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ABSTRACT

Theoret ical  mathematical models are formulated to 
specify the r e l a t io n sh ip  between human annoyance and 
leve ls  of  noise» based only on well confirmed assump­
t ions .  The proposed theor ies  are cons is ten t  with des­
c r ip t i v e  models and appear capable of  explaining the 
underlying mechanism as well as previously apparent  
di sc repant  f ind ings .

THE MODELS
From experimental ly supported th eo re t ica l  assumptions discussed pre­

viously (Krammer, 1979b) and the assumption th a t  a complex continuous 
sound is  equivalent  to the loudness of  a reference  stimulus (e.g .  a 1-kHz 
tone) i f  both are equivalen t  on appropr ia te ly  weighted sound l e v e l s ,  the 
fol lowing models of  human reac t ion  to sound level  are der ived,  convert ing

(a) Sound level  U to loudness L_:

L = klO°-03N (1)

= k (1.0715)" 

where j< is  an a r b i t r a r y  scale fac to r .

(b) Sound level  H to individual  annoyance A:

n _ i i n 0.03N ,A - a k l O  + b ^ )

= a k (1.0715)N + b

where â  i s  the asymptotic annoyance to loudness r a t i o ,  A/J_, 
and b_ i s  the A-in te rcept  of  the curve r e l a t i n g  annoyance 
to loudness. Preliminary experimental f indings suggest 
th a t  â  is  r e l a t i v e l y  constant  and independent of type or 
qua l i ty  of  noise,  but t h a t  t3 is a co r rec t ion  fac to r  dependent 
on type and q u a l i ty  of  noise (Berglund e t  a l ,  1976).
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(c) Probability P or expected percentage 1 OOP of individual 
or community reaction to noise _R respectively, given the 
noise level (N):

P (R|N) =
r N

exp - ( n  -  ü ) 2) <t V 2 r r '
-  oo

2 * 2
dn (3)

where is annoyance at or greater than a predefined cri­
terion, and ii is the random variable of the theoretical normal 
probability density function, with mean u and standard 
deviation o, which describes the probability density of the 
specific annoyance reaction at specific noise levels.

Parameters of these functions may be obtained from experimental work. 
Parameters included below are purposely approximate but may be more precisely 
specified as confindence in experimental observations increases. With sub­
stitution of available parameter estimates, the previous models may be some­
what simplified, e.g. converting:

(a)

(b)

Sound level _N to loudness J. :

L (in sones) = 0.063 (lO°*03N) (4)

where "0.063“ is the scaling factor for the sone scale. 

Sound level _N to annoyance A :

(5)A (re sones) = 0.126 (10°'03N) + b

where a=2 (from Eqn. B), approximated from the Berglund 
et al T1976) data, and the sone scale is implied. From 
this function it is obvious that the lower the noise level, 
the greater the relative contribution of the constant b^ which 
may potentially be estimated from experimental data.

(c) Probability P or expected percentage 100 P 
or community reaction R to noise level N :

of individual

P(R|N) =
•N

0.0307 exp
-

(n - 79)' 
338

'N 0.0307 (.997046 79)

dn

2
) dn

(6)

assuming R is a "highly annoyed" reaction and
N_ is L. , both as defined by Schultz (1978a, 1978b).



DISCUSSION
The e f f e c t  of t ime-vary ing  p r o p e r t i e s  of noise  on human response has 

not y e t  been c l a r i f i e d  and remains an area  of con t inu ing  s tudy and d i s ­
cussion (Seshagi r i  and Krammer, 1976; Hemingway and Krammer, 1977). Major 
s tu d ie s  examining the  problem have a r r iv ed  a t  oppos i t e  or  no l i n e a r  r e l a ­
t i o n s h i p s  between noise  v a r i a b i l i t y  and annoyance. That i s ,  both po s i ­
t i v e  and negat ive  r e l a t i o n s h i p s  (Robinson, 1971; Bradley,  1977) have been 
repor ted .  A re c e n t  s tudy by Hemingway and Krammer (1977) has observed 
evidence of  both r e l a t i o n s h i p s  in the same s tudy.  A U- or  inve r ted  b e l l ­
shaped fu nc t ion  has been proposed as a t e n t a t i v e  working hypothesis  (Hemingway 
and Krammer, 1977; Krammer, 1978) to desc r ibe  human r e a c t i o n  to  v a r i a b i l i t y  
of  noise  level  over t ime. Recent analyses  (Krammer, 1979c),  however, 
suggest  t h a t  the  form of  t h i s  func t ion  may depend on noise  source and time 
of  day. In o th e r  words, the  p re sen t  working hypothesi s  r e q u i r i n g  f u r t h e r  
t e s t i n g  i s  t h a t  both the  t ime h i s to r y  func t ion  of noise  l e v e l s  and whether 
or  not the  exposed ind iv id ua l  i s  awake or  a s le ep  may i n t e r a c t i v e l y  a f f e c t  
annoyance r a t i n g s .  Such f a c t o r s  a re  t e n t a t i v e l y  judged to  be most e f f e c t i v e l y  
included in  the  source dependent term b̂  of the annoyance model (Eqn. 2) 
fo r  reasons t h a t  w il l  be d is cussed  in a l a t e r  r e p o r t .

CONCLUSIONS
Theore t ic a l  mathematical models de r ived  only from bas ic  assumptions 

appear to  become reasonably  complete when parameters  are  es t imated  from ex­
per imental da ta .  In the  equa t ions  r e l a t i n g  annoyance to sound l e v e l ,  only 
one parameter  i s  notably a b se n t ,  but open to  empir ical  e s t im a t io n .  In t h e i r  
p re sen t  form, the  di scussed  models provide p l a u s i b l e  exp lana t ions  of ob­
s e r v a t io n s  which have p rev ious ly  been considered unusual or  d i s c r e p a n t ,  and 
allow f o r  g r e a t e r  ease o f  g e n e r a l i z a t i o n  of  fu tu r e  da ta .  P o t e n t i a l l y ,  they 
a l so  provide a framework f o r  the p re d i c t i o n  of  t h a t  po r t ion  of  human r e a c t i o n  
determined by the  physical  p r o p e r t i e s  of  no ise .
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