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INTRODUCTION 

For many years  the Divis ion of Building Research has s t u d i e d  noise- 

related problems in buildings and the propagation of this n o i s e  through 
walls. The results of t h i s  work provide guidance to the construction 

industry and t o  government agencies such a s  Canada Morrgage and 

Rousing, and are a major source of input  to the National Bui ld ing  Code. 

Our overall understanding of the physfcal  acoustical aspects of 
sound isolation between d w e l l i n g s  has gradually improved. For about 20 

years the sound insulating properties of party walls have been measured 
in term of their sound transmission class (STC),  and t h e  Natkonal  
Building code1 now speciffes that party walls should achieve a minimum 

sound insulation of STC 4 5. 

Unfort~~nate ly ,  very l i t t l e  progress has been made concerning the 

human s i d e  of the problem. The lack of extensive s tudies  and data on 
human reactions to v a r i o u s  leve ls  of party-all sound insulat ion has 
made it difficult to verify the accuracy of STC in predicting such 
adverse reactions. For the same reason, it has no t  been p o s s i b l e  to 
d e  t e d n e  a satisfactory mi nirnum value of par ty-wal l  sound insulation, 

or t o  understand the i n t e r a c t i o n  of the many factors t h a t  i n f l u e n c e  t h e  

reaction of residents to noises caused by their neighbours. Since sorrnd 
tnsulation of party w a l l s  is solely for the benefit of peop le ,  it is 
Fmpcrardve that researchers improve t he i r  undess tanding of how peop le  in 

multi-residence buildings react t o  noises from t h e i r  neighbours. 

A number of f i e l d  surveys on the  annoyance caused by various 
environmental noises  such as road traffic noise have been carried 
o u t  .2 More recent s t u d i e s  using improved experimental techniques  have 

found quite strong co r re l a t i ons  between i n d i v i d u a l  responses and 

acous t ica l  measrlrements o f  traffic noise levels .  3-6 It was no t  c lear  

however, whether the methods used in the traffic n o i s e  surveys were 
s u i t a b l e  f a r  a survey concernkg party-wall sound insulation, s t n c e  

comparable prevlous studies were n o t  available. (Data from two  very 
recent unpublished studies have been obtained and are d i s c u s s e d  later in 

th i s  report.) For example, it was not: known whether annoyance-type 
responses could  be related to physical measures of sound insulation in a 
statfstically significant manner, o r  whether the situation would be 
confused by other intervening variables. This n o t e  describes the p i l o t  

study undertaken to test the suitability of one proposed experimental 

approach, 

To make the physical measurements as complete as possible, it was 

decided to inc lude  both detailed 113 octave band measurements of sound 

fnsularion as w e l l  as at least one complete 24-hour record eE background 
noise levels in each home, The physical measurements were to be carried 
out after the related interviews were completed. As in previous traffic 

noise surveys, the i n i t i a l  approach to each subject w a s  designed to 

o b t a i n  the maximum cooperation, wlthout p o s s i b l y  biasing responses by 
informing the subjec t s  before the completion of the interview of the 



exact purpose of the study. The subjective responses were to be 

o b t a i n e d  w i t h  a s tructured quest ionnaire  administered by a t r a i n e d  

interviewer in each person's home. Results were obtained Erom pa i r s  of 

adjacent homes. In a l l ,  the  responses of 98 subjects were inc luded  in 

the analyses, tagether with measurements o f  the background noise . l e v e l s  

in t h e  98 homes and t he  sound i n s u l a t i o n  af t h e  49 common w a l l s .  

For p r a c t i c a l  reasons, i L  was p o s s i b l e  to consider only  one 
ne5ghbour of each s u b j e c t ,  to measure only one common wall, and to 

measure hackground levels at only one p o i n t  during only one day. As 

these  was no p r e v i o u s  information to i n d i c a t e  whether disturbance due to 

neighhours' noises was related to some propert ies  of t he  wall, to n o i s e  

l eve l s  in each home, or to a combination of these quantities, the 

procedure  used should ideally have allowed the c o n s i d e r a t i o n  of a l l  
p o s s i b l e  variations. Unfortunately, ft was n o t  prac t i ca l  t o  make more 

e x t e n s i v e  measurements, due to the extra research e f f o r t  r e q u i r e d ,  and 

t o  the d i f f i c u l . t y  of finding large numbers of subjects willing to p e t d r  

such dfsruption of their homes. 

TI. SURVEY PROCEDURE 

1. General 

Since  this  w a s  only a p i l o t  study, it was limited to 100 sub jec t s .  

To ensure t h a t  such a small sample would allow a rel iable e v a l u a t i o n  of 

t h e  proposed techniques, it was essential t o  include the widest p o s s i b l e  
range of sound i n s u l a z i o n  values .  To s i m p l i f y  administrative problem,  

only r e s i d e n t s  l i v i n g  tn condorntniurns were approached. A local  
condominfum management company ass is ted  by suggestfng sites that might 

have superior, average or i n f e r i o r  quality sound i n s u l a t i o n .  S u b j e c t s  

were se lec ted  randomly in pairs from 11 different si tes .  General ly ,  10 

snbjec t s  ( 5  pairs of adjacent dwellings) were interviewed at each site, 
b u t  there were as f e w  as 6 a n d  as many as 1 2  interviews at some s i t e s .  

S u b j e c t s  were first contacted by means a£ a n  i n t r o d u c t o r y  Letter 

stating that they  would be v i s i t e d  by an i n t e r v i a e r  Erom the Division 
of Bu i ld ing  Research a t  t h e  Natkonal  Research Council who w a s  c a r r y i n g  

out a ' "Bui ld ing  Satisfaction Survey", The interviews  were carried o u t  

using a structured qirestionnaire that is described in the fol2owing 
section. Fol lowing  a successful i n t e r v i e w ,  the i n t e r v i e w e r  asked i f  t h e  

subjec t  would permit sound insulation and background noise measurements 

to be made. Tf  one of t h e  adjacent ne-lghbours was a l s o  s u c c e s s f u l l y  

CntervIewed and a l s o  agreed t o  permit noise and sound i n s u l a t i o n  to be 

measured, then one complete pair of i n t e r d e w s  from adjacent residences 
was ohtalned and sorind fnsulatian measurements were made within a month 

a f t e r  the Interv iews .  

The First Lnterview of each pair was selected randomly f r o m  site 

p l a n s .  The person answering the  door, if 1 8  years or o lde r ,  was asked 

tn  answer the  questionnaire. Interviews were carried out both in t h e  
d a y t l ~ n e  and the  evening t o  e n s u r e  a reasonable balance between male and 



fernale respondents .  Of the s u b j e c t s ,  84% l i v e d  i t 1  two-storey row 
hous ing ,  while t he  remainder  l i v e d  in apartment hlocks .  This linevet1 

spread between row housine and apartments was dellberate s i n c e  thr 

acoustically s i m p l e r  case of row hous ing  was expected t o  produce 

s i g n i f i c a n t  p r o b l e m s ,  while the more complex situation in a p a r t m e n t  
h l o c k s  was not considered s u i t a b l e  for an i n i t i a l  p i l o t  survey,  A few 

apartment condominiu~n res idents  were included, however, to give some 

i n d i c a t i o n  of t h e  possible problems in that  t y p e  of building. 

tn  a l l ,  120 successful i n t e rv iews  were oh ta ined  which r e s u l t e d  i n  

9 8  subjects  for the  f i n a l  analyses. Of the  other  i n t e r v i e w s ,  20 w e r e  
unmatched Interviews; t h a t  is, a successful interview with an ad jacen t  

ne ighbour  could not obtained.  The 2 remaining  i n t e r d e w s  caurd n o t  be 

used because one subject eventual ly  withdrew permission for  the sound 
insulation measurements. b r i n g  the i n t e r v i e w i n g  stage, 27 sub jec t s  

declined to be interviewed and a f u r t h e r  6 subjects  d i d  not meet the 

requirements f o r  subjects. I f  one considers t he  27 refusals as a 
proportion of t h e  120 successful interviews, a response rate of 81% was 
obtained.  

On completion of t h e  field measurements, a l l  subjects received a 

letter in forming them of  the average results f o r  t h e i r  condominium 
c o r p a r a t i o n ,  and thanking them for their assistance, 

2. The Questionnaire 

The questionnaire and coding tnformatkon is included in Appendix A. 

The f i r s t  section of the questionnaire (Questtans 1 to 9) c o n t a i n s  open- 

ended questions and some d i r e c t  questions about the general desirability 
of t h e  b u i l d i n g  i n  which the  subject l i v e s .  Questions 10 and  I 1  assess 

rhe n o t s i n e s s  of h i s  particular home and lifestyle, w h i l e  west ions  12 

to 19 assess directly elicited annoyance to various  rypes  of noises .  

The noises made by neighhours  are considered separately for  different 
s p a t i a l  relationships w i t h i n  the b u i l d i n g  a n d  f o r  different t imes of 

day. Also included are questions t o  determine which n o i s e s  a r e  
partfcularly annoying. Questions 20  and 21 concern the  p o s s i b i l i t y  of 

sleep disturbance due to n o i s e  and are followed by Ques t ion  2 2 ,  which is 

an a t t e q t  to measure the  perceived annoyance in terms of a r e a d i l y  

understood ob j e c t i ve  cost .  Questions 23 to 28 gather demographic and 

other d a t a  that may c o n t r i b u t e  t o  understanding annoyance r e s p o n s e s .  

The last  page of the questtonnaire contains Spellbergerrs measure of 

tra i t  anxiety7 which in previous s t u d i e s  of annoyance due to 
n o ~ s e ~ - ~  ,' has been f o u n d  t r 3  cant rithlte to annoyance responses.  

Most responses were obtained using seven-point response scales w i t h  o n l y  

the extremes and t h e  mid-pofnrs labelled. These were Label l -ed " n o t  a t  

a l l , "  "medium" and "extremely." T h i s  procedure had been found TO be 

successful  i n  the p a s t  in p r o v i d i n g  app rop r i a t e  i n t e r v a l  scale data,  a n d  
was lised agaln here w t t h  only a minor change to one of the labels t o  

afl;ree with the work of Levine .  9 



The questlnnnaire was pretested on subjec t s  working  Ln the D t v i s i o n  

o f  B u i l d i n g  Reseat-ch. To ensure a realistic test ,  p r e t e s t  s u b j e c t s  were 
selected who I tved in multiple-residence bui ld ings  and had no t ec l rn l ca l  

knmledge of any prevf  nus acoust fca l  s t u d i e s .  

A total of 98 variables per subject were entered into the Final 
data f i l e  of which 30 were noise  or sound insulation measures. Survey 
responses were entered d t r e c t l y  i n t o  a mini-computer usfng a program 

tha t  promp Led t h e  user with quest ions from t h e  q u e s  tlannaire. Avoiding 

the intermei lkate  step a€ codlng sheets thus eliminated the passibtlity 

of errors in transcription. 

3. Noise and Sound Insulation Measures 

In each home one complete 26-hour record of normal background n o i s e  

l e v e l s  was obtained ustng a miniature device  that s tored an A-weigh ted 
%(2 value (energy equivalent sound l e v e l )  digitally f o r  each three- 

mlnu te  period of a complete 24-hour day (Metrosonics ?letrnlogger dB- 
301). from these 480 L values ,  a daytime ( 7 ~ 0 0  a . m .  to 10:00 p .m. ) ,  

EQ 
a night t ime (10.00 p.m. to 7 : 0 0  a . m . )  and a complete 24-hour L value 

were calculated. 'Chese are referred to as L D 'Q24 
EQ * ~-EQ ' and LEQ , 

sespectfvely, in this reporr. Each subject's data in the final data  
f i l e  contained t he  three L values for both h i s  home and h i s  

Erl 
nelghbour ' s .  Since  t h e  homes w e r e  a l l  occupied a n d  t h e  occupants 

frequently Inc luded  small children, the  LEq measuring devtces had to be 
pnsttioned in Incations where they were least likely t o  be disturbed 
ra ther  than in acoustically optimum pos i t fons .  Thus, they were usua l ly  
p l a c e d  on shelves or on t o p  of  c a b i n e t s  t n  the Living room of each home, 

The microphone was general ly  c lose  t a  a wall o r  large r e f l e c t i n g  p i e c e  

of f u r n i t u r e .  

To nlnirnize  the inconvenience t o  subjects, the test sounds were 

tape recorded i n  t h e  h a w s  and then analyzed in t h e  laboratory w i t h  a 

computer. When perfected, t h i s  technique allowed the complete sound 
t r a n s m i s s i o n  loss measurements involving measurements in two adjacent  

homes to be completed in 20 minutes. In a number of c a s e s  a more t i m e -  

consuming procedure simply would n o t  have been tolerated.  

Using a conventional pink noise source and a FH instrumentatLon 
tape recorder, sounds were recorded for three 16-second bursts  i n  both  

the receiving and source rooms. A manually rotated microphone boom was 

used to average t he  sound l e v e l s  f o r  each room. In t h e  s i d e  selected as  

t h e  receiving room, hackground nofse l e v e l s ,  as w e l l  a s  f i v e  sound 
decays, were a l s o  recorded, again u s i n g  a pink n o l s e  source. When 

recording the receiv ing room levels, in which the spectrum was strongly  
tnfluenced by t h e  t y p i c a l  sound transmission loss  p r o p e r t i e s  of wal l s ,  
the  sfgnal was f i r s t  filtered to provide a f l a t t e r  spectrum and thereby 

to o p t i m i z e  the use of the d y n a d c  range of the tape recorder. An 

inverse  filter was  then tised when playfng back t h e  sound. The tape 

recordings were processed u s i n g  a mlnl-computer w i t h  an ann'lo-e to 



digital converter interfaced t o  the integrated (RMS] outputs of a 

para l l e l  s e t  of 1/3 octave  f i l ters .  Ry averaging the s a m p l e d  sound  
levels  i n  each 11'3 octave band from 100 to 4000 llz over the  time 

required f o r  the microphone t o  rotate ,  roowaveraged sound l eve l s  were 

produced for the two cases t h a t  used the pink  noise source, as well as 

f o r  the background n o i s e  l eve l s .  The average of t h e  sound decays in 

each 113 octave band was displayed oa a computer graphics terminal .  The 

o p e r a t o r  then selected the portion of the  curve to whlch a s t r a i g h t  l i n e  

was t o  be fitted for calculating the reverberation time I n  the r e c e i v i n g  

room. This avoided any possibility of including the e f f ec t s  of 
background noise levels in the calculation of reverberatlon times. 

The sound transmission loss (TL) was calculated in each IJR octavo 

band, from 100 to 4000 Hz, u s i n g  t h e  relationship: 

- - 
where SPLS, SPLR are the space-averaged sound pressure l e v e l s  I n  the 
source and receiving room respectively, S is the area of t h e  common 

wall and AR 5s the total sound absorprion in the r e c e i v i n g  room 
c a l n ~ l a t e d  from the  Sabine reverberation equat ion as 

where V is the room volume of the receiving room and TbO, the measured 

reverberation time. 

From the information for each 113 octave, several single-oumber 

r a t i n g s  of the  a i r b o r n e  sound i so la t ion  were calculated.  The sound 

transmission class (STC) was calculared from the El3 octave STI, values 
from 125 t o  4000 Hz according t o  t h e  standard procedure ASTM ~ 4 1 3 . ~ ~  

The noise isolation class (NIC) was calculated as well usFng the ASTM 

E59b procedure. ' I n  addition, several A-weighted single-number 

measures were calculated which, although not standardized quanrlties, 
are extremely s f m i l a r  t o  the ASTM E597 procedure.1Z 

Since some of the A-weighted measures depend on the source 

spectrum, the source room levels were f lrst corrected by e s t a b l i s h i n g  

equal levels in each 1/3 actave band so that the source room spectrum 
was exact ly  pink in nature. The same cerrections were then a d d e d  to t h e  
corresponding 113 octave sound l eve l s  in the r e c e i v i n g  room, Four of 

the f i v e  measures calculated were a form of A-weighted l e v e l  difference 
and would therefore be inf luenced by the source spectrum. The exception 
was an A-weighted transmission loss sum given as Eollaws: 

en,+ w, 1/10 
STA = -10 l o g  { - L f 7  10 1 

17 i=l. 



TLi are the individual 113 octave sound transmission l o s s  values 

o b t a i n e d  a s  in equation ( 1 )  above; Wi are the attenuations in d e c i h e l s  

of the A-weighting curve a t  the 113 octave band centre frequencies. The 

STA values are positive and very similar in magnitude to the 
corresponding STC values. 

Four A-weighted difference in levels-type measures were calculated 
and given the symbols 136, DAS, OAN, DANS. The f itst, DA, was simply the  

difference in o v e r a l l  A-weighted levels  measured a f t e r  the  source  was 

corrected to be p e r f e c t l y  p i n k .  The second, DAS, was an A-weighted 
difference in o v e r a l l  l eve l s  between the source and rece iv ing  rooms 
a f t e r  the source had been corrected to t h e  source spectrum proposed by 

Schultz. This Schultz source spectrum is inc luded in the ASTM E597 
procedure.12 Two other measures included a normalization that 
compensated for v a r i a t i o n s  i n  common wall area and r e c e f v i n g  room 

absorption.  Thus, before t he  A-weighted di f fe rences  f o r  each 113 octave  

band were summed up, they were normalized by an addition of -10 log  

( S / A ~ )  (where Al is the i n d i v i d u a l  1/3 octave band r e c e f v i n g  room 

absorpt ion) ,  N o r m l i z e d  A-weighted differences ca lcu la ted  w i t h  a pink 

source  spectrum were given the symbol DAN, and those calculated w i t h  the 
Schultz source spectrum were given the symbol DANS. 

Lri t h e  analysis of the results a further n o i s e  measure,  the B r i t i s h  

aggregate adverse deviation (AAD) , was a l s o  calculated (e .g .  , s e e  

Ref. 13) .  731s measure is the sum of a l l  deviations below a reference 
con tou r  and thus ignores all bands where the measured performnce is 

superior to t h e  performance standard contour. 

4 .  Analysis 

Roth the survey response data and the noise and sound Insulation 
data were i n i t i a l l y  processed on a tnini-computer. A final combined d a t a  

f i l e  was created wi th  98 variables fo r  each snbjec t  as d e t a l l e d  in 
Appendlx A.  The combined data  file was then transferred to the NRC 

IBM 370 computer and s t a t i s t i c a l  a n a l y s e s  w e r e  carried out using t h e  

S t a t i s t i c a l  Package for Social Sciences (SPSS) ,  Release 8.1. 

I RESULTS 

I. Characteristics of the Survey Samafe 

S i n c e  the sample in thfs  pilot study is q u i t e  small (98 s u b j e c t s ) ,  

survey responses should be considered w i t h  reference to t he  par t icular  

acoris tPcal csndi tions t o  whlch they relate and not as genera l ly  

representative of some larger populat ion.  In Table I, which summarixes 
measured noise levels and single-number sound i n s u l a t i o n  va lues ,  the 
mean v a l u e  and standard dev ia t fon  aboat the mean is given for each 

quantfty. It is seen that the mean 24-hour Td in the homes measured 
EQ 

was 53.0 dBA with values rangkng from 39 to 67 dBA. The mean measured 



sound transmission c l a s s  (STC) is shown in Table  Z to be 51.2 dB. The 

complete d i s t r i b u t i o n  of measured STC values, t l l t ~ s t r a t e d  i n  Figure I ,  

ranges from 39 t o  60 dB. Figure 2 presents the mean values  and s t a t ~ d a r d  

deviation of the measured 113 octave s o u n d  transmission loss (TL) 

values.  

It is seen t h a t  these data do represent a quite w i d e  range o f  

party-wall sound insulation valnes In t e r n  of  the STC. Since one would  
not expect to find significant numbers of walls with STC values outside 

the range i n c l u d e d  here,  these  d a t a  s h o u l d  thus be representat ive of 

most real is t ic  party-wall sound i n s u l a t i o n  values .  Unfortunately, there  

i s  a perhaps inevitable  concentration of STC values  In the range STC 46 
- 54 whfch inc ludes  69% of the d a t a .  

A summary oE t h e  bas ic  dernographlc information fo r  t h e  98 subjec t s  

of t h i s  s t u d y  1s found in T a b l e  11. The s p l i t  between males a n d  females 

was nearly equal and quire  satisfactory for studying p o s s i b l e  effects  
due  to the  respondents' sex. It would  appear t h a t  mast respondents were 
away from home d u r i n g  the day and probably worked full-time, whl l e  a 

smaller number worked in t he  evenings o r  at n i g h t  and were u s u a l l y  hone 

d u r i n g  the day. Since the residences were a l l  condominiums, most 

subjects (91.82) were also  the owners of the home. 

Table  LIP summarizes the ownership and use of various potenttally 

noise-producing d e v i c e s .  On average, radios  and t e l e v i s i o n s  we r e  found 
t o  be used many more hours per week than stereo equipment. It should b~ 

n o t e d  t h a t  t he  range of t h e s e  values as reflected by the s t a n d a r d  

d e v i a t i o n s  ts quite large; there is thus considerable v a r i a b i l i t y  

among the subjects In t h e  use sf these three types ef d e v i c e s ,  Table 

I11 also lists the percentages of subjec ts  owning various no ise-  

producing a p p l i a n c e s -  

Annoyance responses ate frequent ly  examfned by considering the 

p r o p o r t i o n  of respondents who are very annoyed by various  noises .  

Because there were only 98 subjects in all, the number of subjects 
falling i n t o  t h i s  extreme category w a s  general ly  too small  to provide 

re l iable  results .  For t h i s  reason, t he  annoyance responses were flrst 

emmined in term of the percentage of subjects  who were annoyed t o  any 
degree. Thus, T a b l e  IV shows the percentage of subjects scoring greater  

t h a n  1 on various response scales. From Table  IV it is seen t h a t  more 

than half of the subjects were annoyed by noises from neighbours on 
e i t h e r  s i d e  of them, by t r a f f i c  noise and by other ourdoat nolses. 

Clearly ,  the problem of annoyance due ta outdoor noises ( including 

traffic noise )  was at least  as severe as the probLern of d i s t u r b a n c e  or 
annoyance due to notses  from their neighbours. Plumbing n o i s e s ,  
bui ld ing  mchinezy noises, aircraft noises ,  neighbours' noises  and doors 
slamming annoyed from 30 t o  34% of the respondents. Of course, t h e  

percenLage annoyed by atrcraf t noFse would depend largely on the 

location of each home r e l a t i v e  to aircraft  f l i g h t  paths- Annoyance due  
to floor vibra t ions ,  noises from t o o l s  and app l iances ,  and  te lephone  
rings was somewhat Less frequently expressed, Subjec t s  had more 



difficulty f a l l i n g  asleep and were more o f t e n  awakened by outdoor noises 

than by noises from t h e i r  neighbours. 

S u b j e c t s  were asked whether there was any particular room i n  which 

they were mote annoyed by noises from their neighbours .  Of the 4 5  
s u b j e c t s  who responded, 55.8% were more annoyed while in their  bedrooms 
whereas 27.8% were more annoyed i n  t h e i r  living room. 

2 .  Differences Between Row Housing and Apartment Res iden t s  

Of the 98 subjec t s ,  16 l i v e d  in apar tment  condominiums and 8 2  

l i v e d  In two-storey row housing  condominiums. Although the number of 
apartment residents was by d e s i g n  very small, some comparisons between 

the  t w o  types of dwell ings can nevertheless be mde. Table  V compares 

d a t a  describing the two groups nF residents. It is seen that the noise 

l e v e l s  in the homes were qufte similar f o r  t h e s e  t y p e s  of homes. Row 

housing was on average s l i g h t l y  n o i s i e r  i n  the daytime, perhaps because 
of the on average greater number of c h i l d r e n  in t h e s e  homes. There were 

considerable d i f f e r e n c e s  i n  the STC values between t h e  two housing 

types ,  the average STC f o r  the apartments measured beFng considerably 

less t han  thar for t h e  row housing. While these observations certainly 

cannot be genera l tzed,  they must be borne I n  mind when comparing 

annoyance responses, From the other data in Table V, one c a n  see  t h a t  

the r o w  houstng sample included more expensive homes, more children,  but 

no other large differences when compared w i t h  the apartment housing 

sample. 

Table V I  compares annoyance responses €or the t w o  housing t y p e  

groups. This table gives percentages of subjects who were "at all 
annoyed" on each response ( i -e . ,  scored greater than  I ) ,  and contains 
combined data  s imi lar  to those Fn Table TV, A number of results 

i n d l c a t e  that  apartment dwellers were much more disturbed rhan row 
hous ing  residents .  For  example, although the percentage of r e s i d e n t s  

annoyed by noises from neighhours on either side of them was o n l y  

slightly less for those  in apartments than f o r  those in row housing, 

they were d i s t i n c t l y  mnch more annoyed by: noises  from neighbours above 
o r  b e l w  (81.2%), noises i n  h a l l s  and s t a i r s  (68,7%), t r a f f i c  noises 
(51.2%1, and the sounds of doors slamming. Host of shese examples of 
greater annoyance for  apartment d w e l l e r s  are n e t  r e a d i l y  a t t r i b u t e d  to 

t h e  i n f e r i o r  average measured STC of their party walls. P e o p l e  l i v i n g  
i n  apartments are subjected to a greater number of sources of annoying  
noises, some af whlch are more likely to be a more severe problem in 
apartment  b u i l d i n g s .  Only apartment d w e l l e r s  can have neighbours above 

or below them, noises from hal ls  and stal ts ,  and foots tep  noFses above 
them. 'In add i t ton ,  because of t h e  nature of their b u i l d i n g s ,  they are  

poteotially exposed to more types of buildlng machinery noises and doors  

slamming. This combination of more sources of annoying noise and 
greater expostire to  some noise sources causes a more severe noise 

Impact on them. A case in point is the f a c t  that a11 f o u r  s leep  

response i t e m s  Indicated greater disturbance to apartment dwellers t h a n  
t o  r w  housing residents. This may at l e a s t  part ly  be due to the 



generally i n f e r i o r  party-wall sound insulation of apartments. Alt l~ough 

t h e  sound i n s u l a t i o n  of floors was no t  actua l ly  measured in this study,  

it appears to be a more c r i t i c a l  problem in apartments t h a n  the 

i n s u l a t i o n  a5 p a r t y  walls.  

Desp i t e  the  limitations caused by the  small number of a p a r t m e n t  

residents surveyed, these comparisons confirm t he  expectat fon t h a t  t h e  

disturbance by ne ighbour s  ' noises within aparrrnent b u i l d i n g s  is a much 

more complex problem t o  untangle than that f o r  r w  housing. They a l so  

i nd i ca t e  t h e  need f o r  a d e t a i l e d  study of sound Insulation problems i n  

floor and cetling assemblies and of f o o t s t e p  noise. 

3. Cornnosite Resnonse Scales 

P r e v i o u s  research8 has shown composite response scales to he more 

r e l l a b l e  measures of disturbance than  single-ftem responses and more 

h igh ly  correlated with objec t ive  acoustical measures. I n  t h i s  s t u d y  a 

factor analysis was f l r s t  carried out a n  22  annoyance and sleep 

disturbance responses, using the principal components method of factor 
a n a l y s i s .  Any factors w i t h  eigenvalues greater than l. Ci were t h e n  

rotated by vsrimax. Ffnahly, composite response scales were formed by 
summing the responses to item t h a t  loaded s t rongly an the  major factor. 

It was found to be diEficult to create  a composite response  scale t h a t  

corre la ted  much more s t rong ly  w i t h  acoustical measures t h a n  d i d  the 
individual i t e m  responses. By limiting the p o s s i b l e  number OF factors 

ro three, and only  summing items that had fac tor  loadtngs 3 0.70 on the 
major  fac tor ,  which explained 64% of the response variance, a composfte 

response scale was formed. The composite scale inc luded  t h e  Eollowlng 

ttems: annoyance with ne ighbo urs ho i ce s ,  annoyance w i t h  nei~hbours' 

music sounds, annoyance w i t h  noLses from neighbours  on either s i d e  in 
the daytime, annoyance w i t h  noises from neighbours on e i t h e r  side at 

n i g h t ,  and  Frequency of d i f f i c u l t y  in f a l l i n g  asleep due t o  neighbours' 
noises. This composite annoyance scale, which r~sulked from a f a c t o r  

analys is  of response scores, is referred t o  as r e sponse  variable 101 tn 

this  report. 

A second composite annoyance scale was formed by summing the € o u r  

responses c o r r e l a t i n g  most h igh ly  wirh measured STC values and is 
referred t o  as response variable 104. The four items w e r e :  perceived 

n o i s e  in subject's  own home, annoyance w i t h  the  sounds of neighbours '  

voices, annoyance with neighbours' music sounds, and frequency of 
d i f f i c u l t y  in f a l l P n g  asleep due to neighbours' noises .  This somewhat 
a r b i t r a r i l y  dertved scale correlated more strongly w i t h  STC va lues  t han  

the sca le  derived by f ac to r  analys i s ,  as will b e  seen i n  the f o l l m i n g  
sections, Although both annoyance scales were used I n  subsequent 

ana lyses ,  one should  be auare of the dffferences in their rnettlod of 

formatton. 

The Eact that factor analysis fafled to prodr~ce  a composite 

response scale with much improved correlations with STC va lues  may be 

an important d i scove ry .  It i n d i c a t e s  a d i s t i n c t  d i f f e r e n c e  hetwcen 



s u b j e c t i v e  responses to traffic n ~ i s e , ~ - ~  T ~ ? ~ ~  and subjective 

responses t o  noises caused by neighbours  in m l t i - f a m i l y  dwellings. Tt 
a p p e a r s  t h a t  traffic noise I s  a more homogeneous source of disturbance 
and many d i f f e r e n t  responses related t o  a general sense of annoyance t o  

t r a f f i c  no i se ,  Annoyance w i t h  neighbours* noises  does n o t  appear to 

e x h i b i t  the same homogeneity. A s  discussed in l a t e r  sectfons, d i f f e r e n t  

t ypes of noise caused annoyance In different ways. This would explain 

why they d l d  nnt add together very  successfully to form a composite 

response scale. This difference also  i n d i c a t e s  t h e  impor t ance  of 

considering each response separately throughout all f u r t h e r  analyses 

s i n c e  these responses m y  relate q u i t e  differently with both a c o u s t i c a l  

and nun-aco11s tical predictor variables.  

4 .  Physical Variables as Response Predic tors  

Most of the questionrtatre items designed t o  assess the fmpact sf 

noises from neighbours us ing  7-point i n t e r v a l  scale responses were form 
of dPrect ly e l t c i red  annoyance. With such q u e s t i o n s  there is always t h e  

p o s s i b i l i t y  tha t  the nature oE the question is somewhar suggestive and 

hence produces a biased, excessively nega t ive  response. To v e r i f y  t ha t  

t h i s  was not t h e  case, i n i t i a l  open-ended q u e s t i o n s  were i n c l u d e d  to 

o b t a i n  a measure of spontaneous annoyance to t he  n o i s e  of neighbours .  

Response  variables 009 and 010 l i s t i n g  the t h i n g s  subjects l i k e d  and 

d i s l i k e d  about t h e i r  b u i l d i n g  respectively were used to o h t a i n  these 
spontaneous responses.  The liking of q u i e t n e s s  a r  the disLik ing  of 
no i se  were coded as 2; other l i k e s  or dislikes were coded as 1 and no 
likes o r  dislikes were coded as 0- Cross t a h l a t i o n s  were then 

performed between these two response varfables and the STC va lves  of the 

t e s t e d  w a l l s  which were grouped into four STC ranges. In bo th  cases a 

Chi s q u a r e  rest fnd ica ted  that  there was a significant relationship 
between t h e  variables (p < 0.02 for varlable 009, and  p G 0.005 f o r  

var iab le  10). In addition, the r e s p o n d e n t s ~ a r i s f a c t - t o n  u i t h  t h e i r  

b u i l d t n g  was significantly related to s o m  measures of sound i n s u l a t i o n  

(Tab l e  VII]. Thus  the spontaneous respanses tn questions t h a t  d i d  n o t  

mentlon nofse were significantly related r o  the measured STC of each 

subject's w a l l .  

The r e l a t  i onsh f  p s  between the major annoyance responses and the 

phys-lcal  measures of sound i n s u l a t i o n  w e r e  f i r s t  eva lua ted  by Pearson  

product-moment carrelations be tween pairs of var iab les .  In Tahle  VII , 
whfch g i v e s  t h e  c a t r e l a t i o n  c o e f f i c i e n t s  significant a t  p G 0.05 l e v e l  
or hLghec fo r  seven sfngle-nmnber sound insulation measures, it i s  seen 

that there  are  a large number of significan~ corre la t ions  despite the 

small sample 198 s u b j e c t s ) .  Thl~s, t h i s  p i l o t  survey has s u c c e s s f u l l y  

demons t ra ted  t h a t  s Egnif i cant  r e l a t i o n s h i p s  be tween sound i n s u l a t i o n  and 

annoyance measures can be obtained. 'She correlations between responses 

and STC values  vary from i n s i g n i f i c a n t  to a correlation of -0.335. 

Correlations with the  A-weighted transmission loss STA were slightly 
higher, reaching a maximum a £  -0,378. In a recent: British s t u d y ,  

1,angdonl5 found correlat ions between s u b j e c t i v e  r a t i n g s  and sound 
insulatfon measures ranging  from 0.25 r o  0.40 in a study i n v o l v i n g  917 



subjects .  Thus, the magnitudes of  the co r re l a t i ons  shown in TabLe VII 

are very much Ln l i n e  wirh t h e  only o t h e r  comparable s tudy.  In b o t h  t h e  

present p i l o t  study and Langdon's s tudy,  the Least emotional response 
cor re la ted  m o s t  highly w i t h  the measured sound insulation. In t h e  

presenr study this was response variable 054,  the amount of money 
s u b j e c t s  were prepared to pay monthly to e l imina te  annoying no i ses .  In 

T,angdonls study it was a subjective rating of the existing sound 
insulation. Table V I t :  i n d i c a t e s  t h a t  m o s t  other annoyance-type 
responses correlated wtth STC at about 0.20 o r  slightly higher. There 
are also a number of q u i t e  notab le  excepttons where response variables  

did not correlate significantly with  sound Insulation measures; hence, 
one m s t  assume t ha t  the degree of the  disturbance is l a rge ly  
independent of t he  sound i n s u l a t i o n  of t he  wall. These responses would 

inc lude:  o v e r a l l  annoyance w i t h  noises  from their neighbours on e i ther  

side (027), annoyance with speech sounds Ernm their ne ighbour s '  r a d i o  o r  

r e l e v i s t o n  (0391 ,  annoyance w i t h  the sounds of their neighbours '  

children ( 0 4  11, and dayrime annoyance w i t h  noises from their nelghboucs 

on either s i d e  ( 0 4 6 ) .  In sonre of these cases,  correlations which were 

marginally significant night  be increased in a s t u d y  w i t h  a la rger  

number of subjecrs. 

P r e l i m i n a r y  comparisons of the s u i t a b i l i t y  of various sound 
i n s u l a t i o n  measures can be ob ta ined  Erom Tabla VTI, although in general  
there are only  minute diE fesences between the correlarions with v a r i ~  11s 
sound i n s u l a t i o n  measures. The differences between DA and DAS and 

between DAN and DANS are so small t ha t  the differences between a pink 
source spec trum and t h e  Schul tz  source spectrum are clearly unimportant 
in these data. Since  STA and DAN are physically very similar, it i s  n o t  

surprising that Table  V I I .  shms them t o  produce vir tual ly  i d e n t i c a l  
correlations with response measures. There does seem to be a trend,  

hwever ,  for the  A-weighted transmission loss measures, such as STA or 
DAN, t o  produce slightly higher correlations with subjective responses. 

The simple A-weighted difference in levels ,  DA, produced s l t g h t l y  

smaller correlatkons with responses in a l l  b u t  two cases. For the 

q u e s t i o n  o n  t he  degree of noise p e r c e i v e d  by the  occupant  in h i s  own 
home, and the annoyance to sounds of slamming door s ,  Dh corre la tes  
slightly mare hfgh ly  than do STC or STA. The f i c s t  of these responses 

1s clearly different in nature from a l l  the others I n  that it r a t e s  the 
s u b j e c t ' s  own home, The second response (slamming doors)  probably has  

exaggeraLed co r r e l a t i ons .  Most subjec t s  compla in ing  about the noises of 

doors slamming I lved  i n  apartments which tended to have lower STC va lues  
than the other homes. Thus,  the small number of subjects who were 

annoyed by doors  slamming and who tef ided t o  live i n  a p a r t m e n t s  with 
r e l a t i v e l y  low STC values could l ead  to somewl~ac misleadingly high 
correlations with STC values. A larger sample o f  apartment d w e l l e r s  is 

needed to properly evaluate t h i s  response. 

Table V I L I  gfves correlation coefficients o b t a i n e d  between response  

variables and v a r i o u s  measures of background noise l e v e l s .  Only one 

response correlated significantly with noise levels measured in the 
s u b j e c t ' s  own h o w  (degree of noise perceived by occupant in his own 



home (026). A number a€ responses c o r r e l a ~ e d  s i g n i r i c a n t l y  w i t h  t h e  

dayt ime  or 24-hour LEO measllred in the neighbour's apartment. mere w a s  
a definlte t r e n d  such that the responses not  correlating significantly 

with  sound Lnsulation measures d i d  c o r r e l a t e  s i g n i f i c a n t l y  wtth the 

n o i s e  l e v e l  i n  the neighbour ' s  home. These responses inc luded:  general 

annoyance with ne ighbou r s  on ei ther  s ide  (0271, annoyance with noises  of 

ne ighbaur s '  ch i ldren  (0411, and daytime annoyance with neighbours on 

e i the r  side ( 0 4 6 ) .  Table VIZI also gives the results of c o r r e l a t i o n s  
between responses and the difference between the subject 's  and t he  

neighbour's 24-hour LEQu Although three of the responses did correlate 

s ign i f i cant ly  with t h i s  n o i s e  level difference, these  corre la t ion  

coefficients nerc always lower than the  correlations with the 
netghbour" 24-hour $ Therefore, t h e r e  is no evidence  tha t  t h e  

4 " 
d i f f e r e n c e  in n o i s e  l eve ls  between homes is the principal f a c t o r  

influencing responses. The n o i s e  Level difference is j u s t  another 

var iab le  t h a t  is correlated w i t h  t he  neighbour's hQ2' (0741,  
C R  = 0.652, p G 0.001). The p r e s e n t  data  consequently do n o t  support 

t h e  idea that noLses in one's  own home can a c t  as masking noise and thus  
lead to reduced annoyance w i t h  the n o i s e s  of nefghhours. 

The d a t a  do show that different sounds from neighbours cause 

annoyance hy quite d i f f e r e n t  mechanisms. Some noises seem to be 
annoying because the sound fnsulation of the party wall is not adequate, 
while other sounds are annoying q u i t e  independent of the properties of 

the w a l l ,  probably s imply because they create high sound l eve l s  I n  the 

neighbour' s home. The r e l a t i v e ly  high correlation between t he  measured 
sound tnsulation values of the party walls and the less emotional, more 

strictly factual responses concerning t h e  number o f  dollars per month 

t h e  sub jec t s  are prepared to pay to reduce annoying noise, clearly 
i n d i c a t e  t h a t  subjects  can judge the qual i ty  of t he  sound Cnsulation of 

their wall and are concerned enough t o  be w f l l i n g  to pay to improve it. 

However, when the subjects w e r e  asked how annoyed they were because of 

t h e i r  neighbours' n o i s e s ,  the sound insulation of the wall w a s  not t h e  

o n l y  f a c t o r  that influenced their answer. Subjects  apparently took the 

quality a£ the wall into account and tended to report greater  annoyanre 
with excesstvely n o i s y  neighbouss,  as i n d i c a t e d  by the significant 

cor re la t ions  between annoyance ( 0 2 7 ,  0463 ,  and noise l e v e l s  in the 
neighbours '  homes. 

One Eactor that would have reduced the c o r r e l a t i o n  b e t w e e n  

annoyance responses and measured noise Levels  i n  t h e  neighbours' homes 

was that probably about 50% of the time the most annnylng nelghbour was 

n o t  measured. Each subjec t  u s u a l l y  had rwo l m r r r e d i a t e  nrelghbours, o n e  on 

either side of h i s  home. In t h i s  study,  measuremerits w e r e  only made in 

one of the neighbouring homes, sa  that one could expect to pi& the more 

annoying neighbour i n  only  about 50% of the cases considered- T h f s  is a 

part l cu la t ly  obvtous problem with regard to annoyance due to noises of 

neighbours' children. Approximately 62% of the homes had ch i ld ren  under 
18 years o l d .  h some cases, reported annoyance due to c h i l d r e n  was 

cor re la ted  with the  measured noise levels  in homes wtthout children. In 
ather cases,  t h e  annoyance responses werE correlated with n o i s e  leve ls  



in a neighbour ing  home with ch i ld ren ,  who were perhaps not  as noisy  as 

t h e  children in t h e  other neighbauring home. In spite of this problem, 

highly  significant correlat ions were obtained between annoyance due t o  

t h e  sounds of neighbours'  chf l d r e n  (041) and the  neighbours '  daytime L 

value (072).  One can probably conclude that the mere presence of 
Ert 

ch i ldren  I s  sufficient to cause annoyance regardless of the  l e v e l  of 
noise they create. 

As an initial s t e p  in considering the p o s s i b t l i r y  of improved 

single-number measures of sound insulation, the  principal subject ive  

responses  were correlated with the measured sound transmission loss in 
each 1 J 3  octave band. The s t a t i s t t c a l l y  significant (p  4 0 - 0 5 )  
cnrrelation coefficients that resulted are presented in T a b l e  TX. All 

the responses except one (annoyance due to sounds of neighbours' 
c h i l d r e n  (041)) were significantly related to the 1/3 octave 
rransmisslon loss values in at least one 1/3 ocrave band. However, most 

responses wete slgniftcantly related to the TL values in only  a small 
number af bands. F o r  most responses, corre la t ion  w i t h  t h e  125 Hz and 

160 Hz 1 / 3  octave band Tt values y i e l d e d  the Mgher, if n o t  the highes t ,  

correlat ion coefftcients. tn fact ,  a l l  t h e  correlation coefficients 

between responses and rhe 160 Hz TL values were higher  than f o r  those 
v l t h  STC values. The results  gZven in Table IX appear t o  Indicate t h a t  

rhe lower 1/3 octave  bands a r e  most critical i n  determfning the 

r e s u l t i n g  disturbance to residents. 

To better understand the relarionship between t h e  phys ica l  
variables, p r i o r  to at tempting to form improved composite sound 
i n s u l a t i o n  measures, a l l  sound insulation measures were correlated with 
one another. The correlation coefficients are  given in Table X ,  As was 

expecred, many oE these measures were very highly intercorrelated. 

Among the seven single-number o v e r a l l  snund insulation va lues  (STC, N T C ,  

STA, M, DAS, DAN, DAMS) intercarrelations were very hfgh ,  r a n g i n g  from 
0.9Q4 to 0.9998. These high corre la t ion  caeEEicients clearly 
demonstrated the very high similarity between STA and DAN values. Tl-le 

STC and STA values were also very similar w i t h  a correla~inn coefficient 
of 0.965, The simple A-weighted level difference, DA, differed the most 

from STC but ,  even so ,  correlated with STC values wtth a coeEEtcient of 

0.904. It is therefore not surprising t h a t  the results  in Table VII 
i n d i c a t e  no large differences among these varlables  as p r e d i c t o r s  of the 

s u h j  ectlve responses. 

The corre la t ions  between the 1/3 octave sound transmission l a s s  
values  tended t a  decrease as the separation of the frequency 
Increased.  Correlation coefftcients between adjacent 113 octave bands 
were g e n e r a l l y  apppraxirnately 0.8 to 0.9, b u t  f o r  bands separated by one 

In termediate  band the i n t e r c o r r e l a t i o n s  were general ly  0.7 to 0.8. The 

lowest correlations between lJ3 octave-band TL values w e r e  about the 
same as the highest correlations between subjec t fwe  responses and sound 

insulation measures. Th i s  same t a b l e  shws rhat t h e  STC v a l u e s  

correlated most highly with the 113 octave TL values for 1/3 octave 
bands between approximately 200 Hz and 630 Hz. 



IL was  hoped that new cornbLnations of 1/3 octave TL values  could be 

found t h a t  w a u l d  cotre la te  more strongly  w i t h  subjective response 
measures. Tn an attempt to o b t a i n  such new measures, multiple 

regression analyses were performed regressing each response on the 

var lous  113 octave TL values. The order of e n t r y  of the 1 /3  octave TL 
predic tors  into  t h e  equation was determined according to. which one 
accounted f a r  the largest part of the unexplained variance at t h a t  step. 

No success fu l  combfnatinn o f  even two 1/3 oc tave  TL values was found. 

That i s ,  i n  no case could  even two 1/3 octave v a l u e s  be f o u n d  t h a t  

when taken together, added s i g n i f i c a n t l y  to t h e  prediction of a 

subject ive  response. This is perhaps n o t  surprising in view of the high 
i n t e rco r re l a t ions  between the 113 octave TL values  g iven  in Tab le  X. 

I n  Rrltafn, sound Insulation Ts measured fa term3 of a n  A g ~ r e g a t e  

Adverse Deviation (AAD) belw a reference contour.13 Th l s  con tou r  is 

Flat from t h e  1600 Hz t o  3150 Hz 1/3 octave bands,  w i t h  a valve of 56 dR 
TL in each 113 octave  band. Relrrw t h i s  p l a t e a u  the contour d r o p s  at 

4 dB per octave.  It was des i red  t o  evaluate the AAD a s  a p r e d i c t o r  of 

s u b j e c t i v e  responses. TR addition, three ather variat tons of the 
standard AAD were considered in which t h e  4 dB per octave slope was 
v a r i e d .  Slopes of 2, 3,  4 and 5 dl3 p e r  octave were considered,  

The c o r r e l a t i o n s  between the resulting AAD type measures and t h e  

responses are given in Table XI. Varying t he  s l o p e  of the reference 

contaus wlthfn the range j u s t  mentioned had only very minor effects  on 

the  resulting co r re l a t i on  coefficients. By comparing Table  X I  with 

T a b l e  V T I ,  i t  is seen that  s l i g h t l y  h i g h e r  corre la t ions  with responses 
were obtained with AAD values a s  t he  p r e d i c t o r  than with STC values. 

S i n c e  both sound i n s u l a t i o n  values and background n o i s e  l e v e l s  were 
found to relate  signiEicankly to responses, it was h o p e d  tha't: compound 

predictors could be found that included both types  af physical  measures. 

M u l t l p l e  regression analyses were perEatmed in which the o r d e r  o f  e n t r y  
of the predtctor variables  was predetermined to allow easy comparison 

b e  tween various combinations of predictors and t h e  subjective responses. 

Three sound insulation measures were considered in separate ana lyses :  
STC,  STA and AAD. h e  of these sound i n s u l a t i o n  measures was  s h e  f i r s t  

predictor var iab le  e n t e r e d  i n t o  the equation, followed by the 

neighhour's LE 2 r  and f i n a l l y  by t he  subject's $Qzr. The resulting 
'1 m u l t t p l e  corre a t i o n  coefficients a f t e r  each step a r e  g iven  in 

T a b l e  XII. In a number of cases, as noted earlier, the s i m p l e  

c o r r e l a t i o n s  between the sound i n s u l a t i o n  measares and t h e  response 
var iab le s  were no t  signlffcant, and are included here only to complete 
the table .  In many cases t he  second term, t he  neighbour's hq2*, d i d  
not add significantly to the p r e d i c t i o n ,  In a l l  cases, the t h i r d  term, 

t h e  s u b j e c r t  s own hnZ4, d i d  n o t  add to the prediction of these 
s u b j e c t f v e  responses. That is ,  although in some cases successful 
cornhinat ions  of sound insulation measure and neighbour's L~~~~ were 
found,  no successful cambinatLons were found tha t  inc luded the subject's 

rnrn T 24. The s i m p l e  correlations of Tab le  V Z Z I  had i m p l i e d  t h a t  t h e  
%Q 

sLmpZe difference between the subject's and the n e i g h b o u r s t  $QZ 
(response vat tab le  099 )  was n o t  a successful predictor of adverse 



s u b j e c t i v e  responses. The results of  T a b l e  X I 1  c o n f i r m  t h i s  and suggest 

t h a t  none of the combinations af t h e  s u b j e c t ' s  and  t h e  nelghbourt s 

L~~~~ values we re successful p r e d i c t o r s  of a d v e r s e  s u b j e c t i v e  responses. 

As a f i n a l  cons ide ra t ion  concerning  the r e l a t i o n s h i p  between 

phys ica l  measurements and s u b j e c t i v e  responses, p o s s i b l e  causes of t h e  

measured n o i s e  l e v e l s  were investigated. 'It was reasoned t h a t  subjects 

who used t e l e v i s i o n s  or r a d i o s  f o r  longer periods,  o r  who were home more 
af ten ,  would have n o i s i e r  homes. The following response var iab les  were 

considered as predictors of the  measured noise levels :  h o u r s  of 

t e l e v i s i o n  use (015), hours of- radio use C016), hours  o f  stereo use 
(0171, days hame per week (0575, evenings home p e r  week (0581, n i g h t s  

hone pet week (0591, number of adult r e s i d e n t s  C063), number of c h i l d r e n  

in t h e  home (Oh&), and a sum OF t h e  responses t o  var iab les  1018) to 
(0251, indicating whether the home contained various noise-producing 
appliances. The only clearly  u n d e r s t a n d a b l e  signif icarlt c o r r e l a t i o n  

between these poss ib le  predictors and measured noise  levels  was the 
correlation between t h e  mmber of ch i ld r en  and the measured dayt ime  and 

24-hour noLse measures (R = 0.334, p < 0.001 f o r  L~~~~ and  R = 0.318, 

p < 0.001, for L ~ ~ ~ ~ ) .  Thus, the s u b j e c t s '  reported annoyance with  t h e  

n o i s e s  of the i r  neighbours' c h i l d r e n  cor re la ted  q u i t e  s t r o n g l y  w i t h  t h e  

noise levels  in their neighbour's home, and the number of c h i l d r e n  In 
the home cor re la ted  strangly with the  measured no ise  l e v e l s  in it. 

Presumably, annoyance wi th  t h e  sounds of chi ld ren  would a l s o  correlate 
s t r o n g l y  w i t h  t h e  nunbet of ch i ld ren  l f v i n g  in the ne ighbour ing  horn. 

5 .  Non-Acoustical Predictors 

The in f luence  of various non-aco~lstical variables an the recorded 

annoyance responses was then considered.  Multiple regression analyses 

were per formed  incorparar2ng both acoustical and non-acousttcal 

variables as independent variables and v a r i o u s  annoyance responses a s  

d e p e n d e n t  variables. The acoustical v a r i ab l e s  were fo rced  i n t o  t h e  
r e ~ r e s s i o n  f i rs t  i n  t h e  fo t l cming  order: (1) STC; (2) neighbnur's  

=EQ 2 4 ;  (3 )  subject's L ~ ~ ~ ~ *  Non-acoustical variables were t h e n  entered 

a c c o r d i n e  to which one accounted f a r  t h e  grea tes t  p o r r i o n  of t h e  

remaining unexpla ined  variance. I n  the first s u c h  regression, the 

f o l l w i n g  non-acous t lcal variables  were i nc luded :  Length of occupancy 

(0051, satisfaction with building (OIZ), considerateness of neighbours  

(0133,  h e l p f u l n e s s  o f  h u f l d i n g :  o f f i c i a l s  ( 0  1 4 ) ,  value of t h e  home (0561, 
days home per week (0573, evenings home per week (0581, n f g h t s  home p e r  

week (0591, education (060), fami ly  income ( 0 6 l ) ,  age (062),  number o f  

adulr  residents ( 0 6 3 1 ,  number of children r e s i d e n t s  ( 0 6 4 3 ,  sex (0651, 
and stress  (068). Table X I X I  summarizes t h e  results of these regression 
ana lyses .  The order of entry is given f o r  the non-acousttsal predictors 

that; added significantly to t h e  equation. Negative signs i n d i c a t e  t h a t  

the regression coefficient: was n e g a t i v e  f o r  t h a t  va r i ab l e*  The 

a c o u s t i c a l  variables t h a t  were s i g n i f i c a n t  predic tors  at t h e  f i n a l  stage 

of the regression are also shown. Xn some cases, inclusion of various 

non-acoi~st ica l  variables changed the significance of the acoustical 



variables. The final values of t h e  multiple correlation coefftcients 

are a l s o  given. 

A comparison of the m u l t i p l e  correlation coefficients of T a b l e s  X I 1  

and  X I  I L shows that adding the non-acoustical variables approxima t e t y  

doubled the multiple cortelation coef f lcients. Thus, t h e  non-acous t i c a l  

va r i ab l e s  generally added grea t ly  t o  the p r e d i c t i o n  of annoyance 

responses. Table X L T I  shows that the neighbours' considerateness, as  
perce ived by the subjects, was the most important non-acoustical 
variable. In f a c t  it w a s  entered Eirst f o r  11 of the 13 regressions. 

One can somewhat arbitrarily select the more important predictors  as 
those that contrfbuted significantly t o  at l e a s t  fou r  annoyance 
responses.  The resulting predictors in thts  survey w e r e :  l eng th  o f  

occupancy {005), sat ts fact ion  with the building (012) ,  considerateness 
of neighbours 10 131, helpfulness of b u i l d i n g  o f f  l c i a l s  ( 0 1 4 ) ,  value  of 

the home 10561, days home per week (0571, and stress (0683,  One i s  thus 

l e d  to the conclusion that the subjects' annoyance with noises from 
their neighbours increased with the length of occupancy, rhe value of 
the  ham,  the number of daytime periods at h o w  and s u b j e c t s '  stress 
score. On the other  hand, the more the subjects were s a t i s f i e d  w f t h  

t h e i r  b u i l d f  ng and f aund their neighhours considerate and building 
of Eicials h e l p f u t ,  the less annoyed they were by neighbours' noises.  

Further exploration of the apparently most important predictor 

(considerateness of neighbours (0133) provided greater ins ight  ineo t h i s  

response. It was discovered that  the perce ived  degree of 
considerateness of  neighbours was s ig n i f i ca n t ly  correlated w i t h  the STC 

of Ehe wall (R = 0.206 ,  p < 0.02) .  Thus,  neighbours were thought to b e  

more cons idera te  when in facr it was t he  higher sound i n s u l a t i o n  of t h o  
wall that may have caused th is  perception , To add f u r t h e r  evidence t o  

this explanation,  I t  was observed that the perceived l e v e l  of 

considerateness of neighbours w a s  not  significantly corre la ted  w i t h  t h e  

measured noise l eve l s  in the neighbours' homes. Logica l ly ,  t h e  
neighbours  perceived as more annoying because they were less c o n s i d e r a t e  

would have homes with hig he r  noise  levels, The f a c t  t h a t  t he  rating of 

the  neighhoursf considerateness is significantly related to the measured 

sound i n s u l a t i o n  s trongly  suggests that poor sound i n s u l a t i o n  may 

c o n s t i t u t e  a serious  cause of social c o n f l i c t .  Neighhours may be  

thought tt) be inconsiderate when it -Ls real ly  t h e i r  wall that i s  to 
blame. 

- A second set of regression analyses was performed in the same 

manner as the Eirst s e t .  Acoustical p r e d i c t o r s  were forced i n t o  the  
regression Eirst as described ear l i e r .  Three additional non-acoustical 
variables were i n c l u d e d ;  namely, the hours  per week spent l i s t e n i n g  to 

television ( f l l 5 ) ,  1Cstening ta radio C016), and listening to stereo 

(017). The resu l t s  of these m 1 t i p L e  regress ion analyses are  summrized  

in T a b l e  XIV i n  the same format as Table XIIT. The multiple correlation 
cneff icfents presented  Ln Table X I V  are generally a little larger than  

those in Table XL31, except f o r  response variables 050, 052 and 054 ,  for 
which the m u l t i p l e  correlations are the same or s l i g h t l y  smaller than 



those  found i n  the prev ious  analyses- Two of the three new vari .?hles 

added significantly in p r e d k c t f n g  seven d f  f f e r e n t  annoyance responses.  

It appears that Lncreased annoyance was associa ted  with -increased 
t elevi s i a n  watching, but that decreased annoyance was assocf ated wi t11 

increased listening t o  radfa. Perhaps noises from neighbours i n t e r f e r e d  

with  listening t o  televisioa and hence l e d  t o  increased annoyance. 
However, su b j ec t s  appear t o  have used r a d i o s  a s  a masking sound in cha t  
the  more they used them, the LESS annoyed they were with no-Lses from 
t h e i r  neighbaurs. As was previously mentioned, a n a l y s i s  of the n o i s e  
levels  measured i n  t h f s  study showed no ev idence  that higher  n o i s e  

l eve l s  in the  subjects '  own home acted as masking sound. Consequently, 
it i s  not poss ib le  t o  conclude that masking sound i n  general will reduce 

annoyance with neighbours' noises.  There may be same aspect of radio 

sounds ,  other  than the  overall energy equiva lent :  l e v e l ,  t h a t  does Lead 
t o  reduced annoyance with noises from neighbours; however, is nnt clear 

from t h i s  study which physical a t t r i b u t e  oE the radto s o u n d  i s  

responsible. It was also observed that reported hours of Itsrening to 
te lev is ion and radio were correlated with a number of other p o s s i b l e  
predictor variables. Hours of t e l e v i s i o n  watching  were correlated with 
evenings home p e r  week ( R  = 0.293, p < 0,002), education ( R  = -0.301, 
p 0.004), and famtly income (R = -0.226, p G 0.01). Hours of radio 
lhstenlne were correlated w i r h  n i g h t s  home pet week (R = -0.351, 

p C 0.001), age (R = 0.227, p < O . O Z ) ,  number of adult  r e s i d e n t s  

( R  = - 0.191, p c 0.011, and the stress score (R = -0.191, p < 0.03). 

Thus, i t  is quite p o s s i b l e  t h a t  one of these correlated variables  cou ld  

b e  t he  actual cause of the Increased o r  decreased annoyance. 

IY. DISCUSSION 

2 .  The Present Results 

The present study was in tended as a p i l o t  study to determine t h e  
f eas fb i l i ty  of carrying o u t  a larger study to i n v e s t i g a t e  re la t ionships  
between the physical measures of noise levels and the sound i n s u l a t i o n  

of party walls and the associated adverse human reactions. This work 
has been a complete success in that t h e  approach followed here has f o m d  

stat F s t l c a l l y  significant relationships between physical measures and 

adverse human responses. Furthermore, it: is now c h a r  t h a t  w i t h  some 

small changes,  particularly to the q ~ ~ e s t l o n n a f r e ,  a l a rge r  study could  
he carrted ollt that would be expected to lead to a much better 

understandfng of t h e  relationship bemeea t h e  phys ica l  and human 

response v a r i a b l e s .  The goals of obtaining: (1) good dose response 

celatlonships between physical measures and adverse responses, 
(23 information concerning the physical measures most a p p r o p r f a t e  f o r  

predicting human responses, and (3) i n f  orma tdon from which minimrn 

acceptable sound insulation values can be determined, now a11 seem 

readily achievable in a future larger and more complete study. 

Although it cannot be assumed that  the respondents in the present 

pilot study are broadly representative of o t h e r  Canadian o c c u p a n t s  a €  



multiple-residence bu i ld ings ,  these results  do represent a w i d e  range of 

party-vall i n s u l a t i o n  values (STC 39-60). From these r e su l t s  it is 
clear t h a t  a large proportion of the sample was disturbed by n o i s e s  from 

neighbours. Although it is not  t h e  maZn focus of t h f s  research, i t  

would appear that  disturbance by outdoor noises,  inc lud ing  road t r a f f i c  

noise ,  was a severe problem r e q u i t i n g  further investigation. From t h e  

limited sample  of apartment building r e s i d e n t s ,  i t  would appear t h a t  t h e  

impact of the disturbarlce caused by neighbours  was greater  f o r  them than  
f o r  restdents of row housing si tes .  This seems to be due to both the 
grea ter  number of annoyfng sources of noise  and t h e  greater dksturbance 

caused by neighbouts above or b e l w  than from those on e i t h e r  s i d e .  
Again, the present evidence strongly suggests t h e  need to thoroughly 

h v e s  tigate the disturbance caused by various notses in apartment 

b u i l d i n g s .  This would requ lre  the measurement of a i r b o r n e  and i m p a c t  

sound insulation of f l o o r s  and ceilings. A s  there is c u r r e n t l y  

disagreement as t o  t h e  most appropriate method of measurtng impact sound 
transmission loss, carrytng out such a study p r e s e n t s  many problems. 

The presen t  results show tha t  annoyance responses do relate to 

measures of sound i n s u l a t i o n .  That is, t he  a c t u a l  physical propert ies  

of the wall do determine the r e s u l t i n g  disturbance to people. The human 
responses in t h i s  study, hcrwever, seem to be more complicated to 
i n t e r p r e t  than those in sorner~haE simtlar studies of annoyance to  t r a f f i c  

noise.  Tn t h i s  s tudy ,  each annoyance response t ended  t o  e x h i b i t  
d i f f e r e n t  characteristfcs, whereas fa r  traffic noise s tud ie s ,  it was 

p o s s i b l e  ta more successEulLy group a number of responses into one 

fairly homogeneous measure of annoyance. Thus, some annoyance responses 

i n  the p r e s e n t  study related best  t o  measures of sound i n s u l a t i o n ,  while 

others related best to noise  leve ls  measured in a neighbousts home. 

F a c t o r  a n a l y s i s  led to a composite annoyance scale that correlated only 

s l i g h t l y  more s t r o n g ly  with sound insulation measures than d i d  s l n g l e -  

i rem responses, However, the composite annoyance scale had greater 
success s i n c e  i t  cor re la ted  more uniformly w i t h  sound  insulation and 

nofse measures. 'In addition, the  interviewer  reported many situattons 

where subjects clearly i n d i c a t e d  t ha t  they were exposed to noises  froin 

neighbours, but  s t i l l  would not  say they were annoyed because of their 

personal r e l a t i o n s h a p s  with the neighbours in question. It appears Ellat 

w i t h  a less personal  source of n o i s e  such as traffic noise ,  s u b j e c t s  
more readfly admit annoyance than with n o i s e s  from a par t i cu la r  

neighboar. Accordingly, less emotional questions such as "'how many 

d o l l a r s  p e r  menth would you spend to eliminated annoying noises"  ( 0 5 4 )  

c n  rrelated more highly with measured sound insulation. Future s tudies 

s h o u l d  nhtatn stronger correlations between human responses and physical 
measlltes from quest ions  that are mote ob jec t i ve  and d o  not imply t h a t  

the suhjec t  is cornplaintng about h i s  nefg'hbour. Langdon's recent 

study1 stths  t a n t i a t e x  t h i s  idea  in t h a t  he obtained the highest 
correlat ton w1.th measured sound insulation by s i m p l y  asking subjects to 
race the sound insulation of their party wall. 

Of the v a r i o u s  measures of sound insulation cons ide red ,  a l l  were 
u s e f u l  predictors of human responses. The sirrrple A-weighted dif Fererlce 



( D A ) ,  although the least: accurate predictor of adverse responses, was 

much easier KO o b t a i n  and may consequently be useful  in many pracr ica l  

sf tuat ions .  Tt is not p o s s i b l e  to draw f i n a l  conc lus ions  as to tho 

r e l a t i v e  merits of the  o t h e r  sound i n s u l a t i o n  measures; however, both 

the A-weighted transmission loss and t he  Rri~lsh Aggregated Adverse 

Deviation appeared to be s l f g h t l y  superior t o  STC. 

It was a l s o  clear that khe actual noise levels in the neighbour's 
home were very important pred ic tors  of adverse responses.  Tn fact ,  s o m  

annoyance responses correlated sole ly  with  noise levels  i n  the 
neighbour' s home and not w i t h  measures of t he  sound insulation. There 

was no evidence that noise levels  in the respondent's own home 
in f luenced  the subjective results; consequently i t  was inferred t hac  

higher noise levels in t he  respondent's own home d i d  not mask the 
annoyance caused by neighbours. 

The inclusion of several non-aceustlcat predictors consfderably 
increased t he  m u l t i p l e  correlations w i t h  annoyance responses, A number 

nf annoyance responses Increased with Increased length of o c c u p a n c y ,  

value of t h e  horn,  number of daytime periods  s p e n t  a t  home, and  l e v e l s  
on the  stress scale. The s u b j e c t s Y e e l i n g s  that neighbours were 
cons iderare, tha t  b u i l d i n g  of f ic ia ls  were h e l p f u l ,  and that  they  we re  
satisEied with their building relaEed to decreased annoyance. It was 

observed, huwever, t h a t  although having i n c o n s f d e r a t e  neighbours 

appeared to increase annoyance, it was the poor sound i n s u l a t i o n  t h a t  
seemed t n  l e a d  people to believe that their nelghbours were 
inconsiderate in the f i r s t  place. Subjects watching t e l e v i s i o n  seemed 
to be particularly sensitive to di s turbance  by n o i s e  from neighbours and  
t h i s  led to increased annoyance, On the other hand, increased time 
s p e n t  listening to radio  was linked w i t h  decreased annoyance. This 

might indicate a masking ef fec t  caused by the radio sounds, or it might 

be due t o  o t h e r  para l l e l  correlated measures. 

2. Acceptable Limits and Comparisons with Orher Work 

One could consider s e t t t n g  acceptable minimum v a l v e s  f o r  p a s t y  wall 

sound ins lx lat inn  in term oE a cost-benefit analysis and calculate rhe 

costs of vartous  types of construction wtth known STC values .  The 
b e n e f i t  could be assessed from t h e  r e p o r t e d  mean  rend f o r  t he  amount O F  

d o l l a r s  per month subjects were prepared r o  pay to reduce annoying 
nolses. Presumably, increas ing  construct Lon c o s t s  to t h i s  mean t r e n d  
would be acceptable  if they in turn led to acceptable sound FnsulatCon 

between d w e l l i n g s .  The costs  of various types  of construction are n o t  

considered i n  this report; however, the  r e p o r t e d  d o l l a r s  p e r  month for 

reduced annoying noises  versus  STC values are plotted i n  Fig. 3 .  The 
best €it regression Ifne shown is given by 

$/month = -0.572 x STC + 3 4 . 4 ,  (R = -0,355, p i 0.001) 

w h e r e  R is t h e  correlarion coefftctent and p i s  t h e  
probability. 



It is seen, for example, that at STC 45 subjec ts  were generally prepared 

t o  pay $9.00 per m o n t h ,  while at STC 60 t h i s  decreased to zero. Of 

course the total value of this  monthly payment would have to  be 

accumulated o v e r  the expected l i f e  of t h e  bui ld ing .  

It was noted t h a t  if the "dollars per month" responses were d i v i d e d  

by either the value oE the home o r  the t o t a l  fami ly  income, new measures 

were created t ha t  correlated more highly w i t h  STC values (R = -0.400, 
p < O.OOL, and R = -0,393, p d 0.0001, respectivelyl* 

To determlne t he  variation in impact of d i f f e r e n t  noises with 
reference t o  t h e  wall STC value, one can p l o t  t h e  percentage of annoyed 

subjects  versus STC value. Four categorfes of STC values were created 
w i t h  n e a r l y  equal  numbers of respondents  in each category. Subjects 

s c o r i n g  3 o r  greater on a response scale were considered  t o  be 
moderately or Inore annoyed. To i l l u s t r a t e  simply the genera l  t r e n d  oE 

these results, a regression l i n e  was E i t t e d  to each group of four 
p o i n t s  ( s e e  Figure  4 ) .  While it is d i f f i c u l t  t o  obtain significant 
relationships w i t h  only four points ,  it is f e l t  t h a t  these results are 

at least q u a l i t a t i v e l y  useful until a larger daka see is available.  
F igu re  4 shows that the percentage of subjects  annoyed w i t h  neighbours' 
voices (038) , annoyed w i t h  nelghboursr radio and t e l e v i s i o n  ( 0  391, and  
the percentage moderately or more annoyed on the composite annoyance 

scale  from a fac tor  analys i s  (101) produced q u i t e  similar results as a 

f u n c t i o n  of STC values. The percentage of subjecrs annoyed with 
children's sounds var i ed  less w i t h  STC values. The percentage of  
suhjec t s  annoyed w i t h  neighbours' music sounds varied more as a func t ion  

of STC values, and increased to approximately 44% moderately or more 
annoyed at STC 45.  The other  annoyance responses mentioned indicated 
t h a t  approximately 24  to 27% of the subjects were moderately o r  more 
annoyed a t  STC 45,  Recause of the apparent reluctance of subjec t s  t o  

report thar  they were anncyed by a particular neighbour, these 
percentages were probably conservative estimates of the disturbance tha t  

actually occtlrred. 

Recently, the results o f  two other studies tha t  can he compared 

with the  presen t  r e s u l t s  have become available.  Figure 5 compares 

subjectshreperts  of hearing the sounds of t h e i r  neighbouts as a 

function of sound insulat-lon value. Data from a s tudy  in B r i t a i n  

carried o u t  by ~ a n ~ d o n l ~  on 917 subjects  are Included in FFgure 5. 
This study r e p o r t e d  o n l y  AAD categories f o r  sound inst l tat ton measures. 
For t h e  purposes  oE t h i s  comparison, AAD values have heen approxfmately 
converted to STC values by the fol lowing re la t ionsh ip:  

STC = -0.113 x llAD + 56.7. 

T h i s  w a s  obtatned by regression a n a l y s i s  of t h e  STC v a l u e s  onto the MD 

of  the present s tvdp .  The other study considered inva lved  i n t e r v i e w s  05: 
1209 s u b j e c t s  and was carried out in ~o1land.l~ In t h i s  Dutch study, 

sound I n s u l a t i o n  was reported in t e r m  of a i r b o r n e  sound insulation 
i n d e x  IgU (lsolarle-index voor lucht-geluid). These values w e r e  



converted t o  approximate STC values by adding  50 to each T value, The R u 
It, value is e s s e n t i a l l y  an aggregate deviation O F  octave  band 

masuremnts from a reference contour which closely approximates to a n  

STC 50 contour .  Recause of the necessarily approximate nature of the 

convers ions  from one sound i n s u l a t i o n  measure to another, precise 
comparisons between studies are n o t  possible; nevertheless, Figure  5 

suggests considerable similarities between t h e  three investigations. 
From the present  study the percentage of subjec t s  prepared to pay 
greater  than zero dollars per month is p l o t t e d  versus STC values. T h e  

Fact that it agrees q u i t e  well w k t h  the other studies  suggests t h a t  it 
re f lec t s  the  s u b j e c t s '  a b i l i t y  to hear n o i s e s  f rom rhe i r  neighbouss.  

Figure  6 compares t h e  percentage of subjects who were annoyed 

versus STC. Again, t he  same problems of c o n v e r t i n g  from other sound 

i n s l ~ l a t i o n  v a l u e s  to STG Pirnlt:  the comparisons. "'Annoyed" i n  Figure 6 

s i g n i f  l e d  "moderately or more annoyed" in t h e  present study , "bo the red  

quite a lot" and " v e r y  much" in Langdon's s tudy,  and "percentage 
bothered" (Hinder) i n  the Dutch s tudy.  As in the previous comparison, 

results  were generally comparable and overlapped cons iderably .  In 
addition, t h e  p r e s e n t  study and the Durch study produced resul t s  that 
most closely agreed while rhe British s tudy  suggesred more annoyance f o r  

lower sound insulation (Lwer STC v a l u e s ) .  

S i n c e  AAD values were a l so  calculated i n  the present study,  it W A S  

p o s s i b l e  t o  campate i t  more prec i se ly  w i t h  Langdon" study i n  term of 

percent annoyance versus AAD values (see Ff gure 7). Although Langdon's 
s t u d y  suggests  higher percentages of annoyed subjecrs for poorer sound  

insulations (h igher  AbD v a l u e s ) ,  there now seems t o  be c loser  agreement 

bemeen t h e  two s t u d i e s  than in the comparison p r e s e n t e d  In F i g u r e  6. 
f t theref ore appears that the approximate conversion oE sound i n s u l a t i o n  

rneastlres in Figures 3 and 4 has Iimired the degree of agreement between 

the three s t u d i e s .  

5. CONCLUSIONS 

This p i l o t  s t u d y  has demonstrated t h a t  the general  research 

procedures used were s u c c e s s f u l  i n  obtafnlng u s e f u l  and  statistically 

significant r e l a t f o n s h i p s  hetween acoustical measures and related 
a d v e r s e  human responses. A more complete study w i t h  a larger and more 

representa t tve  sample of respondents  should therefore be cons ide red .  

Such a study could  produce  dose r e sponse  relationships between 
acoustical measures and various adverse human responses t h a t  would h e  

more g e n e r a l l y  rreplresentative of Canadians l i v t  ng i n  m u l t  ip le-res idence  

buildings. 

From the present resul t s ,  it is clear tha t  subjects are  aware of 

the q u a l i t y  of the sound i n s u l a t i o n  of the i r  party w a l l s .  They a r e  
andoyed and disturbed by the noises Erom t h e i r  neighhours to rhe p o i n t  

where they are  prepared to pay for improved sound insulation. S u b j e c t s  

n l t h  poorer sound fnsulatfon are more likely to he annoyed w i t h  noises 
E r o m  t h e i r  nelghbours ,  and report more Esequent d i f f i c u l t y  f a l l i n g  



asleep as a result.  Poor sound insulation even seems to lead t o  f a l se  

accusat ions that neighbours of being inconsideta te. 

Some measures of sound insulation were mare successful predictors 

of  disturbance than others. Some re la t ive ly  s i m p l e  measures were found 
t o  be only s l i g h t l y  inferior to more complex measures. I n c l u d i n g  a 

measurement of t h e  noise levels  in the neighbour's home generally 
increased one 's  a b f l i t y  to predtct the resutring disturbance. On the 
whole, this study p rov ided  canclusive evidence of the need for a more 

complete comparison of sound insulatiofi  measurements, as w e l l  as 
compound acous t i ca l  measurements i n c l ~ i d f  ng nokse levels ,  in the 
nei ghhour % home. 
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APPENDIK k 

The Questionnaire and the Response Variables 

A copy of the questionnaire used i n  the  survey I s  shown on the 

fol lm-Lng pages. The response variable numbers which are gfven t o  t h e  

right of the questtons are frequently mentioned in the report t o  c l e a r l y  

identify a part icu lar  response. The other response va r i ab l e  numbers are 

g i v e n  below. 

Response  Variable Explanation 

00 1 Subject  number 
002 Neighbour's subject number 

003 Condominium site number 
004 Apartment ( = I ) ,  or row house (=O) 

005-068 See questionnaire 

1. subject's home 
EQ 

070 T subject's hone 
EQ 

07 1 L 
2 4 

EQ 
subject's home 

072 L neighbourfs home 
E 9  

07 3 L * naighbour's home 
EQ 

074 L 
EQ 

24 neighbour ' s home 

125 Hz 113 octave sound transmission Loss ( T t l  

160 Hz 

200 Hz 

250 tlz 

315 A2 

400 Hz 
500 Hz 

630 H z  

800 Hz 



STC sound transmission class 

N I C  noise isolatfon class 

DAN 



EUILDING SATISFACTION QWESTIONNAERE 

Div is ion  of  Building Research 
N a t i o n a l  Research Council Canada 

Rel?a, 1 %  f f r o  the D i v i s i o n  of  Building Research a t  the 

National Research Council. You should have received a l e t ter  asking i f  

you would be willing to answer a f e ~ 4  questions concerning the building i n  

which you live. (Offer your letter o f  identification.) ( l f  r e s i d e n t  

received your l e t t e r ,  continue.) Would i t  be convenient for mz to 

interview you now? It w i ? l  only take about 15 minutes, and of course 

your responses will be completely anonymous. ( I f  not conven ie~ i t ,  arrange 

a more suitable time, and return then, thanking res ident  for  t h e i r  

w i  l l  ingness to help.) 

BIN NO.: TB/CT-REG I3 21611 



S u b j e c t  NO. 
A- 4 

Date 

Time 

I .  a) How l ong  have  you lived here? 

b) In what t y p e  of home d i d  you l i v e  p r e v i o u s l y ?  

( A )  Apartment Block 

(3)  Small Building w i t h  Apartments 

( 3  floors or less) 

(c) Row H ~ u s  i n g  

( 0 )  Single Housing U n i t  

2 .  What things do you l i k e  n o s t  about your immediate neighbourhood? 

3. What t h i n g s  do you dislike most about your immediate neighbourhood? 

4. What things do you l i k e  most a b o u t  t h e  building that you 1 i v e  i n ?  

Response 

Variable 

2 



5. What th ings  do you dislike most about the building t h a t  you l i v e  i n ?  

6 .  Would you 1 i ke to move? ( Y E S J N O )  

I f  y e s ,  why? 

7. I n  general, how satisfied a r e  you w i s h  t h e  building t h a t  you l i v e  i n ?  
  how Card) 

Not a t  

a1 1 
Med i urn Zxt  reme 1 y 

8. In general, how considerate a r e  your neighbours? (show card)  

1 2 3 4 5 6 7 

9. In general, how helpful are the people who look a f t e r  your building? 
(Show Card) 

10. On average,  how many hours  p e r  week a r e  each o f  the following used i n  

your home? 

(A) T e l e v i s i o n  

(B) Radio 

(c) Stereo (record player, tape  recorder, e t c . )  

1 .  Do you use any o f  the fol lowing i n  your home? (YTS/NO) 

(A) Central A i r  Cond i t ioner  (summer only) 

(&) Wall or Window A i r  Condit ioner (summer o n l y ]  

(c) Food Blender or Food ~roceisor 

(0)  H a i r  Dryer 

(E )  Vacuum Cleaner 



( F )  Washing Machine ( i n  your home) 

(G) Clothes Dryer { i n  your home) 

(H) D i s h  Washer 

1 2 .  On a v e r a g e ,  how noisy do you th ink  i t  i s  i n  your own home? (Show c a r d )  

1 2 3 4 5 6 7 2 6 

1 .  How annoying a re  the noises made by your neighbours i n  yaur  building 
e i t h e r  s i d e  o f  you? ( i  .e,  , on t h e  same floor?) (show c a r d )  

14.  How annoying are  t h e  noises made by your  neighbours i n  your b u i l d i n g  
above or be low you? ( S ~ I O W  card)  

IS. How annoying are  t he  n o i s e s  made by people i n  t h e  hal\s or s t a i r s  near  
your home? (show Card)  

16. a )  I T  annoyed by neighbours, a r e  you more annoyed by noises made by yaur 
neighbours when you are i n  a particular room? I f  y e s ,  which room? 
( ~ i v e  only  - one w o r s t  case.)  

Bed room L i v i n g  Room - D i n i n g  Room Bathroom 

Kitchen 
P 

Fami 1 y Room Other (Speci f y )  

b) I f  ' y e s ' ,  why i s  i t  more annoying i n  t h i s  room? 

i )  ( s u b j e c t  requ i res  q u i e t e r  condyt ions  i n  t h i s  r o o m )  

i i )  (subject's qu ie t  room i s  adjacent t o  neighbour's noisier roonr) 

i i i )  (o the r )  



17. When you are a t  home, how annoying are the following? 

(A)  Plumbing ~or'ses  i n  your building? (toilets, t a p s ,  e t c . )  (Show C a r d )  

(0)  Building machinery noises? ( e . g . ,  garbage chutes ,  elevators, e t c ) .  

(55m ca rd )  

(c )  T r a f f i c  noises? (Show Card) 

1 2 3 4 5 6 7 

(D) A i  r c r a f t  noises? (show Card) 

1 2 3 4 5 a J 

(E)  Other outdoor noises? (Show Card) 

1 2 3 4 5 6 7 

(F)  Floor v i b r a t i o n s  i n  your heme? {Show c a r d )  

1 2 3 4 5 6 7 

( G )  The sounds o f  your neighbours' voices? (show card) 

1 2 3 4 5 6 7 

(HI Speech sounds from your neighbours' radio or TV? (show card) 

1 2 3 4 5 6 7 

( 1 )  Music related sounds from your neighbours? (show c a r d )  

1 2 3 4 5 6 7 

(J )  TIie sounds o f  your neighbouss' c h i  l d r e n ?  (Show c a r d )  

(K) The sounds o f  foots teps above you? (Show Card) 

N A 1 2 3 4 5 6 7 

It) i )  The sounds a d  your neighbours' tools or appliances? (Show c a r d )  

1 2 3 4 5 6 7 4 3 

i i )  Which tools or appliances are most annoying? 



(M) Thc sounds of  doors slamming? (Show Card) 

1 2 3 4 ,  5 6 7 

(N) The sounds of telephones r i n g i n g ?  (Show card) 

1 2 3 4 5 6 7 

18. Considering different times of day, how annoying are the noises made by 

y ~ u r  ncighbours, either side o f  you? 

(A )  In  t he  d a y t i m e  hours 7 a.m. - 10 p.m.? (show card) 

N A I 2 3 4 5 6 7 

(6) I n  t h e  nighttime hours 10 p.m. - J a.m.? (show card) 

N A 1 2 3 4 5 6 7 

19. How annoying a r e  t h e  noises made by your neighbours above and below you? 

(A) I n  t h e  dayt ime hours 7 a.m. - 10 p . m . ?  (Show card)  

N A I 2 3 4 5 6 7 

(B) In t h e  nighttime hours 10 p.m. - 7 a.m.? (5how card) 

N A 1 2 3 4 5 6 7 

2 0 .  How often do you have difficulty falling asleep due to: 

(A)  Noise made by neighbours i n  your building? (Show Card) 

1 2 3 4 5 6 7 

(8) Outdoor noises? (show card)  

1 2 3 4 5 6 7 

2 How often a r e  you awakened by: 

( A )  N o i s e s  made by neighbours? (Show card) 

1 2 3 4 5 4 7 

(s) Outdoor n o i s e s ?  (Show card) 

1 2 3 4 5 6 7 



22. How many dollars p e r  month w o u l d  you b e  prepared to pay to eliminate 
annoying no ises?  

none $0-5 $5- 1 0 $10-15 $15-20 more 5 4 - 

23.  Do you own or rent you home? Rent  Own - 5 5 

a )  I f  r e n t ,  approximately w h a t  i s  your rnunthly rent? 

OR 5) I f  owner, approximately w h a t  i s  the value  of your home? 
5 6 

- 

24. On average ,  f o r  a typical week: 

a )  How many days p e r  week a r e  you a t  home during most of  t h e  daytime 
hours 7 a.m. - 6 p.m.? 

b) Mow many days per  week are you a t  horn during most of  the evening 
h o u r s  6 p . m .  - 10 s.rn.7 

c) Fow many days p e r  week are you a t  home dur ing  most o f  the nighttime 
hours 10 p.m. - 7 a.m.? 

25. HOW many years o f  formal education have you completed? 

Part Elementary Completed Elementary 

P a r t  Mi gh School Completed High School 

1 or  2 years college o r  u n i v e r s i t y  Ma re - 

26 .  In which category would t h e  total gross household in corn^ f i t ?  

27. In which category would your age f i t ?  



28. How many people 1 i v e  i n  t h i s  home? 

who are 18 years or older  who are under t 8 years of age - 63 
64 

Dl NOT ASK WE: FOLLWING: 

29. Is subject  Hale  OR Female 

30. D i d  the subject  appear to have any hearing problems? 

YES NO - 
31. Horizontal distance from dwelling to centre of street? 

32. Floar of building? ( 1  = f l o o r  a t  ground l eve l )  (0 = basement level) 67 

3 3 .  Number of vehicles per hour on adjacent road? 

a )  Cars 

b) Heavy t ru ck s  (> 10,000 Ibs. GVW) 



To b e t t e r  understand your responses to  t h i s  questionnaire, i t  i s  of ten  helpful to 

evaluate more genera? a t t  i tudes by t h e  quest ions below. Again, please rcr~~cni l~cr  

t h a t  your responses a r e  completely anonymous. 

DIRECTIONS: A number of s t a t e m e n t s  which people have used to descr ibe  themselves 

are g iven  below. Read each statement and c i r c l e  the number to t h e  r i g h t  of  t h e  

statement to indicate how you generally feel. There a r e  no r i g h t  or wrung 

answers. Da not spend too much t ime on any one statement but  g i v e  the answer 
which seems to describe how you general l y feel . 

1 )  I f e e t  pleasant ...................... * *  .......... ...... . .  . 1 2 3 4 

2 )  1 t i r e  quickly ............................................. 1 2 3 4 

3) 1 feel l i k e c r y i n g  ................... .. ......... .- .... .. . .  1 2 3 4 

4) 1 w i s h  I could be as happy a s  others seem t o b e  ..'.............. 1 2 3 4 

5) 1 am losing out on things because I cannot make up my mind 
soon enough ....................m....-..-.................. 1 2 3 4 

6 )  1 feel res ted  .... . ... . .. . . . ... ..... . .... .. .. . . .... .... . . . . . . . . 1 2 3 4 

7) 1 am 'calm, cool,  and collected' ............. - ........... -..... 1 2 3 4 

8) 1 feel t h a t  difficulties are piling up so that I cannot 
overcome them ............................................ 1 2 3 4 

9) 1 worry too much over swnething t h a t  really does not m a t t e r  .... 1 2 3 4 

10) 1 amhappy .................... ..- ....*... ~. . . .~ . . . . . . . . . . . . .  1 2 3 4 

1 1 )  1 am inclined t o  take things hard ....... , ............. ......... 1 2 3 4 

12) 1 lack self-confidence .............................. .-.... .... 1 2 3 4 

13) 6 feel secure ....... + ...... . ............... c . . . . - m  ........... -. 1 2 3 4  

1 4 )  1 t r y  to avoid facing a c r i s i s  or difficulty ................... 1 2 3 4 

15) I feel blue ................................... * . -  ~ . . . . . . . . .  1 2 3 4 

16) 1 am content . . . . . . , . . . . . . . . . . . . . . . . . . . . . . . . . . . -. . . . . . . . . . . . . . + .  1 2 3 4  

17) Some unimportant thought runs  through my mind and b o t h e r s  m e  . . . 1 2 3 4 

18) S take disappointments so keenly t ha t  I cannot put them out 

of my mind ................................................... 1 2 3 4 

19) I a m a  steady person . . . . . . . . . . . . . . . . . .m ,  .b..*................. 1 2 3 4 

20) 1 get i n  a sta te  o f  tension or turmoi 1 a s  T think over my 

recent concerns and i n t e r e s t s  ...........................-.....- 1 2 3 4 

A-P I 

-- TClAhlK Ynll VFRY MUCH FOR YOUR HELP -- 



As you have probably guessed from the questions tha t  

were asked, our study i s  concentrated on noise a n d ,  i n  p a r t i c u l a r ,  

t h e  noise t h a t  passes through your walls from your neighbours. I f  

at a11 possible, w i t h  the consent of  you and your neighbour, we 

wou!d like to arrange to r e t u r n  and measure the degree of sound 

Isolation provided by your walls. T h i s  would require noise 

measurements i n  two adjacent homes and would take about an hour. 

The results of these t e s t s  are very important to h e l p  us l ea rn  to 

design adequate walls between dwellings. I f  one of your neiqhbours 

also agrees ,  would you be willing to allow us t a  measure-in your 

home? ( I f  y e s ,  could w e  have your telephone number so that we can 

arrange a suitable t i m e ?  Telephone 1 

Who should we ask for? 

Name ( f u l l  name - not required) 

We would also l i k e  ta leave a small box ( t h e  s i z e  of  a 

packer ca7culator) i n  your home for  one day. It i s  an automatic 

noise recorder t h a t  adds up t h e  total noise over a 24-hour period. 

I t  does n o t  record actual sounds, and so dues not i n t e r f e r e  w i t h  . - 
your p r i v a c y .  



TABLE I Mean Noise and Sound Insulation Valves 

Response Variable Explanation Mean Score Standard neviat i o n  

D A 

DAS 



TABLE 11 Summary of Respondent Characteristics 

Response  Variable Explanation Mean Score Standard Deviation 

0 5 6 Value of the home 54 1,433. $ 9 , 8 4 0 .  

061 Household income 27,245.  10,481. 

962 Respondent's age 37.4 ll. 8 

060 Years of formal education 1 3 . 7  2 - 9  

065 Percentage male subjects 42.9 ------- 

Oh5 Percentage female subjects 57.1 ------- 

0 6 3 Number of occupants  18 

years o r  older 2.0 -6  7 

064 Number of occupants 

under 18 years o l d  l m  1 1.1 

055 Percentage owners 91.8 ------- 

0 55 Per ceatage renters 8.2 ------- 

0 05 Length of ocrxlpancy 
( i n  months) 45.6 33.6 

0 57 Days home per week 3 -3  2.4 

058 Evenings home per  week 5 .1  1.7 

059 Nights home per  week 6 .6  1.2 



TABLE I11 Summary of Reported Use of Noise-Producing Devices 

Response 
Variable Explanation 

Standard 

Mean Score D e v i a t i o n  

015 
016 
017 

1 018 

0 19 
I 020 

02 1 
022 

023 

24.7 

27.6 
8.9 

5.1 

32.7 
41.8 
82.7 

LOO. 0 

84.7 

(a) hours per week use of the following: 

relevis ion 
radio 
stereo (record player ,  tape recorder) 

(b)  percentages of subjects owning the fo l lowing:  

central air conditioning 

wall or window a i r  cond i t ioner  
food blender or food processor 
hair dryer 
vacum cleaner 
washing machine ( i n  home) 

19.9 
2 6 . 9  
12.5 

83.7 
53.1 

024 
0 25 

clothes dryer (in home) 
dishwasher 



TABLE IV Summary of Percentages of Subjects at a l l  Ananyed or Scoring 

Greater Than 1 on Res~onse  Scale 

Response 
Var iab le  Explanattan 

Percentage of S u b j e c t s  a t  all Annoyed 
(Scoring > 1) 

0 20 40 60 80 100 % 

57.1 
3 3 . 7  
3 1 . 6  

5 7 , l  
31.6 
65.3 - 21.4 
29.6 
36.7 

-- 4 6 . 9  

3 6 . 3  
15.3 
31.6 

- 9 . 2  
39.8 

37.8 

I 0 27 
0 3 2 
033 I 

0 3 4  
035 ' 

036 
037 
038 
039 
040 

04 1 

0 4 3 
04 4 

1) 45 
046 

0 4 7 

Annoyed with: 

neighbours e i t h e r  side 
plumbing noises 
bui ld ing  machinery noises 

traffic noise 
aircraf t  noise  
o t h e r  outdoor n o i s e s  
f l o o r  vibrations 
sounds of neighbours ' voices 
neighbours' r a d i o  o r  T.V. 
n e i ~ h b o u r s '  music sounds 

neighbours' c h i l d r e n  sounds 
sounds of neighbours '  t oo l s  o r  appliances 
s o u n d s  of d o o r s  slamming 

sounds nE telephones r i n g i n g  
daytime: sounds from neighbours e i t h e r  s i d e  

nighttime: sounds from neighbours  either s id e  

050 
051 
0 5 2 
Q53 

d i f f i c u l t y  falling asleep d u e  t a ne ighbau r s  

d i f f i c u l t y  falling a s l e e p  due t o  outdoor noisesr 
awakened by n e i ~ h b o u r s  

awakened by ou tdoor  noises 

27.6 
39.8 
18.4 
40.8 



TABLE Y Comparison of Data for Apartment and Row Housing Residents 

Variable Explanation Apartments Row Housing 

STC (dB) 

value of home 

educat ion (years) 

household income 

age 

number occupants 18 or older 

number occupants under 18 

percent female 

percent male 

daytime, days home 

evening,  days heme 

n i g h t ,  days home 
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TABLE XI Correlation Between Resrionsea and AAD Tvwe Measures 

Response 

Var iab le  Explanation Correlation Coefficients 

LEGEND 

Respodse Variable Slope of AAD TypelCantour 

106 2 dB/act.  

107 3 dB/oct.  

108 4 dB/oct.  (British procedure) 
109 5 d ~ / o c t .  

0 26 

I Signif ieance Levels : 

-171 perceived degree of noise  i n  heme 

0 27 

0 38 

039 

0 4 0  

0 4 1 

0 4 6 

047 

050 

052 

054 

101 

104 

.I87 - 1 7 5  

- 

-217  

- 

.220 

- 

- 

.2U6 

- 2 4 6  

.400 

.254 

,300 

109 

,183 

- 

, 2 2 3  

- 

,207 

- I  

- 

,206 

.239 

.394 

.250 

-290 

107 

annoyed by neighbours either s i d e  - 

-220 

- 

- 212  

- 
- 

-205  

.242 

- 

-396 

,252 

.295 

108 

- 

Response Variable 106 
F 

annoyed by neighboursbvsices  .228 

annoyed by nelghbours' radio, T.V. - 1 7 2  

annoyed by neighbours' music 

annoyed by sound of neighbrxnrs' c h i l d r e n  

day time: annoyed by neighbours 

n i g h t  time: annoyed by neighboars 

d i f f i c u l t y  f a l l i n g  asleep due to neighbours 

awakened due to neighbours 

d o l l a r s  per month 

annoyance (fact or) 

annoyance (correlation) 

-211  

- 

- 

-211  

-239 

,395 

- 2 5 5  

,291 
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D I S T R I B U T I O N  OF MEASURED S T C  V A L U E S  
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F I G U R E  2 
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' F I G U R E  3 

R E G R E S S I O N  O F  D O L L A R 5  P E R  MONTH V S  S T C  V A L U E S  

T O  - I r 1 1 
038 NEIGMBCURS' VOICES 

039 NEIGHBOURS' RADIO OR IV 
WO NEIGHBOURS '  M U S I C  
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- 
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W 
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