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ABSTRACT 

I n  Experiment One, no i se  f rom f i v e  home appl iance and f i v e  shop t o o l s  was eva lua ted  f o r  
speech i n t e r f e r e n c e  ( i e  words missed) and annoyance b 23 sub jec ts  (11 male, 12 female). 
Both speech i n t e r f e r e n c e  and annoyance were h i g h l y  ( r j  = .76 and .66) c o r r e l a t e d  w i t h  dbA 
no ise  l e v e l .  

eva lua ted  f o r  annoyance by 100 sub jec ts  (79 male, 21 female). The annoyance vote was 
analyzed by  a n a l y s i s  o f  covariance. I n  a d d i t i o n  t o  annoyance being a f u n c t i o n  o f  dbA, 
t h e  s u b j e c t ' s  gender, age and whether they were a s tudent  o r  n o t  were s i g n i f i c a n t  pre- 
d i c t o r ' s  o f  annoyance. A s imp le  p r e d i c t  r equat ion was ANNOY ( v o t e  on sca le  1 t o  5)  

I n  Experiment Two, 15 " i n d u s t r i a l "  no ises (mean dbA=84; range = 59 t o  97) were 

= 3.05 + .124 (dbA - 84) + ,001 (dbA-84) 8 + .16 ( i f  s tuden t )  w i t h  r 2 =  .60. 

INTRODUCTION 

People a r e  exposed t o  many noises. 
h i g h e r  l e v e l s  (say 90 dbA) t h e r e  i s  t he  poss i -  
b i l i t y  o f  p h y s i c a l  damage. However many dec- 
i s i o n s  a re  made on c r i t e r i a  o t h e r  than hea l th .  
A t  lower  (say 60 t o  90 dbA) l e v e l s ,  t h e  approp- 
r i a t e  c r i t e r i a  may be annoyance and speech 
i n t e r f e r e n c e .  

A t  

Annoyance can be d e f i n e d  as the  d i sp leasu re  
o r  resentment caused by sound. 
"env i ronmenta l "  f a c t o r s  a r e  loudness o r  i n t e n s i t y ,  
f requency o f  occurrence, p r e d i c t a b i l i t y ,  
r e c o g n i t i o n ,  meaning o f  t h e  noise,  a t t i t u d e s  as t o  
whether i t  i s  necessary o r  n o t ,  t h e  va lue  a t tached  
t o  t h e  r e l a t e d  f u n c t i o n  causing t h e  noise, and 
t h e  con tex t  i n  which t h e  no ise  occurs. Fenwick 
(1959) r e p o r t e d  l ow  f requency no ise  has l e s s  e f -  
f e c t  on annoyance. S t a r r  (1972) s a i d  no i se  i n  
octave bands o u t s i d e  2000 t o  8000 Hz i s  l e s s  an- 
noy ing than  w i t h i n  t h e  range. 
(1 975) r e p o r t e d  annoyance and speech i n t e r f e r e n c e  
f o r  appl iances were a f u n c t i o n  o f  dbA and t h a t  dbA 
a lone ( r a t h e r  than by octave band) was a s u f -  
f i  c i e n t  p r e d i  c t o r .  Frey (1 976) concl  uded t h a t  
i n d i v i d u a l  and c o n c e n t r a t i o n  s k i l l s  (such as 
a rche ry  shoo t ing )  a r e  more a f f e c t e d  than team 
s k i l l s  (such as v o l l e y b a l l )  by jet no ise  l e v e l s .  

Annoyance a l s o  may be a f u n c t i o n  o f  i n -  
d i v i d u a l  f a c t o r s  (Pearson and Har t ,  1968). Bryan 
and Tempest (1973) s t a t e  "There i s  a l s o  evidence 
t h a t ,  i n  sane circumstances, f a c t o r s  r e l a t i n g  t o  
t h e  i n d i v i d u a l  can be more va luab le  i n  p r e d i c t i n g  
t h e  response t o  n o i s e  than i s  t h e  n a t u r e  o f  t he  
no ise  i t s e l f . "  Bender (1972) repo r ted  a ' p o s i t i v e  
r e l a t i o n s h i p  between annoyance and socio-economic 
s ta tus .  Pearson, i n  two s t u d i e s  (Pearson, and 
Bregman, 1972; Pearson, H a r t  and O'Br ien,  1974) 
i n v e s t i g a t e d  i n d i v i d u a l  d i f f e r e n c e s .  Females, 
younger (18-29) ages, c o l l e g e  degrees and r u r a l  
res idence were fac to rs  assoc ia ted  w i t h  more an- 
noyance. Babiker  (1977) repo r ted  i n d i v i d u a l  
s e n s i t i v i t y  t o  n o i s e  and t o  g l a r e  was a f u n c t i o n  
o f  va r ious  i n d i v i d u a l  f a c t o r s .  

Some r e l e v e n t  

Epp and Konz 

Speech i n t e r f e r e n c e  occurs when the  noise 
i n t e r f e r s  w i t h  a message. The r e s u l t  cou ld  be 
an incomplete o r  i naccu ra te  r e c e p t i o n  o f  t he  
message o r  a requirement o f  both the  sender and 
r e c e i v e r  t o  work unnecessar i ly  hard. 

I n  t h e  f i r s t  experiment, males and females 
l i s t e n e d  t o  shop t o o l  and home appl iance noises. 
The c r i t e r i a  were annoyance and speech i n t e r -  
ference. I n  the second experiment, males and 
females l i s t e n e d  t o  " i n d u s t r i a l "  noises; an- 
noyance was the c r i t e r i o n .  

EXPERIMEN 

Task - 
Noise from f i v e  home 

shop t o o l s  (microwave oven 
l a t h e ,  sewing machine, d r i  
( h a i r ) ,  band saw, b lender ,  

ONE 

appl iances and f i v e  
dishwasher, metal 

1 press, blow d rye r  
b e l t  sander and p l a n e r )  

were recorded on tape us ing  a Cra ig  Model 212 
tape recorder .  
a wide range o f  no i se  l e v e l s .  " Q u i e t "  shop t o o l s  
as w e l l  as "no i sy "  appl iances were included. 

These sounds were chosen t o  g i v e  

The appl iances and t o o l s  were taped w h i l e  
o p e r a t i n g  under normal condi t ions.  The micro-  
phone was p laced 1.5 m above the  f l o o r  and 
1 m from the  source o f  t he  noise t o  s imu la te  
t h e  sound e f f e c t  on the  operator .  Only the  
dbA sca le  was used t o  measure each noise as 
the  dec ibe l  l e v e l s  by octave bands o r  dec ibe l  
l e v e l s  on t h e  C sca le  show no s i g n i f i c a n t  d i f -  
ferences i n  p r e d i c t i o n  o f  annoyance (Epp & 
Konz, 1975) so t h e i r  use was omitted. 

The dec ibe l  l e v e l s  f o r  t he  home appl iances 
ranged from 57 dbA t o  88 dbA w i t h  a mean of 
72.6 dbA; the dec ibe l  l e v e l s  f o r  t he  shop t o o l s  
ranged f rom 65 dbA t o  94 dbA w i t h  a mean o f  
81 dbA. 
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Speech i n t e r f e r e n c e  was measured by t h e  
percentage o f  words n o t  c l e a r l y  heard w h i l e  
the  noises were p lay ing .  

Annoyance was measured by ask ing  t h e  
sub jec ts  t o  r a t e  each n o i s e  t o  t h e  neares t  whole 
number us ing  t h e  f o l l o w i n g  scale:  

1. 

2. 

3. 

4. 

5 .  

Subjects  

Rot  annoying--would be w i l l i n g  t o  
l i s t e n  t o  i t  up t o  8 
h r  p e r  day. 

S l i g h t l y  annoying--would be w i l l i n g  t o  
l i s t e n  t o  i t  up t o  2 h r  
p e r  day. 

Moderate ly  annoyi ng--vroul d be w i  1 l i n g  
t o  l i s t e n  t o  i t  up t o  
30 minutes p e r  day. 

Very annoying--would be w i l l i n g  t o  
l i s t e n  t o  i t  up t o  7 
minutes p e r  day. 

l i s t e n  t o  i t  a t  a l l .  
Extremely annoying--would n o t  want t o  

A t o t a l  o f  23 sub jec ts  p a r t i c i p a t e d  i n  the 
experiment, 11 males and 12 females. The males 
ranged i n  age f r o m  21 t o  48 (mean 35); females 
ranged i n  age f rom 21 t o  43 (mean 32). 
hea r ing  t e s t  was administered. 
were asked i f  they  had any known h e a r i n g  l o s s  
o r  were sub jec ted  t o  l o u d  noises d u r i n g  t h e  day. 
Four males s a i d  they  had some hear ing  loss; two 
males i n d i c a t e d  t h a t  t hey  were sub jec ted  t o  
l o u d  noises d u r i n g  t h e  day. None o f  t h e  females 
i n d i c a t e d  any hear ing  loss; t h r e e  s a i d  they  were 
sub jec ted  t o  l o u d  noises d u r i n g  t h e  day. 

No 
The sub jec ts  

Procedure and Experimental Design 

A l l  23 s u b j e c t s  l i s t e n e d  t o  a l l  t e n  noises. 
The experiment was performed on f o u r  groups. 
Groups one and t h r e e  had s i x  sub jec ts  each, group 
two had fou r  sub jec ts  and group fou r  had seven 
subjects .  The s u b j e c t s  were seated i n  a semi- 
c i r c l e  w i t h  the  tape reco rde rs  i n  the  center .  
Each sea t  was checked w i t h  t h e  sound l e v e l  meter  
t o  i n s u r e  t h a t  each s u b j e c t  heard t h e  noises and 
words a t  t h e  p roper  d e c i b e l  l e v e l s .  

Each s u b j e c t  was g i v e n  a q u e s t i o n n a i r e  t o  
o b t a i n  background i n f o r m a t i o n  and a form f o r  
w r i t i n g  t h e  words and annoyance r a t i n g s .  
i n s t r u c t i o n s  were taped and t h e  r a t i n g  sca le  was 
posted f o r  re fe rence  d u r i n g  t h e  experiment. 

The o r d e r  was d i f f e r e n t  f o r  each group. 
o rde r  o f  t h e  taped words a l s o  was random b u t  t h i s  
o rde r  was t h e  same f o r  a l l  f ou r  groups. 

announced b e f o r e  i t  was played; i.e. Noise 1, 
band saw; Noise 2, dishwasher; Noise 3, d r i l l  

The 

The noises were p layed  i n  random order. 
The 

The number and source of each no ise  was 

press; e tc .  Each noise was p layed f o r  90 s. 

another  tape was p layed w i t h  ten  d i f f e r e n t  
words pe r  no ise read ( a t  approx imate ly  seven 
second i n t e r v a l s )  by a female i n  a normal con- 
v e r s a t i o n a l  vo i ce  (76 dbA). The words read 
were o f  a one -sy l l ab le  p h o n e t i c a l l y  balanced 
and t w o - s y l l a b l e  spondee type. ( L i s t  4, f o r  
example, was “ s ta i rway ,  fuss,  grove, are, wig- 
wam, y a r d s t i c k ,  f o rd ,  rub, cupcake, p i n  b a l l ” ) .  
The sub jec ts  wrote these words as they heard 
them. 

While the  tape o f  t h e  noises was p lay ing ,  

Measurements and I ns t rumen t a t i ons 

Tool and appl iance noise l e v e l s  were 
measured w i t h  a sound l e v e l  meter us ing  t h e  
dbA sca le  a t  t he  same l o c a t i o n  t h a t  t he  micro-  
phone was p o s i t i o n e d  f o r  tap ing.  The tape 
volume was ad jus ted  t o  g i v e  the  same dec ibe l  
read ing  f rom the r e c o r d i n g  as was a c t u a l l y  
recorded. The s u b j e c t  sea t ing  arrangement 
a l s o  was checked so t h a t  each s u b j e c t  rece ived  
t h e  no ise  a t  t he  p roper  l e v e l .  

Resul ts  

The two c r i t e r i a ,  pe rcen t  words missed 
(PMISS) and annoyance (ANNOY) each were analyzed 
by a n a l y s i s  o f  var iance.  

s i g n i f i c a n t  (F = 820; < .0001). PMISS = 
-124 + 2.30 dBA w i t h  ry = .758 and SE = 16%. 
For  example, i f  dbA = 80, then PMISS = -124 + 
2.30(80) = 60% w i t h  SE = 16%. 
crease, i t  i s  es t ima ted  t h a t  P I I ISS  increases by 
2.3%. Females missed 5% l e s s  words than males 
b u t  t h e  d i f f e r e n c e  was n o t  s t a t i s t i c a l l y  s i g -  
n i  f i c a n t .  

Fo r  pe rcen t  words missed, dbA was h i g h l y  

For  every dbA in -  

Fo r  annoyance, dbA was h i g h l y  s i g n i f i c a n t  
( F  = 642; a .0001). ANNOY = -2.88 + .083 dbA 
w i t h  r 2  = .657 and SE = .7 vote.  
i f  dbA = 80, then ANNOY = -2.88 + .083(80) 
= 3.76 w i t h  SE = .7 vote.  (For  re fe rence ,  3 was 
moderate ly  annoying and 4 was ve ry  annoying). 

The t ype  o f  no i se  (shop vs app l i ance )  was 
n o t  s i g n i f i c a n t  f o r  e i t h e r  c r i t e r i o n .  
was t h e  t ype  x gender i n t e r a c t i o n .  Sub jec t  age 
was n o t  a s i g n i f i c a n t  p r e d i c t o r  f o r  e i t h e r  c r i -  
t e r i  on. 

For  example, 

Ne i the r  

EXPERIMENT TWO 

Task and Procedure 

A tape was made o f  15 noises--11 from a 
dog food p l a n t  f o r  areas rang ing  i n  no i se  
l e v e l  from a team l e a d e r ’ s  o f f i c e  (60 dbA) t o  
an oven area (96 dbA) and f i l l i n g  room (96 dbA). 
Four u n i v e r s i t y  areas ranged from a s tuden t  
a c t i v i t y  room (64 dbA) t o  the s tuden t  c a f e t e r i a  
(80 dbA). 
one tape - - l os ing  some f i d e l i t y  i n  the  process. 

These noises were re- recorded onto 
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Uhen a group o f  sub jec ts  came t o  the  rea- 
sonably q u i e t  (50 dbA) exper imenta l  room, they 
completed a fo rm g i v i n g  t h e i r  gender, age, 
s tuden t  vs non-student s t a t u s  and whether they 
had "p rev ious  no ise  experience". Then they s a t  
i n  a s e m i - c i r c l e  around t h e  tape recorder .  The 
exper imentor  a d j u s t e d  t h e  volume f o r  sound 1 by 
us ing  a sound l e v e l  meter a t  t h e  e a r  o f  one o f  
t h e  subjects .  The remain ing sounds then were 
t h e  same amount above o r  below t h e i r  s tandard 
l e v e l s .  Due t o  t h e  experiment be ing  conducted 
i n  va r ious  rooms and t h e  use o f  inexpensive 
a m p l i f i e r ,  t ape  and tape  r e c o r d e r  t h e  sound 
q u a l i t y  was " n o t  good" and t h e  dbA l e v e l s  a r e  
" n o t  exact". 

The sequence o f  no i ses  was w i t h o u t  a 
p a t t e r n  except t h e  f i r s t  no i se  was the  l oudes t  
and t h e  second t h e  q u i e t e s t ;  t he  s u b j e c t s  were 
n o t  in formed o f  t h i s .  They l i s t e d  t o  each 
n o i s e  f o r  20 s and judged i t s  annoyance on a 
s c a l e  o f  1= n o t  annoying, 2= s l i g h t l y  annoying, 
3= moderate ly  annoying, 4= q u i t e  annoying and 
5= ex t reme ly  annoying. Dur ing t h e  10  s break 
between noises they  vo ted  t o  t h e  n e a r e s t  t e n t h  
(eg 3.4, 4.1). 

Subjects  

a c t e r i s t i c s :  Gender: 79 male and 21 female; 
Age: 2 between 15-19, 63 between 20-29, 16 
between 30 and 39, 10 between 40 and 49, 8 be- 
tween 50 and 59, and 1 between 60 and 69; Occu- 
pa t i on :  64 s tuden ts  and 36 non-students; Noise 
Experience: 56 yes and 44 no. The non-students 
were f rom t h e  U n i v e r s i t y  power p l a n t ,  u t i l i t i e s  
department and maintenance department. 

Resu l t s  

The c r i t e r i o n ,  t h e  annoyance vote (ANNOY) , 
was analyzed by a n a l y s i s  o f  covariance. Noise 
exper ience was n o t  s i g n i f i c a n t  ( ( ~ < . 0 5 )  b u t  dbA, 
(dbA)2, age, (age)2, gender, s tudent ,  dbA x gender 
and age x gender were s i g n i f i c a n t .  The mean 
no ise  exposure was 84 dbA and mean age was 30.3 
years. The equa t ion  was NNOY = 3.34 + .141 

- .001 (age- 30.3)2 - . 2 9 ( i f  male) + . 2 7 ( i f  
s tuden t )  -.02 (dbA-84 ) ( i f  male) -.02 (age -30.3) 
( i f  male). The c o e f f i c i e n t  o f  determinat ion,  
r 2  = .62 and t h e  s tandard e r r o r  was -82 vote. 

computer program t o  e s t a b l i s h  s t a t i s t i c a l  s i g -  
n i f i c a n c e  on some f a c t o r s  even though they do n o t  
c o n t r i b u t e  much t o  t h e  exp lana t ion  o f  t h e  variance. 
Therefore we computed a more s imple model where 

t.16 ( i f  s tudent) .  The c o e f f i c i e n t  o f  determin- 
a t i o n ,  r2 = .60 and t h e  s tandard e r r o r  was .84 
vote. 

D iscuss ion  

l i n e a r  term ( f o r  t h e  s imp le  model) o f  dbA had 

The 100 s u b j e c t s  had t h e  f o l l o w i n g  char-  

(dbA -84) + .001(dhA -84) 9 t .042(age-30.3) 

The 1499 degrees o f  freedom p e r m i t t e d  t h e  

ANNOY = 3.05 +.124 (dbA -84) + .001(dbA -84)2 

The p r imary  v a r i a b l e  again was dbA. The 

F =1726. 
o f  26 w h i l e  the  s tudent  term had a F o f  11. 
I n  the  complex model, the l i n e a r  term o f  dbA 
had F o f  1430 w h i l e  the  l i n e a r  term o f  age 
had F= 53. 

A f t e r  cons ide r ing  dbA, age e f f e c t s  
no i se  annoyance w i t h  o l d e r  people be ing more 
annoyed w i t h  vote i nc reas ing  .042/year f o r  t he  
l i n e a r  term. The s i g n i f i c a n t  age squared term 
( f o r  sub jec ts  mos t l y  i n  the  20s w i t h  a few i n  
each o l d e r  decade) decreases the age e f f e c t  
d u r i n g  the  20s b u t  increases i t  f o r  those i n  the 
40s and 50s. 

The squared term o f  dbA o n l y  had a F 

The gender e f f e c t  shows females a re  more 
annoyed w i t h  no ise than males (mean d i f f e r e n c e  
of .29 vo te ) .  
hea r ing  t h a t  females as a group have vs males 
(Corso, 1959); hea r ing  was n o t  t e s t e d  f o r  our  
sub jec ts  . 

The s i g n i f i c a n c e  o f  gender and age i n  the 
second experiment b u t  n o t  the f i r s t  probably  i s  
due t o  t h e  l a r g e  sample s i z e  (15 noises f o r  100 
sub jec ts  vs 10 f o r  23) and the  i n s t r u c t i o n s  t o  
vote t o  t e n t h s  
vs 3 o r  4 ) .  

s tudents  when age and gender e f f e c t s  were re -  
moved. This  may r e f l e c t  t he  tendency o f  h ighe r  
socio-economic groups t o  complain more (K ry te r ,  
1970). 

tends t o  i n d i c a t e  t h a t  people do n o t  adapt t o  
noise. 
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