spaces.
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