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SUMMARY 

A l a b o r a t o r y  s tudy  w a s  conducted i n  which 64 s u b j e c t s  judged t h e  annoyance 

The s u b j e c t s  were 
of 15-minute se s s ions  of noise.  The s e s s i o n s  cons i s t ed  of both separate and 
canbined exposures to airplane no i se  and r o a d - t r a f f i c  noise .  
asked to  judge each s e s s i o n  as to  how annoyed they  were i n  t h e  s imulated l i v ing -  
room environment of t h e  l a b o r a t o r y  and as to how annoyed they  would be i f  t hey  
heard the  no i se  i n  t h e i r  home during day, evening, and n igh t  per iods.  

The a i r p l a n e  no i ses ,  f o r  equal-session L e  l e v e l s  (where Leq r e p r e s e n t s  
t h e  equiva len t  continuous sound l e v e l )  , were ju$ed s i g n i f i c a n t l y  more annoying 
than  t h e  r o a d - t r a f f i c  n o i s e s  f o r  t h e  separate sess ions .  For t h e  canbined ses- 
s ions ,  a s i g n i f i c a n t  i n t e r a c t i o n  w a s  found between t h e  a i rp lane-noise  and 
t r a f f i c - n o i s e  l e v e l s  which was no t  adequately assessed  by t h e  t o t a l  energy con- 
c e p t  of Leq. Di f fe rences  were found between t h e  p ro jec t ed  home responses f o r  
t h e  day, evening, and n ight  per iods.  Based on t h e s e  r e s u l t s  appropr i a t e  penal-  
t i e s  f o r  t h e  d i f f e r e n t  t i m e  per iods were determined. General ly  good agreement 
w a s  found between t h e  l a b o r a t o r y  resu l t s  and community surveys f o r  t he  percent- 
age of people h ighly  annoyed by t h e  separate no i se  condi t ions .  However, t h e  
percentages of people h ighly  annoyed by some of the  ccnnbined noise  condi t ions  
were cons iderably  g r e a t e r  than those  found €or t h e  separate no i se  cond i t ions  a t  
equal Leq l e v e l s .  

INTRODUCTION 

During t h e  pas t  20 years  cons iderable  information has been generated con- 
cern ing  annoyance due to a i r c r a f t  no i se  i n  both l a b o r a t o r y  s t u d i e s  and i n  sur- 
veys of comnunity response to noise.  M o s t  l a b o r a t o r y  s t u d i e s  have centered  
around t h e  annoyance or unpleasantness  of i nd iv idua l  a i r c ra f t  events .  Although 
t h i s  information is of g r e a t  importance f o r  determining t h e  r e l a t i v e  e f f e c t s  
of  d i f f e r e n t  types of a i r c r a f t ,  very l i t t l e  i n s i g h t  is provided as to  how var i -  
o u s  mixes or numbers of a i r c r a f t  and no i ses  f r m  o t h e r  sources  ccnnbine over 
per iods  of t i m e  to  a f f e c t  t h e  q u a l i t y  of t h e  community-noise environment. I t  
is t h i s  problem area t h a t  is of concern i n  t h i s  paper. 

S o c i a l  surveys or communi ty-noise annoyance surveys,  a l though providing 
information on annoyance under real  environmental  condi t ions ,  s u f f e r  from a 
l a c k  of p rec i s ion  i n  n o i s e  measurements. Respondents are usua l ly  grouped i n t o  
broad categories of no i se  exposure. Although t h e s e  gross  estimates of exposure 
provide r e l a t i v e l y  good c o r r e l a t i o n  with grouped or mean annoyance da ta ,  t h e  
t r u e  na tu re  of t h e  e f f e c t s  and i n t e r a c t i o n s  of f a c t o r s  such as the  number and 
mix of a i r c r a f t  as w e l l  as t h e  in f luence  of o t h e r  no i se  sources is obscured. 

Laboratory s t u d i e s ,  such as those  reported i n  r e fe rences  1 to  4, have 
agreed t h a t  i nd iv idua l  a i r c r a f t - n o i s e  events  are judged less annoying i n  t h e  
presence of background noise .  Resu l t s  of r ecen t  social surveys,  however , 
have n o t  been as cons i s t en t .  For example, i n  t w o  surveys ( r e f s .  5 and 6) 
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which considered background noise ,  less a i rc raf t  annoyance w a s  repor ted  under 
condi t ions  of high l e v e l s  of r o a d - t r a f f i c  no i se  than under l o w  l e v e l s  of road- 
t r a f f i c  noise .  On t h e  o t h e r  hand, i n  t w o  o t h e r  surveys which considered back-  
ground no i se  (reported i n  r e f .  71, g r e a t e r  r a i l road -no i se  annoyance w a s  r epor t ed  
under cond i t ions  of high l e v e l s  of r o a d - t r a f f i c  no i se  than  under l o w  l e v e l s  of 
r o a d - t r a f f i c  noise .  

I n  one of t h e  a i r c r a f t - n o i s e  surveys ( r e f .  5),  t h e  respondents were also 
as ked to  g ive  t h e i r  f e e l i n g s  of genera l  no i se  d i s s a t i s f a c t i o n .  For cond i t ions  
of high a i r c r a f t - n o i s e  exposure, less gene ra l  no ise  d i s s a t i s f a c t i o n  w a s  found 
f o r  high l e v e l s  of r o a d - t r a f f i c  no ise  than  f o r  l o w  l e v e l s  of r o a d - t r a f f i c  no ise .  
For condi t ions  of l o w  a i r c r a f t - n o i s e  exposure,  g r e a t e r  genera l  no ise  d i s s a t i s -  
f a c t i o n  w a s  found for high l e v e l s  of r o a d - t r a f f i c  no i se  than f o r  l o w  l e v e l s  of 
r o a d - t r a f f i c  noise.  The au tho r s  of r e fe rence  5 considered these  results to be 
s t rong  q u a l i t a t i v e  suppor t  f o r  a noise-pol lu t ion- leve l  model f o r  comuni ty-  
no i se  annoyance which cons iders  t h e  f l u c t u a t i o n  i n  no i se  l e v e l  as w e l l  as t h e  
energy average n o i s e  l e v e l  ( r e f .  8 ) .  A more r e c e n t  r e p o r t  ( r e f .  9 ) ,  however, 
considered t h e  same d a t a  as support  f o r  a response summation model. I n  t h i s  
model, t h e  energy average l e v e l  is augmented by a f a c t o r  which depends on t h e  
d i f f e rences  i n  no i se  l e v e l s  of t h e  separate sources  which produce equal  annoy- 
ance r es pons es . 

References 1 to  9 i n d i c a t e  a need f o r  a d d i t i o n a l  research  i n  s e v e r a l  areas 
of comnunity-noise annoyance which involve exposure to  more than one source of 
i n t r u s i v e  noise .  Consequently, t he  Langley Research Center k g a n  a research  
program to i n v e s t i g a t e  the  na ture  of m u l t i p l e n o i s e - s o u r c e  annoyance. Two 
experiments conducted wi th in  t h i s  program examined t h e  e f f e c t s  of r o a d - t r a f f i c  
background no i se  on annoyance to  ind iv idua l  a i r c r a f  t -noise  events  and were 
repor ted  i n  r e fe rence  10. Two a d d i t i o n a l  experiments were conducted ( r e f .  1 1 )  
t o  examine t h e  e f f e c t s  of r o a d - t r a f f i c  no i se  on s e s s i o n s  of mul t ip l e  a i r c r a f t  
no i se  and t h e  na tu re  of t o t a l  annoyance due to combined noise  sources.  The l a t -  
ter  s tudy  ind ica t ed  an i n t e r a c t i o n  between no i se  sources  f o r  t he  case of t o t a l  
annoyance which could not  be s a t i s f a c t o r i l y  explained by any of t h e  p rev ious ly  
mentioned models . 

Based on t h e  r e s u l t s  of t he  s t u d i e s  repor ted  i n  re ferences  1 0  and 1 1 ,  a 
model of annoyance to  canbined noise  sources  was developed and repor ted  i n  r e f -  
erence 12. The model provides f o r  t he  summation of annoyance due to  t h e  sepa- 
rate sources  and t h e  i n h i b i t i o n  of annoyance of each source as a r e su l t  of t h e  
presence of t he  o the r  source.  
provide t h e  necessary  information to  v e r i f y  t h e  model, t h a t  is, separate and 
combined annoyance judgments f o r  a i r c r a f t  and t r a f f i c  noise .  

An a d d i t i o n a l  experiment was then conducted to 

Addi t iona l  o b j e c t i v e s  of t h e  v e r i f i c a t i o n  experiment were as fol lows:  

(1 )  Provide a d d i t i o n a l  information on t h e  na tu re  of t he  i n t e r a c t i o n s  
between no i se  sources  which a f f e c t  annoyance response.  

(2) Provide information on t h e  appropr ia teness  of weightings or p e n a l t i e s  
used i n  c u r r e n t  n o i s e e x p o s u r e  ind ices  f o r  evening and n ight  exposures. 
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(3)  Provide comparisons between annoyance responses obta ined  i n  l abora to ry  
s i t u a t i o n s  f o r  t y p i c a l  comnunity indoor-noise exposures with responses obta ined  
from communi ty-noise annoyance surveys. 

The d e t a i l s  of t h e  experimental  design and results of t h e  experiment r e l e v a n t  
to  these  ob jec t ives  are repor ted  herein.  

SYMBOLS AND ABBREVIATIONS 

More d e t a i l s  of t h e  ind ices  and scales f o r  acoustical measurements can be 
found i n  a number of genera l  no i se  re ferences ,  inc luding  re ference  13. 

EPL 

EPNL 

F 

LA 

Ldn 

LnP 

L10 

L90 

PL 

PNL 

TCPNL 

TNI 

0 

The 
t o r y  w a s  

e f f e c t i v e  perceived l e v e l  (according to t h e  Stevens M a r k  VI1 proce- 
dure with dura t ion  c o r r e c t i o n ) ,  dB 

e f f e c t i v e  perceived no i se  l e v e l ,  dB 

r a t i o  of var iances  

A-weighted peak noise  l e v e l ,  dB 

day-night average sound l e v e l ,  dB 

equiva len t  continuous sound l e v e l  (energy averaged) ,  dB 

no i se  p o l l u t i o n  l e v e l ,  dB 

l e v e l  exceeded 1 0  percent  of a t i m e  per iod,  dB 

l e v e l  exceeded 90 percent  of a t i m e  period, d B  

perceived l e v e l  (according t o  the  Stevens M a r k  V I 1  procedure) ,  dB 

perceived no i se  l e v e l ,  dB 

tone-corrected perceived noise  l e v e l ,  dB 

t r a f f i c - n o i s e  index, dB 

s tandard  dev ia t ion  of instantaneous A-weig  

EXPERIMENTAL METHOD 

T e s t  F a c i l i t y  

t e d  no i se  leve l ,  dB 

i n t e r i o r  e f f e c t s  room of t h e  Langley a i r c r a f t  no i se  reduct ion  labora-  
used i n  the  p re sen t  experiment. This  room w a s  designed to resemble a 

t y p i c a l  l i v i n g  room and to allow con t ro l l ed  acoustical environments to  be pre- 
sen ted  to  subjec ts .  The cons t ruc t ion  of t h e  t e s t  room is typical of modern 
s ingle-family dwellings.  The f l o o r  plan and a photograph of t h e  f a c i l i t y  are 
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shown in figures 1 and 2, respectively. The loudspeaker systems used to produce 
the airplane- and road-traffic noise stimuli were located outside the test room 
to provide a more realistic simulation of residential environmental noise. The 
locations of the loudspeaker systems are indicated in €igure 1 by the dashed 
rectangular areas. Loudspeaker systems 1 to 4 were mounted above the ceiling of 
the test room and were used to reproduce the airplane-noise stimuli. Systems 5 
and 6 ,  which were used to reproduce the traffic-noise stimuli, were mounted at 
window height approximately 2 m from the test room across an open area to the 
basement. 

Careful attention was given to the acoustics of the test room and sur- 
rounding area so that a realistic acoustical environment could be provided. A 
detailed description of the facility and results of acoustic measurements are 
given in reference 10. These measurements indicated that the airplane and traf- 
fic noises presented to test subjects would be representative of those experi- 
enced inside typical dwellj-ngs. 

Noise Stimuli 

One of the primary concerns of the experiment was to provide an ample 
number of observations for each noise condition in order that good statistical. 
estimations o€ the mean response at each condition could be obtained. Conse- 
quently, only airplanes and road-traffic noise were considered in this study in 
order to allow a relatively wide range of noise I-evel-s to be investigated for 
each type. Complete details of the noise stimuli are given in appendix A. 

A total of 1 7  noise conditions were used in the experiment. These con- 
sisted of four levels each of airplane and traffic noise and nine combinations 
of mixed airplane and traffic noise (three levels of each type). The airplane 
noises consisted of eight flyover recordings presented in a 15-minute noise ses- 
sion. The traffic noise consisted of recordings of freely flowing road traffic 
characterized by relatively small variation in noise level. Results of acous- 
tical analyses of each of the 1 7  noise conditions are presented in table I in 
terms of several cumulative noise indices. Both the airplane and traffic-alone 
conditions were included at the level of Ley = 30 dB so that additional infor- 
mation on the shape of the response-level re ationship could be obtained. 

EXPERIMENTAL DESIGN 

The chosen design was based on the combination of a replicated 8 x 6 Youder 
square design (ref. 14)  with repeated measures for the eight separate noise con 
ditions and an incomplete block 32 factorial design with repeated measures for 
the combined noise conditions. Subject groups served as the blocking factor. 
Additional blocks of conditions for the combined noises were added because of 
the number of subject groups required for the design for the separate noise 
conditions. 

The order of presentation of  the design is given in table XI. Each of the 
16 subject groups ( 4  subjects per group) made judgments on 6 sessions of air- 
plane or traffic noise alone and 3 sessj.ons of combined airplane and traffic 
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noise. The combined noises were always presented as sessions three, five, 
and seven. The particular blocks of combined noises presented to subject 
groups 7 to 6 and 9 to 1 4  were selected so that at least partial information 
was availab1.e for determining interaction effects of airplane and traffic 
(ref. 15). The remaining four blocks (or subject groups) provided one addi- 
tional replication of all combined conditions and another replication of the 
conditions with equal airplane- and traffic-noise levels. The total number 
of judgments for each separate airplane- and traffic-noise condition was 48.  
The total tor all. combined noise conditions, except those at equal noise 
levels, was 20; the total for the equal noise level conditions was 24. 

Subjects 

The 64 subjects for this experiment were paid volunteers from the general 
population of the cities of Hampton and Newport News and from York County in 
Virginia. Approximately one-half had previous experience in judging sessions 
of noise. Twenty-two of the subjects were male. The subjects were randomly 
assigned to the 16 groups. 

Procedure 

Upon arrival at the laboratory, each subject was given the instructions 
for the experiment. After the subjects had read the instructions the test con- 
ductor asked if there were any questions and verbally reinforced the use of the 
numerical category scale used for their annoyance responses. A copy of the 
instructions and scoring sheets used are duplicated in appendix B. The subjects 
were requested first to judge the noise of each session with regard to their 
feelings of annoyance in the laboratory situation. They were then requested to 
judge the noise session in terms of how they would feel about the noise if they 
heard it in their home. Thi.s home-projected annoyance question was divided into 
three time periods - day, evening, and night. 

The subjects were then escorted into the test facility, randomly assigned 
seats, and again asked if they had any questions. After each test session, 
the test conductor returned to the facility and gave the scoring sheets to the 
subjects for their judgment. A 15-minute break was given to the subjects fol- 
lowing the fifth test session. After indicating their judgments for the final 
session, the subjects were requested to indicate at what point on the rating 
scale they would start to become highly annoyed. This question was used to pro- 
vide information for the conversion of the subjects' judgments into the percent- 
age of subjects highly annoyed. This technique had been used in references 1 6  
and 1 7  for the comparison of laboratory-annoyance studies with community-survey 
results. Although the validity of the techniques of home projection and con- 
qersion to percentage of subjects highly annoyed has not been universally estab- 
lished, the results of references 1 6  and 1 7  indicate relatively good agreement 
+ith community-annoyance surveys such as those reported in reference 7. Conse- 
zuently, with further testing and perhaps modification, these techniques may 
xovide a vital link between laboratory-noise annoyance research and the pre- 
7iction of community-noise annoyance. 

5 



RESULTS AND DISCUSSION 

Analysis  of Variance 

The subject ive-response d a t a  for t h e  l a b o r a t o r y  annoyance and th ree  cases 
of pro jec ted  home annoyance were analyzed s e p a r a t e l y  by using the  same a n a l y s i s  
of  var iance technique. The a n a l y s i s  for t h e  s u b j e c t s '  annoyance i n  t h e  labo- 
r a t o r y  to t h e  d i f f e r e n t  no ise  s e s s i o n s  is presented  i n  t a b l e  111. The f i r s t  
s t e p  i n  t h e  a n a l y s i s  was to  test whether s i g n i f i c a n t  d i f f e r e n c e s  e x i s t e d  between 
t h e  1 7 d i f f e r e n t  no i se  condi t ions  ( t rea tments ) .  A two-way c r o s s - c l a s s i f i c a t i o n  
model f o r  t rea tment  and sub jec t  e f f e c t s  was f i t t e d .  S ince  t h e  s u b j e c t s  d i d  
no t  judge each of t h e  1 7  t rea tments ,  i t  w a s  necessary  to a d j u s t  t reatment  means 
f o r  sub jec t  d i f f e rences .  This w a s  done by using t h e  linear-model techniques 
descr ibed  i n  re ference  18. The prime reason for t h e  por t ion  of t h e  a n a l y s i s  
l i s ted  i n  table I11 under " A l l  condi t ions,"  which ind ica t ed  t h a t  s i g n i f i c a n t  
t reatment  d i f f e r e n c e s  were found, was to  f u r n i s h  an estimate of experimental  
e r r o r  to  be used f o r  f u r t h e r  t es t s  on t h e  d i f f e r e n t  t reatments .  The residual 
mean square (2.25 f o r  496 degrees  of freedcan) suppl ied  the  needed estimate. 

The f i r s t  s e t  of t rea tment  comparisons of i n t e r e s t  w a s  t h e  nine combina- 
t i o n s  of a i r p l a n e  and t r a f f i c  no ises .  The e f f e c t s  of a i r p l a n e  no i se ,  t r a f f i c  
no ise ,  and t h e i r  i n t e r a c t i o n ,  appropr i a t e ly  ad jus ted  f o r  sub jec t  d i f f e rences ,  
were tested by using t h e  preceding error estimate. As ind ica ted ,  a i r p l a n e  
no i se ,  t r a f f i c  no ise ,  and t h e i r  i n t e r a c t i o n  were found s i g n i f i c a n t  a t  t h e  
I-percent l e v e l .  These e f f e c t s  w i l l  be discussed i n  g rea t e r  d e t a i l  i n  a la ter  
sec t ion .  The o t h e r  t rea tment  comparison of i n t e r e s t  was f o r  t h e  e i g h t  separate 
a i r p l a n e  and t r a f f i e n o i s e  condi t ions.  For t h i s  a n a l y s i s  t h e  e f f e c t s  of no i se  
type ( e i t h e r  a i r p l a n e  or t r a f f i c ) ,  no ise  l e v e l  (four Le$ l e v e l s  f o r  each 
type ) ,  and t h e  i n t e r a c t i o n  of type  and l e v e l  were tested y using the  same error 
estimate. Noise type was found s i g n i f i c a n t  a t  t h e  5-percent l e v e l ,  and no i se  
l e v e l  was s i g n i f i c a n t  a t  t he  1-percent l e v e l .  The i n t e r a c t i o n  was no t  found t o  
be s i g n i f i c a n t .  

S imi la r  ana lyses  were performed f o r  t h e  t h r e e  cases of t h e  home-projected 
annoyance quest ion.  These are presented i n  tables I V ,  V I  and V I  f o r  t h e  t h r e e  
t i m e  per iods - day, evening, and n ight ,  r e spec t ive ly .  The only  important d i f -  
fe rences  found between t h e  r e s u l t s  of t h e  ana lyses  f o r  t h e  four ques t ions  were 
r e l a t e d  to no i se  type  f o r  t he  separate a i r p l a n e  and t r a f f i c  condi t ions.  For t h e  
l abora to ry  ques t ion ,  t h i s  e f f e c t  was found s i g n i f i c a n t  a t  t h e  5-percent l e v e l ;  
whereas f o r  t h e  day and evening home-projected ques t ions  no s i g n i f i c a n c e  w a s  
found. The a n a l y s i s  f o r  t h e  n ight  home-projected ques t ion ,  however, i nd ica t ed  
an e f f e c t  of no i se  type s i g n i f i c a n t  a t  the  1-percent l e v e l .  These d i f f e r e n c e s  
w i l l  a lso be d iscussed  i n  a l a t e r  sec t ion .  I t  should be noted from t h e  analy- 
ses of var iance  t h a t  t h e r e  w a s  a g r e a t e r  between-subject var iance  and a g r e a t e r  
r e s i d u a l  var iance  f o r  each of t h e  home-projected ques t ions  than  f o r  t h e  labora-  
t o r y  question. 

Labo r a t  or y-Annoyance R e s  po ns es 

The major r e s u l t s  of t h e  annoyance response are presented i n  t a b l e  VII. 
The mean annoyance responses to t h e  laboratory-annoyance ques t ions  and t h e  t h r e e  
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cases of the  home-projected ques t ions  are given f o r  each no i se  condi t ion  pre- 
s en ted  t o  t h e  sub jec t s .  I n  add i t ion ,  t h e  ad jus ted  means as est imated by t h e  
linear-model technique are also given. I n  genera l ,  t he  ad jus t ed  means were not  
very d i f f e r e n t  f r a n  t h e  unadjusted means; however, i n  some cases the  d i f f e r e n c e  
was as much as 0.5 u n i t  of t h e  s u b j e c t i v e  scale. I n  t h e  fol lowing d i scuss ions  
t h e  ad jus t ed  means w i l l  be used s i n c e  t h e  experimental  design was incanp le t e  and 
t h e  adjustments  compensated f o r  sub jec t  d i f fe rences .  The fol lowing paragraphs 
of t h i s  s e c t i o n  w i l l  consider ,  i n  t u r n ,  t h e  t o p i c s  of t h e  a i r p l a n e  and t r a f f i c  
no i se s  s e p a r a t e l y  and t h e  a i r p l a n e  and t r a f f i c  no i se  i n  combination. 

Airplane and t r a f f i c  no i se s  separa te ly . -  A s  i nd ica t ed  i n  t h e  a n a l y s i s  of 
var iance  ( t a b l e  111) t h e r e  w a s  a d i f f e r e n c e  ( s i g n i f i c a n t  a t  the  5-percent l e v e l )  
i n  t h e  judgments of t h e  a i r p l a n e  and t r a f f i c  no ises  when presented as separate 
ses s ions  f o r  judgment. This  r e s u l t  is presented i n  f i g u r e  3 where t h e  ad jus t ed  
mean response f o r  t h e  l a b o r a t o r y  condi t ions  is p l o t t e d  a g a i n s t  t h e  s e s s i o n  noise  
l e v e l  i n  Leq. Both t h e  a i rp lane-  and t r a f f i c - n o i s e  d a t a  fol low t h e  same type 
of r e l a t i o n s h i p  with l e v e l  except  f o r  a s m a l l  s h i f t  i n  i n t e r c e p t  or mean value. 
This  was evidenced by t h e  l a c k  of a s i g n i f i c a n t  i n t e r a c t i o n  between no i se  type 
and l e v e l  i n  t h e  a n a l y s i s  of var iance.  A s  shown, t h e  ad jus ted  airplane-noise  
judgments were approximately 0.3 u n i t  g r e a t e r  than t h e  t r a f f i c  judgments. The 
d i f f e r e n c e  i n  annoyance response a t  equal  l e v e l s  of exposure, a l though rela- 
t i v e l y  s m a l l  for these  t w o  sources ,  is i n d i c a t i v e  of the  i n a b i l i t y  of the  
energy-equivalent A-weighted sound l e v e l  to  assess annoyance adequately to a l l  
types of community-noise sources.  

Airplane and t r a f f i c  no i se s  canbined.- I n  t h e  a n a l y s i s  of var iance  
( t a b l e  111) f o r  the  combined a i rp lane-  and t r a f f i c - n o i s e  condi t ions  it was 
found t h a t  both t h e  airplane-noise  l e v e l  and t r a f f i c - n o i s e  l e v e l  as  w e l l  as 
t h e i r  i n t e r a c t i o n  was s i g n i f i c a n t  a t  t h e  1-percent l e v e l .  The na tu re  of t hese  
e f f e c t s  is shown i n  f i g u r e s  4 and 5. I n  f i g u r e  4 t h e  ad jus t ed  mean response 
d a t a  are presented  as a func t ion  of t he  a i rp lane-noise  l e v e l  wi th  t h e  t r a f f i c -  
no i se  l e v e l  as a parameter. The judgments of t h e  a i rp l ane  no i ses  s e p a r a t e l y  
are ind ica t ed  by cross-shaped symbols. 

For t h e  lowest t r a f f i c - n o i s e  l e v e l  (circular symbols where Leq = 40 d B )  as 
t h e  a i rp lane-noise  l e v e l  w a s  increased ,  t h e r e  w a s  a s l i g h t  decrease i n  annoyance 
followed by a s u b s t a n t i a l  i nc rease  as t h e  a i r p l a n e  l e v e l  w a s  f u r t h e r  increased.  
For the  middle t r a f f i c  l e v e l  (square symbols where Leq = 50 dB) as the  a i rp lane-  
n o i s e  l e v e l  was increased ,  t h e r e  w a s  a s u b s t a n t i a l  i nc rease  i n  annoyance followed 
by a very s l i g h t  decrease i n  annoyance. For the  h ighes t  t r a f f i c  l e v e l  (diamond 
symbols where 
s u b s t a n t i a l  i nc rease  as the  a i r p l a n e  l e v e l  w a s  increased.  A s  can be seen  t h e r e  
were s e v e r a l  condi t ions  f o r  which t h e  canbined noises  were judged less annoying 
than  t h e  a i r p l a n e  no i se  a lone,  thus i n d i c a t i n g  t h a t  some type of i n h i b i t i o n  or 
masking had occurred. The same r e s u l t s  are p l o t t e d  i n  f i g u r e  5; however, i n  

, t h i s  case t h e  ad jus t ed  mean response is presented as a func t ion  of t he  t r a f f i c  
' l e v e l  with ai rplane-noise  l e v e l  as t h e  parameter. With few except ions ,  t h e  

Leq = 60 dB),  t h e r e  w a s  a decrease i n  annoyance followed by a 

same t r ends  occurred wi th  inc reas ing  t r a f f i c - n o i s e  l e v e l  as w a s  shown i n  f ig -  
ure 4 f o r  i nc reas ing  a i rp lane-noise  l e v e l .  

Linear  leas t - squares  r eg res s ion  ana lyses  were performed wi th  t h e  ad jus t ed  
mean responses  as t h e  dependent v a r i a b l e s  and var ious  measures of no i se  exposure 
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as t h e  independent va r i ab le s .  Resu l t s  of these analyses  are presented  i n  
t ab le  V I I I .  The h ighes t  c o r r e l a t i o n  w a s  provided by TNI and Leq. However, 
i n  each case on ly  a b u t  75 pe rcen t  of t h e  v a r i a b i l i t y  i n  response is accounted 
f o r  by t h e  measured no i se  index. The residual v a r i a b i l i t y  and resul ts  of a 
previous s tudy  (ref.  1 1 )  i n  which t h e  t o t a l  energy L w a s  h e l d  f ixed  for d i f -  
f e r e n t  canbina t ions  of a i r p l a n e  and t r a f f i c  no i se  are i n d i c a t i v e  t h a t  f o r  com- 
bined no i se  s i t u a t i o n s  t h e  r e s u l t a n t  responses are complex func t ions  of t h e  con+ 
ponent exposures. Therefore ,  for canbined exposure s i t u a t i o n s ,  community-noise 
annoyance may n o t  be adequately assessed by t h e  t o t a l  energy concept. 

eq 

Canparison Between Annoyance Questions 

A s  was mentioned i n  a previous sec t ion ,  an h p r t a n t  d i f f e r e n c e  was found 
i n  t h e  ana lyses  of var iance  between t h e  results of t h e  l a b o r a t o r y  ques t ion  and 
t h e  t h r e e  home-projected quest ions.  This d i f f e r e n c e  was t h a t  a s i g n i f i c a n t  
e f f e c t  of no ise  type  was found only  f o r  t he  l a b o r a t o r y  quest ion and t h e  night- 
p ro j ec t ed  quest ion.  Another d i f f e r e n c e  between t h e  responses  obtained for t h e  
var ious  ques t ions  was ev ident  when the  mean ad jus t ed  responses were canpared 
across t h e  ques t ions  for t h e  separate a i r p l a n e  and t r a f f i c  condi t ions .  This 
is discussed i n  t h e  fol lowing sec t ion .  

Separa te  airpla_ne .and t r a f f i c  condi t ions.  - Figure 6 p r e s e n t s  t h e  o v e r a l l  
adjusted mean response for a l l  s e p a r a t e  a i r p l a n e  and t ra f f ic  condi t ions  for each 
annoyance quest ion.  I t  can be seen, i n  gene ra l ,  t h a t  t h e  response for each of 
t h e  home-projected ques t ions  w a s  g rea t e r  than  t h a t  f o r  t he  l abora to ry  quest ion.  
Th i s  i n d i c a t e s  t h a t  t h e  subjec ts  a t  least thought they  would be more annoyed 
when engaged i n  a c t i v i t i e s  a t  home than  when they  were i n  t h e  l a b o r a t o r y  s i t u a -  
t ion .  The subjects,  however, also made d i s t i n c t i o n s  between t h e  three t i m e  
periods. This  was evidenced by the  monotonic inc rease  i n  annoyance f o r  t h e  
day-to-evening-to-night quest ions.  It  is also apparent  t h a t  t h e  sub jec t s  were 
gene ra l ly  more annoyed by t h e  a i r p l a n e  no i ses  than  by t h e  t ra f f ic  noises .  For 
t h e  l abora to ry ,  day, and evening ques t ions ,  t h e  d i f f e r e n c e s  between t h e  over- 
a l l  means of t h e  a i r p l a n e  and t r a f f i c  responses were n e a r l y  cons tan t .  However, 
these d i f f e rences  were s i g n i f i c a n t  a t  t h e  5-percent l e v e l  f o r  on ly  t h e  labora- 
t o r y  question. For t h e  night  quest ion t h e  s u b j e c t s  i nd ica t ed  a much g r e a t e r  
a n t i c i p a t e d  annoyance due to  t h e  a i rp l ane  no i se  ( s i g n i f i c a n t  a t  t h e  1-percent 
l e v e l ) .  One poss ib l e  explana t ion  is t h a t  t h e  subjects  thought t he  i n t e r m i t t e n t  
na ture  of t h e  a i r p l a n e  f lyove r s  would perhaps cause more s l e e p  d i s tu rbance  than  
t h e  s teady  t r a f f i c  noise .  

Figure 7 p r e s e n t s  t h e  adjusted mean a i rp lane-noise  response for each of t h e  
ques t ions  as a f u n c t i o n  of t h e  ai rplane-noise  l e v e l .  The d i f f e rence  i n  annoy- 
ance between t h e  ques t ions  was c o n s i s t e n t  across t h e  a i rp lane-noise  l e v e l s .  The 
d i f f e rences  between t h e  means (over l e v e l s )  for t h e  day and evening ques t ions ,  
t h e  day and n i g h t  ques t ions ,  and t h e  evening and n igh t  ques t ions  were each found 
t o  be s i g n i f i c a n t  a t  the  1-percent l e v e l  based on t-tests. A t op ic  of g r e a t  
c u r r e n t  i n t e r e s t  i n  t h e  f i e l d  of community response concerns t h e  v a l i d i t y  of t h e  
p e n a l t i e s  which have been appl ied  to  va r ious  community-noise ind ices  for n ight  
or evening no i se  events.  I f  such p e n a l t i e s  are warranted then, based on t h e  
r e s u l t s  shown i n  f i g u r e  7 f o r  an  equ iva len t  annoyance of day and n igh t  a i rp lane-  
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~oise events, a penalty of 6 dB to 1 0  dB for night events would be reasonable. 
'or equivalent day and evening events a penalty of 3 dB to 6 dB would be reason- 
ible for evening events. 

Figure 8 presents the adjusted mean traffic response for each of the 
luestions as a function of the traffic-noise level. 
snces between the questions are not as distinct as they were for the airplane 
zesponses (fig. 7); however, a consistent difference was found between the labo- 
ratory or day questions and the evening or night questions. 
>etween the means (over levels) for the day and evening questions and the day 
snd night questions were found to be significant at the I-percent level; how- 
wer, no significant difference was found between the evening and night ques- 
tions. Based on these results, for an equivalent annoyance for day and evening 
x for day and night a penalty of about 5 dB for the evening and night period 
sppears reasonable. 

In these cases the differ- 

The differences 

Combined airplane and traffic conditions.- A comparison of the adjusted 
nean response data in table VII for-the combined noise conditions indicates a 
Jery consistent trend across the annoyance questions from laboratory to day to 
evening to night. Data for the conditions of equal- airplane- and traffic-noise 
levels are presented in figure 9 as a function of the total noise level. The 
separation between the four questions is clearly evident although some closing 
Df the separation occurred at the highest level. The t-tests €or these data 
indicate that the differences between the day and evening questions and the day 
and night questions were significant at the 1-percent level, and the difference 
between the evening and night questions was significant at the 5-percent level. 
For equivalent annoyance for the day and evening questions, a 2-dB to 4-dB pen- 
alty for the evening is suggested by these results. For equivalent annoyance 
for day and night a 6-dB to 8-dB penalty seems reasonable for the night period. 

The indications from the results of both the combined and separate condi- 
tions for the need of a night penalty are in general agreement with the 70-dB 
penalties associated with cumulative noise indices, such as Ldn. Most noise 
indices, however, do not provide any penalty during the evening time period. 
The indication from this study is that a penalty of approximatley 5 dB for the 
evening period may also be necessary. 

Percentage of Subjects Highly Annoyed 

A problem which has plagued the interpretation of results of community- 
annoyance surveys has been the difficulty of comparing results across surveys. 
3ne technique which has found some favor in recent years €or unifying the 
reporting of annoyance (refs. 1 6  and 17)  is the description of annoyance in 
terms of  the percentage of people highly annoyed. 
zinnoyed" has been interpreted in references 1 6  and 17 as being the point at 
.:.hich the respondent would find the noise unacceptable enough to consider 
3oing something about the noise such as moving or complaining to authorities. 
Phe following technique, which had been used in references 1 6  and 17, was used 
LO convert the subjects' responses to the noise conditions of the present 
-xperiment into the percentage of people highly annoyed. 

The description "highly 
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At the conclusion of the experiment the subjects were requested to indi- 
cate at what point on the rating scale they would consider doing something 
about the noises they heard. The exact question is replicated in appendix B. 
The responses given to the day, evening, and night home-projected questions 
were then individually scored on a basis of 0 to 1/2 to 1 depending on whether 
the response was less than, equal to, or greater than their self-determined 
highly annoyed point. The total of these scores for each noise condition 
was thereby converted to the percentage of subjects highly annoyed. These 
results are presented in table IX for each noise condition and home-projected 
question. Also included is the pooled percentage of subjects highly annoyed, 
i.e., the percentage of subjects responding that they would be highly annoyed 
by the given noise conditions for one or more of the time periods. 

The pooled data for the separate airplane and traffic conditions are plot- 
ted in figure 10. In the figure the circular symbols represent the airpl-ane- 
noise conditions and the square symbols represent the traffic-noise conditions. 
To account for wall. attenuation the abscissa has been converted to estimated 
outdoor-noise levels by the addition of 20 dB to the measured indoor levels 
used in the tests. Trend lines of data from two referenced reports are also 
presented in the figure. The first is based on the "Levels Document" of the 
Environmental Protection Agency (EPA). (See ref. 1 9 . )  The second is based 
on a more recent report (ref. 7) in which comparisons were made across many 
different community surveys of airplane, road-traffi-c, and railway noise. For 
presentation j.n figure 70, the original noise levels of the referenced data in 
Ldn have been equated to Leq. The data for the separate airplane and traffic 
conditions are, in general, bracketed by the referenced trend lines. This indi- 
cates that the technique of projection and conversion to a percentage of people 
highly annoyed does provide results comparable to community surveys for separate 
noise conditions and thereby provides a measure of validity for the technique. 

Figure 1 1  presents the percentage of subjects highly annoyed for the com- 
bined airplane- and traffic-noise conditions. Although most of the data points 
are bounded by the trend lines, as was the case for the separate airplane- and 
traffic-noise conditions, almost half of the conditions fall out of the bounded 
region. From the spread of these data it is possible that differences as large 
as 20 to 30 percentage points could be expected in communities of equal total 
exposure but with different combinations or mixtures of noise sources. 

Based on the assumed validity of the data for separate noise conditions, 
the implications of the results for the combined noise conditions take on an 
added significance. For example, the conclusion of reference 7, that a single 
valid relationship exists between noise exposure in Ldn and annoyance for 
all kinds of noise, may be incorrect. This implication is further reinforced 
by the results of the laboratory study reported in reference 77. Another 
implication with regard to community-survey work is that extreme care should 
be taken in the measurement and description of the primary and secondary noise 
sources which make up actual. noise environments experienced by the respondents. 
Gross categorizations of noise exposures into rather broad ranges of noise 
levels could lead to great variability in response at seemingly equivalent 
exposures. This type of variability could, at least in part, be responsible 
€or the poor correlation of annoyance and noise exposure which has been found 
in most community surveys. 

1 0  



CONCLUSIONS 

5 .  The results of the study for combined noise conditions also indicate the 
care which should be taken in the measurement and description of the separate 
noise sources which make up combined exposures experienced by respondents in 
community surveys. Gross categorizations of exposures into broad ranges of  
noise levels could lead to great variability in response at seemingly equivalent 
exposures . 

Langley Research Center 
National Aeronautics and Space Administration 
Hampton, VA 23665 
August 2, 1979 

A laboratory study was conducted in which subjects judged the annoyance of 
sessions of multiple airplane noise and road-traffic noise presented separately 
and combined. Subjects were also asked to project their feelings about the 
noise sessions to their home situation for day, evening, and night periods. 
Findings of the study of importance to the assessment of community-noise annoy- 
ance are as follows: 

1 .  Significant and consistent differences were found in judgments of the 
same Leq levels of separate airplane and road-traffic noise (where Leq 
represents the equivalent continuous sound level). The airplane noises were 
found to be more annoying than the traffic noises. 

2. Airplane-noise level, traffic-noise level, and their interactions were 
found to be significant for judgments of the combined noise conditions. This 
and the finding of the first conclusion are indicative that community-noise 
annoyance may not be adequately assessed by the total energy concept. 

3. Penalties for evening and night noise exposures were indicated based on 
the results of responses to questions o f  how annoying the test noise conditions 
would be if heard in the subjects' home during day, evening, and night periods. 
Although these results were in general agreement with the 10-dB penalty provided 
by cumulative noise indices such as Ldn (where Ldn represents the day-night 
average sound level), the study also indicated the possible need of a 5-dB pen- 
alty for evening noise exposures. 

4.  Generally good quantitative agreement was found between the percent- 
age of the subjects highly annoyed by the separate airplane- and traffic-noise 
conditions and the percentage of people highly annoyed by simil.ar noises as 
reported in community surveys. This agreement indicates a measure of validity 
to the laboratory techniques. However, the percentage of subjects highly 
annoyed by some of the combined noise conditions in the laboratory was as much 
as 20 percent greater than for the separate noise conditions at equal noise 
levels. This finding is an important consideration for modeling community-noise 
annoyance when exposures contain more than one noise source. 
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APPENDIX A 

NOISE STIMULI 

Airplane-Noi s e Recordings 

Four d i f f e r e n t  a i r p l a n e  types were used and one recorded approach no i se  of 
each w a s  selected from a l i b r a r y  of record ings  as being r e p r e s e n t a t i v e  of t h e  
a i r p l a n e  type  and as having t h e  best s ignal- to-noise  ratio.  The four  types  were 
t h e  747, 707, JJC-10, and 727. Each of t h e s e  a i r p l a n e s  had turbofan  engines  wi th  
var ious  bypass ra t ios  and r ep resen t  a wide range of gross  weights. The no i se  of 
each type was cha rac t e r i zed  by high-frequency f a n  n o i s e  of d i s t i n c t  t o n a l  qual- 
i t y .  This  c h a r a c t e r i s t i c  w a s  d e l i b e r a t e l y  chosen for these  tests i n  an e f f o r t  
to  reduce confusion among t h e  test s u b j e c t s  between t h e  sources  of t h e  no i se  
s t imu l i .  A l l  of t h e  recordings were made a t  a l o c a t i o n  approximately 1400 m 
from touchdown d i r e c t l y  under f l i g h t  paths a t  D u l l e s  I n t e r n a t i o n a l  Airport .  

The o r i g i n a l  monophonic recordings for each a i r p l a n e  type  were rerecorded 
to  simulate motion and d i r e c t i o n a l i t y  for a pseudo s te reophonic  e f f e c t  i n  t h e  
room. 
two channels  to provide a r ea l i s t i c  amplitude t i m e  h i s to ry .  
i n  t h e  test f a c i l i t y ,  t h e  f lyover  no i se s  appeared t o  pass overhead. 

This  w a s  accanpl ished by manually f ad ing  t h e  monophonic s i g n a l  i n t o  
When reproduced 

Table  A I  g ives  t h e  r e s u l t s  of acoustical ana lyses  of t h e  a i rp lane-noise  
s t i m u l i  as recorded on t h e  p re sen ta t ion  tapes. These values  are presented only  
to  p o i n t  o u t  t h e  r e l a t i v e  d i f f e rences  between s e v e r a l  d i f f e r e n t  scales for quan- 
t i f y i n g  a i rp l ane  noises .  A s  pointed o u t  earlier each a i r p l a n e  no i se  had d is -  
t i n c t  t o n a l  q u a l i t i e s .  Correct ions for t h e s e  tones  ranged from 0.7 d B  to 3.1 dl 
over t h e  a i r p l a n e  types.  Since t h e  record ings  were made for approach condi t ion:  
close to  t h e  touchdown po in t ,  t h e  no i ses  were q u i t e  s h o r t  i n  du ra t ion  as evi-  
denced by negat ive  dura t ion  corrections between 6.6 d B  and 8.7 dB. 

Time h i s t o r i e s  of these noises  are shown i n  f i g u r e  A1 i n  terms of t h e  
A-weighted n o i s e  l e v e l .  A s  shown, t h e  du ra t ion  of 1 0  d B  down f r a n  p e a k  was ver j  
short, t y p i c a l l y  4 t o  5 seconds. 
a t  least  40  dB(A) .  

The dynamic range f o r  each of t h e  no i ses  w a s  

Traf fic-Noise Recording 

A s i n g l e  type of road - t r a f f i c  no i se  was used i n  t h e  experiment. Th i s  noisc 
had a l o w  s tandard  dev ia t ion  i n  no i se  l e v e l  ((5 = 1.36 dB) and was r ep resen ta t ive  
of high-density,  f r e e l y  flowing, high-speed road t ra f f ic .  Th i s  condi t ion  was 
recorded s t e reophon ica l ly  by using t h e  co inc iden t  d i r e c t i o n a l  microphone tech- 
nique a t  a l o c a t i o n  approximately 200 meters f r m  t h e  near l a n e  of a l imi ted-  
access four-lane d iv ided  highway a t  a near peak-flow condi t ion.  For presenta-  
t i o n  to  t h e  test  subjects,  t h i s  recording was copied and then r epea ted ly  mixed 
w i t h  its copies  u n t i l  t h e  t r a f f i c - f l o w  rate  simulated a condi t ion  e i g h t  t i m e s  
t h e  flow rate  of t h e  o r i g i n a l  recording. During each re record ing  process t h e  
s t a r t  t i m e s  of t h e  recordings were s taggered so t h a t  given no i se  even t s  were not 
overlayed with t h e  same events  from another  recording. The f i n a l  product of 
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APPENDIX A 

PL (Mark V I I ) ,  
dB 

t h i s  process w a s  a recording i n  which s i n g l e  events  could  r a r e l y  be d i s t i n -  
guished. An A-weighted t i m e  h i s t o r y  of a segment of t h i s  record ing  is  shown 
i n  f i g u r e  A2. The actual  l e v e l s  of t h i s  no i se  presented t o  the  tes t  s u b j e c t s  
w i l l  be descr ibed  i n  t h e  fol lowing section. 

EPL (Mark V I I ) ,  
dB 

Test-Session N o i s e  S t imu l i  

114.0 115.2 
119.8 122.9 
107.3 109.0 
112.8 113.5 

The stereophonic-recorded airplane noises  prev ious ly  descr ibed  were 
rerecorded on t h e  f i n a l  p re sen ta t ion  tapes to serve as no i se  s t i m u l i  dur ing 
t h e  test  sess ions .  Two s e s s i o n  tapes were prepared upon which each a i r p l a n e  
type w a s  recorded t w i c e  a t  t h e  appropr i a t e  re la t ive l e v e l s  given i n  t a b l e  Al. 
The o rde r  of t h e  a i r p l a n e s  on each t ape  was random. Two d i f f e r e n t  o r d e r s  were 
used s o l e l y  to provide some measure of v a r i e t y  f o r  t h e  test  subjec ts .  The t i m e  
per iod between p e a k  n o i s e  l e v e l s  of ad jacent  f lyove r s  va r i ed  from approximately 
100 seconds to  130 seconds. The r o a d - t r a f f i c  no i se  w a s  then rerecorded on t h e  
f i n a l  p re sen ta t ion  tapes. The t o t a l  per iod f o r  each p resen ta t ion  tape w a s  
15 minutes. 

~________ .. 

106.5 
116.3 
100.8 
106.5 

TABLE A1 .- SELECTED ACOUSTICAL ANALYSES O F  

AIRPLANE NOISE STIMULI 

A i r  p lane 
type 

747 
707 

Dc-10 
72 7 

LA, 
dB 

98.8 
104.8 
89.8 
97.5 

105.7 
1 1  0.7 
98.0 
103.4 

96.5 
104.3 
90.1 
95.7 

13 
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R e l a t i v e  no ise  
l e v e l ,  LA, dB 

A i r p l a n e  t y p e  

747 707 nc-lo 727 

I 
I 

I 

\ 
R e l a t i v e  t ime ,  sec 

Figure A1 .- T h e  h i s t o r i e s  of airplane-noise  s t i m u l i .  

R e l a t i v e  n o i s e  
l e v e l ,  LA. dB 

-f 
10 dB 

I 4 - 2 0  s e c 4  
I I I I 1 

Time, sec 

Figure  A2.- Time h i s t o r y  of r o a d - t r a f f i c  no ise  with 
low standard dev ia t ion  (0 = 1.3 dB.) 
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INSTRUCTIONS AND SCORING SHEETS 

General Instructions 

T-lank you for volunteering to participate in a research program being 
carried out at the NASA Langley Research Center. We are studying peoples' 
reactions to aircraft noises in order to contribute towards the development 
of a cumulative noise index €or the prediction of  general noise annoyance. 

During the study you will hear various aircraft and other noises. None 
of these noises will be greater than those experienced on a Aai1.y basis by 
many community residents. As such, we anticipate that you will. experience 
no undue physiological or psychological discomfort as a resu1.t of the noises. 
However, if at any time you feel indisposed to the extent that you cannot 
continue your role in the study, you will be free to leave. 

If you would kindly sign the attached voluntary consent form, it will 
signify that you understand the purpose of the research and the technique 
to be used. 

Specific Instructions 

The experiment in which you are participating today is to help us under- 
stand reactions of people to various noise environments. There will be nine 
sessions altogether, each lasting 1 5  minutes, in which you will hear various 
types of aircraft and traffic noise. At the end of each session, we would 
like you to make four different judgments on the noises you just heard. 

You will be given a scoring sheet for each session which has four scales 
numbered "0" to "9", the end points of which are labeled "Not Annoying At All" 
and "Extremely Annoying." An example of these scoring sheets i.s shown on the 
final page of this instruction set. Your judgments in all cases should be indi- 
cated by circling one of the numbers on the scales. If you judge the noise to 
be very annoying, then you should circ1.e a number closer to the "Extremely 
Annoying" end of the scale and similarly if you judge the noise to be on1.y 
slightly annoying you should circle a number closer to the "Not Annoying at All" 
end of the scale. 

For the first question and scale, we would like to know how annoying you 
found the noise of the session. That is, your judgment should reflect your 
feelings of annoyance in our laboratory situation. 

For the next question and the l.ast three scales, we would like you to 
imagine how you would feel about the noise if you heard it in your home. The 
first of these 1.ast scales is for your judgment of how annoying the noise would 
be if you heard it during the day, say between 7 a.m.  and 6 p.m. The second is 
for your judgment of how annoying the noise would be in the evening, say between 
6 p.m. and 10 p.m. The third scale is for your judgment of how annoying the 
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noise would be at night, say between 1 0  p.m. and 7 a.m. In making these last 
three judgments, we would like for you to consider a1.S your home activities dur- 
ing each of the time periods and how you would feel about living wj.th the noise 
day after day. 

There are no correct answers; we just want a measure of your own personal 
reaction to the noise in each session. For this reason, we request that you do 
not talk during the tests nor express any emotion which might influence the 
response of the other people in the room. During each of the sessions, we would 
like you to relax and read any material- you may have brought with you or you may 
select any of the reading material that we have provided. 

Thank you for helping us with this investigation. 

1 6  
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Scoring Sheet  

G r oup Tape 

Seat Sess ion  

Subjec t  N o .  D a t e  

1 .  H o w  annoying was t h e  no i se  i n  t h e  sess ion?  

N o t  Annoying 0 1 2 3 4 5 6 7 8 9 Extremely Annoying 
A t  A l l  

2. Haw annoying would t h e  noise  be i n  your home? 

(a)  During t h e  day - 
N o t  Annoying 0 1 2 3 4 5 6 7 8 9 Extremely Annoying 

A t  A l l  

(b )  During t h e  evening 

N o t  Annoying 0 1 2 3 4 5 6 7 8 g Extremely Annoying 
A t  A l l  

(c) During t h e  n ight  

N o t  Annoying 0 1 2 3 4 5 6 7 8 9 Extremely Annoying 
A t  A l l  

1 7  

I -  d 
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Questionnaire 

Sub j ec t Name . .  

Date 

At what point on your scale would you start to become highly annoyed? 
In other words, at what point on the scale would you consider doing something 
about the noise, such as moving or complaining to authorities? 

Not Annoying At All 0 1 2 3 4 5 6 7 8 9 Extremely Annoying 

Group Tape ~ 

Seat Session 
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TABLE I.- ACOUSTICAL ANALYSIS OF NOISE CONDITIONS 

[All values are given in decibels] 

- 

3 0 . 5  4 7 . 5  
40 .2  57 .0  
50.1 7 4 . 0  
60.1 9 0 . 8  
- 

I Nomina3 l.evels, Leq I Measured levels 

i 
4 .29  20.1 21 .0  ---- 
6.58  20.1 22 .4  ---- 
9 . 3 2  20.1 32 .4  3 9 . 2  

1 1 . 9 7  27.1 42 .4  76 .2  
1 - 

Ai r p I. a ne 

-~ - .. .. . 

30 
40 
50 
60  

. . .  .-- ,. -. . . ,3 0 . . . 

40 50  
60  
- 

30.2  3 3 . 7  1 . 3 6  2 8 . 3  32.1 1 3 . 5  

40 .2  50 .2  4 3 . T : m  5 3 . 7  1 . 3 6  4 8 . 3  52.1 3 3 . 5  
60 .2  6 3 . 7  1 . 3 6  58.3 62.1 43 .2  

....... ~ . .  -__~_ ~ 

4 3 . 2  
50 .6  
60 .2  
5 0 . 5  
5 3 . 2  
60.6 
6 0 . 2  
6 0 . 5  
6 3 . 2  

40 
40 
40 
50 
50 
50 
60 
60  
60  

50 .4  
55 .0  
6 3 . 8  
62 .2  
60 .4  
6 5 . 0  
77 .4  
72 .2  
7 0 . 4  

40 
50  
6 0  
40  
50  
6 0  
40  
50  
60  

2.81 
1 . 7 2  
9 . 3 9  
4 .54  
2.81 
1 . 7 2  
6 . 7 3  
4 .54  
2.81 

38.3 
4 8 . 3  
5 8 . 3  
38 .4  
48 .3  
5 8 . 3  
38 .4  
48 .4  
58.3 

42 .7  
52 .4  
6 2 . 2  
43 .2  
5 2 . 7  
62 .4  
44 .7  
5 3 . 2  
6 2 . 7  

j:l 44 .7  

33.5 

45 .9  
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Subject 
group 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
1 3  
1 4  
1 5  
1 6  

TABLE 11.- PRESENTATION ORDER OF CONDITIONS 

Stimulia for presentation order - 

02 
3 0  
40 
04 
1 0  
20 
01 
03 
02 
30 
40 
04 
1 0  
20 
01 
03 

2 

30 
40 
04 
1 0  
20 
01 
03 
02 
30 
40 
04 
1 0  
20 
01 
03 
02 - 

~ 

3 

43 
32 
24 
44 
32 
23 
34 
22 
22 
44 
33 
22 
43 
34 
43 
33 

_ _ .  

03 
02 
30 
40 
04 
1 0  
20 
01 
03 
02 
30 
40 
04 
1 0  
20 
01 

_ _  - 

5 

34 
23 
42 
33 
24 
42 
23 
44 
34 
23 
42 
33 
24 
42 
32 
22 

-~ 

~. 

- 

6 

40 
04 
1 0  
20 
01 
03 
02 
30 
40 
04 
1 0  
20 
01 
03 
02 
30 

. ~ -. 

___ 

-- 

7 

22 
4 4  
33 
22 
43 
34 
42 
33 
43 
32 
24 
44 
32 
23 
24 
44 

8 

01 
03 
02 
30 
40 
04 
10 
20 
01 
03 
02 
30 
40 
04 
1 0  
20 

9 

04 
1 0  
20 
01 
03 
02 
30 
40 
04 
1 0  
20 
01 
03 
02 
30 
40 

aFirst digit represents airplane-noise level Leq and 
second digit represents traffic-noise level Les as follows: 

0 0 dB 2 40 dB 
1 30 dB 3 50 dB 

4 60 dB 
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TABLE 111.- ANALYSIS OF VARIANCE FOR LABORATORY ANNOYANCE 

- . - . .~ . -. 

Treatments . . . . 1 6  1500.04 
963.11 

1118.15 
3581 .30 

Subjects . . . . . 
Residual . . . . . 
Total . . . . 

--__. ~- 

Degrees of 

_ _  

Source 

__ ~~ 

.- .- . . . . =~ 

93.75 41 .67++ 
15.29 

2.25 

- ~ ~~~, 

Airplane noise . . 
Traffic noise . . 
Interaction . . . 

-._ - _  -. - 

2 
2 
4 

, _  . - -L 
tions 

_ . . _  - 
4.00+ 

220.44 97.97++ 
1.23 0.55"s 

9.00 
661 .32 

3.70 

asuperscript ++ indicates significant at 1 percent; + indicates 
significant at 5 percent; and ns indicates not significant. 
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TABLE m.- ANALYSIS OF VARIANCE FOR PROJECTED HOME DAY ANNOYANCE 

Noise type . . . 1 8.99 
Level . . . . . 3 738.53 
Interaction . . 3 4.31 

_- 

____... -- 

Source Degrees of freedom 

- 

8.99 
246.1 8 

I .44 

T 
. ~ 

I 
Sum of squares 

- ._ - 

All conditions 
.~ .- -~ . - 

Res i dua 1 49 6 121 5.28 2.45 
Total . . . 575 3871 .16 

I Combined conditions 
- 

38.1 7 1 5. 58+i 
125.77 51 . 33+i 

17.39 7.1 O+i 

76.33 
251 .54 

69.57 
- _ -  

3.67’’ 
1 00.48’’ 

0.59”Z 
- 

indi- 
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TABLE V.- ANALYSIS OF VARIANCE FOR PROJECTED HOME FWE%JING ANNOYANCE 

Degrees of freedom Source 
__ . . ... 

Sum of squares Mean square 

Treatments . . . 
Subjects . . . . 
Residual . . . . 

Total . . . . 

F-r a t io 
(a) 

1768.20 110.50 
1323.1 3 21 .oo 

49 6 1262.00 
575 4353.33 

Airplane . . . . 
Traffic . . . . 
Interaction . . 

~ ~~- 

i Noise type . . . 
Level . . . . . 
Interaction . . 

2 
2 223.55 
4 60.50 

1 
3 
3 

6.63 
873.87 291 .29 I 6 * 6 3  3.73 I 0.24 

aSuperscript ++ indicates significant at 1 percent, and ns 

2.61 ns 
11 4.68+' 

0. 48ns 

ind i- 
cates not significant. 
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I 

. 

Airplane . . . . 
Traffic . . . . 
Interaction . . 

TABLE VI.- ANALYSIS OF VARIANCE FOR PROJECTED HOME NIGHT ANNOYANCE 

2 
2 
4 

____ ___- - . . .  

Degrees of freedom of squares Mean square I - - -  

~~ 

Sou f ce 
__ 

A11 conditions 

Noise type . . . 
Interaction . . 

._ 

Treatments 

Res i dua I 49 6 
Total . .  575 

... -. . .. - . .. 

1 43.53 43.53 12.1 6'' 

3 3.05 

r -  - -  - 

125.88 
26.90 

3.58 

- I 201 4.1 5 
1694.95 
1776.39 
5485.49 

Level . . . . . 3 1010.53 1- -33;:;; 194.09'' 0. 28ns 

- . . .  
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TABLE VII.- ANNOYANCE RESPONSE 

- __ 
0.52 
1.33 
2.29 
4.23 
. -  

~~ ~ - ~ .- -~ _ _ - -  ~ ~. ~~ ~ 

Home p r o j e c t i o n  
Noise l eve l ,  Leq, dB L a b o r a t o r y  .~ 

Evening . 1 . - - - -  , 
N i g h t  

M e a y A d j u s t e d  
_ _  . -  

0.68 
1.23 
2.35 
4.24 

_-__ 
40 
40 
40 
50 
50 
50 
60 
60 
60 

1.03 
1.83 
3.04 
5.28 

40 
50 
60 
40 
50 
60 
40 
50 
60 

0.88 
1.68 
3.29 
5.35 

A i r p l a n e  n o i s e  a l o n e  

1.92 
2.54 
4.52 

2.29 
2.40 
5.80 
2.35 
4.42 
4.85 
4.85 
4.00 
6.42 

T r a f f i c  n o i s e  a l o n e  

2.56 
2.29 
5.59 
2.42 
4.29 
4.93 
4.47 
4.26 
6.52 

3.59 
2.83 
6.56 
3.23 
5.23 
5.91 
5.27 
5.00 
6.95 

0.64 
1.46 
2.1 7 
4.67 
~- 

4.33 4.28 
3.25 3.19 
6.80 6.94 
3.60 3.58 
6.29 6.04 
6.00 6.33 
5.45 5.55 
5.05 5.42 
7.58 7.21 

.~ 

0.73 
1.47 
2.22 
4.65 
.- - ~~ 

0.88 
1.77 
2.88 
5.31 

A i r p l a n e  and t r a f f i c  noise combined 

2.54 
2.45 
6.20 
2.55 
5.04 
4.90 
4.80 
4.1 0 
6.79 

2.53 

~ 

.- ~ 

3.24 

1 . 6 0  
2.70 
3.84 
6.02 

0.96 
1.72 
3.36 
5.37 
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c 

Noise index 

Leq 
LnP 
L 9  0 
L1 0 
TNI 

TABLE VII1.- RFGRESSION ANALYSES FOR COMBINED 

NOISE CONDITIONS 

Intercept 1 Slope Correlation coefficient 
~ I_I 

-6.422 0.1 89 0.860 
-2.793 . I  08 .620 
-1.997 .127 .744 
-2.51 2 . I  25 .750 
-2.399 . I  79 .869 
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TABLE 1X.- PERCENTAGE OF SUBJECTS HIGHLY ANNOYED FOR THE 

PROJECTED ANNOYANCE QUESTIONS 

-. -. ~ . . . .- - - - - - _ _ ~  .- - __  - 
Noise level ,  Leq, dB I P e r c e n t a g e  of s u b j e c t s  h i g h l y  annoyed d u r i n g  - 

N i g h t  1 P o o l e d  1. --. . 

- . . - _ _  . .  

E v e n i n g  
~ .. . ~ 

A i r p l a n e  T r a f f i c  1 - Day 
- -  - . .  1 . 

A i r p l a n e  a n d  t r a f f i c  s e p a r a t e l y  

30 
40 
50 
60 

~ __  

. -  

30 
40 
50 
60 

40 
50 
60 
40 
50 
60 
40 
50 
60 

- 
0 
2 

1 5  
35 

3 
9 
7 

39 

2 
5 

21 
46 

4 
11 
1 5  
51 

- .  - 

A i r p l a n e  a n d  t r a f f i c  c o m b i n e d  
-. ~ 

6 
0 

68 
1 5  
38 
38 
40 
30 
65 

. .  

1 9  
8 

75 
25 
38 
43 
53 
43 
73 

3 
8 

31 
66 

6 
11 
29 
50 

42 
23 
78 
53 
65 
58 
53 
43 
83 

5 
1 0  
33 
69 

6 
1 7  
30 
56 

. __ 
46 
28 
78 
43 
67 
58 
60 
53 
83 

. 
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Figure 1 .- Floor  plan of test facility. 
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L-76-3945 
Figure 2.- Photograph of t e s t  facility. 
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Ad j us t e d  

response 
mean 3 

2 

1 

0 

- Noise t y p e  
0 Airplane 
0 Traff ic  

I I I __I 

30 40 50 60 

Session n o i s e  l e v e l  Leqy dB 

Figure 3.- Relationships of laboratory-adj usted mean response 
for separate airplane and t r a f f i c  noise w i t h  noise level. 
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T r a f f i c - n o i s e  l e v e l ,  Leq, dB 

+ No t r a f f i c  no i se  
0 40 
0 50 0 / 

0 
0 0 60 / 

Adjusted mean 
response 3 2 ; 

+ 
L 1 

1L 
I 

40 50 60 

A i r p l  ane-noi se 1 eve l  , Leq , dB 

Figure 4.- Rela t ionsh ip  of laboratory-adj  usted mean response t o  
combined no i se  with a i rp lane-noise  l e v e l .  

Adjusted mean 
response 

3 

2 

A i rp lane -no ise  l e v e l ,  Le,, dB 

X No a i r p l a n e  no ise  
0 40 
0 50 

0 0 
/ 

0 

X 
I I J 
40 50 60 

T r a f f  i c-no i  se 1 eve l  Leq dB 

Figure 5.- Rela t ionsh ip  of laboratory-adjusted mean response to 
combined noise  with t r a f f i c -no i se  level.  
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Adjusted mean 
response 3 .  

2 -  

T r a f f i c  

Lab Day Even i ng N i g h t  

Annoyance ques t ion  

Figure 6.- Overa l l  ad jus ted  mean response f o r  t he  separate a i r p l a n e  
and t r a f f i c  condi t ions  f o r  each annoyance quest ion.  

Annoyance question 8 r  
0 Lab 
0 Day 0 Evening 
A N i g h t  

Adjusted mean 
airplane 

annoyance 

I 1 -1 

30 40 50 60 

Airplane-noise level, Le,, dB 

Figure  7.- A d j u s t e d  mean a i rp l ane  annoyance f o r  the  d i f f e r e n t  
annoyance ques t ions  as a func t ion  of a i rplane-noise  l e v e l .  
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Adjusted mean 
t raff ic  annoyance 

Annoyance question r 
0 Lab 
0 Day 0 Evening 
A N i g h t  t 

t 

0 L '  I I 1 
30 40 50 60 

Traffic-noise level, Le,, dB 

Figure 8.- Adjusted mean t r a f f i c  annoyance f o r  t he  d i f f e r e n t  
annoyance ques t ions  as a func t ion  of t r a f f i c - n o i s e  l e v e l .  

5 Adjusted mean 
total annoyance 

4 

Annoyance question 
0 Lab 
0 Day 

40 50 60 70 
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F igure  9.- Adjusted mean total  annoyance f o r  canbined equal l e v e l s  
of a i r p l a n e  and t r a f f i c  no i se  f o r  t h e  d i f f e r e n t  annoyance ques- 
t i o n s  as a func t ion  of t h e  total  no i se  l e v e l .  
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Figure 10.- Percentage of s u b j e c t s  h i g h l y  annoyed as a func t ion  of 
es t imated  outdoor-noise l e v e l  f o r  separate a i r p l a n e  and t r a f f i c  
cond i ti on s . 
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Figure 11.-  Percentage of s u b j e c t s  h i g h l y  annoyed as a func t ion  of 
estimated outdoor-noise l e v e l  f o r  canbined a i r p l a n e  and t ra f f ic  
cond i t ions.  
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