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NEW RESEARCH CONTRACTS

To Hawker S îd d e l ey  Canada in Vancouver,  $480,840 f o r  th e  i n v e s t i g a t i o n  o f  n o i s e  
c o n t r o l  t e c h n iq u e s  f o r  wood c h i p p e r s .  Awarded by Nat iona l  Research Counc i l .

To Memorial U n i v e r s i t y  o f  Newfoundland,  Dept,  o f  Phys ics  (Dr. M. J .  C l o u t e r ) ,  
$9,200 f o r  examina t ion  o f  the  a c o u s t i c  p r o p e r t i e s  o f  c l a t h r a t e  h ydr a t es  by 
b r i l l o u i n  s p e c t ro s c o p y .  Awarded by Dept,  o f  Energy,  Mines and Resources .

To U n i v e r s i t y  o f  Saskatchewan,  Dept,  o f  Geological  S c i e n c e s ,  (Dr.  M. S. King) ,  
$8,430 f o r  r e s e a r c h  i n t o  the  a c o u s t i c  p r o p e r t i e s  o f  c l a t h r a t e  h y d ra t e s  and 
h y d r a t e - s a t u r a t e d  porous rocks .  Awarded by Dept,  o f  Energy,  Mines and Resources .

JOB WANTED

PHILIPPE DE HEERING is  looking f o r  a r e s e a r c h  an d / o r  development p o s i t i o n  in th e  
f i e l d  o f  a p p l i e d  a c o u s t i c s ,  p r e f e r a b l y  in O n ta r i o .  He i s  a t  p r e s e n t  heading 
a r e s e a r c h  p r o j e c t  concerned wi th  th e  a p p l i c a t i o n s  o f  p a r a m e t r i c  a r r a y s  to  
underwate r  communicat ions.  He has numerous p u b l i c a t i o n s  on d e t e c t i o n ,  
c l a s s i f i c a t i o n ,  a p p l i e d  s t a t i s t i c s ,  o p e r a t i o n s  r e s e a r c h  and underwater  sound 
p r o p a g a t i o n ,  and c o n s i d e r a b l e  e x p e r i e n c e  o f  work a t  s e a .  The a p p l i c a n t  is 
f l u e n t  in E n g l i s h ,  French,  Russian,  I t a l i a n  and Dutch. P le a se  c o n t a c t  him 
d i r e c t l y  c / o  SACLANTCEN, v i a l e  San Bartolomeo 400,  1-19026, La Sp ez ia ,  I t a l y ,  
t e l .  (187) 5035^0.

EDITOR REQUIRED

" A c ou s t ic s  & Noise Control  in Canada" r e q u i r e s  a Pro duc t i on  E d i t o r  t o  a s s i s t  
the  E d i t o r  in a r r a n g i n g  and checking t y p i n g ,  and in l a y in g  ou t  the  jo u r n a l  
a t t r a c t i v e l y .  A co us t ic a l  ex p e r i e n c e  i s  l e s s  impor tant  than proven e d i t o r i a l ,  
s e c r e t a r i a l ,  d r a f t i n g  o r  a r t i s t i c  s k i l l s .  Ready ac c es s  to  good t y p e w r i t e r s ,  
c o r r e c t i o n  f l u i d  and copying f a c i l i t i e s  is  a must .  No pay is  o f f e r e d ,  and the  
Pr odu c t i on  E d i t o r  must be p repare d  t o  work a c c u r a t e l y ,  t o  d e a d l i n e s ,  and w i t h i n  
th e  small  a v a i l a b l e  budge t .  Th is  i s  p o s s i b l y  an o p p o r t u n i t y  f o r  a s p i r i n g  
p r od uc t io n  e d i t o r s  t o  gain  ex p e r i e n c e  and e x h i b i t  t h e i r  work.  I n t e r e s t e d  
c a n d i d a t e s  shou ld  p l e a s e  c o n t a c t  t h e  E d i t o r  a t  t h e  a d d re s s  i n s i d e  t h e  f r o n t  
cover  o f  each i s s u e .

APPEL AUX ARTICLES EN FRANÇAIS

Notre journal est publié en français et anglais - mais il manque 
des nouvelles et articles en français. Auteurs francophones : 
Rappelez vous de notre journal quand vous envisagez publier. Nous 
aimerions entendre plus de vous.
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CALL FOR PAPERS 2

The Annual Symposium of the Canadian Acoustical Association 
will be held in Windsor, Ontario on October 25-26, 1979. The 
theme this year is:

"THE AUTOMOBILE AND ITS ACOUSTICAL ENVIRONMENT"

Papers on all aspects of acoustics are invited. Abstracts, 
not more than 100 words in length, describing proposed papers 
should be submitted as soon as possible for consideration and 
acceptance by the convenor:

Dr. Z. Reif, P. Eng.
University of Windsor
Department of Mechanical Engineering
Windsor, Ontario
N9B 3P4
Tel: (519) 253-^232, ext. 550

Arrangements for group accommodation have been made at the 
Wandlyn Viscount Hotel, 1150 Ouellette Avenue, Windsor. Further 
details of the program and room rates will be mailed separately.

APPEL AUX ARTICLES 2
Le Symposium Annuel de I 'Association Canadienne de l ’Acoustique 
aura lieu a Windsor3 Ontario3 le 25-26 octobre3 1979.
Le theme de- cette année-ci est:

”L ’AUTOMOBILE ET SON ENVIRONNEMENT ACOUSTIQUE"

Des articles dans tous les domaines de l ’acoustique sont appelés. 
Afin d ’être considérés et acceptés3 des résumés de 100 mots au 
maximum, décrivant des articles à présenter3 doivent être remis 
aussi tôt que possible au convocateur:

Dr. Z. Reif3 Ing. P.
Université de Windsor 
Département de Génie Mécanique 
Windsor, Ontario 
N9B 3P4
Tel: (519) 253-42323 poste 550

Des préparatifs pour des logements en groupe sont pris avec 
I ’hotel Wandlyn Viscount3 1150 avenue Ouellette3 Windsor.
Des détails supplémentaires sur le programme et les prix de chambres 
seront envoyés séparément.
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MEETING ANNOUNCEMENTS

I n t e r n a t i o n a l  Congr es s  on A c o u s t i e s

The 101h annual  ICA w i l l  be h e l d  in Sydney,  A u s t r a l i a  in J u l y  1980,  u s i n g  t h e  
theme " A c o u s t i c s  in t h e  8 0 ' s " .  Va r i ous  s a t e l l i t e  sympos ia  and I SO/1 EC m ee t i n g s  
a r e  a l s o  s c h e d u l e d  in Western  A u s t r a l i a  and in New Z e a l a n d ,  d e a l i n g  w i t h  d e a f n e s s  
and a u d i o l o g y ,  a r c h i t e c t u r a l  and u n d e r w a t e r  a c o u s t i c s ,  and n o i s e  c o n t r o l  
e n g i n e e r i n g .  For f u r t h e r  i n f o r m a t i o n ,  p l e a s e  c o n t a c t  t h e  S e c r e t a r y ,  10th ICA 
E x e c u t i v e  Commi t t ee ,  The S c i e n c e  C e n t r e ,  35- ^3 C l a r e n c e  S t r e e t ,  Sydney,  NSW 
2000,  A u s t r a l i a

S o c i e t y  o f  Au t omot i ve  E n g i n e e r s

The 1980 SAE Congress  and E x p o s i t i o n  w i l l  be a s p e c i a l  one  t o  mark t h e  S o c i e t y ' s  
75th A n n i v e r s a r y .  The s e s s i o n  on V e h i c l e  Noi se  R e g u l a t i o n  and R ed uc t i on  w i l l  
a l s o  be t h e  s u b j e c t  o f  an SAE S p e c i a l  P u b l i c a t i o n  t o  r e c o r d  p r o g r e s s  in t h i s  f i e l d .  
The m e e t i n g  w i l l  t a k e  p l a c e  in D e t r o i t  in t h e  week o f  F e br u a r y  25- 29 ,  1980.
A u t ho r s  i n t e r e s t e d  in c o n t r i b u t i n g  p a p e r s  s h o u l d  p l e a s e  c o n t a c t  t h e  c o - o r g a n i z e r s ,  
D.N. May and M.M. Osman, a t  t h e  a d d r e s s  shown on t h e  i n s i d e  f r o n t  c o v e r  o f  t h i s  
i s s u e .

AVIS DE REUNIONS

Groupement des Acousticiens de Langue Française (G.A.L.F.)

La Réunion Annuelle du G.A.L.F. (Groupe de la comrunication parlée)3 et leur 
llëmes Journées d'Etude sur la Parole3 seront organisées à Strasbourg (France), 
par l ’institut de Phonétique3 du 28 au 30 mai 1980. Les thèmes gênêrmix de ce 
meeting sont les suivants: (1) Perception de la parole3 (2) Intelligibilité 
et qualité de la parole naturelle3 de la parole codée et de la parole synthèse3 
(3) Variabilité inter et intra locuteurs (aux niveaux articulatoire et 
acoustique). Si vous êtes intéressé(e) à participer à cette réunion3 veuillez 
vous adresser avant le 15 octobre 1979 à: Madame Fêla Simon3 Institut de 
Phonêtique3 22 rue Descartes3 67084 - Strasbourg Cedex3 France3 Tel: (88)
61 39 39 - poste 291.
Note:  French  i s  t h e  o f f i c i a l  l a ngua ge  o f  t h e  m e e t i n g ,  b u t  t h e  o r g a n i z e r s  t e l l  
us t h a t  E n g l i s h  w i l l  a l s o  be used .

Congrès International en Acoustique

Le lOème CIA aura lieu à Sydney3 Australie en juillet 19803 sous le thème 
"L’Acoustique dans les années 80". En plus, des colloques satellites divers 
et des réunions de ISO/CEI seront organisés en Australie de l'Ouest et Nouvelle- 
Zélande, sur la surdité et l 'audiologie3 l'acoustique architecturale et sous- 
marine3 et l'art de la lutte antibruit. Pour se renseigner3 veuillez vous adresser 
au Secrétariat, 10t h  ICA E x e c u t i v e  Commi t t ee ,  The S c i e n c e  C e n t r e ,  35~^3 C l a r e n c e  
S t r e e t ,  Sydney,  NSW 2000,  A u s t r a l i a .
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VIBRATION BEHAVIOUR OF THE MTC EXPERIMENTAL SUBWAY WHEEL

L. S t r a s b e r g ,  J .  T i e s s i n g a  and K. Kono

Research and Development Div i s ion  
O nt a r io  M in i s t r y  o f  T r a n s p o r t a t i o n  and Communications

ABSTRACT

The n a t u r a l  f r e q u e n c i e s ,  mode shap es ,  
and mechanical  impedances o f  a r e s i l i e n t  type 
subway wheel a r e  p r e s e n t e d .  An impact method which 
uses F o u r i e r  t e ch n i q ue s  to  a n a l y s e  th e  v i b r a t i o n s  
o f  th e  wheel is d e s c r i b e d .  Several  n a t u r a l  
f r e q u e n c i e s  and mode shapes  not  p r e v i o u s l y  r e p o r t e d  
a r e  p r e s e n t e d .

INTRODUCTION

Rail  t r a n s p o r t a t i o n  o p e r a t i n g  a u t h o r i t i e s  c o n s i d e r  r a i l w ay  n o i s e  
a s e r i o u s  enough problem t o  commit l a r g e  e x p e n d i t u r e s  o f  c a p i t a l  and t echno logy  
in an a t t e m p t  t o  reduce i t .  The Uni ted S t a t e s  Department  o f  T r a n s p o r t a t i o n ,  
f o r  example,  has r e c e n t l y  p u b l i sh e d  a r e p o r t  which a s s e s s e s  the  n o i s e  problems 
in sev e ra l  r a i l e d  urban systems in th e  Uni ted S t a t e s  [ 1 ] .  The Sou th -Eas t  
Pennsy lvan ia  T r a n s i t  A u t h o r i t y  (SEPTA) i s  t e s t i n g  r in g  damped wheels  f o r  th e  
American P u b l i c  T r a n s i t  A s s o c i a t i o n  (APTA) [2 ] .  In Canada,  t he  O n ta r i o  M in i s t ry  
o f  T r a n s p o r t a t i o n  and Communications (MTC) has b u i l t  s e v e r a l  expe r imen ta l  
s t r e e t c a r  and subway wheels  wi th  th e  aim o f  o b t a i n i n g  a b e t t e r  unde r s t a nd i ng  
o f  th e  w h e e l / r a i l  n o i s e  problem [ 3] .

I t  i s  b e l i e v e d  t h a t  w h e e l / r a i l  n o i s e  c o n t r i b u t e s  a s i g n i f i c a n t  
p o r t i o n  o f  th e  t o t a l  n o i s e  e m i t t e d  from e l e c t r i c a l l y  powered t r a i n s  [ 4 ] .
Because the  n o i s e  a s s o c i a t e d  wi th  th e  wheel and r a i l  comes about  as a r e s u l t  
o f  t h e s e  components v i b r a t i n g  w i t h i n  the  a u d i b l e  f r equency  r ange,  i t  fol lows  
t h a t  r e d u c t io n s  in t h e s e  v i b r a t i o n s  shou ld  a b a t e  th e  sound l e v e l s  -  p rov ided  
the  s u r f a c e  a r e a s  o f  the  v i b r a t i n g  p a r t s  and t h e i r  sound r a d i a t i o n  e f f i c i e n c i e s  
do not  change in an ad v e r s e  d i r e c t i o n .  In o r d e r  t o  b e t t e r  un de r s t a nd  the 
v i b r a t i n g  syst ems inv o l ved ,  t he  MTC is  c u r r e n t l y  i n v e s t i g a t i n g  the  dynamic 
behav iour  o f  s e v e r a l  r a i lw ay  wheel s .

Th is  paper  p r e s e n t s  the  r e s u l t s  o b t a i n e d  when one MTC exper imen ta l  
wheel ,  t he  subway wheel shown in Fig.  1, was e x c i t e d  a t  f r e q u e n c ie s  w i t h i n  the  
a u d i b le  f r equency range.  An impact t e chn iqu e  was used.  The dynamic pa ramete r s  
p r es en te d  inc lud e  the  n a t u r a l  f r e q u e n c ie s  o f  th e  w hee l ,  t h e i r  a s s o c i a t e d  mode 
shapes  and some o f  th e  mechanical  d r i v i n g - p o i n t  impedances and t r a n s f e r  
impedances o f  the  wheel .



EXPERIMENTAL PROCEDURE

The wheel was supported on rubber pads which were themselves mounted 
on a low frequency wooden pla t form of  the  type shown în Ref. 3. This support  
arrangement ensured t h a t  the wheel was in the f r e e - f r e e  s t a t e .  The wheel was 
s t ru ck  by a s p e c i a l l y  made hammer to  which a load ce l l  was a t t ached .  An 
accelerometer  was s u i t a b l y  pos i t ioned on the  wheel.  The s igna l s  from the load 
ce l l  and from the accele romete r  were routed to  a dual-channel  Fast  Four ier  
Transform Analyser for  process ing.  This ins trument w i l l  rapidly  break down 
both input s ig n a l s  in to  t h e i r  Four ier  components. In add i t io n  the machine is 
capable of  performing severa l  mathematical func t ions  on these  s i g n a l s .  The 
func t ions  of  i n t e r e s t  fo r  t h i s  paper include i n t e g r a t i o n  and d i f f e r e n t i a t i o n .
In a d d i t i o n ,  the instrument i s  capable o f  comparing s ig n a l s  ( v i z . ,  by d iv is io n )  
in both the  time and frequency domains.

An ideal impulse may be considered as a d i r a c  d e l t a  fu nc t ion ,  
t h e o r e t i c a l l y  an i n f i n i t e  force  ac t in g  fo r  zero t ime.  Four ie r  ana lys i s  on t h i s  
s ignal  w i l l  t rans form i t  in to a continuous  force  s ignal  throughout the e n t i r e  
frequency range. The s ignal  obta ined from the  load ce l l  a t ta ched  to the  
hammer re p re sen t s  the  impulse used to  e x c i t e  the MTC wheel.  A ty p ica l  s ignal  
is i l l u s t r a t e d  in Figs. 2 and 3 as channel B. In Fig.  2,  i t  i s  seen t h a t  the 
impulse a c t u a l l y  used had f i n i t e  values fo r  both the  app l ied  force and the 
time over which i t  a c t s .  When Four ier  a n a l y s i s  is  used to  t ransform t h i s  time 
varying s ignal  in to the  frequency domain (Fig.  3 ) ,  i t  is  c l e a r  t h a t  the frequency 
con tent  of  the impact is a l so  l im i ted .  This is not considered a ser ious  
l i m i t a t i o n  to  the  r e s u l t s  because the  upper* frequency l im i t  (15 kHz) is  q u i t e  
near  to  t h a t  o f  the human ea r .

The v ib ra t io n  o f  the wheel r e s u l t i n g  from the  impact,  is presented 
as channel A in Figs .  2 and 3. The f i r s t  f ig u r e  shows the  v ib ra t io n  in the 
time domain, the  second in the  frequency domain. Because channel A in F i g . 3, 
shows the  magnitude o f  the  respose a t  any given frequency,  the peaks in the 
data re p re sen t  those  f requencies  a t  which the  wheel e x h i b i t s  i t s  maximum 
responses ,  ie .  i t s  na tu ra l  f requenc ies .

The response o f  the wheel t h a t  r e s u l t s  from e x c i t a t i o n  a t  various  
p o in ts  i s  compared by using a quan t i ty  known as mechanical impedance. The 
mechanical d r iv i n g -p o in t  impedance o f  the  system is defined as the  r a t i o  of  
the force  a c t in g  a t  a given point  in a system to  the  r e s u l t i n g  v e lo c i ty  a t  th a t  
p o in t .  I t  is  a complex quan t i ty  having magnitude and phase,  and is a funct ion 
of  the  frequency o f  e x c i t a t i o n .  When the  v e lo c i ty  i s  measured a t  a poin t  o the r  
than the  point  o f  e x c i t a t i o n ,  the term " t r a n s f e r  impedance" w i l l  be used. The 
input force  fo r  each in v e s t ig a t i o n  was measured via  the load ce l l  in the 
hammer (channel B) and the  r e s u l t i n g  v e lo c i ty  was obta ined by in t e g ra t in g  the 
output  s igna l  o f  the  accelerometer  on the wheel (channel A). The impedance 
was ob ta ined as the r a t i o  o f  channels B to  A. Figure k shows a ty p ic a l  s e t  of  
r e s u l t s  ob ta ined  in t h i s  manner. Note t h a t  the  na tu ra l  f requencies  o f  the wheel 
show up as s teep  " v a l l e y s "  in t h i s  p l o t ,  ie .  those  f requencies  a t  which a 
minimum of  force  gives a maximum amount of  response .  The r e s u l t s  are presented 
in a s l i g h t l y  d i f f e r e n t  form in Fig. 5 where the real  and imaginary components 
a re  i l l u s t r a t e d .  The coherence between the  s ig n a l s  is shown in Fig. 6.



RESU L T S

Some o f  the  r e s u l t s  o f  t h e s e  i n v e s t i g a t i o n s  a r e  p r e s e n te d  in 
F igs .  7 to  26.

The l a t e r a l  p o i n t  impedances o f  the  MTC subway wheel a r e  shown in 
Fig .  7. They were o b t a i n e d  by p la c in g  the  a c c e l e r o m e t e r  l a t e r a l l y  on the  f r o n t  
f ace  o f  th e  r im,  and s t r i k i n g  the  wheel l a t e r a l l y  a t  a p o i n t  as c l o s e  as  p o s s i b l e  
to  the  a c c e l e r o m e t e r .  The n a t u r a l  f r e q u e n c i e s  o b t a i n e d  were e s s e n t i a l l y  the  
same as tho s e  p r e v i o u s l y  r e p o r t e d  [ 3] .

The mode shapes  (F ig .  7) a s s o c i a t e d  wi th  th e  n a t u r a l  f r e q u e n c i e s ,  
were o b ta in e d  wi th  th e  a i d  o f  t r a n s f e r  impedances.  The wheel was s t r u c k  
l a t e r a l l y  on the  rim a t  s ev e r a l  d i f f e r e n t  c i r c u m f e r e n t i a l  p o s i t i o n s  w h i l e  the  
a cc e l e r om et e r  remained a t  a r e f e r e n c e  l o c a t i o n .  T r a n s f e r  impedances were thus  
o b ta in e d  f o r  th e  s p a t i a l  l o c a t i o n s  shown In F igs .  8 to  1A. By examining the  
impedances a t  t h e  f r e q u e n c i e s  o f  i n t e r e s t ,  t he  r e s i s t a n c e  to  motion o f  s ev e ra l  
p o in t s  on the  wheel were de termined .  R e c a l l in g  t h a t  v i b r a t o r y  motion i s  assumed 
t o  be s imple harmonic and by us ing th e  in v e r se  o f  impedance,  i e .  m o b i l i t y ,  t he  
l a t e r a l  mot ions o f  a l l  p o i n t s  on th e  rim o f  the  wheel were de termined a t  each 
f r equency o f  i n t e r e s t .  F igures  15 and 16 show th e  p l o t s  o b ta in e d  when the  da ta  
a s s o c i a t e d  wi th  two o f  th e  n a t u r a l  f r e q u e n c i e s  were used in t h i s  manner.  The 
remaining mode shapes  were found by s i m i l i a r  methods.

The modes o f  v i b r a t i o n  shown in F ig .  7 a r e  due to  the  o u t - o f - p l a n e  
bending o f  the  r im.  S i m i l a r  modes have been found by Stappenbeck [5] and by 
S t r a s b e r g  [ 6 ] .  These a r e  th e  modes u s u a l l y  a s s o c i a t e d  wi th  squeal  n o i s e  in l i g h t l y  
damped wheels  [ 6 ] .  In th e  subway wheel under  i n v e s t i g a t i o n ,  rubber  b locks  were 
used to  improve th e  damping r a t i o s  and hence l ead  t o  lower squeal  n o i s e  l e v e l s .
The damping r a t i o s  a s s o c i a t e d  wi th  t h e s e  modes o f  v i b r a t i o n  a r e  p r e s e n te d  
e l sewhere  [ 3 , 6 ] .

The r a d i a l  impedances o f  th e  wheel t e s t e d  a r e  shown in F ig s .  17 to  
2k.  They were o b t a i n e d  in a manner s i m i l a r  t o  t h a t  d e s c r ib e d  above,  except  
t h a t  t he  t r e a d  o f  t h e  wheel ( i e . ,  i t s  running s u r f a c e )  was used f o r  both mounting 
the  a c c e le ro m e t e r  and as  th e  l o c a t i o n  where th e  wheel was s t r u c k .

The mode shapes  shown in F ig .  17 a r e  a s s o c i a t e d  wi th  in - p l a n e  
bending o f  th e  rim o f  the  wheel .  They,  t o o ,  were o b t a i n e d  in a manner s i m i l a r  
to  t h a t  d e s c r ib e d  above.  As f a r  as  can be de termined  by a sea rch  o f  the  
r e l e v a n t  l i t e r a t u r e ,  many o f  th e se  i n - p l a n e  bending modes have not  been p r e v i o u s l y  
r e p o r t e d .  Thi s  may be a consequence o f  the  method normal ly  used to  de termine  
the  mode shapes  o f  a whee l ,  v i z .  t o  s p r ead  p a r t i c l e s  on th e  web o f  a wheel 
which is  sup po r t e d  in th e  h o r i z o n t a l  p l ane  and then to  shake the  wheel a t  t h e  
f requency o f  i n t e r e s t .  I t  i s  expec ted  t h a t  a s t a n d a r d  wheel would e x h i b i t  
s i m i l a r  i n - p l a n e  bending modes. However,  f o r  any given  mode, the  s t i f f e r  rim 
o f  the  s t a n d a r d  wheel shou ld  lead  to  a h i g h e r  n a t u r a l  f r equency than t h a t  
a s s o c i a t e d  wi th  th e  t h i n n e r  rim o f  the  r e s i l i e n t  wheel .

C O N C L US IO N S

The r a d i a l  and l a t e r a l  impedances o f  an MTC subway type  r e s i l i e n t  
wheel have been o b t a i n e d .  These mechanical  impedances when used in c o n j u n c t i o n  
wi th  o t h e r  r e l e v a n t  p a r a m e te r s ,  eg.  s u r f a c e  a r e a s  and sound r a d i a t i o n  
e f f i c i e n c i e s ,  may be used to  p r e d i c t  t he  n o i s e  from t h i s  wheel .
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Several v i b r a t i n g  modes, not previous ly  r epo r t ed ,  have been 
i d e n t i f i e d  fo r  a r e s i l i e n t  railway wheel.  These a re  shown to be a s s o c i a t ed  
with the in-p lane  bending of  the rim of  the  wheel.
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FI GURE 1:  MTC E x p e r i m e n t a l  S u b w a y  Wh e e l

FI GURE 2 :  T i m e  R e s p o n s e  o f  Wh e e l  (A)  
d u e  t o  Ha mme r  Bl o w ( B)

FI GURE 3 : F r e q u e n c y  R e s p o n s e  o f  Wh e e l  (A) 

d u e  t o  Hammer  Bl o w (B)
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Note: Number o f  Nodal Circles not determined fo r  these modes.
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AN ENVIRONMENTAL STIMULUS FOR SUDDEN DEATH IN INFANCY?

Philip Dickinson

Bickerdike, Allen, Partners 
Toronto, Salt Lake City, London

ABSTRACT

This paper contains a review of the 
environmental conditions that may be associated 
with Sudden Infant Death Syndrome (SIDS), and 
notes a probable association in Utah between 
SIDS and atmospheric temperature inversions 
accompanied by a gentle breeze. These conditions 
also enhance the strength of low frequency sound 
in rooms; moreover it is only in certain-size 
rooms and moving automobiles (another low frequency 
sound environment) that SIDS has been observed.
The author argues that such sound could be one of 
the links in SIDS, perhaps through direct 
transmission into the skull via an infant's not- 
yet-closed fontanelle.

Sudden Infant Death Syndrome (SIDS) - the sudden death of 
any infant or young child, which is unexpected from its medical 
history, and in which a thorough post-mortem examination fails to 
demonstrate an adequate cause for death [1] - is the most common 
cause of post-neonatal mortality and accounts for about 1/3 of 
all infant deaths between the ages of 1 week and 1 year, or about 
0.3% of live births [2]. It seems to be a common occurrence 
throughout history, the many accounts written suggesting that its 
frequency today may be no greater than it was in the past.

Some of the earliest SIDS investigation was by Dr. Charles 
Templeman [3] who, as a result of his investigation into infant 
death in the town of Dundee in Scotland, considered local crib 
deaths had been caused by suffocation. The theory persisted until 
the 1950's when pathologist Francis Camps, and virologist Sir 
Samuel Bedson, finally proved this was not the case. Following 
Templeman's theory, there was a host of other theories ranging 
from allergies to inhalation of toxic fumes, and from parental 
smoking to the after-effects of the birth control pill - besides 
those possible medical causes put out by responsible scientific 
researchers, a comprehensive listing for the latter being given 
in Reference 4.



After many years of research, an organic cause still 
eludes us. But research has tended to concentrate on the organic 
side rather than on an environmental cause or stimulus that may be 
of equal importance. This is not saying that the environment has 
been totally neglected, only that less emphasis has been placed on 
its possible involvement than on other causes. In terms of the 
physical environment, certain combinations of temperature, pressure 
and wind velocity [5,6] have been postulated to be significant. In 
terms of epidemiology, there is much ongoing work perhaps stimulated 
by the pioneering work of pathologist Professor John Emery of the 
University of Sheffield. His environmental investigations [7] 
concentrate on 8 main factors; mother's age, mother's blood group, 
the length of labour, the state of the amniotic fluid in the womb, 
the presence of any urinary infection, the weight and gestation 
time, the baby's food, and the number of previous pregnancies of 
the mother. The State of Utah is carrying out such an investigation 
under the direction of the Medical Examiner, and including many more 
parameters with some limited data on the physical environment as well.

The western countries, with their great concern for health 
and welfare, keep detailed statistics, which in the context of 
SIDS are very interesting: The death rate attributed to SIDS is 
reasonably constant at about 0.3% of live births, except in the 
Netherlands and Scandinavia, where it is under 0.1% of live births 
[8] , and in Finland, where it would appear to be almost nonexistent. 
(Admittedly, these differences could be due to differences in 
reporting.) Strangely, the latter country has by far the greatest 
occurrence of heart failure anywhere [9] which may, or may not, 
be relevant. Scandinavian communities in the United Kingdom and 
in the United States do not seem to be less prone to SIDS than 
the indigenous population. This too suggests that environmental 
influences may be of great importance in SIDS.

In cooperation with the Utah State Department of Health 
Council on Sudden Infant Death Syndrome, the local chapter of the 
SIDS Foundation, and the Office of the Medical Examiner, some 
initial investigation of SIDS occurrence has been undertaken over 
a two year period.

In the State of Utah, by law [10] all unexpected infant 
deaths must be referred to the Medical Examiner. There were 36 
SIDS occurrences in 1975, 48 in 1976 and 48 in 1977. All have 
been documented in detail by the Medical Examiner. Examination 
of these show a pattern that suggests a strong environmental 
component in the syndrome.

1) The very thorough autopsies always undertaken found no 
apparent reason for any of the deaths. For those occurring in an 
automobile, the presence of carbon monoxide or other exhaust gas 
was an obvious choice for investigation. But no suggestion of any 
such cause was found in child or automobile.

2) Examination of the "Emery Parameters" together with 
such items ass the position and orientation of the child in the 
crib, bed or seat, the clothing worn and its composition, the 
food and feeding history, past medical history, the mothers'

- 17-



feeding history, mothers' immediate past médical history, drugs 
taken by the mother (this has been reported in detail elsewhere), 
recent air pollution, ventilation, calidity, genetics, etc., 
differed from case to case such that no connections were evident 
between any of these parameters and SIDS.

3) But in Utah, the occurrences are not spread randomly 
throughout the inhabited areas of the state, nor do they follow 
the lines of greatest population density. Although tne majority 
of cases do occur in Utah's three largest cities, most cities and 
towns remain clear. Just over 91% of occurrences are within a 
narrow band less than 3 miles wide broken into three areas with
a combined length of less than 45 miles. This band runs north- 
south down the centre of a valley bordered on the east by the 
Wasatch Mountains, and on the west by the Oquirrh Mountains and 
the Great Salt Lake.

4) The bounded area is prone to temperature inversions, the 
visual pollution of the valley making the demarcation very obvious 
in these conditions. With the cases examined and correlated with 
the weather conditions of the time - comprehensive data supplied 
by the Utah Department of Meteorology and the weather services
of KUTV (Salt Lake City) with extra details from the National 
We ther Service - every case, except those in automobiles, 
occurred in conditions of a strong temperature inversion and 
a very gentle breeze.

5) Within this band, there is a proliferation of cases in 
two distinct areas of Salt Lake City - not the centres of dense 
population.

6) There is a fairly large incidence of multiple occurrence. 
In one 12 hour period, Salt Lake City had 4 cases of Sudden Infant 
Death (and a number of suicides). The occurrence of suicides is 
being investigated by the Medical Examiner's Office to see if there 
is any correlation with the times of SIDS occurrences. Data on 
this is not yet at hand. But this is of greatest interest because 
in some parts of the world the occurrence of some natural climatic 
phenomena results in a spate of irrational behaviour with a very 
significant increase in suicides. For example, it is understood 
that, in West Germany, many works close down when the Foehn Wind 
blows because of the severe effect of the apparently related 
irrational human behaviour on production.

7) Of all these cases of Sudden Infant Death in Utah, all 
but 3 occurred in the family residence, the exceptions taking 
place in a nursery room of a sports pavilion in the city, and in 
automobiles. Although Utah has extensive recreational facilities, 
and there is a very large family involvement in the outdoors, no 
occurrence of SIDS - in 8 years of documenting - has been found
in any recreational home, i.e. in any travel trailer or small 
caravan, tent, motorhome, small houseboat, or cabin cruiser, and 
none from any Indian Community still inhabiting primitive dwellings 
such as hogans. The same result appears from inquiries made in
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other countries and states. In view of the fact that the average 
healthy western infant spends a significant proportion of its 
time in an environment other than a house or car, if SIDS is a 
disease unrelated to the physical environment, it is reasonable 
to expect some deaths elsewhere.

8) Extensive inquiries among bus companies, airlines, 
railway companies and shipping lines failed to find any SIDS 
occurrence. Help was given in these inquiries by the Greyhound 
Bus Company, Continental Trailways, Western Airlines, Amtrak 
and the Cunard Shipping Company. The death of a child is not 
uncommon in travel, but no circumstances it was felt suggested 
the occurrence of the Syndrome.

9) Preliminary investigations carried out by the local 
public health nurses show that in all the cases in residences 
(during the last three years in Utah) the room was of medium to 
large size. No case occurred in a room of small dimensions - less 
that about 800 cu. ft.

10) The occurrences seem quite independent of the socioeconomic 
status of the family, but not necessarily independent of the lifestyle 
of the family. Whether the mother is a home-maker or not may be a 
factor but there is not enough data yet in hand to make any preliminary 
conclusion on this.

11) In the child's sleeping quarters, windows and doors generally 
were closed with only a small electric night-light in operation, if 
any light at all. Inevitably there are reports of badly fitting 
windows and some draughts - which may, or may not, be significant.

12) Of those parents who were willing to talk to the nurse 
about the child's death, all reported their child did seem unduly 
"fussy" in its sleep and cried during the late evening and/or night; 
for some of the children this was unusual. (This of course increases 
the parent's feelings of guilt making an investigation much more 
difficult.)

13) Lengthy discussions have been had with the curators and 
the pathologists of some of Western America's largest and famous 
zoological gardens. These included San Diego, Denver and Hogle 
zoological gardens. The discussions also included several 
veterinary surgeons in the State of Utah. These discussions 
revealed that there appears to be no analogy to SIDS in animals.
The pathologist at the San Diego Zoo felt that SIDS in animals ought 
to be a real possibility and that his extensive records over
the past 12 years should be examined in detail before a definite 
statement of "SIDS does not occur in animals other than man" were 
made. There were no recent (last 3 years) cases that fell within 
the category and certainly none amongst the primates. But just 
because SIDS was not apparent in this period, he felt (quite rightly) 
it should not be ruled out. Other zoos - Hogle being one - had no 
cases of infant animal deaths which their authorities felt might not 
have a straightforward medical cause.
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The question may be asked, "If Sudden Infant Death 
Syndrome is a 'disease', why is it so selective that it strikes 
only in certain physical situations?" The results of these 
investigations do not support a 'disease' theory alone, but point 
to an environmental parameter as a prime contributor towards the 
death. By no means does this rule out a disease being necessary.
It merely suggests it is not a disease alone. The author is led 
to believe that a chain of events and circumstances leads to the 
final event of death and that an initial stimulus may be a parameter 
of the physical environment.

In our atmosphere there are a large number of physical 
parameters. But the range is reduced significantly when one isolates 
those parameters that may occur not only in a house, but also in a 
moving automobile, and not elsewhere. Of those physical parameters 
that we understand - and we must face the fact that there may be 
others of which we are totally unaware - some obviously call for 
examination: parameters such as static electricity, noise and 
vibration.

Noise is so far the only one of these to be investigated 
in Utah - because of the difficulties in forming a measurement 
technique for the other two - but some of the findings suggest there 
is a strong case for suspecting it to be very relevant. One of 
the few things in common with a medium sized room (as distinct 
from a small room) and a moving automobile is the natural low 
frequency resonance possible» In a car the low frequency sounds, 
it has been suggested [11], can be strong enough to affect the 
reaction time of the driver, but in a house one would not expect 
such intensities unless there is a source of such sound, and some 
enhancement (amplification) mechanism to make the sound effectual 
at a particular point and time. There is such a source of natural 
sound in the atmosphere that does disturb a large number of people 
[12] occurring, for reasons unknown, during peroods when there is 
a temperature inversion and gentle breeze, and rarely at other 
times. But the sound levels are extremely low (30 - 40 dB in the 
31.5 Hz octave band) and the majority of people cannot hear the 
sound at all.

In a room, some enhancement is possible if the design and 
construction of the room, together with the temperature of the 
internal air, match the characteristics of the incoming sound.
While high pitch sounds behave like light rays, being constantly 
reflected and re-reflected by the walls and ceiling of a room 
until finally they die away, low frequency sounds behave in a 
rather different way [13]. When the wavelength of sound is the 
same as one of the room dimensions, a "standing" wave can be set 
up in this dimension, in which case the sound in the room behaves 
rather like a pendulum whose rate of swing is determined by the 
length of the room and whose motion tends to persist for a fairly 
long time. It applies to all three main dimensions of the room - 
and also to any recess or in combination with furniture wherever 
facing flat surfaces occur - and even to the diagonals of the room.
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For a room of any given size there are a number of sound 
frequencies which receive enhancement and die out much more slowly 
than other frequencies. These are called "eigentones" or "normal 
modes".

The sound pressure of such a normal mode in a room is 
not uniform across the room but has certain positions in the 
dimension where the sound pressure level is a maximum and a minimum.
If the dimensions of the room are such that a natural eigentone 
matches incoming low frequency noise from the atmosphere (and in 
many areas all over the world, in a temperature inversion such low 
frequency noise is readily measurable), then the room will respond to 
the sound, creating elevated sound pressure levels at specific 
positions in the room - thus constituting an enhancement mechanism. 
Further enhancement results if the sound enters the room (as a large 
cavity) through a narrow opening such as a small or partially open 
window [14]. Even so the levels produced from naturally occurring 
low frequency sound are still very low (in the order of 50 dB in 
the 31.5 Hz octave band) and inaudible to most people.

However, in Utah, in those rooms in which a SIDS had 
occurred, every room that could be examined had a normal mode 
frequency of between 35 and 45 Hz (depending on the temperature), 
matching those produced inside a small car in motion. Perhaps 
more relevant, a position of maximum sound pressure was found in 
the approximate location of the child, as far as can be ascertained 
from the evidence. Physical excitation and measurement was not 
possible for obvious (psychological) resaons, although it is hoped 
that in the near future such may be possible in the right circumstances.

One, of course, may justifiably be skeptical that such a 
low sound level could set off a chain reaction resulting in death.
Elder children (over 18 months of age) are apparently quite 
unaffected, as are grown-ups, and one wonders how such a noise could 
affect a small child, if indeed it is the noise that acts as the 
initial stimulus. With just this one parameter being identified 
so far in all the 130 cases examined, and no similar occurrence of 
any of the other parameters examined, it does suggest the possibility 
of a relationship between the sound and the event. But the author 
is finding it difficult to plan how best to proceed with the 
investigation when there appears to be so much antipathy to finding 
a cause and hence planning preventative measures.

The mechanism for such a noise affecting a child to cause 
SIDS remains an enigma. But, some years ago, the author investi­
gating an area of severe disturbances from such a low intensity, 
low frequency sound in the atmosphere, found a possible relation 
between the geographical limits of the sound disturbance and 
endemic mild dysentry [15] . Following the research he amplified 
a recording of the sound (which actually he could not hear at all 
without significant amplification) and experienced extreme 
vibration within the head and an immediate significant hearing 
loss. Little recovery in the succeeding week led to hospital 
admission and major surgery to repair damage that the author put
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down to the noise exposure. (Regrettably there is no medical 
proof of such a causal relationship.) Analysis of the recording 
located a distinct spectral pattern in the 40 Hz region, a pattern 
that seems to be duplicated in all the Utah homes examined in 
connection with SIDS.

This leads the author to believe that natural low 
frequency sound is a candidate for being the initial stimulus 
to a chain of events/reactions that lead to Sudden Death in Infancy, 
if the child is "receptive" to such a stimulus - a behavioural or 
medical condition or disease. When he experienced the severe 
internal vibration from the amplified sound - a variation of which, 
most regrettably, is believed to be in use by the military of several 
Western powers for crowd control - the author felt that entry was 
via direct conduction through the skull rather than through the 
auditory system. Up to the age of about 18 months, a young child's 
skull is not fully developed and awaits closure of the fontanelle - 
a condition common to all the SIDS victims examined. This may act 
as the easy entry point for the low intensity sound wave into the 
cavity producing slightly amplified sound inside. But at the moment 
this is pure speculation, for research work involving acoustic 
examination of the infant cadaver head was refused authorization 
and has not gone ahead.

The author is well aware that consideration of a mere 
130 cases in Utah is circumstantial, hardly representative of the 
world at large, and by no means can provide valid medical evidence. 
Much more is required in other countries and states, and research 
is going ahead in this direction with sound as one of a number of 
physical parameters being investigated. Any constructive criticism 
or ideas how best to proceed would be very welcome.

If such a chain of events is involved, the removal or 
weakening of one of the links could decrease the incidence of this 
major cause of infant death.
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SOUND ECONOMY

REPORT BY A MANAGEMENT CONSULTANT ON A CONCERT AT THE ROYAL
FESTIVAL HALL, LONDON

For c o n s i d e r a b l e  p e r i o d s  t h e  f o u r  oboe p l a y e r s  had n o t h i n g  t o  do.  T h e i r  numbers 
s h o u l d  be r e d u c e d ,  and t h e  work s p r e a d  more e v e n l y  o v e r  t h e  whole  c o n c e r t ,  t hu s  
e l i m i n a t i n g  peaks  and t r o u g h s  o f  a c t i v i t y .  Al l  t w e l v e  v i o l i n s  were  p l a y i n g  
i d e n t i c a l  n o t e s .  Th i s  seems u n n e c e s s a r y  d u p l i c a t i o n .  The s t a f f  o f  t h i s  s e c t i o n  
s h o u l d  be d r a s t i c a l l y  c u t ;  i f  a l a r g e  volume o f  sound i s  r e q u i r e d  i t  c o u l d  be 
o b t a i n e d  by means o f  an e l e c t r o n i c  a m p l i f i e r .

Much e f f o r t  was o b s e r v e d  in t h e  p l a y i n g  o f  t h e  demi- s e m i -  q u a v e r s .  T h i s  seems an 
e x c e s s i v e  r e f i n e m e n t .  I t  i s  recommended t h a t  a l l  a c t i o n  s h o u l d  be  rounded up t o  
t h e  n e a r e s t  s e m i - q u a v e r .  I f  t h i s  were  done ,  i t  s h o u l d  be p o s s i b l e  t o  use  t r a i n e e s  
and lower  g r a d e  ope  r a t  i ves more e x t e n s i v e l y .

Th e re  seems t o  be t o o  much r e p e t i t i o n  o f  some mus i ca l  p a s s a g e s .  S c o r e s  s h o u l d  be 
d r a s t i c a l l y  p r un ed .  No u s e f u l  p u r p o s e  i s  s e r v e d  by r e p e a t i n g  on t h e  h o r ns  a 
p a s s a g e  which has  been h a n d l e d  by t h e  s t r i n g s .  I t  i s  e s t i m a t e d  t h a t  i f  a l l  r ed u n d a n t  
p a s s a g e s  were  e l i m i n a t e d ,  t h e  whole  c o n c e r t  t i m e  o f  two hou r s  c o u l d  be r e duc ed  t o  
t we n t y  m i n u t e s ,  and t h e r e  would be  no need f o r  an i n t e r v a l .

(Reproduced w i t h  acknowledgement  t o  C o n c r e t e  ma ga z ine ,  May 1978. )

THE UNIVERSITY OF WESTERN ONTARIO 
FACULTY OF ENGINEERING SCIENCE

A p p l i c a t i o n s  a r e  i n v i t e d  f o r  an a p p o i n t m e n t  as  an A s s i s t a n t  P r o f e s s o r  in 
t h e  a r e a  o f  Sound and V i b r a t i o n s .  Q u a l i f i c a t i o n s  r e q u i r e d  a r e  a Ph.D.  in 
E n g i n e e r i n g  A c o u s t i c s  (o r  e q u i v a l e n t ) ,  p r e f e r a b l y  w i t h  r e l a t e d  p r a c t i c a l  
e x p e r i e n c e .  Academic d u t i e s  i n c l u d e  i n i t i a t i o n  and c o nd uc t  o f  r e s e a r c h ,  
s u p e r v i s i o n  o f  g r a d u a t e  s t u d e n t s  and t e a c h i n g  a t  b o t h  u n d e r g r a d u a t e  and 
g r a d u a t e  s t u d e n t s  and t e a c h i n g  a t  bo t h  t h e  u n d e r g r a d u a t e  and g r a d u a t e  l e v e l .  
The a p p o i n t m e n t  i s  f o r  a t h r e e - y e a r  l i m i t e d  t e r m  b e g i n n i n g  J u l y  1,  1980.  
C l o s i n g  d a t e  f o r  r e c e i p t  o f  a p p l i c a t i o n s  i s  Se pt ember  30,  1979-

A p p l i c a t i o n s  i n c l u d i n g  c u r r i c u l u m  v i t a e  and names o f  t h r e e  r e f e r e e s  s h o u l d  be 
s e n t  t o :

Dr.  G.F.  Ch e ss ,  Dean 
F a c u l t y  o f  E n g i n e e r i n g  S c i e nc e  
The U n i v e r s i t y  o f  We s t e rn  O n t a r i o  
London,  O n t a r i o  
Canada 
N6A 5B9
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Other real-time acoustics analyzers 
only TALK to the computer
— The B & K 21311/3-octave RTA 
also LISTENS

That’s why it should be 
the heart (and “brains”) 
of your acoustic 
lab instrumentation

Now, computer interface with your RTA is no 
longer a one-way street. The B & K 2131, alone in 
its field, has the capability of manipulating data 
through the computer and playing it back. Results 
are displayed on a large (15 cm x 21 cm) screen, 
and can be output to any types of analog and 
digital peripherals. This capability enables the 
2131, as the nucleus of any required configura­
tion of instruments, to conduct a wide variety of 
analyses of acoustic, vibration and other signals,

all with the extreme accuracy incident to digital 
filtering and RMS detection — whatever the kind 
of signal.
There's another important benefit, not related to 
technology — rental or leasing plans are availa­
ble, so that you can enjoy all the advantages of 
2131 capability without a major dent in your capi­
tal budget. For complete information, or to ar­
range a no-obligation meeting or demonstration 
with a Bruel & Kjaer representative, write or 
phone any of our offices:

BRUEL & KJAER CANADA LTD.
Specialists in acoustic and vibration measurements

MONTREAL 
90 Leacock Road 
Pointe Claire, Que. H9R 1H1 
Tel.: (514) 695-8225

OTTAWA 
Merivale Bldg.
7 Slack Road, Suite 201 
Ottawa, Ontario K2G 0B7 
Tel.: (613) 225-7648

TORONTO
71 Bramalea Road, Suite 71D 
Bramalea, Ont. L6T 2 W9 
Tel.: (416) 791-1642

VANCOUVER 
8111 Anderson Road 
Richmond, B.C. V6Y1S1 
Tel.: (604) 278-4257



REVERBERANT ROOM TEST FACILITY

THE CANADIAN

CHROMALOX
COMPANY, LIMITED

will conduct sound power testing 

in a 6400 cu.ft. reverberant room.

A wide range of sound sources can 

be accommodated, including appl­

iances, power tools, office equip­

ment and HVAC equipment. Simultan­

eous airflow measurements to 3000 

CFM and electrical testing can be 

undertaken.

Experienced staff are available to 

conduct noise source identification, 

to test noise control treatments 

and to prepare reports.

CONTACT: DR. DAVID CRUMP, OR 
DAVID SUTTON

(416) 678-7300

c/o OASIS AIR CONDITIONING INC.

2600 DREW ROAD 
MISSISSAUGA, ONTARIO

i_4t  3m5

Second of a Series

At Vibron, we'd like to share the 
results of some interesting problems 
which have come our way.

L I B R A R Y  I N T E R I O R  A C O U S T I C S

The Metro Toronto Library by Raymond 
Moriyama has a bold and exciting 
interior design which presented Vibron 
with challenges in acoustical design.
A large central atrium cuts through 
each of five floors of 50,000 sq. ft. 
from ground level to the roof. Each 
open-plan floor space is arranged for 
books, reading, study and flow of 
people with an original over-riding 
design goal that traditional library 
"silence" be maintained.

The solution was to make the interior 
space highly absorptive by specifying 
fully carpeted floors and a ceiling 
treatment of vertically suspended 
linear acoustic baffles about 2 ft. 
deep on 4 ft. centres. Even open 
shelves of books which are highly 
absorptive in themselves, were con­
sidered in the acoustical treatment.
A resulting low reverberation time of 
approximately 0.5 sec. over the fre­
quency spectrum was achieved.

The ventilation system, by design, was 
used for masking noise around circulation 
desks, where voice intrusions occur. 
Fan-coil units were re-designed and 
modified to meet a specified low-noise 
criteria. A specific acoustical 
design for a TV production studio 
yielded optimum reverberation times.

The executive and administrative floor 
is comprised of open-plan office space 
where emphasis was placed on success­
ful acoustical design to maintain 
privacy.

Next: CN Tower Vibration Dampers

VIBRON LIMITED 172 0 Meyerside Drive 
Mississauga, Ont. (416) 677-4922
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cjCea ^ ïleainrem enti cJ-im ited■ect
S O U N D  M E A S U R I N G  IN S T R U M E N T A T I O N

T E L E P H O N E  1 7 3 0  S T E E L E S  A V E .  E.
4 1 6 - 4 5 3 - 6 2 1 0  B R A M P T O N ,  ONT.

L 6 T  1A 4

REPRESENTING

METROSONICS INC. Award winning dB 306 metrologger
dB 301/651 p r o f i t in g  loggers w ith  
hard copy tim e k i& to ry  o r hLbtoghami, 
on alpha- numeric p r in te r  - X-V 
p lo t te r  - RS 131 in te r fa c e

IVIE ELECTRONICS IE 30A 7/3 octave. 1/1 octave re a l
time. analyser and p re c is io n  Aound 
le v e l  meter.
IE 17A microprocessor anaJiy&QJi 
re ve rb e ra tio n - 1/3 octave RT60 - 7/7 
octave. RT60 - room/time delays - 
s p e c tra l amplitude, to  0.1 dB 
tim e  domain events - tone b u rs t/p u lse

TRACOR INSTRUMENTS Manual-automatic - m icroprocessor
based audiometers
Complete, audiometer, c a l ib ra t io n  se rv ice

TRACOR SCIENCE & SYSTEMS Computer c o n tro lle d  a i r p o r t  m onitoring
systems
Custom designed community m onitoring  
s ystems

COMPUTER ENGINEERING LTD. Type. 1 in te g ra t in g  p re c is io n  impulse
sound leve l, meter - Leq LTM LAX LMAX 
SPL
Octave and automatic 1/3 octave f i l t e r s

PRICES & DATA SHEETS ON REQUEST



METHOD AND INTERPRETATION OF 

SURVEYS ON NOISE ANNOYANCE

Frank Krammer 
Noise Pol lu tion Control Section 

Environment Ontario

ABSTRACT

Major p rac t ica l  cons iderat ions during the design 
and analys is  of sociological  noise surveys are 
b r i e f l y  discussed,  p a r t i c u l a r ly  as they r e l a t e  to 
choice and in te rp re ta t io n  of s t a t i s t i c a l  t e s t s .
The discuss ion concentrates  on the appropria te  use 
of data  and scale transformations which may not only 
a s s i s t  in the in t e rp re ta t io n  of r e s u l t s  but also 
c l a r i f y  seeming discrepancies both within a study 
as well as between apparently c o n f l i c t in g  r e su l t s  
repor ted in the l i t e r a t u r e .  Applicable scale  
transformat ions  are supported by the sp ec i f ica t ion  
and discuss ion of t h e o r e t i c a l l y  based q u an t i t a t iv e  
funct ions which may be used to p red ic t  human response 
from noise-level  measures of loudness.

The i n t e r e s t  of the Noise Pollut ion Control Section of Environment 
Ontario in the r e s u l t s  of sociological  noise surveys i s  pr imarily to va l ida te  
the use of a noise desc r ip to r  as an ind ica tor  of individual react ion ( r e l a t iv e  
to the Model By-Law) or as a p red ic to r  of community impact ( r e l a t iv e  to land 
use guidel ines  and approval c r i t e r i a ) .  In add i t ion ,  the choice and e f f e c t i v e ­
ness of noise c o n t r o l .measures may be b e t te r  evaluated with an understanding 
of d i f fe rences  in s e n s i t i v i t y  of people r e su l t in g  from observable d i f ferences  in 
demographic s i tu a t i o n s .  Social surveys are used to answer such ques tions .

SURVEY PROCEDURES

The s t a t i s t i c a l  ana lys is  and in te rp re ta t io n  of a survey are in­
f luenced by each step taken during the survey:
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1. PROBLEM DEFINITION
The type of ana lys is  will depend on the hypothesized re la t ionsh ips  

between noise impact or disturbance and noise or o ther  p red ic to rs ,  and 
the level of q u a l i t a t i v e  or q u an t i t a t iv e  information contained in the 
obtained data.

2. QUESTIONNAIRE DESIGN AND CODING
Questions are  c a r e fu l ly  worded and placed in the appropr ia te  context 

to e l i c i t  responses t h a t  are meaningfully r e l a t e d  to the underlying d i s ­
turbance or impact, so t h a t  s t a t i s t i c a l  analyses will have the desi red 
meaning. Questions are therefore  very spe c i f ic  to minimize m is in te rp re ta ­
t ion  and s implif ied  to assure they are within the c a p a b i l i ty  of the in ­
dividual to answer.

For example, in a p i l o t  study, people who were asked: Would you say 
t h i s  neighbourhood is  q u i e t ,  noisy or neither?"  sometimes rated t h e i r  
neighbourhood on a busy-quiet ,  or ac t ive-boring  sca le .  The revised ques­
t ion :  "Is i t  general ly  qu ie t  or noisy in t h i s  neighbourhood, or i s  i t  
ne ither?"  avoided some of the confusion but was of ten a reportedly  d i f f i c u l t  
decis ion to make. Many answered th a t  i t  was sometimes noisy and sometimes 
qu ie t  and t h a t  in teg ra t io n  over d i f f e r e n t  s i tu a t io n s  was d i f f i c u l t .

Allowable answers are  coded to represen t  the underlying scale a t  a 
level  of measurement as near as poss ible  to t h a t  assumed by the s t a t i s t i ­
cal t e s t .  The fundamental assumption of s t a t i s t i c s  i s  t h a t  events may be 
assigned numbers which are values of a "random var iable"  which in turn  is 
assumed to have sp e c i f ic  s t a t i s t i c a l  p roper t ie s .  The number codes are 
the values of the random var iable  assumed for  the t e s t .

For example, the  coding for the previous question on neighbourhood 
noise would be:

1. quie t
2. ne i the r
3. noisy

r e f l e c t i n g  an increased degree of perceived nois iness  on a rank-ordered sca le .  
In other  words, the value of the code increases with an increase in the 
f a c to r  measured. The number of points chosen fo r  the scale  will depend 
on the respondent ' s  a b i l i t y  to make the judgement, the level of subse­
quent ana lys is  and the an t ic ipa ted  range of responses.  In general ,  a 
somewhat f i n e r  scale  than th a t  required will be chosen since the range 
of responses i s  hot known a p r i o r i .  A d e ta i led  scale  can l a t e r  be 
transformed to a cruder scale but a crude scale  cannot be changed to a 
d e ta i l e d  one, e .g .  1-4 agreeable

5 neutral
6, 7 somewhat d is tu rb ing
8, 9 highly d is turb ing  (Hemingway and Krammer, 1977). 

Having assured t h a t  the question is  meaningful and th a t  the codes rep re ­
sent an underlying sc a le ,  we would a lso  l ike  to assure  t h a t  d i f f e r e n t  
people use a s im i la r  c r i t e r i o n  fo r  making the judgement. For example,the
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respondent  may be asked to  make the judgement of  no i s iness  with r e spec t  
to  o th e r  neighbourhoods in the same c i t y  or town. A l t e r n a t i v e l y ,  one of 
the s c a l e  p o in t s  ( e .g .  r a t i n g s )  may be more p r e c i s e l y  de f ined ,  so t h a t  
o th e r  judgements can be made in r e l a t i o n  to i t .

3. SAMPLING OR CHOICE OF SITES
The choice  of  s i t e s  and of respondents  w ith in  these  s i t e s  wil l  d e t e r ­

mine the  g e n e r a l i t y  of  the s t a t i s t i c a l  r e s u l t s ,  as well as the amount of  
unwanted v a r i a b i l i t y  in the  da ta  due to the  presence of  extraneous e f f e c t s .  
As a r u l e  of  thumb, th e r e  must be d i f f e r e n c e s  in f a c t o r s  t h a t  wil l  subse ­
quently  be examined in the  s t a t i s t i c a l  a n a l y s i s .  The range of  these  
should be s u f f i c i e n t  to  inc lude the  range over which the hypothesized r e ­
l a t i o n s h i p  i s  to  be confirmed.  Factors  t h a t  a re  not r e l e v a n t  to  the pro­
blem under i n v e s t i g a t i o n ,  on the o the r  hand, a re  e i t h e r  kept cons tan t  as 
much as p o s s ib l e  or  are  included as a random component in the s t a t i s t i c a l  
model by the choice of a l a r g e r  (a l so  more c o s t l y )  sample.

D i f f e r e n t  s t a t i s t i c a l  ana lyses  assume d i f f e r e n t  methods of  sampling.
For example, c o r r e l a t i o n  a n a l y s i s  assumes t h a t  both v a r i a b le s  or f a c to r s  
are  random v a r i a b l e s ,  o r  in o the r  words t h a t  the  i n v e s t i g a t o r  e x e r t s  no 
con t ro l  over the  value t h a t  these  measures assume. For r e g re s s io n  a n a ly s i s  
a l t e r n a t i v e l y ,  va lues o f  the  independent  v a r i a b l e  or  the p r e d ic to r  of human 
r e a c t i o n ,  i s  assumed to  be predetermined.  Minor v i o l a t i o n s  of  these  assump­
t i o n s  a re  r o u t i n e  and commonplace, but major v i o l a t i o n s  can be s e r io u s .

4. COST EFFECTIVENESS
Sampling i s  usua l ly  the g r e a t e s t  f a c t o r  in f luenc ing  c o s t .  Travel c o s t s  

may be reduced by r e s t r i c t i n g  the  physical  a rea  to  be surveyed.  Also, the  
number of ques t ions  asked may be reduced to  only those which wil l  r e l a t e  to 
the problems of  i n t e r e s t .

5. INTERVIEWER TRAINING
In te rv iew ers  a re  t r a in e d  to  adm in is te r  the q u es t ionna i r e  c o n s i s ­

t e n t l y ,  i n t e r p r e t i n g  ques t ions  as intended.

6. PILOT STUDY
A p i l o t  s tudy p o in t s  out problems in ad m in i s t r a t io n  and permits  

f i n a l  c l a r i f i c a t i o n ,  or  f in a l  necessary  . . .

7. REVISIONS OF QUESTIONNAIRE

8. DATA COLLECTION .
Noise da ta  are  usua l ly  c o l l e c t e d  a f t e r  the survey to avoid respon­

dent  b ia ses  t h a t  may r e s u l t  from previous  knowledge of  the study.

9. DATA CODING
Data i s  coded on the  q u es t io n n a i r e  or  the information t r a n s f e r r e d  

onto a coding shee t  which permits  e a s i e r  keypunching. Care i s  taken t h a t  
codes d e f in e  a v a r i a b l e  meaningfully as mentioned e a r l i e r ,  (see Table I)

10. KEYPUNCHING
The codes a re  t r a n s f e r r e d  to  a s p e c i f i c  s e t  of  card columns fo r  each 

v a r i a b l e .  This  s e t  i s  c a l l e d  a " f i e l d " .  Each q u es t ionna i r e  makes up a 
" r e co rd " ,  one f o r  each respondent .  Each record  i s  cons t ruc ted  the same 
way and w i l l  have only d i f f e r e n t  codes f o r  the  value of  each f i e l d .

- 30 -



o
h - LU
ZZL
LU LU
O LU

CD h -
o LU -Z.
CL. LU CO »—» ZD •
( /) t— ■—i 1— — 1 O ' o
LU »—« O  <C O LU •
OH Ul Z  Csl > _1 U1

RECORDS
(CARDS)

1 1 1 2 2 6 1 4 2

2 1 1 3 2 6 1 4 2

3 1 1 1 1 6 1 4 2

4 1 1 3 1 6 1 4 2

5 1 1 1 1 6 1 4 2

6 1 1 1 2 6 1 4 2

7 1 1
— ----------- '

5 1 6 1 4 2

FIELDS

Table I . Sample of a coding shee t ,  showing the 
format in which information is  handled by the 
computer.

11. COMPUTER FILE STRUCTURE
The cards are  read into computer storage records ,  each record being 

a sample. The use of the SPSS package program will  be assumed here. The 
names of the var iab les  are wri t ten  in the order  in which the f i e ld s  appear 
on the record,  on a "var iab le  l i s t "  card. A "format" card sp e c i f ie s  the 
number of columns th a t  are to be read for  each var iab le ,  (see Table I)

12. DATA TRANSFORMATION 
(a) Defini t ion

This i s  probably the most useful method used by s t a t i s t i c i a n s .  
The var iab les  defined in the quest ionnaire  are by no means the only 
var iab les  t h a t  can be analysed from the data.  For example, a new 
var iab le  could be truncated to provide fewer sca le  po in ts .  Or, a 
var iab le  could be defined as a combination of the var iab les  ob­
ta ined d i r e c t l y  from the coded answers as in a count of the number 
of ways d is tu rbed ,  the occurrence of any noise d is turbance,  and the 

•combination of d isturbance repor ts  (as obtained from fac to r  
ana lys is ,  fo r  example) th a t  would most c lose ly  approximate the 
underlying human reac t ion  th a t  is  of i n t e r e s t .  Also, a functional  
transformation can be made. For example, a logarithmic transforma­
t ion on the dependent var iab le  will make an exponential function 
l in e a r  with the transformed var iab le  or a squared transformation 
will make a parabolic  function l i n e a r ,  allowing standard s t a t i s t i c a l  
t e s t s  to be used.
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Fig .  1. Ant i loga r i thm ic  form of  the  power fu nc t ion  of loudness 
wi th  sound i n t e n s i t y .  The graph shows t h a t ,  w i th in  the range of  
environmental noise  l e v e l s ,  a l i n e a r  approximation may be adequate .
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Fig.  2. Somewhat schematized r e l a t i o n s h i p  between annoyance and loud­
ness (from Berglund e t  al  ,1976).  The perceived  annoyance i s  always 
g r e a t e r  than the  perceived  magnitude of  th e  loudness.

(b) Applica t ion  - Theore t ica l  N o n l in e a r i t i e s
An important  underlying r e l a t i o n s h i p  i s  t h a t  between noise 

level  and annoyance. The r e l a t i o n s h i p  between sound i n t e n s i t y  and 
loudness i s  accepted as being a power func t ion  and t h e r e f o r e  roughly 
an exponential  fun c t io n  with the  logar i thm ic  sound leve l  s c a le  (see 
(Fig.  1).  From work by Berglund e t  al (1976) annoyance appears to 
be l i n e a r l y  r e l a t e d  to  loudness (see Fig. 2 ( a ) ) -  The re fo re ,  an­
noyance may a l s o  be b a s i c a l l y  an exponential  fu n c t io n  of  sound l e v e l .

The underly ing  r e l a t i o n s h i p  between sound level  and annoyance 
should then be roughly exponen t ia l .  In the  Berglund e t  al (1976) 
s tudy,  the  sources examined were about  twice as annoying as they 
were loud a t  l e v e l s  over about  70 dBA. At lower noise l e v e l s ,  the 
l e v e l s  of  annoyance r e l a t i v e  to  loudness appeared to  depend on the 
source o f  the  no ise  (see Fig. 2 ( b ) ) .  P re l iminary  r e s u l t s  by 
Ha l l ,  Breston and Taylor (1977) a l so  sugges t  a p o s s ib le  underly ing  r e ­
l a t i o n s h i p  o f  reduced house p r i c e s  with inc reased  noise  l e v e l s ,  
s i g n i f i c a n t  d i f f e r e n c e s  in house p r i c e s  being observed only a t  s i t e s  
with noise l e v e l s  g r e a t e r  than about 70 dBA L .
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I f  t h i s  r e l a t io n sh ip  is indeed exponent ia l ,  then the r e l a t i o n ­
ship between sound level and the logarithm of annoyance should be 
approximately l in e a r .  In other  words, a constant  d if ference  in 
noise level should be re la ted  to a proportional increase in an­
noyance. For example a 10 dB increase i s  about twice as loud and 
possibly roughly twice as annoying on average.

(c) Application - Theoretical  I n te rp re ta t io n  and
Extension of Survey Data

In add i t ion ,  some evidence of a nonl inear  re l a t io n sh ip  between 
sound level and percent highly annoyed for  grouped data i s  reported 
by Schultz (1978b), as reproduced here in Fig. 3. Despite the 
i n i t i a l  resemblance of the curve to an exponential  r e l a t i o n sh ip ,  
however, t h i s  n o n l inea r i ty  i s  not expected to and does not follow 
the same r e la t io n sh ip  as degree of annoyance with sound leve l .
This underlying r e la t io n sh ip  is  most reasonably assumed to follow 
the cumulative normal d i s t r i b u t i o n ,  as o r ig in a l ly  proposed by Fechner 
(1860), who suggested t h a t  the conversion of response frequency data 
to normal devia tes should provide a s t r a i g h t  l in e  when p lo t ted  
aga ins t  the physical parameter in his psychophysical experiments.

Another way of  regarding the synthesized sociological  survey 
data of Schultz (1978b) is  to consider the best  es t imates of percentage 
highly annoyed a t  various noise leve ls  as sample es timates of the 
underlying p ro b ab i l i ty  of high annoyance a t  these noise leve l s .  The 
t rue  p r o b a b i l i t i e s  should follow a s t a t i s t i c a l  d i s t r i b u t io n .  The most 
reasonable f i r s t  assumption is  t h a t  i t  i s  the cumulative normal. The 
normal sigmoid curve may be changed to a s t r a i g h t  l ine  by applying 
a p rob i t  transformation to an ordinate  in percentages or p ro b a b i l i t i e s  
(see Fig. 4(a) and (b)) .  The prob i t  scale is  simply a scale  in which 
each u n i t  i s  a normal equivalent  dev iate (N.E.D.),  or a standard de­
v ia t ion  of the appl icable  normal d i s t r i b u t i o n .  In Fig. 5, S chu l tz ' s  
(1978b) synthesized curve is p lo t ted  with a percentage scale l in e a r  
in p rob i ts .  From Fig. 5 i t  is  obvious t h a t  the r e la t io n sh ip  is  
e f f e c t i v e ly  l in e a r .  The re levant  curve describing Schu l tz ' s  (1978b) 
synthesis i s  the re fo re  the cumulative normal curve with mean about 
79 dB and standard deviation about 13 dB.

A more prec ise  spe c i f ica t ion  of these parameters may not be 
advisable without d i r e c t  access to Schu l tz ' s  synthesized data.  In 
other  words, the synthesized model i s  purposely desc r ip t ive  whereas 
the proposed model i s  desired to be t h e o r e t i c a l l y  val id .  S p e c i f ic a l ly ,  
the l e a s t  squares c r i t e r i o n  of the desc r ip t ive  regress ion  f i t  will  
tend to ass ign le s s  weight to low (or high) values of the grouped 
(percentage) observations than to intermediate values.  As put by 
Finney (1971, p . 180), "grouped data tend to underestimate the slope 

.of the l i n e ,  which should be drawn so as apparently to e r r  s l i g h t l y  
on the side of s teepness ."





The proposed theo re t ica l  sigmoid function has both theo re t ica l  
and prac t ica l  advantages over Schu l tz ' s  desc r ip t iv e  model. For example, 
i t  i s  more reasonable to extend a theo re t ica l  curve to include lower 
and higher noise leve ls  (as recognized by Schultz,  1978a). Also, 
apparent disc repancies in r e s u l t s  may be c l a r i f i e d .  Referring to 
Fig. 4 (b) ,  we note t h a t  responses of between 20 and 80 percent are 
e f f e c t iv e ly  described by a l in e a r  model. The bias of percentage 
es timates toward decreased slope is  unl ikely  to be of p rac t ica l  s i g n i ­
f icance  unless the l in e  is  extrapola ted beyond t h i s  sample space of 
the range of p red ic to r  (independent) va r iab les .  On the other  hand, i f  
response p ro b a b i l i t i e s  (or percentages) are f requent ly  lower than 20 
and higher than 80 percent use of a p rob i t  transformat ion may be 
e f f e c t iv e .  For example, low response p rob ab i l i ty  is  expected for  
"highly disturbed" ra t ings  or "low-noise" s i t e s  (e .g.  a r t e r i a l  
t r a f f i c )  and high response p ro b a b i l i ty ,  fo r  "somewhat disturbed" ra t ings  
or "high-noise" s i t e s  (e.g .  freeway t r a f f i c ) .  In such s i t u a t i o n s ,  the 
researcher  commonly obtains anomalous r e s u l t s  as a lack of s ign i f icance  
on s t a t i s t i c a l  analyses.

Unfortunately ,  p rob i t  transformation can only p a r t i a l l y  r e c t i f y  
the handling of such extreme data.  Two reasons are the bias of 
grouped es timates previously noted and the f a c t  t h a t  p rob i ts  of 0 
and 100 percent a re  not def ined,  although ways of dealing with these 
problems are  ava i lab le .  One so lu t ion  i s  to perform the analys is  
d i r e c t l y  on individual data as opposed to analysing grouped es timates 
obtained from t h i s  data.  The most appropria te  ana lys is  of such da ta ,  
p a r t i c u l a r ly  when several  pred ic tors  are considered simultaneously,  
appears to be p rob i t  or l o g i t  a n a ly s i s ,  as previously  appl ied  to 
s im i la r  ques t ionna ire  data (Ugge, 1977; McCafferty, 1978).

13. STATISTICAL ANALYSIS
The ana lys is  i s  performed on data s t ruc tu red  as in Table I. P r a c t i ­

c a l l y ,  nonparametric s t a t i s t i c a l  t e s t s  are performed on data assumed to be 
on an in te rv a l - s c a l e  level ( i . e . ,  equal un i t s )  or b e t t e r .  For example, 
the percentage scale  i s  e f f e c t iv e ly  not an in te rva l  scale of annoyance or 
o ther  human reac t ions  a t  i t s  extremes. Also since t h i s  scale  i s  bounded a t  
i t s  extremes,  the "homogeneity of variance" assumption of commonly used 
t e s t s  i s  v io la ted  (without probi t  t ransform at ion) ,  the v a r i a b i l i t y  of ex­
treme values being r e s t r i c t e d .  The bias i s  expected to be toward increased 
s ign i f icance  and decreased slope of a regression  (or leas t - square  f i t )  l i n e .  
Nonparametric s t a t i s t i c s  are  more sa fe ly  used when the researcher  lacks 
confidence in the parametric c h a r a c t e r i s t i c s  of his data.

To the reader  unfamiliar  with the f i e l d  of applied s t a t i s t i c s ,  
l e s t  the  negative tone of the previous discussion be o v er in te rp re ted ,
i t  must again be s t ressed  t h a t  the v io la t ion  of s t a t i s t i c a l  assumptions
is rou t ine ,  most popular t e s t s  being r e l a t i v e l y  in se n s i t iv e  to minor
v io la t io n s .  The caution applies  to the case of a researcher
un in ten t iona l ly  v io la t ing  these assumptions and consequently f a l s e ly  
in te rp re t in g  s t a t i s t i c a l  r e s u l t s .



SAMPLE OF 30 (GROUPED)

INTERCORRELATION OF NOISE

DESCRIPTORS

DIFFERENCE 

( .  6-C-jJ

. 9 5 . 9 . 8 . 7

. 0 5 X X X X

.1 SIG X X X

. 1 5 SIG SIG X X

. 2 SIG SIG SIG X

. 2 5 SIG SIG SIG SIG

DIFFERENCE

( . 4 - C l )

SAMPLE OF 300 (INDIVIDUAL)

INTERCORRELATION OF NOISE 
DESCRIPTORS

. 9 5 . 9 . 8 . 7

o ro X X X X

L
O

o

S IG SI G X X

. 0 7 5 SI G SI G SI G X

.1 SI G SIG SIG SIG

Ta b l e  I I»  S i g n i f i c a n c e  o f  d i f f e r e n c e s  between c o r r e l a t i o n  c o e f f i c i e n t s ,

ba sed  on t y p i c a l  i n t e r c o r r e l a t i o n s  o f  n o i s e  d e s c r i p t o r s  and

sample  s i z e s  used  in  s o c i o l o g i c a l  s u r v e y s  ( c ,  = c o r r e l a t i o n  c o e f f i -
*2

c i e n t  o f  l ower  v a l u e ;  s i g n i f i c a n c e  l e v e l :  p t : 0 . 0 5  f o r  t w o - t a i l e d

t e s t ) .



14. INTERPRETATION OF RESULTS
This f ina l  step  of the survey encompasses a l l  previous s te p s ,  as 

already noted. As a simple i l l u s t r a t i o n ,  a s t a t i s t i c a l  treatment of a 
controvers ia l  top ic  i s  i l l u s t r a t e d  in Table I I .  The topic is the 
choice of the "best" noise desc r ip to r .  The basis fo r  the choice,  
s t a t i s t i c a l l y ,  i s  the s ignif icance  of d i f fe rences  between c o r re la t io n  
c o e f f i c i e n t s  of various noise desc r ip to r s  with a se lected measure of 
human reac t ion .  P ra c t i c a l l y ,  however, one fac t ion  r epo r ts  a l l  d i f f e r e n ­
ces as being ( n o n - s t a t i s t i c a l l y )  s i g n i f i c a n t .  The opposing fac t ion  
may cas t  doubt on a l l  d i f fe rences .  A th i rd  fac t ion  may consider the 
problem of no consequence since a l l  noise desc r ip to rs  are highly i n t e r ­
co r re la ted  in any case and human reac t ions  much less  so. Although the 
f ina l  conclusion must inevi tab ly  be based on a philosophical  premise, 
the objec t ive  basis fo r  the decis ion is  s i g n i f i c a n t  by i t s  absence in 
a l l  reports  coming to t h i s  a u th o r ' s  a t t e n t io n .  Therefore i t  i s  pre­
sented here (Table I I ) .

I t  i s  of i n t e r e s t  to observe th a t  higher i n t e r c o r r e la t io n s  between 
noise desc r ip to rs  give grea te r  confidence to observed d i f fe rences  in 
c o r re la t io n  c o e f f i c i e n t s  with human reac t ion .  Differences as small as 
0.15 or l e s s  may be judged s t a t i s t i c a l l y  s ig n i f i c a n t  when noise desc r ip ­
to r s  near freeway s i t e s  are compared in the manner described.

I f  the data i s  analyzed in d iv idua l ly ,  confidence in the smaller ob­
tained value of the co r re la t io n  c o e f f i c i e n t  i s  g r e a te r ,  d i f fe rences  as 
l i t t l e  as 0.05 being s t a t i s t i c a l l y  s i g n i f i c a n t .  In add i t ion ,  the 
s t a t i s t i c a l  s ign i f icance  of the c o r re l a t io n s  themselves r e l a t i v e  to cor ­
r e l a t io n s  of grouped data are considerably more s ig n i f i c a n t  (from 
stud ies :  Hemingway and Krammer, 1977; Seshagiri  and Krammer, 1976), 
al lowing more confidence to be placed in the exis tence  of a r e la t io n sh ip .  
Please note t h a t  the smaller c o e f f i c i e n t  i s  the more powerful here and 
th a t  t h i s  comparison is  between two d i f f e r e n t  dimensions. For grouped 
da ta ,  the dependent var iab le  is  p robab i l i ty  (observed percentage) of d i s ­
turbance a t  or g rea te r  than a defined c r i t e r i o n .  For individual da ta ,  
the re levant  measure i s  degree of disturbance .  The j u s t i f i c a t i o n  for  
t h e i r  comparison i s  the close agreement of r e s u l t s  obtained by each 
method (Hemingway and Krammer, 1977; Seshagiri  and Krammer, 1976). Also, 
individual r a t in g s  may be truncated a t  the same c r i t e r i o n  used for  grouped 
data.  The primary objection to the analys is  of the or ig ina l  individual 
data i s  t h a t  the measure of individual dis turbance  may not rep resen t  an 
in te rv a l - le v e l  scale and th a t  q u an t i t a t iv e  data may there fo re  be suspect.  
Nevertheless ,  emp r i c a l l y ,  i t  i s  the r a t i o  of the random e r ro r  ( la rge ly  
due to individual d i f ferences)  to the scal ing e r ro r  t h a t  i s  more d i r e c t l y  
re levan t  to the i n t e rp re ta t io n  of r e s u l t s .

SUMMARY
Major cons idera t ions  re levant  to s t a t i s t i c a l  analyses and t h e i r  

in t e rp re ta t io n  have been discussed under the following headings:

1. Problem Def ini t ion

2. Questionnaire Design and Coding

3. Choice of S i tes  (Sampling)



4. Considera t ion of Cost E f fec t iveness

5. In te rv iewer Training

6. P i l o t  Study

7. Revision of  Quest ionnaire

8. Data Co ll ec t ion

9. Data Coding

10. Keypunching

11. Computer F i l e  S t r u c tu re

12. Data Transformation

13. S t a t i s t i c a l  Analysis

14. I n t e r p r e t a t i o n  of Resul ts

Recogni tion of  the c o n s id e ra t io n s  discussed  was viewed as the 
major f a c t o r  determining the success  of  a survey.  The choice of a s p e c i f i c  
methodology on the  o th e r  hand, was viewed as an op t im iza t ion  of  such c o n s id e ra ­
t i o n s  as they r e l a t e  to  the  s p e c i f i c  a p p l i c a t i o n .  The success ful  i n t e r p r e t a ­
t i o n  of  r e s u l t s  was viewed as a product  of  the r e c o g n i t io n  of i n e v i t a b l e  weak­
nesses  in methodology and the e l u c id a t io n  of  t h e o r e t i c a l  and phi losophical  
assumptions.

A companion paper wil l  express  the assumptions di scussed here as a 
mathematical theory .  Theore t i ca l  f i t s  and i n t e r p r e t a t i o n s  of soc ia l  survey 
data  and t h e i r  a p p l i c a t i o n  to the sy n thes i s  of  soc ia l  survey data  and the e s ­
t imat ion  of  no i s e  impact on people wil l  be di scussed  in f u r t h e r  fol low-up r e ­
p o r t s .

ACKNOWLEDGEMENTS

The au thor  i s  indebted to  b r i e f  but va luable  comments and leads 
provided by Dr. Ogilv ie  and Dr. Andrews, Applied S t a t i s t i c s ,  Univers i ty  of  
Toronto; Dr. F. Ha l l ,  McMaster U n iv e r s i ty ;  Dr. T. Embleton, NRC;
Dr. B. Dunn, Univ ers i ty  of  Calgary; Dr. D. Sweeney, DCIEM; and Mr. Sharma 
Central  S t a t i s t i c a l .  Se rv ice s ,  Gov' t ,  of Ontar io .  Mr. Purchase programmed 
the s t a t i s t i c a l  t e s t  fo r  d i f f e r e n c e s  in c o r r e l a t i o n  c o e f f i c i e n t s .  Special  
thanks to  Mr. A. Ugge, Systems Research,  M.T.&C. fo r  the loan of his 
thorough c o l l e c t i o n  of re fe ren ces  on modal s p l i t  a n a l y s i s  and his  r ead in ess  
to d i scuss  p r o b i t / l o g i t  models. Foremost,  t h i s  work would not have been 
pos s ib le  without  the f o r e s i g h t  o f  Mr. J .  Manuel, Superv isor ,  Noise P o l lu t ion  
Control S ec t io n ,  in recognizing  the value of an i n t e r d i s c i p l i n a r y  team ap­
proach by involving the author  in -dep th  throughout  the Impulse and Railway

- 40 -



Yard Surveys (Seshag ir i  and Krammer, 1976; S e s h a g i r i ,  1977; Krammer and 
D ix i t ,  1979) and during the  computer a n a l y s i s  and i n t e r p r e t a t i o n  of  r e s u l t s  
phases of  the Metro Toronto Survey (Hemingway and Krammer, 1977) on 
annoyance to  community no ise .
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THEORETICAL MODELS FOR RELATING ANNOYANCE TO NOISE LEVEL

Frank G. Krammer

Noise Pollut ion Control Section 
Environment Ontario

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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