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ACCEPTABILITY OF VTOL AIRCRAFT  NOISE 
DETERMINED BY ABSOLUTE  SUBJECTIVE  TESTING 

By H a r r y   S t e r n f e l d ,  3r. 
and  Ernes t  G. H in te rkeuse r  

The Boeing Company, Vertol  D i v i s i o n  

and Roy B.  Hackman and   J e r ry   Dav i s  
Hackman and  Associates  

SUMMARY 

A program was conducted  during  which t es t  s u b j e c t s  
eva lua ted   t he   s imu la t ed   sounds   o f  a h e l i c o p t e r ,  a t ilt  wing 
and a 15 second,  90 PNdB ( i n d o o r s )   t u r b o j e t   a i r c r a f t   u s e d   a s  
r e f e r e n c e .  over 20 ,000   eva lua t ions  were made w h i l e   t h e  t e s t  
s u b j e c t s  w e r e  e n g a g e d   i n   w o r k   a n d   l e i s u r e   a c t i v i t i e s .  The 
e f f e c t s  of l e v e l ,  e x p o s u r e   t i m e ,   d i s t a n c e   a n d   a i r c r a f t   d e s i g n  
on s u b j e c t i v e   a c c e p t a b i l i t y  were eva lua ted .  

Some of t h e   i m p o r t a n t   c o n c l u s i o n s  w e r e :  

1. To be judged  equal   in   annoyance t o   t h e   r e f e r e n c e  
jet sound ,   t he   he l i cop te r   and  tilt wing  sounds 
must be 4 t o  5 PNdB lower when l a s t i n g   1 5   s e c o n d s  
i n   d u r a t i o n .  

2.  To be j u d g e d   s i g n i f i c a n t l y  more a c c e p t a b l e   t h a n   t h e  
r e f e r e n c e  j e t  sound ,   t he   he l i cop te r   sound  must be 
10  PNdB lower when l a s t i n g  15  s e c o n d s   i n   d u r a t i o n .  

3 .  To be j u d g e d   s i g n i f i c a n t l y  more a c c e p t a b l e   t h a n   t h e  
r e f e r e n c e  j e t  sound ,   t he  tilt wing  sound must be 
1 2  PNdB lower when l a s t i n g   1 5   s e c o n d s   i n   d u r a t i o n .  

4.  The r e l a t i v e   e f f e c t  o f   changing   the   dura t ion   of  a 
sound  upon i t s  sub jec t ive ly   r a t ed   annoyance  
d i m i n i s h e s   w i t h   i n c r e a s i n g   d u r a t i o n .  It v a r i e s   f r o m  
2 PNdB per d o u b l i n g   o f   d u r a t i o n   f o r   i n t e r v a l s  of 
1 5   t o  30 seconds ,  t o  0.75 PNdB per doubl ing  of  
d u r a t i o n   f o r   i n t e r v a l s   o f   1 2 0  t o  240 seconds.  



5. D u r i n g   l e i s u r e   a c t i v i t i e s   t h e r e  were more occas ions  
when t h e  VTOL a i r c r a f t   s o u n d s  were not   no t iced   than  
dur ing  work a c t i v i t i e s .  

6. Approximate ly   equal ly   h igh   cor re la t ion  was obta ined  
between ' s u b j e c t i v e   r a t i n g s   a n d   a c o u s t i c a l   m e a s u r e -  
ments of h e l i c o p t e r  and tilt wing VTOL sounds,  
whether i n  terms of  Peak  Perceived  Noise  Level,  dBA 
o r  dBC. 

7. A n  ex t r eme ly   h igh   deg ree   o f   co r re l a t ion  ( r  = 0.94+) 
was obtained  between  measured  acoust ical   data   and 
t h e   s u b j e c t i v e   r a t i n g s   b y   t h e   o b s e r v e r s ,   i n d i c a t i n g  
a h i g h   l e v e l  of confidence i n  t h e  t e s t  method  used 
and  the resu l t s  obta ined  is j u s t i f i e d .  

INTRODUCTION 

The purpose  of   this   program was t o  d e t e r m i n e   t h e   r e l a t i v e  
s u b j e c t i v e   a c c e p t a b i l i t y  of  two VTOL a i r c r a f t   s o u n d s  u s i n g  
a b s o l u t e   s u b j e c t i v e  t e s t i n g  methodology  and t o   i n v e s t i g a t e  
t h e   e f f e c t s   o f   t h e   a p p l i c a t i o n  of n o i s e   c r i t e r i a   t o  VTOL a i r -  
c r a f t .   A l though  t h e  p u b l i c  i s  t h e  beneficiary  of  improved 
t r a n s p o r t a t i o n   s y s t e m s  it has   a l so   been   found  tha t   the   advent  
of   advanced  systems  has   general ly   brought   with it inc reased  
no i se   l eve l s   wh ich  t e n d  t o   o f f s e t  some of t h e   t o t a l   b e n e f i t s .  
Expe r i ences   o f   t h i s   t ype ,  most no tab ly   t hose   a s soc ia t ed   w i th  
s u b s o n i c   j e t   a i r c r a f t ,   h a v e   l e d   t o   r e g u l a t o r y   n o i s e   l e v e l  
limits which a f f e c t   b o t h  t h e  a i r c r a f t   d e s i g n   a n d   o p e r a t i o n .  
Obviously,  a p r o p e r   l i m i t a t i o n ,   f o r  t h e  g rea t e s t   good ,  i s  one 
which   provides   adequate   no ise   exposure   p ro tec t ion   for   those  
on the  ground,   while  s t i l l  permitting  development  and  opera- 
t i o n   o f   t h e  most v i a b l e  and v igo rous   t r anspor t a t ion   sys t em.  

I n  o r d e r   t o   s e r v e   b o t h  of the  above interests  it i s  
i m p o r t a n t   t h a t   t h e   n o i s e   l e v e l   c r i t e r i a   d e v e l o p e d   s h o u l d  be 
based on t h e   a c t u a l   e f f e c t s  on people  i n  t h e i r   d a i l y   a c t i v i -  
t i e s  r a t h e r   t h a n  on a b s t r a c t   o p i n i o n s   o r   e v a l u a t i o n s .  It  i s  
v i t a l   t h a t  limits be  based on t h e s e   e f f e c t s  and  not   be  the 
product  of t es t  techniques .  
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Obvious ly ,   the  optimum c r i t e r i a   c a n  be e s t a b l i s h e d   b y  
i n t r o d u c t i o n  of t h e   p a r t i c u l a r   s e r v i c e ,   s t u d y i n g   t h e   p u b l i c  
r e sponse ,   and   t hen   s e t t i ng   t he   no i se  limits. This  i s  i n  f a c t  
t h e   n o i s e   c a s e   h i s t o r y   o f   t h e  j e t  a i r p l a n e .  It i s  apparent ,  
however ,   t ha t   such   p rocedures   a r e   no   l onge r   soc i a l ly   accep ta -  
ble nor   economica l ly   f ea s ib l e ,   and   t ha t   eva lua t ions  must be 
made a par t   o f   the   deve lopment   cyc le .  

I n  a prev ious   s tudy   conducted   by   Boeing-Ver to l   for  NASA 
( r e f .  1) t h e  method  of paired  comparisons was used t o   e v a l u a t e  
t h e   r e l a t i v e   a n n o y a n c e  o'f the   sounds   o f   severa l   types  o,f 
V/STOL a i r c r a f t .  The concept   o f   the   p resent ly   descr ibed  
program was t o   i n v e s t i g a t e   a . t e s t   m e t h o d o l o g y   w h i c h   a t t e m p t s  
t o   p r o v i d e   s u b j e c t i v e   e v a l u a t i o n s   o f   a i r c r a f t   n o i s e   o b t a i n e d  
under more n a t u r a l   c o n d i t i o n s   t h a n   t h e   t r a d i t i o n a l   l a b o r a t o r y  
tes ts .  This  method i s  based  on t h e   i n t e r a c t i o n   b e t w e e n   t h e  
ind iv idua l   and   t he   e f f ec t   o f   no i se  on h i s  a c t i v i t i e s  and still  
y i e l d s  resul ts  w h i c h   a r e   i n t e r p r e t a b l e  i n  t e r m s   o f   c r i t e r i a .  

The concep t   o f   ob ta in ing   eva lua t ions   a s   a f f ec t ed  by 
p e r s o n a l   a c t i v i t y  i s  of p a r t i c u l a r   s i g n i f i c a n c e   t o   t h e  VTOL 
a i r c ra f t   concep t .   Because  of t h e   a b i l i t y  of VTOL a i r c r a f t   t o  
hover  and f l y   a t   e x t r e m e l y  l o w   s p e e d s ,   t h e   p o t e n t i a l   n o i s e  
exposure   t o   obse rve r s   can  be many times t h a t  r e s u l t i n g  from 
a fly-over  of a f i x e d  wing  a i r p l a n e .  I n  s u c h  s i t u a t i o n s  it 
might  b e   e x p e c t e d   t h a t   t h e   c u m u l a t i v e   e f f e c t s  of  increased 
t i m e   c o u l d   b e   s u b s t a n t i a l l y   d i f f e r e n t   i f   t h e   t e s t   s u b j e c t  
i s  engaged i n  a c t i v i t i e s  wh ich   abso rb   h i s   i n t e re s t ,   o r   mere ly  
s i t t i n g  and l i s t e n i n g   t o   t h e   s o u n d .  I n  t h e   c a s e  of VTOL a i r -  
c r a f t   t h e   e v a l u a t i o n   o f   a c c e p t a b l e   a c o u s t i c a l   s i g n a t u r e s   c a n  
d i c t a t e   t h e   a p p r o p r i a t e n e s s  of v a r i o u s   c o n f i g u r a t i o n s   t o  
se rv ing   the   commerc ia l   marke t .  It is  therefore   no t   incon-  
c e i v a b l e   t h a t   a n   a r t i f i c i a l   c o n s e r v a t i s m  i n  such  an  i tem  as  
time exposure   fac tor   could   p remature ly   d i scourage   the   deve lop-  
ment  of VTOL a i r c r a f t   s e r v i c e .  

DESCRIPTION O F  PROGRAM 

Concept 

This  program was d e s i g n e d   t o   c o l l e c t   t h e   s u b j e c t i v e  
o p i n i o n s   r e g a r d i n g   t h e   a c c e p t a b i l i t y  of a i r c r a f t   s o u n d s  and 
t o   c o r r e l a t e   t h e s e   e v a l u a t i o n s   w i t h   t h e   a c o u s t i c a l   e n v i r o n -  
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ment. A major   goal  was t o  make t h e   p r o c e d u r e   a s   n a t u r a l   a s  
p o s s i b l e  so  t h a t   t h e   e v a l u a t i o n  would be based  on t h e  manner 
and  degree i n  which t h e   n o i s e   a f f e c t e d   t h e   a c t i v i t i e s  of t h e  
subject,  a n d   t h e   a c t   o f   p e r f o r m i n g   t h e   r a t i n g  a secondary   t ask .  
This  i s  i n  c o n t r a s t   t o   a n o t h e r   t y p e  of e v a l u a t i o n  i n  which  the 
s u b j e c t   o f f e r s   o p i n i o n s   o f  how the   sound  might   a f fec t   h im i n  
v a r i o u s   s i t u a t i o n s  and h i s   p r i m a r y   t a s k  i s  l i s t e n i n g  t o   n o i s e  
and f i l l i n g   o u t  an   eva lua t ion   shee t .  

I n  o r d e r   t o   a c h i e v e   t h e s e   g o a l s ,   t h e  t es t  s i t u a t i o n  was 
d e s i g n e d   t o   i n c o r p o r a t e   t h e   f o l l o w i n g   f e a t u r e s :  

1. 

2 .  

3 .  

The 

The s u b j e c t s  were  housed i n  a "normal"  environment 
and   the   sounds   were   genera ted   ex ter ior   to   the  
h o u s i n g   s t r u c t u r e .  

The s u b j e c t s  were  engaged i n  a c t i v i t i e s  which  had 
s i g n i f i c a n c e   t o  them  and t h e   p r o c e s s  of i n d i c a t i n g  
t h e i r   n o i s e   e v a l u a t i o n s  was d e s i g n e d   t o   c r e a t e  a 
minimum d i s t r a c t i o n   f r o m   t h e s e   a c t i v i t i e s .  

The  time  duration  of t h e  sounds  and time pe r iods  
between  them  were  representative of  a range  which 
might   be  expected  to   occur  i n  commercial VTOL a i r -  
c r a f t   o p e r a t i o n s .  

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

t es t  s u b j e c t s  were  housed w i t h i n  a  28 x 10 x 7 f t .  
(8.5 x 3.0 x 2 . l m )  o f f i c e   t r a i l e r  which was l o c a t e d   w i t h i n  a 
40 x 2 0  x 20 f t .  ( 1 2 . 2  x 6 . 1  x 6 . l m )  a c o u s t i c a l l y   i s o l a t e d  
chamber.  The t r a i l e r  was of meta l   f rame  and   sk in   cons t ruc t ion  
w i t h  wood p a n e l i n g   f o r   t h e   i n t e r i o r   w a l l s .  The f l o o r  was com- 
p l e t e l y   c o v e r e d   b y  a c a r p e t .  The i n t e r i o r  of t h e   t r a i l e r  was 
fu rn i shed  so t h a t  one half   of  it s imula ted  a working  environ- 
ment w i t h   o f f i c e   t a b l e s  and c h a i r s  w h i l e  t h e   o t h e r   h a l f  s imu- 
l a t e d  a l e i sure  environment w i t h  a couch ,   lounge   cha i rs ,  a 
t e l e v i s i o n   s e t ,   t a b l e s ,   e t c .  N o  wa l l  was used t o   s e p a r a t e   t h e  
a r e a s  i n  o rde r   t o   keep   t he   gene ra l   a tmosphe re   a s   spac ious  as  
p o s s i b l e .   V e n t i l a t i o n  was accomplished  by t i e i n g  i n t o   t h e  
Acous t i ca l   Labora to ry   a i r   cond i t ion ing   sys t em  the reby   p rov id ing  
a p l easan t   c l ima t i c   a tmosphe re   w i thou t   i ncu r r ing   no i se   l eve l s  
which  would b e   t y p i c a l  of window a i r   c o n d i t i o n e r s .  
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F i g u r e  1 i l l u s t r a t e s   t h e   g e n e r a l   a r r a n g e m e n t   w h i l e  
F i g u r e  2 shows t e s t  s u b j e c t s   i n   t h e  work  and l e i s u r e   e n v i r o n -  
ments. A cont inuous  l o w  l eve l   b road-band   no i se  was provided  
through t w o  s p e a k e r s   l o c a t e d  as shown i n   F i g u r e  1. The 
s p e c t r u m   o f   t h i s   n o i s e   w i t h i n   t h e  t r a i l e r  corresponded t o  t h e  
shape   of   an  NC-30 o f f i c e   n o i s e  c r i t e r i a .  

The a i r c ra f t  sounds were p layed   th rough t w o  speaker  
systems  which were a l so  l o c a t e d  as shown i n   F i g u r e  1. These 
speakers were mounted  above t h e   r o o f   l e v e l   o f   t h e  t r a i l e r  and 
d i r e c t e d  a t  t h e   t r a i l e r  w a l l  and   roo f .   F igu re  3 i l l u s t r a t e s  
t h e   a c o u s t i c a l   s y s t e m s   u s e d  t o  genera te   the   ambient   and  a i r -  
c r a f t   n o i s e s .  The acous t i ca l   env i ronmen t   w i th in   t he  t r a i l e r  
was cont inuous ly   moni tored   by   record ing   the   ou tput   o f   four  
cal ibrated  microphones  on a t a p e   r e c o r d e r   ( F i g u r e  1). 

I n   o r d e r  t o  co l lec t  t h e   s u b j e c t i v e   e v a l u a t i o n s   e a c h  t es t  
s u b j e c t  w a s  equipped   wi th  a small   box  which  contained  nine 
p r e s s u r e   s e n s i t i v e   s w i t c h e s  imbedded i n  a t h i n   p l a s t i c   c a r d  
a s   i l l u s t r a t e d   i n   F i g u r e  4. These  switches were v e r y   e a s y  
t o  a c t u a t e   i n   t h a t   t h e y   r e s p o n d e d   t o   e x t r e m e l y   l i g h t   f i n g e r  
pressure ,   had   no   percept ib le   mot ion ,   and  were comple te ly  
s i l e n t .  The square  format   of   the   push-but ton  arrangement  was 
f e l t   t o  be advantageous   no t   on ly   because  of i t s  compactness 
b u t   a l s o   b e c a u s e  it does  not   have  the  obvious  extreme  psycho-  
log ica l   ends   o f   an   i n - l i ne   check  l i s t .  It was f o u n d   t h a t   t h e  
t es t  s u b j e c t s   r a p i d l y   l e a r n e d   t o   a c t u a t e   t h i s   d e v i c e   w i t h  
m i n i m a l   d i s t r a c t i o n   f r o m   t h e i r   o t h e r   a c t i v i t i e s .  

The a c t u a t i o n   o f  a g iven   response   box   energ ized  a d i g i t a l  
i n d i c a t o r   i n   t h e   c o n t r o l  room s o  t h a t   t h e   c o r r e s p o n d i n g  
numeral was d i s p l a y e d  on a r ead -ou t   i nd ica to r .   F igu re  5 shows 
a b lock   d iagram  of   the   sys tem  and   the   moni tor   board   d i sp lay .  
The   response   da ta  was recorded  manually a t  the  end  of  each 
t e s t  sound  and w a s  a l s o   r e c o r d e d   a u t o m a t i c a l l y   e v e r y  t w o  
seconds  by a mot ion   p ic ture   camera .  

A d i g i t a l  clock on the   mon i to r   pane l  was synchronized  
w i t h  t w o  i d e n t i c a l   c l o c k s   i n s i d e   t h e  t r a i l e r  so t h a t   a n y  
o b s e r v a t i o n s ,  made b y   t h e   p s y c h o l o g i s t  who was p r e s e n t   i n   t h e  
t ra i le r  w i t h   t h e  t e s t  s u b j e c t s ,   c o u l d  be c o r r e l a t e d   w i t h   t h e  
r e sponse   da t a .  
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P r e p a r a t i o n   o f  Test Sounds 

Two VTOL c o n f i g u r a t i o n s  were s e l e c t e d   f o r   t h i s   s t u d y :  
a tandem rotor  h e l i c o p t e r   a n d  a t i l t - w i n g  VTOL. These  con- 
f i g u r a t i o n s  were s e l e c t e d   p a r t l y   b e c a u s e   t h e y  embody t h e   t y p e s  
o f   a c o u s t i c a l   s i g n a t u r e s   w h i c h  may be most important w i t h  
r e s p e c t  t o  s e v e r a l   o f   t h e   c o n f i g u r a t i o n s   u n d e r   c o n s i d e r a t i o n  
f o r   i n t e r -   a n d   i n t r a - u r b a n   t r a n s p o r t a t i o n .  More s p e c i f i c a l l y ,  
as  shown i n   F i g u r e  6 ,  t h e   t a n d e m   r o t o r   h e l i c o p t e r   s i g n a t u r e  
i s  a l so  q u i t e   s i m i l a r   i n   s p e c t r a l   a n d   t e m p o r a l   c h a r a c t e r i s t i c s  
t o   t h e  main r o t o r   o f  a s i n g l e   r o t o r   h e l i c o p t e r  or t o  a t ilt  
r o t o r   c o n f i g u r a t i o n .  The t ilt  wing ,   on   the   o ther   hand ,  i s  
more s imilar  t o   t h e  t a i l  r o t o r  of a l a r g e   s i n g l e   r o t o r   h e l i -  
copter or t o  a conven t iona l  propeller.  Bo th   conf igu ra t ions  
were powered   by   tu rboshaf t   engines .  

Some o f   t h e   a s p e c t s  of t h e   a c o u s t i c a l   s i g n a t u r e s   o f  
t h e s e  VTOL a i r c r a f t ,  which  tend t o  be unique ,   inc lude :  

1. Long exposure times due t o  low f l i g h t   s p e e d s  
and t h e   a b i l i t y  t o  hover .  

2 .  Spectra   which are h i g h l y   w e i g h t e d   i n   t h e  l o w  
f requency   range .  

3 .  Per iodic   impuls ive   type   sounds .  

I n   a d d i t i o n   t o   t h e s e   t w o  VTOL c o n f i g u r a t i o n s ,   t h e  
s u b j e c t s  were exposed t o   t h e   f l y - b y  noise  of a j e t  a i r p l a n e .  
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based on a r e v i e w   o f   t h e   s u b j e c t i v e   r e s p o n s e  t o  t h e   p r e c e d i n g  
one. I n   t h i s  manner the   p rogram  could  be optimized  by  con- 
c e n t r a t i n g  t e s t  p o i n t s   i n   t h e   r a n g e   o f   e x p e c t e d   r e s p o n s e s  
r a t h e r   t h a n   b e i n g   f o r c e d  t o  cover a b r o a d e r   r a n g e   w i t h  poorer 
r e s o l u t i o n ,   a s  would be r e q u i r e d   t o   e n s u r e   o b t a i n i n g   s i g n i f i -  
c a n t   r e s u l t s  i f  t h e  tapes w e r e  a l l  made prior to t h e   s t a r t  of 
t h e  program. 

Test S u b j e c t s  

The s u b j e c t s   i n   t h i s   p r o g r a m  were males   between  the  ages  
of  twenty-one  and  thirty-four  years.   They were mainly em-  
p l o y e d   i n   t h e   f i e l d s   o f   b u s i n e s s  and t h e   p r o f e s s i o n s .  A l l  
s u b j e c t s  were members of  the  Swarthmore-Wallingford  Chapter 
of the   Pennsylvania   Jaycees ,  a young men's community s e r v i c e  
o r g a n i z a t i o n .   S i n c e   p a y m e n t   f o r   t h e i r   s e r v i c e s  was made 
d i r e c t l y   t o   t h e   o r g a n i z a t i o n   a n d   u s e d   f o r   t h e i r  community 
a c t i v i t i e s ,   t h e   s u b j e c t s  were, i n  a n   i n d i r e c t   s e n s e ,   v o l u n -  
teers .  The i r   mo t iva t ion ,  as d i sp layed   by   ex t r eme ly   h igh  
a t t endance  (99+%), a n d   h i g h l y   c o o p e r a t i v e   a t t i t u d e  were major 
a s s e t s   t o   t h e   p r o g r a m .  

P o t e n t i a l  t e s t  s u b j e c t s   w e r e   i n i t i a l l y   s c r e e n e d   b y  means 
of audiograms  for   hear ing ,   and   by   in te rv iew  wi th   the   psycho-  
l o g i s t s   f o r   a t t i t u d e .   S i g n i f i c a n t   d e v i a t i o n   f r o m   t h e  norm of 
the   g roup ,  i n  e i t h e r   c a t e g o r y ,  was c o n s i d e r e d   j u s t i f i c a t i o n  
f o r   d i s q u a l i f i c a t i o n .  The remain ing   candida tes  were d i v i d e d  
i n t o   t h r e e   g r o u p s .  

1. A c o n t r o l   g r o u p  of f i v e  men  who a t t ended   one   n igh t  
a week fo r   s ix t een   con t inuous   weeks .  

2 .  Four   groups  of   f ive men each who a t t ended   one   n igh t  
e v e r y   o t h e r  week. 

3 .  A l t e r n a t e s   f o r   t h e   l a t t e r   g r o u p s .  N o  a l t e r n a t e s  
were p e r m i t t e d   f o r   t h e   c o n t r o l   g r o u p .  

S ince  a l l  t es t s  (Table  I) were  repeated  on a t   l e a s t  a 
two week basis  a t e s t  group of twen ty - f ive   i nd iv idua l s   pa r -  
t i c i p a t e d   i n   e a c h  t e s t .  
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P r i o r   t o   t h e   p r o g r a m   t h e   s u b j e c t s  were i n s t r u c t e d   i n  
the i r   func t ions   and   t he   u se   o f   t he   r e sponse   equ ipmen t ,   and  a 
p r a c t i c e   s e s s i o n  was h e l d .  A ve rba t im   copy   o f   t he   i n s t ruc -  
t i o n s  may be found  in   Appendix B ,  P a r t  11. 

Paired  Comparison Test 

P r i o r   t o   s t a r t i n g   t h e  main t e s t  program  the  t e s t  s u b j e c t s  
p a r t i c i p a t e d   i n  a paired  comparison t e s t  which u t i l i z e d   t h e  
j e t  r e fe rence ,   t andem  ro to r   he l i cop te r ,   and  tilt wing VTOL 
noise   t apes   which  were t h e  same as   those   employed   dur ing   the  
r e f e r e n c e  1 s tudy .  The d i f f e r e n c e s  was t h a t   t h e  t es t  was 
p e r f o r m e d   i n   t h e   t r a i l e r  which was l a t e r   t o  be employed f o r  
t h e   s u b s e q u e n t   a b s o l u t e   t e s t i n g   a n d ,   o f   c o u r s e ,   t h e  new set  
of t e s t  s u b j e c t s .  The  primary  purpose was t o  compare t h e  
r e l a t i v e   e v a l u a t i o n s   b e t w e e n   t h e   s t i m u l i   a n d   r e f e r e n c e   s o u n d s  
obta ined   by   pa i red   compar isons   as   opposed   to   those   der ived  
from  absolute   judgments .  The r e s u l t s   o f   t h i s   c o m p a r i s o n   a r e  
d i s c u s s e d  i n  Appendix A. 

S u b j e c t i v e   A c c e p t a b i l i t y  Tests 

A t y p i c a l  t e s t  sess ion   cons is ted   o f   two  2-hour   per iods .  
D u r i n g   t h e   f i r s t   p e r i o d   t h e   s u b j e c t s  were l o c a t e d   a t   t h e  
"work"  end  of t h e   f a c i l i t y   ( F i g u r e  2 ) .  They  performed  paper- 
work a n d   r e a d i n g   a c t i v i t i e s  which  had  been  approved  by  the 
p s y c h o l o g i s t s .  I n  g e n e r a l ,   t h i s  work was d i r e c t l y   r e l a t e d   t o  
t h e   s u b j e c t ' s   f u l l  time occupat ion  and was t h e r e f o r e   s i m i l a r  
t o  t h a t  he  performed  during  the  normal work  day. I n   t h i s  
manner the   t a sks   be ing   pe r fo rmed  were a lways   r e l evan t ,   and  
t h e r e f o r e   s i g n i f i c a n t   t o   t h e   s u b j e c t ,   a s   o p p o s e d   t o   a n  
a s s igned  work e f f o r t  i n  which  he f e l t  no  personal   involvement .  

The second  2-hour  period was g e n e r a l l y   s p e n t   i n   t h e  more 
comfor tab ly   furn ished   end  of t h e  t e s t  room,  although i t  was 
p e r m i s s i b l e   f o r   s u b j e c t s   t o   r e m a i n  i n  t h e  work a r e a   i f   t h i s  
was  more amenable t o   t h e i r  l e i su re  a c t i v i t y .   D u r i n g   t h i s  t i m e  
t h e  most f r e q u e n t   a c t i v i t i e s  were w a t c h i n g   t e l e v i s i o n ,   p l a y i n g  
c a r d s ,   c o n v e r s a t i o n s ,  and r e c r e a t i o n a l   r e a d i n g .  One o f   t he  
p s y c h o l o g i s t s  was i n  t h e   t r a i l e r   w i t h   t h e   s u b j e c t s   a t   a l l  
times i n   o r d e r   t o   m o n i t o r   a c t i v i t i e s  and t o   a c t   a s  a g e n e r a l  
obse rve r .  
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The s u b j e c t s   h a d   b e e n   i n s t r u c t e d   i n   t h e   u s e   o f   t h e  
response   equipment ,   as   p rev ious ly   descr ibed ,   and   qu ick ly  
l ea rned  t o  respond  with a m i n i m u m  amount  of d i s t r a c t i o n .  
P e r i o d i c a l l y ,   a s   a i r c r a f t   s o u n d s  were heard  theyl indicated 
the i r   responses   and   changed   them  as   o f ten  as  they   des i r ed   by  
pushing a d i f f e r e n t   b u t t o n .   T h e r e  was no s p e c i f i c   p e r i o d  of 
time a t  which  an  evaluat ion was demanded. The f i n a l   e v a l u a -  
t ion   for   each   sound,   however ,  was assumed t o  be t h a t  which 
was i n d i c a t e d   a t  10 seconds   a f t e r   t he   end  of t h e  s t i m u l u s .  
A t  t h a t  time the   da t a   sys t em  au tomat i ca l ly   d i sconnec ted   t he  
ind iv idua l s '   r e sponse   boxes   f rom  the   i nd ica to r   boa rd  wh i l e  a 
f i n a l   t a l l y  was made,  and t h e   i n d i c a t o r   b o a r d  was au tomat ica l -  
l y   r e s e t   t o   z e r o  i n  p r e p a r a t i o n   f o r   t h e   n e x t  s t i m u l u s .  

The sounds,  which were randomized w i t h  r e s p e c t   t o  t es t  
v a r i a b l e s ,  were   p resented   a t   an   average   ra te   o f  24  sounds  per 
hour.  S ince  t h e   l e n g t h  of d u r a t i o n  ( i n  T e s t s  11, 111, I V )  was 
a var iab le ,   the   t ime  be tween  the   end  of one  exposure  and t h e  
b e g i n n i n g  of the   nex t   a l so   va r i ed .   Th i s   p reven ted  a p r e d i c t -  
a b l e   a n t i c i p a t i o n  of t h e   o n s e t  of the   next  s t i m u l u s .  The j e t  
a i rplane  sounds  were  randomly  introduced  into t h e  mix a t  a 
r a t i o  of  approximately 1 t o  8 wi th  t h e  VTOL sounds. 

Table I1 p r e s e n t s  t h e  t o t a l   e x p o s u r e   h i s t o r y  of t h e  
en t i r e   p rog ram  and   i nd ica t e s  t h e  ex tens iveness  of t h e   d a t a  
ga thered .  

D I S C U S S I O N  OF RESULTS 

C o r r e l a t i o n  of Subject ive  Responses   with 
Acoust ical   Data  

The a c o u s t i c a l   d a t a ,   r e c o r d e d  i n  t h e   t e s t   e n v i r o n m e n t  
was analyzed  and t h e  results a re   p re sen ted ,   a long   w i th  mean 
s u b j e c t i v e   r a t i n g s ,  i n  Tables  I11 and I V .  

Sound p r e s s u r e   l e v e l s  on t h e  dBA and dBC s c a l e s   a r e  
maximum values   a t ta ined   dur ing   each   sound.  The Composite 
Perceived  Noise  Level (PNLC) was c a l c u l a t e d  us ing  t h e  method 
and t a b l e s   o f   r e f e r e n c e  4. I n  t h i s   c a s e   t h e   c o m p o s i t e   v a l u e  
i s  ob ta ined   by   u s ing   t he  maximum s o u n d   p r e s s u r e   l e v e l   i n  
each   f requency   oc tave   band   ra ther   than   ca lcu la t ions   over  many 
t i m e  increments .  The d a t a   r e p o r t e d  is  tha t   ob ta ined   f rom  the  
microphone  located on t h e  work t a b l e   c l o s e s t   t o   t h e  
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c e n t e r   o f   t h e  t e s t  room. L e v e l s   v a r i e d  somewhat w i t h   l o c a t i o n  
o f   t h e   m i c r o p h o n e   a n d   w i t h   t h e   p h y s i c a l   l o c a t i o n s   o f   t h e  t e s t  
subjec ts .   Checks  of other   microphones  and  var ious  personnel  
arrangements  showed a non- sys t ema t i c   va r i a t ion   o f   up  t o  p l u s  
or minus 2dB. 

F i g u r e s  1 0  through 15 p r e s e n t   t h e   b a s i c   d a t a   f r o m   t h e  
program. A l s o  shown  on e a c h   f i g u r e  i s  t h e   l e a s t   s q u a r e   f i t  
l i n e  a n d   P e a r s o n ' s   c o r r e l a t i o n   c o e f f i c i e n t  r ( r e f .  5 ) .  I n  
g e n e r a l   t h e   l i n e a r i t y   o f   s u b j e c t i v e   r e s p o n s e   w i t h   s t i m u l u s  
l e v e l  i s  s t r i k i n g   w i t h   c o r r e l a t i o n   c o e f f i c i e n t s   r a n g i n g   f r o m  
- 9 2 6   t o   - 9 9 6   a s  shown i n  Table V. 

From t h i s   t a b l e  it can be s e e n   t h a t   a n y   o f   t h e   t h r e e  
measures  can be u s e d   a s   i n d i c a t o r s   o f   t h e   s u b j e c t s '   r e s p o n s e s  
wi th  a h i g h   d e g r e e   o f   v a l i d i t y .  It i s ,  perhaps,   noteworthy 
t h a t   w h i l e   f o r   t h e  tilt wing PNLC p e r f o r m s   s l i g h t l y  bet ter  
t h a n   t h e   s i m p l e r  A and C scale  l e v e l s ,   t h e   r a t i n g s   t o   h e l i -  
cop te r   sound   co r re l a t e   equa l ly  w e l l  w i t h  PNLC or w i t h  dBC. 
This  i s  c o n s i s t e n t   w i t h   t h e   t r e n d s   f o u n d   b y   P e a r s o n   ( r e f .   6 )  
and   Ol le rhead   { ref .  7)  who i n d i c a t e   t h a t   f o r   i m p u l s i v e   n o i s e  
w i t h  l o w  frequency  components dBC is  a somewhat better p r e -  
d i c t o r   o f   s u b j e c t i v e   r e s p o n s e   t h a n  i s  PNLC. 

The e x t r e m e l y   h i g h   c o r r e l a t i o n   c o e f f i c i e n t s   a n d   t h e  
a p p a r e n t   i n s e n s i t i v i t y   t o   t h e   f i n e   p o i n t s   i n h e r e n t   i n   e a c h  
d i f f e r e n t  noise  i n d i c a t o r ,  as  compared t o   o t h e r   s t u d i e s ,  are  
f e l t   t o  be a s u b s t a n t i a t i o n   o f  a t e s t i n g  method  which  evaluates 
t h e   e f f e c t   o f   t h e s e   n o i s e s   o n  a pe r son   a s   he   engages   i n   no rma l  
a c t i v i t i e s .   T h i s  is i n   c o n t r a s t   t o  a t e s t  w h i c h   f o r c e s   t h e  
s u b j e c t   t o   l i s t e n  t o  e a c h   s o u n d   ( o r   p a i r   o f   s o u n d s )   c r i t i c a l l y  
and  then make judgments   regarding how these  sounds  might  
a f f e c t  him i f   h e  were doing  something else. I n   a d d i t i o n ,   t h e  
e x t r e m e l y   l a r g e  number of t es t  e x p o s u r e s   h e l p e d   t o   s t a b i l i z e  
t h e   d a t a   a n d   t h e r e b y   i m p r o v e d   t h e   r e l i a b i l i t y   o f   t h e   r e s u l t s .  

E f f e c t  of  Sound Dura t ion  

I n   o r d e r   t o   e x a m i n e   t h e   e f f e c t   o f   s o u n d   e x p o s u r e  time t h e  
in fo rma t ion  shown i n   F i g u r e s  10  through 15  can be c r o s s -  
p l o t t e d   t o   d e v e l o p   l i n e s   o f   c o n s t a n t   s u b j e c t i v e   r e s p o n s e  
(F igu res   16 ,  1 7  and 18) .  This   format  i s  q u i t e   u s e f u l   i n   t h a t  
it p rov ides   an   ea sy  method  of t r a d i n g   o f f   t h e   s o u n d   d u r a t i o n  
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and   no i se   pa rame te r s   i n  a manner  which  could  not be expected 
t o   a f f e c t   s u b j e c t i v e   r e s p o n s e .  

Also shown  on F i g u r e  1 6  i s  the  zone  bounded  by  the 75% 
o v e r l a p   ( T i l t o n ' s  0 ,  see r e f .  3 )  w i t h   t h e  j e t  re ference   sound.  
As discussed   in   Appendix  B on P s y c h o l o g i c a l   S c a l i n g ,   t h o s e  
sounds   having   an   over lap   o f   g rea te r   than  75% a r e   e s s e n t i a l l y  
judged   t he  same a s   t h e  j e t .  The l a t t e r   r e p r e s e n t e d  a 110  PNdB 
o u t - o f - d o o r s   ( a t t e n u a t e d   t o  90 PNdB indoors)  sound  which, 
a l t h o u g h   n o t   a n   o f f i c i a l  l i m i t ,  p r o b a b l y   r e p r e s e n t s  a s i t u a t i o n  
which i s  g e n e r a l l y   c o n s i d e r e d   a s   b o r d e r i n g  on the   unaccep tab le .  

I n   a d d i t i o n   t o   t h e  75% o v e r l a p ,  a second l i m i t  l i n e  
c o r r e s p o n d i n g   t o  45% o v e r l a p  is  a l s o  shown. Overlaps of less 
t h a n  45% a r e   c o n s i d e r e d   a s   i n d i c a t i v e  of s i g n i f i c a n t   d i f f e r -  
e n c e s ,   a n d   d a t a   w h i c h   f a l l s   b e l o w   t h i s   l e v e l  would be gene ra l -  
l y  r e c o g n i z e d   a s   c l e a r l y  more a c c e p t a b l e   t h a n   t h e   r e f e r e n c e  
j e t   a i r p l a n e .  

I n   o r d e r   t o   a s s e s s   t h e   s p e c i f i c   i m p a c t  of sound  dura t ion  
on   annoyance ,   t he   r e su l t s   o f   sub jec t ive  t e s t i n g  a r e   u s u a l l y  
no rma l i zed   t o   one   spec i f i c   du ra t ion   wh ich ,  i n  t h i s  and 
s e v e r a l   o t h e r   i n v e s t i g a t i o n s ,  i s  t aken  as 15  seconds .  A l s o ,  
s ince t h e   e f f e c t s  of du ra t ion   have   p rev ious ly  been developed 
i n  terms of p e r c e i v e d   n o i s e   l e v e l   ( r e f .  ' s  8 and 9) , o n l y   t h a t  
f a c t o r  i s  cons ide red   he re .  By p l o t t i n g   t h e   d a t a  of F igu re  1 6  
thus   normal ized ,  i t  i s  a p p a r e n t   t h a t   t h e   t r e n d s   f o r   b o t h   t h e  
h e l i c o p t e r  and t i l t  wing e x h i b i t   r o u g h l y   t h e  same s c a t t e r ,  
a s  shown i n  t h e   t o p   a n d  center  p a r t s   o f   F i g u r e  19 .  

These  two p a r t s   h a v e   t h e r e f o r e  been combined a t   t h e  
bot tom of F igu re  19  i l l u s t r a t ing   t he   deve lopmen t   o f   an   ave rage  
va lue  of t h e   r e l a t i v e   a n n o y a n c e  of bo th   a i r c ra f t   sounds   o f  
s e v e r a l   d u r a t i o n s   b a s e d  on t h e  means o f   t h e   s c a t t e r  of l i n e s  
of c o n s t a n t   s u b j e c t i v e   r a t i n g .  

The   ave rage   t r end   w i th   du ra t ion  of t h i s   p r o g r a m ' s   s u b -  
j e c t i v e   r a t i n g s  i s  a g a i n   i l l u s t r a t e d   a s   t h e   s o l i d  l i n e  on 
F i g u r e  2 0 .  Also shown  on t h i s   f i g u r e ,   a s  a d o t t e d   l i n e ,  is 
t h e   r e f .  10  d a t a   i l l u s t r a t i n g   t h e   r e l a t i v e   e f f e c t  on pe r -  
ce ived   no i se   l eve l   o f   chang ing   du ra t ion   o f  a n o i s e   r e l a t i v e  
t o  a d u r a t i o n  of 1 2  s e c o n d s .   S i n c e   t h e   s l o p e s   o f   t h e   l i n e s  
f r o m   t h e   r e f .  10  d a t a   a n d   f r o m   t h e   p r e s e n t   s t u d y   a g r e e   o v e r  
t h e   d u r a t i o n   r a n g e   f r o m   1 5   t o  30 s e c o n d s ,   t h e   d a t a   f r o m   t h e  
p r e s e n t   s t u d y  was s h i f t e d  downward approximately  one-half  
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PNdB. Th i s  w a s  done so t h a t   t h e  t w o  sets o f   da t a   cou ld  be 
properly  compared  s ince  one se t  w a s  r e f e r e n c e d  t o  1 2  seconds 
a n d   t h e   o t h e r  t o  15 seconds.   The  important   conclusion t o  be 
drawn  from  Figure 2 0  i s  t h a t   t h e   e f f e c t s  of sound  dura t ion  
con t inue  t o  be non- l inear   beyond  the   dura t ions   which   had   been  
i n v e s t i g a t e d  pr ior  t o  t h e   p r e s e n t   s t u d y  (64 seconds ) .  Over 
the   r ange   f rom 15 seconds t o  240 s e c o n d s ,   t h e   s l o p e s   c o n t i n u e  
t o  change  from a value  of  2 PNdB per doub l ing   o f   du ra t ion  a t  
t h e   s h o r t e r   d u r a t i o n s   t o  0.75 PNdB per doub l ing   o f   du ra t ion  
f o r   r e l a t i v e l y   l o n g   d u r a t i o n s .   A l t h o u g h  a change i n   s l o p e  
of  "only"  one  and  one-quarter PNdB per doubl ing of d u r a t i o n  
may seem unimpor tan t ,  it i s  n e v e r t h e l e s s  of grea t   impor tance  
i n   t h e   e v a l u a t i o n   o f   t h e   a c c e p t a b i l i t y  of  proposed VTOL a i r -  
c r a f t   d e s i g n s   a n d   t h e i r   i n h e r e n t l y   l a r g e r   n o i s e   d u r a t i o n  
c h a r a c t e r i s t i c s .  

E f f e c t   o f   A i r c r a f t   D i s t a n c e  

During Test I11 t h e   s o u n d s   p r e s e n t e d   t o t h e  t e s t  sub- 
jects  c o n s i s t e d   o f   r e - s h a p e d   a i r c r a f t   s p e c t r a   a c c o r d i n g   t o  
c h a n g e s   i n   d i s t a n c e   b e t w e e n   t h e   a i r c r a f t   a n d  a h y p o t h e t i c a l  
l i s t e n e r .  The c h a n g e s   i n   s p e c t r a   c o n s i s t e d  of t h o s e   a t t r i b u t -  
a b l e   t o   s p h e r i c a l   s p r e a d i n g   o f  a sound   sou rce   and   t he   add i t ion -  
a l   r e d u c t i o n s   i n   n o i s e   d u e   t o   a t m o s p h e r i c   a b s o r p t i o n s   f o r   a n  
assumed  standard  day. 

Two l e v e l s   o f   e a c h   a i r c r a f t   s o u n d   o f   f i v e   d i f f e r e n t  
d u r a t i o n s   e a c h  were s u b j e c t i v e l y   r a t e d .   R e s u l t s   f r o m   a l l  
f i ve   du ra t ions   have   been   combined   i n   F igu res  21a  and 2 1 b .  
I n   o r d e r   t o   a c h i e v e   a n   i m p r o v e m e n t   i n   s u b j e c t i v e   a c c e p t a b i l i t y  
i t  i s ,  o f   c o u r s e ,   n e c e s s a r y   t o   r e d u c e   t h e   P e r c e i v e d   N o i s e  
Level .  By t a k i n g   t h e   b a s e l i n e   a i r c r a f t   d e s i g n   a n d   t h e   d i s t a n c e  
a t  which it  i s  judged   equiva len t  t o  an  outdoor 110  PNdB j e t  
a i r c r a f t   s o u n d ,  a r e l a t ionsh ip   be tween   l ower   pe rce ived   no i se  
l e v e l   a n d   t h e  amount  of d i s t a n c e   b e t w e e n   t h e   a i r c r a f t  and a 
l i s t e n e r   c a n  be e s t a b l i s h e d .   S u c h  a r e l a t i o n s h i p  i s  i l l u s -  
t r a t e d   i n   F i g u r e  22  for  t h e  T i l t  Wing ( p a r t   a )   a n d   t h e  
H e l i c o p t e r   ( p a r t  b) . The slopes o f   t h e   l i n e s  of PNdB 
r e d u c t i o n   v e r s u s   d i s t a n c e   f o r   t h e   t w o   a i r c r a f t   a r e  somewhat 
d i f f e r e n t :  They  vary  from 4 t o  8 PNdB per doubl ing  of 
d i s t a n c e   f o r   t h e  T i l t  Wing and  from 4 t o  11 PNdB per doubl ing 
o f   d i s t a n c e   f o r   t h e   H e l i c o p t e r .  It i s  i m p o r t a n t   t o   k e e p   i n  
mind t h a t   t h e   t w o   s l o p e s   i l l u s t r a t e d   h o l d   o n l y   f o r   t h e   b a s e -  
l i n e   a i r c r a f t   d e s i g n   a n d   t h a t   t h e   s l o p e s   f o r   o t h e r ,   p e r h a p s  
more noise   consc ious   des igns ,   would  be d i f f e r e n t .  
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The i n f o r m a t i o n   p r e s e n t e d   i n   t h e s e   f i g u r e s  may a l so  be 
u s e d   i n t e r c h a n g e a b l y   i n   c o n j u n c t i o n   w i t h   t h a t   c o n t a i n e d   i n   t h e  
f i g u r e s   p r e s e n t e d   i n   t h e   f o l l o w i n g   s e c t i o n   o n   a i r c r a f t   d e s i g n ,  
s ince   bo th   d i s t ance   and   componen t   no i se   con t ro l   i n fo rma t ion  
should  be used t o  complemen t   each   o the r   i n   an   e f fo r t  t o  pro-  
v i d e   a c o u s t i c a l l y  acceptable commercial VTOL a i r c r a f t  service. 

E f f e c t  of A i r c r a f t   D e s i g n  

I n  T e s t  I V  t he   sounds   p re sen ted  t o  t h e  t e s t  s u b j e c t s  
cons is ted   o f   re -shaped  spectra o f   t h e  Helicopter and T i l t  
Wing a i r c r a f t   a c c o r d i n g  t o  a r e - d e s i g n   o f   e a c h   a i r c r a f t   i n  
s e v e r a l   s t a g e s .  The l e v e l s   o f   e a c h   a i r c r a f t   s o u n d  component 
which make u p  a complete a i r c r a f t   s p e c t r u m  were a d j u s t e d ,  
somewhatdependent   on   each   o ther ,   f rom  the   bas ic   des ign   of   the  
a i r c r a f t   t o   y i e l d  a more accep tab le   sound   s igna tu re .   Fo r  
b o t h   a i r c r a f t ,   f a r   f i e l d   s p e c t r a   c o n t a i n   c o m p o n e n t s   a s   f o l l o w s :  
r o t o r   o r   p r o p e l l e r   d i s c r e t e   r o t a t i o n a l   f r e q u e n c i e s ,   r o t o r   o r  
p r o p e l l e r  random  broad-band  "vortex"  noise,   and  random  noise 
components   emit ted  by  the  engine  f rom its i n l e t ,   u s u a l l y   i n  
the  four- thousand  and  e ight- thousand  Hertz   octave  band.  N o  
eng ine   pu re   t one   f r equenc ie s   needed   t o  be t aken   i n to   accoun t  
s i n c e   t h e y  w e r e  placed  beyond  the  upper l i m i t  o f   t h e   l a s t  
octave  band (8  KHz) i n   t h e   o r i g i n a l   d e s i g n .  

Two l e v e l s   o f   e a c h   a i r c r a f t   a t   e a c h   o f   t h e   f i v e   s o u n d  
dura t ions   u sed   i n   t h i s ,   p rog ram were s u b j e c t i v e l y   r a t e d .  The 
r e s u l t s  of t h e   d u r a t i o n   e f f e c t  on sub jec t ive   r e sponse   f rom 
t h i s  t e s t  series has   been   i nc luded   i n  a d e s c r i p t i o n   o f   t h e  
o v e r a l l   e f f e c t  of d u r a t i o n   f r o m   t h e   e n t i r e   f o u r   p a r t  t e s t  
series a s   has   been   desc r ibed   e l sewhere   i n   t h i s   r epor t .   Th i s  
s e c t i o n   c o n c e n t r a t e s  on t h e   e f f e c t s   o f  Test I V  r e s u l t s  on t h e  
p r a c t i c a l   i m p l i c a t i o n s   f o r   t h e   a i r c r a f t   d e s i g n e r .  

The format   o f   F igures  2 3  and 2 4  and  Sample  Problem, 
F igu re  25  i s  u s e f u l   i n   t h a t  it d e s c r i b e s   t h e   n e c e s s a r y   n o i s e  
c o n t r o l   r e q u i r e d   f o r   e a c h   a i r c r a f t   n o i s e   c o m p o n e n t ,   a n d   t h e  
r e s u l t i n g   e f f e c t   o n   a i r c r a f t   n o i s e   r e d u c t i o n  i s  i l l u s t r a t e d  
b y   t h e   t o p   a n d   l e f t  m o s t  ax i s   l abe led   "Requ i red  PNdB Reduc - 
t i o n " .  A s  i n d i c a t e d   b y   t h e   a r r o w   t o   t h e   r i g h t   o f   t h e   s c a l e ,  
a combination  of a l l  three  major   noise   components  is r e q u i r e d ,  
to vary ing   deg rees ,  t o  a c h i e v e   a n   o v e r a l l   a i r c r a f t   n o i s e  re- 
duct ion.   Each  of   the  three  sub-components  i n  t u r n ,   a s   i l l u s -  
t r a t ed   by   t he   down-po in ted   a r rows ,  i s  r e spons ive  t o  one o r  
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more c h a n g e s   i n   a n   a i r c r a f t   n o i s e   s e n s i t i v e   d e s i g n   p a r a m e t e r  
such   a s  t i p  speed,  power,  etc.  

F i g u r e  2 5 ,  which i s  a r ep roduc t ion   o f   F igu re  23 ,  w i l l  be 
u s e d   t o   i l l u s t r a t e  how t h e   d e t a i l e d   n o i s e   r e d u c t i o n   r e q u i r e -  
ments may be d e t e r m i n e d   f o r   t h e   H e l i c o p t e r .  If it is 
de te rmined ,   f rom  sub jec t ive  tests for   example ,   tha t   an  11 
PNdB r e d u c t i o n  i s  r e q u i r e d ,   t h e   t o p   t h r e e   f i g u r e s   y i e l d   t h e  
v a l u e s  of r e q u i r e d  component n o i s e   r e d u c t i o n :  13  dB of 
r o t a t i o n a l   n o i s e ,  15  dB o f   vo r t ex   no i se ,   and  6 dB of  engine 
noise .   Each   of   these   component   no ise   reduct ions  i n  t u r n  
y i e l d   t h e   r e q u i r e d   c h a n g e   i n   d e s i g n  component v a l u e s   t o  
a c h i e v e   t h e   r e q u i r e d  component n o i s e   r e d u c t i o n s .   F o r   t h e  
r o t a t i o n a l   n o i s e   t o  be reduced 1 3  d e c i b e l s ,  a b l a d e   t i p   s p e e d  
r e d u c t i o n   o f  200 f e e t   p e r   s e c o n d  (61  m / s )  would be necessa ry .  

I n   a d d i t i o n   t o   t h e  10 dB reduc t ion   ach ieved   by   r educ ing  
t h e   t i p   s p e e d ,   a n   e x t r a   b l a d e   c o u l d  be added t o   t h e   r o t o r  
s y s t e m   f o r   a n   a d d i t i o n a l  3 dB. F o r   t h e   v o r t e x   n o i s e   t o  be 
reduced  by  15 dB,. a l l   t h r e e  m a j o r   d e s i g n   f a c t o r s   ( t i p   s p e e d ,  
b lade   per formance ,   and   b lade   a rea)   should  be o p t i m i z e d   f i r s t ,  
o r   n o i s e   r e d u c t i o n  i s  t o  be achieved  by means  of t i p   s h a p e  
and  plan  form  of t h e  b l a d e .   S i m i l a r l y ,   t o   a c h i e v e  6 dB of 
e n g i n e  n o i s e   r e d u c t i o n ,   c o m p r e s s o r   t i p   s p e e d   c o u l d  be re- 
duced   by   approximate ly   125   fee t   per   second (38 m / s ) .  

The  symbols "+/OR" on F i g u r e s  2 3  through 25 i n d i c a t e  
t h a t ,   f o r   t h e   d e s i g n   p a r a m e t e r   t r a d e - o f f ,   v a r i o u s   c o m b i n a -  
t i o n s   o f   p a r a m e t e r s  may be used t o   a c h i e v e  a r e q u i r e d  amount 
of  component no i se   r educ t ion .   A l so ,   t he   dashed   ex t r apo la t ion  
o f   t h e   l i n e s  shown i n d i c a t e   t h a t   b e y o n d  a c e r t a i n  l i m i t  i n  a 
parameter   an  impract ical   or   impossible   design  change  would 
have t o  be made. The  concept shown can be e x t e n d e d   t o   c o v e r  
add i t iona l   des ign   pa rame te r - componen t   no i se   t r adeof f s   poss i -  
b l e ,   b u t   f o r   c l a r i t y ,   o n l y   t h e   m a j o r   n o i s e - i n f l u e n t i a l  
pa rame te r s   a r e  shown. 

E f f e c t   o f  Test S u b j e c t s '   A c t i v i t i e s  

Responses t o   a i r c r a f t   s o u n d s ~ d u r i n q  work and l e i su re  
env i ronmen ta l   cond i t ions . -  I n  e a c h   e x p e r i m n t a l   s e s s i o n ,   t h e  
t e s t  subjects s p e n t   t h e   f i r s t  two  hours   in  a "work"  environ- 
ment  and the   second  two  hours   in  a " le isure"  environment.  
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D u r i n g   b o t h   c o n d i t i o n s ,   t h e   s u b j e c t s   r a t e d   t h e i r   a n n o y a n c e s  
t o   t h e   a i r c r a f t   s o u n d s  (see Appendix B) . They chose a 
v a r i e t y   o f  work a c t i v i t i e s   d u r i n g   t h e  f i r s t  two  hours   such   as  
w r i t i n g   t e c h n i c a l   r e p o r t s   o r   r e s e a r c h   p a p e r s ,   p r o f e s s i o n a l  
s t u d y ,   o r   p r e p a r i n g   f o r  tests. For  the second  two  hours ,   the  
subjects a l s o   s e l e c t e d  a d i v e r s i t y   o f   a c t i v i t i e s   s u c h   a s   p l a y -  
i n g   c a r d s ,   w a t c h i n g   t e l e v i s i o n ,   c a s u a l   c o n v e r s a t i o n ,   o r   r e a d -  
ing.  They w e r e  n o t   r e q u i r e d   t o   e n g a g e   i n   t h e  same "work"  or 
" l e i s u r e "   a c t i v i t i e s   d u r i n g   t h e   s i x t e e n  weeks  of  experimenta- 
t i o n .  The a c t i v i t i e s   e n g a g e d   i n   b y   t h e  subjects  were recorded  
b y   t h e   p s y c h o l o g i s t   p r e s e n t  a t  e a c h   s e s s i o n .  

Table  V I  shows t h e   r e s u l t s   f o r   t h e   f r e q u e n c y   o f   " n o  
r e s p o n s e ' '   ( z e r o )   f o r   t h e  two a i r c r a f t   u n d e r   c o n d i t i o n s   o f  work 
and l e i s u r e .   T h e r e   a r e   s t r i k i n g   d i f f e r e n c e s   i n   t h e   p r o p o r t i o n  
o f   "no   r e sponses"   fo r   bo th   a i r c ra f t   fo r   each   expe r imen t .  
O v e r a l l ,   t h e r e   a r e   a p p r o x i m a t e l y  twice a s  many no  responses  
under l e i su re  c o n d i t i o n s   a s   t h e r e   a r e   u n d e r  work c o n d i t i o n s .  
The d i f f e r e n c e s  shown f o r   e a c h  t e s t  a r e   h i g h l y   s i g n i f i c a n t  
s t a t i s t i c a l l y  (X2 < . 001) .  It should be n o t e d   t h a t   d e t a i l e d  
a n a l y s i s   o f   t h e   d a t a   f o r   t h e   i n d i v i d u a l  t e s t s  shows h ighe r  
f r e q u e n c i e s   o f   n o   r e s p o n s e   f o r   t h e   s h o r t e r   d u r a t i o n s  - 
par t i cu la r ly   fo r   15 - second   and   30 - second   du ra t ions  and f o r  
lower  volume l e v e l s .   T h i s   h o l d s   t r u e   f o r   b o t h   a i r c r a f t .  

A l t h o u g h   t h e r e   a r e   d e t a i l e d   v a r i a t i o n s  i n  c o n s i s t e n c y ,  
i n   g e n e r a l   t h e   d a t a   i n d i c a t e s   t h a t  when t h e   " n o   r e s p o n s e s "   a r e  
inc luded  i n  t h e   m e d i a n s ,   t h e   a i r c r a f t   n o i s e s   a r e   u s u a l l y   r a t e d  
more annoying   dur ing   the  l e i su re  pe r iod   t han   du r ing   t he  work 
p e r i o d .  However, i f   t h e   d a t a  i s  examined  without   including 
"no   responses"   as  a n u m e r i c a l   z e r o   v a l u e ,   t h e   t r e n d   t e n d s   t o  
r eve r se ,   showing   e i the r   ( a )  l i t t l e  d i f f e r e n c e  between work 
a n d   l e i s u r e   r e s p o n s e s ,   o r  (b) t h e   a i r c r a f t   r a t e d   a r e  less 
a n n o y i n g   d u r i n g   l e i s u r e .   I n   e v a l u a t i n g   t h i s   a p p a r e n t   c o n t r a -  
d i c t i o n ,  i t  could  be c o n c l u d e d   t h a t   d u r i n g   l e i s u r e ,   t h e  ob- 
s e r v e r s   t e n d   t o  be less a w a r e   o f   t h e   p r e s e n c e   o f   t h e   a i r c r a f t  
sound ,   e spec ia l ly   fo r   sho r t -du ra t ion ,   l ower   l eve l   sounds .  

Examinat ion   of   observers '   responses   accord ing  t o  l e i s u r e  
a c t i v i t i e s . -  R e s u l t s  were o b t a i n e d   f o r   o b s e r v e r s   e n g a g e d   i n  
d i f f e r e n t  le isure  a c t i v i t i e s ,   c o m p a r i n g  mean annoyance   ra t ings  
under work  and le i sure  c o n d i t i o n s   f o r   e a c h   a i r c r a f t   s e p a r a t e l y .  
Data were used  from tests I11 and I V .  A c t i v i t i e s   c o n s i s t e d   o f  
l i s t e n i n g   t o  and   wa tch ing   t e l ev i s ion ,   p l ay ing   ca rds ,   o r   t a lk -  
i n g .   C o m b i n a t i o n s   o f   t h e s e   t h r e e   a c t i v i t i e s  were t h e n   c l a s s i -  
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f i e d   i n t o   f i v e   g r o u p s :  1. t e l e v i s i o n ;  2. t a l k i n g ;  
3 .  p l a y i n g   c a r d s ;  4.  t e l e v i s i o n   a n d   t a l k i n g ;   a n d  5. tele- 
v i s i o n   a n d   p l a y i n g - c a r d s .  

Based on t h e   a n a l y s i s   o f   t h e   r e s u l t s  of t h e   s u b j e c t i v e  
r e s p o n s e   d i s t r i b u t i o n s   f o r   e a c h   o f   t h e   f o r e g o i n g   a c t i v i t y  
c a t e g o r i e s ,  it i s  n o t   o b v i o u s   t o   w h a t   d e g r e e   t h e   a i r c r a f t  
n o i s e   i n t r u d e d .  Of the   pa t te rns   observed ,   the   two  most   con-  
s i s t e n t  were: a )   b o t h   l e v e l s   o f   h e l i c o p t e r   s o u n d s  were 
judged less d e s i r a b l e  when t h e   t e l e v i s i o n  was  on compared t o  
when t h e r e  was t a l k i n g   o r   p l a y i n g   o f   c a r d s :   a n d  b )  the   lower  
l e v e l   o f  tilt wing n o i s e  was judged more a c c e p t a b l e   d u r i n g  
conve r sa t ion   t han   du r ing   ca rd   p l ay   o r   wa tch ing   t e l ev i s ion .  
An e x p l a n a t i o n   o f   t h e s e  resu l t s  i n  terms o f   speech   i n t e r f e rence  
l e v e l   o r  some other   such  communicat ions  eff ic iency  measure 
is n o t   r e a d i l y   a p p a r e n t .  

CONCLUS  IONS 

A s  a r e s u l t   o f   t h e   p s y c h o - a c o u s t i c a l  tes ts  d e s c r i b e d   i n  
t h i s   r e p o r t ,   t h e   f o l l o w i n g   c o n c l u s i o n s   a r e  drawn: 

1. 

2. 

3 .  

Hel icopter   and  T i l t  Wing sounds  of 15 seconds 
d u r a t i o n   a r e   j u d g e d   e q u a l   i n   a n n o y a n c e   t o  a j e t  
re ference   sound when t h e y   a r e  4 t o  5 PNdB lower  than 
t h e  je t .  Th i s   conc lus ion  is based  on t h e  amount of 
o v e r l a p   i n   t h e   d i s t r i b u t i o n   o f   t h e   s u b j e c t i v e  . 
responses   exceeding  75 p e r   c e n t ,   w h i c h   i m p l i e s   t h a t  
t h e r e   a r e   p r o b a b l y   n o   r e a l   d i f f e r e n c e s   b e t w e e n   t h o s e  
s o u n d s   s u b j e c t i v e l y .  

A Hel icopter   sound  of  1 5  second   du ra t ion  is judged 
s i g n i f i c a n t l y  more a c c e p t a b l e   t h a n  a j e t  when i ts  
p e r c e i v e d   n o i s e   l e v e l  i s  10 PNdB b e l o w   t h a t   o f   t h e  
j e t .  S i m i l a r l y ,  a 15 second T i l t  Wing sound is  so  
judged when 1 2  PNdB lower   than   the  j e t .  These  con- 
c l u s i o n s   a r e   b a s e d  on  a 45   pe r   cen t   ove r l ap  of  sub- 
j e c t i v e   r e s p o n s e   d i s t r i b u t i o n s .  

The r e l a t i v e   e f f e c t   o f   c h a n g i n g   t h e   s o u n d   d u r a t i o n  
on i t s  sub jec t ive ly   r a t ed   annoyance   d imin i shes   w i th  
i n c r e a s i n g   d u r a t i o n .   T h i s   s t u d y   v e r i f i e d   t h a t   f o r  
low-frequency VTOL a i r c r a f t   s o u n d s   t h e   e f f e c t  
amounts t o  a 2 PNdB per   doubl ing  of   durat ion  between 
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15 and 30 seconds .   Fo r   l a rge r   du ra t ions ,   however ,  
t h i s  s tudy   concluded  tha t  t h i s , s lope  is no   longer  
v a l i d  and  diminishes  t o  1.5 PNdB per doubl ing  of 
dura t ion   be tween 30 and 60 seconds: 1 PNdE3 per 
doubl ing  of dura t ion   be tween 60 and 120 seconds: 
and 0.'75 PNdB pe r   doub l ing  of dura t ion   be tween 1 2 0  
and 240 seconds.   This   asymptot ic   approach t o  a 
z e r o  slope implies t h a t   t h e r e  exis ts  a leve l  of a i r -  
c r a f t   s o u n d   s u f f i c i e n t l y   l o w   f a r  the  d u r a t i o n   e f f e c t s  
t o  be c o m p l e t e l y   n e g l i g i b l e .  For the  background 
n o i s e  (NC-30) u s e d   i n   t h i s   s t u d y ,   t h i s   l e v e l  of a i r -  
c r a f t   n o i s e  i s  from 5 t o  7 PNdB below a 15 second 
PNdB l e v e l   t a k e n  as r e f e r e n c e .  

4. When t h e  t e s t  s u b j e c t s  were engaged i n   l e i s u r e  
a c t i v i t i e s ,  l o w  l e v e l - s h o r t   d u r a t i o n  VTOL a i r c r a f t  
sounds were n o t i c e d  less o f t e n   t h a n  when the   sub -  
jects were engaged i n  work a c t i v i t i e s .   A p p a r e n t l y ,  
t h e   l e i s u r e   a c t i v i t i e s   d e t r a c t e d   t h e  t e s t  s u b j e c t s  
t o   t h e   e x t e n t   t h a t   t h e y  were less aware of t h e  
p r e s e n c e   o f   a n   a i r c r a f t   n o i s e   d u r i n g   l e i s u r e   t h a n  
d u r i n g   t h e  work s e s s i o n s .  

5. Equal ly   good  cor re la t ion  was obtained  between  sub-  
j e c t i v e   r a t i n g s   a n d   s e v e r a l   a c o u s t i c a l   m e a s u r e s   u s e d  
t o  predict  sub jec t ive   r eac t ion :   Peak   Pe rce ived   No i se  
Level  (PNLC), dBA,  and d B C .  T h e s e   r e s u l t s   i n   e s s e n c e  
a g r e e   w i t h   t h o s e   o f   p r e v i o u s   i n v e s t i g a t o r s   ( r e f . ' s  
6 and 7 )  who ind ica t e   t ha t   fo r   l ow- f requency ,   impu l -  
s i v e   n o i s e s ,   s u c h   a s   t h o s e  of t h e  Helicopter used   i n  
t h i s   s t u d y ,  dBC i s  a somewhat bet ter  p r e d i c t o r   o f  
s u b j e c t i v e   r e s p o n s e   t h a n  PNLC. 

6. An e x t r e m e l y   h i g h   c o r r e l a t i o n   c o e f f i c i e n t  ( r  = 0.94+) 
was o b t a i n e d   i n   t h i s   s t u d y   b e t w e e n   t h e   m e a s u r e d  
a c o u s t i c a l   d a t a   a n d   t h e   s u b j e c t i v e   r e s p o n s e s   g i v e n  
b y   t h e  t e s t  s u b j e c t s .  The e q u a l l y   h i g h   c o r r e l a t i o n  
of t h e   v a r i o u s   n o i s e   i n d i c a t o r s   i m p l i e s   a n   i n s e n s i -  
t i v i t y   t o   t h e   f i n e r   p o i n t s   i n h e r e n t   i n   t h e  more 
complex ones ,   such  as PNLC, fo r   t he   l ow- f requency  
impu l s ive   t ypes   o f   no i se s .  
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7. The h i g h   c o r r e l a t i o n   c o e f f i c i e n t s   o b t a i n e d   a r e  
i n d i c a t i v e  of a s u b s t a n t i a t i o n   o f   t h e  t e s t  method 
u s e d   i n   t h i s   p r o g r a m   t o   e v a l u a t e   t h e   e f f e c t   o f   t h e  
a i r c r a f t   n o i s e s  on a person  as   he  engages  in   normal  
work  and l e i s u r e   a c t i v i t i e s .  

The Boeing Company 
V e r t o l   D i v i s i o n  

P h i l a d e l p h i a ,   P a . ,   J a n u a r y  10 ,  1972 
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APPENDIX A 

EVALUATION O F  TEST  METHODS 

A s  d i scussed   i n   t he   s ec t ion   on   Tes t   Me thods ,   t he  t es t  
s u b j e c t s   p a r t i c i p a t e d   i n  a paired  comparison t e s t ,  i d e n t i c a l  
w i t h   t h a t   g i v e n  t o  o t h e r  subjects as p a r t   o f   t h e   r e f e r e n c e  1 
s tudy .  The o n l y   d i f f e r e n c e  was t h a t   t h i s   s e c o n d   p r o g r a m  was 
c o n d u c t e d   i n   t h e  t r a i l e r  which was t o  be u s e d   f o r   t h e   a b s o l u t e  
t e s t  program. The r e s u l t s ,  however, were s u b s t a n t i a l l y  
d i f fe ren t   than   the   one   which   had   been   conducted  ear l ie r .  
S i n c e  i t  was s u s p e c t e d   t h a t   t h e r e   m i g h t  be d i sc repanc ie s   due  
t o   d i f f e r e n c e s   i n   s o u n d   r e p r o d u c t i o n  or room a c o u s t i c s ,  a re- 
t e s t  was conducted  using  fewer   subjects .   This   second t e s t  
r e a f f i r m e d   t h e   p r e v i o u s   r e s u l t s   a n d   a r e  shown i n   F i g u r e  26. 
N o  f i rm   exp lana t ion   can  be o f f e r e d   w h i c h   c a n   p o i n t   t o   v a r i a -  
t i o n   b e i n g   l a r g e l y   d u e   t o  room a c o u s t i c s ,   s u b j e c t   a t t i t u d e s ,  
o r   o t h e r   f a c t o r s .  

A l s o  shown  on F i g u r e  2 6  a r e   p o i n t s   w h i c h  were de r ived  
f r o m   t h e   r e s u l t s   o f   t h e   a b s o l u t e   t e s t i n g   b u t   w i t h   t h e   d a t a  
t r e a t e d   i n   t h e  manner of   paired  comparisons.   That  i s ,  i f   a n  
i n d i v i d u a l   r a t e d  a sound  with a h ighe r   r e sponse   t han   t he  j e t  
it was cons idered   as   be ing   judged  worse t h a n   t h e  j e t  r e f e r e n c e .  
This  i s  i n   e f f e c t   a n o t h e r   t y p e   o f   c o m p a r a t i v e   t e s t i n g   a l t h o u g h  
not   involv ing   spec i f ic   pa i red   compar ison   judgments .  

Ano the r   p rocedure   fo r   j udg ing   t he   equ iva lence   o f   t he  j e t  
r e fe rence   and   va r ious  VTOL sound was s u g g e s t e d   i n   t h e   s e c t i o n  
on   Dura t ion   E f fec t s .   Th i s  was based  on t h e  75% ove r l ap   o f   t he  
T i l t o n ' s  0 c r i t e r i a .  
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APPENDIX B 

MEASUREMENT OF SUBJECTIVE  JUDGMENTS OF ANNOYANCE 
O F  VTOL AIRCRAFT  SOUNDS 

INTRODUCTION 

Psycho-acous t i c   s tud ie s   o f   t he   sub jec t ive   r e sponses  of 
p e o p l e   t o   a i r c r a f t   s o u n d s   i n  terms of t h e i r   a c c e p t a b i l i t y  
have  been  conducted i n  f i e l d   s t u d i e s  and i n  t h e   l a b o r a t o r y .  
Var ious   expe r imen ta l   des igns ,   u s ing   p sychophys ica l   and   p sy -  
chological   scales   have  been  employed,   depending on the   pu r -  
pose  of   the  s tudy.   Each method has  i ts  own advantages  and 
d isadvantages ,   depending   on   the   type   o f   da ta   be ing   s tud ied .  
S u b j e c t i v e   r a t i n g s   h a v e  been c o r r e l a t e d  w i t h  t h e   p h y s i c a l  
c h a r a c t e r i s t i c s   o f   s o u n d s  i n  o r d e r   t o   s t u d y   t h e   r e l a t i o n s h i p s  
o f   s u c h   f a c t o r s   a s  volume  and du ra t ion   t o   pe rce ived   annoyance .  

It i s  e x t r e m e l y   i m p o r t a n t   t o   d e s c r i b e   a n d   e v a l u a t e   t h e  
methods  used i n  any  experiment  which  depend on t h e   r e s p o n s e s  
o f   o b s e r v e r s   t o  some form  of   sensory   s t imula t ion .  The pur-  
pose  of   this   Appendix i s  t o  l i s t  and b r i e f l y   d e s c r i b e   a v a i l -  
a b l e   m e t h o d s ,   d e s c r i b e   t h e   p s y c h o l o g i c a l   p r o c e d u r e s   u s e d  i n  
t h e   p r e s e n t   e x p e r i m e n t ,   a n d   r e p o r t   f i n d i n g s   f r o m   s t u d i e s  of 
t h i s  method. 

PART I 

PSYCHOPHYSICAL AND PSYCHOLOGICAL  SCALING  IWTHODS" 

The fo l lowing   me thods   and   t he i r   va r i a t ions   have   been  
u s e d   t o   s t u d y   s u b j e c t i v e   r e s p o n s e s   t o   a i r c r a f t   n o i s e   i n  
l a b o r a t o r y   i n v e s t i g a t i o n s :  

* E x c e l l e n t   d i s c u s s i o n s  of   psychophys ica l   and   psychologica l  
sca l ing   methods   can  be found i n  r e f e r e n c e s  11 through 13 .  

- ~ 
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Methods Using Comparative  Judgments 

Ne thods   o f   cons t an t   s t imu lus   d i f f e rences . -  T h i s  v a r i a t i o n  
of   the  Paired  Comparison Method is o f t e n   r e f e r r e d   t o   a s   t h e  
Constant  Method. The procedure i s  a s   fo l lows :  (1) a set  of 
s t i m u l i  i s  prepared i n  which   the   magni tude   o r   s ize  of t h e  
s t i m u l i  proceeds i n  r e g u l a r   s t e p s .   E a c h   s t e p  is w e l l  below 
the   expec ted   th reshold :  ( 2 )  a s t i m u l u s  near   the   middle   o f   the  
s e r i e s  i s  s e l e c t e d   t o   s e r v e   a s  a s tandard :  ( 3 )  t h e   s t a n d a r d  
s t i m u l u s  i s  p r e s e n t e d   t o   t h e   o b s e r v e r   a l o n g   w i t h   e a c h   o t h e r  
s t i m u l u s ,  e i t h e r   s u c c e s s i v e l y   o r   s i m u l t a n e o u s l y :  ( 4 )  t h e  
observer   reports   which s t i m u l u s  of t h e   p a i r   h a s  more o r   l e s s  
ot t h e   s p e c i f i c   a t t r i b u t e   ( e . 9 .  , more annoying) : (5 )  s c a l e  
v a l u e s   a r e   o b t a i n e d   f o r  t h e  s t i m u l i .  

Method  of paired  comparisons.  - This  method c o n s i s t s  
e s s e n t i a l l y   o f   t h e   f o l l o w i n g :  (1) S t i m u l i   t o  be eva lua ted  on 
a p s y c h o l o g i c a l   s c a l e   a r e   u s u a l l y   p r e s e n t e d   t o   t h e   o b s e r v e r  
i n  a l l   p o s s i b l e   p a i r s  i n  counter -ba lanced   order :  ( 2 )  The ob- 
se rve r   r epor t s   wh ich   one   o f   t he   pa i r  i s  of grea te r   magni tude  
(e .   9 .  , more annoying)   than  the  other  , a c c o r d i n g   t o   h i s  
s p e c i f i c   i n s t r u c t i o n s :  ( 3 )  t h e   o b j e c t  i s  t o   g i v e   e a c h  s t i m u l u s  
a s i n g l e   v a l u e  on a s c a l e .  I t  i s  hoped t h a t   t h e   s c a l e  w i l l  
have t h e  p r o p e r t i e s   o f  a l i n e a r   s c a l e .  

R a t i o  Methods 

Rat io   scales   have  the  advantage  of   having  an  absolute  
zero .  The ze ro   s t ands   fo r   none   o f   t he   p rope r t i e s   r ep resen ted  
b y   t h e   s c a l e .  However, t h e s e   s c a l e s   a r e   p r o b a b l y  more d i f f i -  
c u l t   t o   u s e   b e c a u s e   t h e y   r e q u i r e   t h e   o b s e r v e r   t o   c a r r y   o u t   t h e  
complex t a s k  of judg ing  r a t i o s .  T h i s  method  has  been  used 
t o  some e x t e n t  i n  t h e   s t u d y   o f   t h e   a c c e p t a b i l i t y   o f   a i r c r a f t  
sounds. 

Examples of R a t i o  Methods a r e   a s   f o l l o w s :  (1) Method 
of F r a c t i o n a t i o n  - s t i m u l i  a r e   s e l e c t e d  and the   observer  i s  
a s k e d   t o   f i n d  a s t i m u l u s  which i s  some r a t i o   t o   a n o t h e r  
(e .g .  , one-half  , o n e - t h i r d ,   e t c . )  : ( 2 )  Method  of Mul t ip l e  
S t i m u l i  - t h e  observer  i s  i n s t r u c t e d   t o   f i n d  a s t i m u l u s  which 
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Method of Success ive   Categ .or ies  

This   psychologic .a l   scal ing  method i s  a l s o   c a l l e d   t h e  
Method of S i n g l e   S t i m u l i .  It i n c l u d e s   a l l   r a t i n g  methods i n  
which   ca tegor ica l   judgments   a re  made.  The judgments   are  
abso lu t e ,   r a the r   t han   compara t ive .   Th i s   app roach  w i l l  be 
d i s c u s s e d   i n  some d e t a i l ,   s i n c e  i t  was u s e d   i n   t h e   p r e s e n t  
i n v e s t i g a t i o n .  

Assumptions, - 

1. Tha t   t he   obse rve r  i s  c a p a b l e   o f   r a t i n g   o r   s o r t i n g  
s t i m u l i   o n   a n   e q u a l - i n t e r v a l   s c a l e .  

2 .  T h a t   t h e   c a t e g o r i e s   a r e   i n   c o r r e c t   o r d e r   a n d  
t h a t   t h e i r   b o u n d a r y   l i n e s   a r e   s t a b l e .  

3 .  Tha t   numer i ca l ly   equa l   d i s t ances  on t h e   s c a l e  
s t a n d   f o r   e q u a l   d i s t a n c e s   o n  some a s p e c t   o f   t h e  
s t imu l i   ( e .g . ,   annoyance   v s .  PNdB) . 

Method , - 

1. A set  o f   s t i m u l i   a r e   p r e p a r e d   ( e . g . ,   a i r c r a f t  
sounds) .  

2 .  The observer  i s  s u p p l i e d   w i t h  a r a t i n g   s c a l e ,  
c o n s i s t i n g   o f   d i s c r e t e   s t e p s  or ca t egor i e s   wh ich  
a re   ass igned   numbers .  The s t e p s  on t h e  scale  
are g e n e r a l l y .   d e f i n e d   i n  some  way. 

3 .  Each  s t imulus i s  p r e s e n t e d   t o   e a c h   s u b j e c t   o n e  
or more times i n  a random o r d e r .  

4. U s i n g   t h e   s c a l e   t h e   o b s e r v e r   a s s i g n s   o n e   a n d  
only  one number t o  each   s t imu lus   p re sen ted  t o  
him,   using some form  of   recording  device.  
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5. S c a l e   v a l u e s   a r e   g e n e r a l l y   o b t a i n e d   b y   c o m p u t i n g  
t h e  means  and s t a n d a r d   d e v i a t i o n s   o f   t h e   s u b j e c t i v e  
judgmen t s   ( r a t ings )  for  e a c h   i n d i v i d u a l   s t i m u l u s  
( a i r c r a f t   s o u n d )  : e i t h e r   - f o r  a s i n g l e   o b s e r v e r   o r  
f o r  a group  of   observers .  

Rep l i ca t ion .  - B e c a u s e   o f   v a r i a b i l i t y   i n   r e s p o n s e s ,  it i s  
n e c e s s a r y   t o   o b t a i n   r e p e a t e d   m e a s u r e m e n t s   o v e r   t r i a l s   w i t h  a 
s ing le   j udge   o r   ove r   j udges  i n  o r d e r   t o   a r r i v e   a t  more s t a b l e  
e s t i m a t e s   o f   s c a l e   v a l u e s   a n d   t o   m e a s u r e   t h e   r e l i a b i l i t y  of 
t h e   s c a l e .  

I n s t r u c t i o n s   t o   t h e   o b s e r v e r s , -  The  outcome  of  an  experi- 
ment o f   t h i s   t y p e   d e p e n d s   t o   n o   s m a l l   e x t e n t  on  what i n s t r u c -  
t i o n s   a r e   g i v e n   t o   t h e   o b s e r v e r s .   W i t h o u t   s p e c i f i c   i n s t r u c -  
t i ons ,   an   obse rve r  i s  f r e e   t o   h a n d l e   t h e   r a t i n g   s c a l e   i n   a n y  
way he   chooses .   This   in t roduces   an  unknown v a r i a n c e   f a c t o r  
which i s  e x t r e m e l y   d i f f i c u l t   t o   t a k e   i n t o   a c c o u n t   b e c a u s e   o f  
i nd iv idua l   d i f f e rences   be tween   obse rve r s .   Through   t he  
i n s t r u c t i o n s   g i v e n   t o   t h e   o b s e r v e r s ,   t h e   e x p e r i m e n t e r   c a n ,  
t o  some e x t e n t   a t   l e a s t ,   m i n i m i z e   t h i s   p r o b l e m   a n d   s t a b i l i z e  
t h e   s c a l e   u n i t s .  (The i n s t r u c t i o n s   u t i l i z e d   i n   t h i s   e x p e r i -  
ment a p p e a r   i n   P a r t  I1 of t h i s  Appendix.) 

R e l i a b i l i t y . -   M e a s u r e s   o f   s u b j e c t i v e   r e s p o n s e s   t o  known 
s t i m u l i  a r e   o f   q u e s t i o n a b l e   v a l u e   w i t h o u t  some measures  of 
t h e   r e l i a b i l i t y   o r   c o n s i s t e n c y   o f   i n d i v i d u a l   r a t i n g s .  
General ly   speaking,   measures  of t h e   v a r i a n c e   o f   r a t i n g s ,  
i n t e r n a l   c o n s i s t e n c y ,  t es t - re tes t  r e l i a b i l i t y ,  and i n t e r -  
j u d g e   a g r e e m e n t   a r e   u s e d   t o   j u d g e   t h e   r e l i a b i l i t y  of sub-  
j e c t i v e   r a t i n g s .  

Establ ishment   of  a r e f e r e n c e   s c a l e . -  

1. A r e f e r e n c e   s c a l e  is e s t a b l i s h e d   b y   u s e  of a 
r e sponse   func t ion .  A mean and   var iance  of s c a l e  
v a l u e s  is es t ima ted   f rom  the   da t a .  

2 .  The sample mean p l u s  and  minus  two  standard 
e r r o r s  i s  rega rded   a s   an   i n t e rva l   wh ich   i nc ludes  
the   popu la t ion   pa rame te r   w i th  a p r o b a b i l i t y   o f   a t  
l e a s t  .95. This  is t h e   c o e f f i c i e n t   o f   c o n f i d e n c e  
f o r  a bound. 
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Genera l   eva lua t ion   of   the  method  of success ive  
c a t e g o r i e s .  - 

1. 

2.  

3 .  

4. 

5 .  

Bock  and J o n e s   ( r e f .  11, pg.  213) s t a t e   t h a t  resul ts  
f rom  the  Method of Successive  Categories   have  been 
f o u n d   r e p e a t e d l y   t o   c o r r e l a t e   h i g h   w i t h   t h o s e  ob- 
ta ined   f rom  the  Method  of  Paired  Comparisons. 

Torge r son   ( r e f .  1 2 ,  pg.  53) s t a t e s   t h a t  we would 
e x p e c t   s u b s t a n t i a l l y   t h e  same rank   o rde r   fo r  a 
given set  of s t i m u l i  f o r  a s p e c i f i e d   a t t r i b u t e ,  
whether we use  Paired  Comparison,  Ranking, S i n g l e  
S t i m u l u s   R a t i n g ,   o r   s o r t i n g   i n t o   s u c c e s s i v e   i n t e r v a l s .  

G u i l f o r d   ( r e f .  1 3 ,  pg. 297) i n  a g e n e r a l   e v a l u a t i o n  
of   ra t ing  methods  as   compared  to   paired  comparisons,  
p o i n t s   o u t   t h a t :   ( a )   r a t i n g s   r e q u i r e   l e s s   t i m e ;  
(b) the   p rocedure  is  f a r  more i n t e r e s t i n g   t o  ob- 
se rvers ;   (c )   the   p rocedure   can   be   used   wi th   psycho-  
log ica l ly   na ive   obse rve r s :   (d )   bes t   j udgmen t s   a r e  
made  when s t i m u l i   a r e   p r e s e n t e d   s i n g l y :   a n d  (e) t h e  
exper imenta l   opera t ions   for   ob ta in ing   judgments  
u s i n g  t h e  method  of   success ive   ca tegor ies   a re   s imple  
and  economical. From t h i s   p o i n t  of  view, t h e  method 
has   every th ing  i n  i t s  f avor .  

I n  an  experiment  where it i s  d e s i r e d   t o   s t u d y  t h e  
abso lu te   annoyance   va lue   o f   a i r c ra f t   sounds ,  it is  
d e s i r a b l e   t o  use  t h e  method of s u c c e s s i v e   c a t e g o r i e s .  
The basic   problem  from a p r a c t i c a l   p o i n t  of view i s  
how annoying   the   sounds   a re   to   an   ind iv idua l   person  
(who i n  a r e a l   s e n s e   h a s   h i s  own s c a l e )  and  not how 
sounds  or   persons  compare  to   each  other .  The r e a l  
concern of course  i s ,  given a l e v e l  of  annoyance t o  
c e r t a i n   a i r c r a f t   s o u n d s ,  w i l l  the   person  complain 
about it o r   t a k e  some k ind   o f   soc i a l   ac t ion .  The 
p r e s e n t   s t u d y   d i d   n o t   i n v e s t i g a t e   t h i s   p r o b l e m .  

A l l  i n  a l l ,   t h e  method  of   successive  categories ,  
u s i n g   t h e   b e s t   i n s t r u c t i o n s  and r a t i n g   s c a l e   t h a t  we  
cou ld   dev i se ,   appea red   t o  be t h e  most s u i t a b l e  method 
fo r   t he   p re sen t   expe r imen t .   A . succeed ing   s ec t ion  
o f   t h i s  Appendix  discusses some of   the   f ind ings   con-  
ce rn ing  i ts  c h a r a c t e r i s t i c s  and use .  
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PART I1 

THE OBSERVERS AND THEIR INSTRUCTIONS 

S u b j e c t s  

The s u b j e c t s   i n   t h i s   e x p e r i m e n t  were a l l  males  between 
the  ages  of  twenty-one  and  thirty-four.   They were engaged 
i n   t e a c h i n g ,   b u s i n e s s   a n d   t h e   p r o f e s s i o n s .  A l l  were volun- 
teers  and members of t h e   J a y c e e s .  A l l  compensa t ion   fo r   t he  
s e r v i c e s   o f   t h e   s u b j e c t s  w a s  p a i d   d i r e c t l y  t o  the Jaycees  
chapters   involved .  

I n s t r u c t i o n s  t o  S u b j e c t s  

During  the  next   four   hours ,   you w i l l  be involved 
a s t u d y   r e g a r d i n g   t h e   s u b j e c t i v e   a c c e p t a b i l i t y  
a i r c r a f t   n o i s e .  

The f i r s t  two  hours is  d e f i n e d   a s  a "work" 
per iod .   Br ing   your  own work with  you.  
Examples: w r i t i n g   t e c h n i c a l  reports o r  
p a p e r s ,   r e s e a r c h ,   p r o f e s s i o n a l   s t u d y ,  pre- 
p a r i n g   f o r   t e s t s ,  e tc .  

The  second  two  hours is d e f i n e d   a s  a " l e i s u r e "  
p e r i o d .   S u c h   a c t i v i t i e s   a s   w a t c h i n g  te le-  
v i s i o n ,   p l a y i n g   c a r d s ,   c o n v e r s a t i o n ,   o r  
r e c r e a t i o n a l   r e a d i n g   a r e   s u i t a b l e .  

YOU w i l l  be h e a r i n g  a v a r i e t y   o f   a i r c r a f t   s o u n d s  
du r ing   t he   even ing .  Your p r i m a r y   t a s k  i s  t o  
r e c o r d   y o u r   r e a c t i o n s   t o   e a c h   s o u n d  you hea r  on 
t h e   i n s t r u m e n t   i n   f r o n t   o f   y o u .  

No te   t he   co lo r   o f   t he   i n s t rumen t .  You a r e   e x -  
pec ted  t o  u s e   t h e  same ins t rument   th roughout   the  
four-hour   per iod.  A l s o ,  n o t e   t h e   v a r i o u s   c o l o r e d  
e l e c t r i c a l   o u t l e t s   i n   t h e  room. I t  is e s s e n t i a l  
t h a t  you  match the   co lo r   o f   your   i n s t rumen t   w i th  
t h e   c o l o r   o f   t h e   o u t l e t .  
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You w i l l  a l s o   n o t i c e   t h a t   y o u r   r e c o r d i n g   i n s t r u -  
ment has   n ine   numbers ,   a r r anged   i n   t h ree  r o w s .  
Record your   reac t ion   by   pushing  a nuniber from 

(#1) t o  n ine  (#9) . 
For example, push number one,  t w o  or t h r e e  
(bottom r o w )  when the   sound  your   hear  is i n  
a n   a c c e p t a b l e  or non-annoying  range. 

#1 is  l eas t   annoy ing  on t h e  scale.  

O r ,  push number s e v e n ,   e i g h t   o r   n i n e  ( t op  
r o w )  when the   sound  i s  i n  an  annoying  or 
i r r i t a t i n g   r a n g e .  

#9 i s  most   annoying  on  the  scale .  

Fu r the r ,   push  number f o u r ,   f i v e  or s i x  
(middle  row) when the  sound  you  hear  i s  i n  
a moderately  annoying  range. 

Each t ime ,   push   t he   bu t ton  you  choose  f i rmly 
and  hold i t  f o r  a few  seconds.  

I f  you decide t o  change   your   response   dur ing   the  
sound  or  immediately  afterward,  you may do so  by  
p r e s s i n g   a n o t h e r   n u d e r .  The l a s t  number you  push 
is  the   one   r eco rded   by   t he   mon i to r .  

Any Ques t   ions?  It 

The psycho log i s t  who w a s  a c t i n g   a s   t h e  t es t  
a d m i n i s t r a t o r   a t   t h e  t i m e  read t h e   i n s t r u c t i o n s  
t o  t h e   o b s e r v e r s  a t  t h e   b e g i n n i n g  of t h e  experi- 
ment  and  whenever  necessary  afterwards.  H e  demon- 
s t r a t e d   t h e   u s e   o f   t h e   a p p a r a t u s   a n d   c h e c k e d  
whether   the   responses  were be ing   recorded   on   the  
monitor .  A l s o  a t  the   beginning  of e a c h   s e s s i o n ,  
e a c h   o b s e r v e r   p r e s s e d   e a c h   b u t t o n   o n ' h i s   i n s t r u -  
ment i n   o r d e r  t o  check  whether or n o t   t h e   r e s p o n s e  
was b e i n g  shown on t h e   m o n i t o r .  The t e s t  adminis- 
t r a t o r   i n   t h e  t r a i l e r  was i n   d i r e c t   t e l e p h o n i c  
communication  with the t e c h n i c i a n   i n  the separate 
e l e c t r o n i c s   l a b o r a t o r y ,  so tha t   immedia te  steps 
could  be t aken  t o  correct a n y   e r r o r s   i n   t h e  
r eco rd ing   sys t em  a t   any  t i m e .  
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PART I11 

SPECIAL STUDIES 

R e l i a b i l i t y  

There are  t h r e e   g e n e r a l   a p p r o a c h e s   t o   t h e   p r o b l e m   o f  
measu r ing   t he   r e l i ab i l i t y   o f   p sycho log ica l   measu r ing   i n s t ru -  
ments: (1) tes t - re tes t  r e l i a b i l i t y ;  ( 2 )  measures of 
in t e rna l   cons i s t ency ;   and   (3 )   i n t e r - judge   ag reemen t .  Of these 
t h e   f i r s t  method  was u s e d   i n   t h e   p r e s e n t   s t u d y .  The r e l i a b i l i -  
t y   o f   s a m p l e  s t a t i s t i c s  s u c h   a s   t h e  mean a n d   c o r r e l a t i o n  co- 
e f f i c i e n t s  was e s t a b l i s h e d   b y  means o f   t h e   s t a n d a r d  errors of 
t h e  s t a t i s t i c s  i n   q u e s t i o n  (See Tables  V I 1  ( a )  t o  ( a ) )  . 
However, t h e   l a t t e r  is  b a s e d   o n   t h e . v a r i a n c e   o f   t h e   d a t a   a s  a 
who le ,   r a the r   t han   t he   pe r fo rmance   o f   i nd iv idua l   obse rve r s .  

The test-retest  c o e f f i c i e n t s  were computed  by  corre- 
l a t i n g   t h e  sum o f   t h e   f i r s t  two  exposures   to  a s t imu lus   w i th  
t h e  sum o f   t he  l a s t  t w o  exposures  - person   by   person .  It 
should be remembered t h a t   e a c h   s t i m u l u s  was exposed   in  a ran-  
dom p o s i t i o n   i n   t h e   t o t a l  series a t   l e a s t   f o u r  times dur ing  
t h e   p a r t i c u l a r  two-hour  work o r   l e i s u r e   s e s s i o n   ( f o u r   t a p e s ,  
each  one-half   hour   long) .  On t h e   b a s i s   o f   t h e   f o l l o w i n g  
r e s u l t s ,  w e  may c o n c l u d e   t h a t   t h e   p r o c e d u r e   d o e s ,   i n   f a c t ,  
h a v e   v e r y   h i g h   r e l i a b i l i t y  a t  t h e   b e g i n n i n g  (Test I) a n d   t h e  
end of t h e   w h o l e   i n v e s t i g a t i o n  (Test I V ) .  

The r e s u l t s  were a s  fo l lows:  (1) Test I - Work, 
r = -90 ;   Le i su re ,  r =.93; ( 2 )  T e s t  I V  - Work, r = .91; 
L e i s u r e ,  r = .90 .  

The s t anda rd  errors o f   t he  means a r e  shown i n   t h e   b a s i c  
t a b l e s   o f   r e s u l t s   f o r   e a c h   e x p e r i m e n t   ( T a b l e s  V I 1  ( a )   t o   ( d ) ) .  
A s  po in t ed   ou t   above ,   t he   con f idence   bands   fo r  a mean a t   t h e  
. 95   l eve l   o f   con f idence  is  plus  and  minus t w o  s t a n d a r d   e r r o r s .  
This  i s  a n   i m p o r t a n t   c o n s i d e r a t i o n   i n   i n t e r p r e t i n g   t h e   d a t a ,  
p a r t i c u l a r l y   i n   c o n s i d e r i n g   t h e   a v e r a g e   d i f f e r e n c e s   b e t w e e n  
s t i m u l i .  
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C h a r a c t e r i s t i c s   o f   t h e   S c a l e *  

S t a n d a r d   s c o r e   e q u i v a l e n t s   a r e  commonly used  in   psycho-  
l o g i c a l   t e s t i n g   o f   a l l   s o r t s  - t h e y   a r e   c o n s i d e r e d   t o  be equi -  
d i s t a n t   f r o m  a psycho log ica l   po in t   o f   v i ew.  They a r e  ob- 
t a i n e d   b y   d i v i d i n g   t h e   d i s t a n c e   o f  a s co re   f rom  the  mean by  
t h e   s t a n d a r d   d e v i a t i o n   o f   t h e   d i s t r i b u t i o n .   U s i n g   t h e   t o t a l  
d i s t r i b u t i o n   o f   r a t i n g s   f o r  Test I ( r a t i n g s   f o r   a l l   o b s e r v e r s ,  
a l l   c o n d i t i o n s ,  and a l l   s t i m u l i ) ,  it was f o u n d   t h a t   t h e r e  is 
a n   a p p a r e n t   l i n e a r   r e l a t i o n s h i p   b e t w e e n   o r i g i n a l   s c a l e   v a l u e s  
a n d   t h e   c o r r e s p o n d i n g   s t a n d a r d   s c o r e   v a l u e s .   T h e   i n t e r v a l  
be tween   s ca l e   va lues  is approximately  -40  of a s t a n d a r d  
d e v i a t i o n .  It i s  i n t e r e s t i n g   t o   n o t e   t h a t   t h e   o v e r a l l  mean 
i s  4.56  with a s t a n d a r d   d e v i a t i o n   o f  2 .41 .  The middle  of 
t h e   o r i g i n a l   s c a l e  i s ,  o f   c o u r s e ,   f i v e   ( 5 ) .   F i g u r e  27 shows 
t h e   r e l a t i o n s h i p  of o r i g i n a l   s c a l e   s c o r e s   t o   s t a n d a r d   s c o r e s .  

Us ing   the  mean s u b j e c t i v e   r a t i n g s   f o r   e a c h   c o n d i t i o n  
i n  Test I ,  it was f o u n d   t h a t  thsre i s  a l s o   a n   a p p a r e n t   l i n e a r  
re la t ionship   be tween  annoyance   ra t ings   and  PNdB l e v e l s   o f  
s t i m u l i .  I f   d e s i r e d ,   c u r v e s   o f   t h i s   t y p e   c a n  be used t o  
e s t i m a t e   t h e   s c a l e   v a l u e s  of any new s t i m u l u s   l o c a t e d   w i t h i n  
t h e   r a n g e  of t h e   o r i g i n a l  se t .  F i g u r e  2 8  shows t h e   r e l a t i o n -  
sh ip   be tween mean r a t i n g s  and PNdB va lues .  

Analys is   o f   Var iance   Resul t s  

S e p a r a t e   a n a l y s e s  of v a r i a n c e  were p e r f o r m e d   f o r   a l l  
o b s e r v e r s   u n d e r   a l l   e x p e r i m e n t a l   c o n d i t i o n s   i n  Test I a s  
f o l l o w s :   H e l i c o p t e r  - Work; He l i cop te r  - L e i s u r e ;  T i l t  Wing 
- Work; T i l t  Wing - Leisure .   There  were twenty- f ive  ( 2 5 )  
obse rve r s   and   f i ve  (5)  volume (PNdB) l e v e l s .  T i m e  d u r a t i o n  
f o r   t h e   s t i m u l i  was c o n s t a n t   a t  one  minute. 

The pu rposes   o f   t he   ana lyses  were a s   f o l l o w s :  

1. t o  determine whe the r   d i f f e rences  between means of  
obse rve r s  were s t a t i s t i c a l l y   s i g n i f i c a n t ,   u s i n g  
r e p e a t e d   o b s e r v a t i o n s   o f   t h e  same s t i m u l i .  

* T e s t  I was u s e d   i n   t h e s e   s t u d i e s   a s   s t a n d a r d .  
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2 .  t o  de te rmine   whe the r   d i f f e rences  between means of 
a i r c r a f t  sounds   d i f f e r ing   i n   vo lume  were s ta t is t i -  
c a l l y   s i g n i f i c a n t :  

3 .  t o  d e t e r m i n e   t h e   r e l a t i v e   p r o p o r t i o n   o f   t h e   t o t a l  
v a r i a t i o n   i n  a s p e c i f i c   e x p e r i m e n t a l   c o n d i t i o n  
(e .g . ,  Helicopter - Work) t h a t   c o u l d  be a t t r i b u t a l  
t o  i n d i v i d u a l   d i f f e r e n c e s   b e t w e e n   o b s e r v e r s ,  
d i f f e rences   be tween   s t imu l i ,   and  error (unaccounted 
f o r   v a r i a n c e ) .  The s e p a r a t e   a n a l y s e s  of v a r i a n c e  
a r e  shown i n   T a b l e  V I I I .  

R e s u l t s . -  The d i f f e r e n c e s   b e t w e e n   t h e  means of   observers  
were h i g h l y   s i g n i f i c a n t   s t a t i s t i c a l l y  ( p  < .01), i n d i c a t i n g  
t h a t   t h e r e   a r e   i n d i v i d u a l   d i f f e r e n c e s   b e t w e e n   o b s e r v e r s   i n  
t h e i r   s u b j e c t i v e   r a t i n g s   o f   t h e   a n n o y a n c e  of a i r c r a f t   s o u n d s .  
Table  V I 1 1  shows t h e   r e s u l t s   f o r   t h e   a n a l y s i s   o f   v a r i a n c e   a n d  
Table  I X  shows t h e   p r o p o r t i o n   o f   t h e   v a r i a n c e   a c c o u n t e d   f o r .  
S ince   Ind iv idua l   D i f f e rences   be tween   Obse rve r s   accoun t s   fo r  
on ly   about  15% o f   t h e  t o t a l  v a r i a n c e ,  i t  i s  s e e n   t h a t   t h e  
s u b j e c t i v e   s c a l e  is n o t   p r i m a r i l y   m e a s u r i n g   ( t e s t i n g )   g e n e r a l  
annoyance t o   a i r c r a f t   s o u n d s  -- i n   o the r   words  i t  is n o t   j u s t  
ano the r   a t t i t ude   s ca l e   w i thou t   any   bas i s   upon   wh ich  t o  i n t e r -  
p r e t  i t .  F igure  2 9  shows t h e   d i s t r i b u t i o n   o f   t h e  means o f   t h e  
t w e n t y - f i v e   s u b j e c t s   f o r   t h e   f o u r   e x p e r i m e n t a l   s i t u a t i o n s .  
Ord ina r i ly ,   d i s t r ibu t ions   o f   p sycho log ica l   measu remen t s   i n  
terms o f   i n d i v i d u a l   d i f f e r e n c e s   d i s t r i b u t e   t h e m s e l v e s   n o r m a l -  
l y ,   a s   t h e y   d o   h e r e .  The d i s t r i b u t i o n  shows  no  systematic 
b i a s   i n   t h e   s u b j e c t i v e   r a t i n g s   f o r   t h e s e   s u b j e c t s .  It does 
b r i n g   o u t   v e r y   c l e a r l y   t h a t  some s u b j e c t s   a r e   v e r y   s e n s i t i v e  
t o   a i r c r a f t   n o i s e  and a r e  annoyed  by i t ,  even a t  low l e v e l s  
o f   vo lume .   o the r s   a r e   appa ren t ly  much less annoyed,  regard- 
less o f   t he   l eve l   (vo lume) .  However, t h e   b u l k   o f   t h e  mean 
r a t i n g s  are i n   t h e   m i d d l e   r a n g e   ( s i m i l a r  t o  f i n d i n g s   i n  some 
o t h e r   s t u d i e s ) .  The mean of 4.85 and   s t anda rd   dev ia t ion   o f  
1 .03  a r e   f u r t h e r   e v i d e n c e   o f   t h e   v a l i d i t y  of t h e   s c a l e .  

"" 

The d i f f e r e n c e s   b e t w e e n   t h e  means of   annoyance  ra t ings 
were also h i g h l y   s i g n i f i c a n t l y   s t a t i s t i c a l l y  ( p <  .01). Thus, 
t h e r e   a p p e a r   t o  be r ea l   d i f f e rences   be tween   t he   annoyance  
r a t i n g s   f o r   t h e   a i r c r a f t   s o u n d s .   F i g u r e s  30 (a )   and  (b) 
show g r a p h i c a l l y   t h e   d i s t r i b u t i o n s   o f   r a t i n g s   f o r   d i f f e r e n t  
l e v e l s   ( v o l u m e s )   o f   a i r c r a f t   s o u n d s   f o r   t h e   H e l i c o p t e r   a n d  
T i l t  Wing.  The r e f e r e n c e  j e t  sound i s  a l so  shown. D i f f e r -  
ences   between  the means o f   s t imu l i   accoun t   fo r   abou t  65% of 
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t h e   v a r i a n c e ,   i n d i c a t i n g   t h a t   t h e  main s o u r c e   o f   v a r i a t i o n  is 
a t t r i b u t a b l e   t o   d i f f e r e n c e s   b e t w e e n   r a t i n g s   o f   s o u n d s   ( a s  
compared t o   i n d i v i d u a l   d i f f e r e n c e s ) .  The v a l i d i t y  of t h e  
s u b j e c t i v e   r a t i n g   s c a l e   i n   t h i s   t y p e  of   psycho-acous t ica l  
s t u d y   a p p e a r s   t o  be h igh .  

The e r r o r  component  accounts  for  about 16% of t h e  
va r i ance   unde r   t he   cond i t ions   o f  Test I. 

S e n s i t i v i t y   o f   t h e   s c a l e .  - It has  been shown f rom  the  
a n a l y s e s  of v a r i a n c e   t h a t   d i f f e r e n c e s   b e t w e e n  means of  sounds 
a r e   s t a t i s t i c a l l y   s i g n i f i c a n t .   U s i n g   t h e   d a t a  shown i n  
F igu res  30 (a )   and  (b) , and  applying  Chi   Square,  it was found 
t h a t   t h e   d i s t r i b u t i o n s  of r a t i n g s  were s i g n i f i c a n t l y   d i f f e r e n t  
f rom  each  other  (p  < .01) and t h a t   t h e   c o r r e l a t i o n   ( c o e f f i -  
c i e n t  of cont ingency)  between the  magni tude of the  sounds  and 
t h a t   o f   t h e   r a t i n g s  was high:  C = .77. These   f i nd ings   a r e  
f u r t h e r   e v i d e n c e   o f   t h e   v a l i d i t y   o f   t h e   s c a l e ,  s ince under 
f a i r l y   s t a n d a r d   c o n d i t i o n s  (Test I ) ,  t h e   s c a l e   n o t   o n l y  
a p p e a r s   t o  be l i n e a r ,   b u t   t h e   r e l a t i o n s h i p  between s c a l e  
va lues  and p h y s i c a l   v a l u e s  is  h igh   and   pos i t i ve .  

0 v e r l a p p i n q . -  A v e r y   u s e f u l  way of l o o k i n g   a t   t h e   d a t a  
is  i n  terms o f   t h e   e x t e n t   t o  which t h e   d i s t r i b u t i o n s   o v e r l a p .  
D u n n e t t e   ( r e f .  2 ,  p. 142-143) s t a t e s   t h a t   c a l c u l a t i o n   o f  
means d o e s   n o t   r e a l l y   y i e l d  much i n f o r m a t i o n   f o r   a c c u r a t e l y  
i d e n t i f y i n g   ( o r   d i f f e r e n t i a t i n g   b e t w e e n )   d i f f e r e n t   g r o u p s .  
H e  h o l d s   t h a t   t h e   p e r c e n t a g e  of s c o r e s   o b t a i n e d  by one  group 
t h a t  may be ma tched   by   s co res   ob ta ined   i n   t he   o the r   g roup  i s  
an  index of t h e  t e s t ' s  a c c u r a c y   ( v a l i d i t y )   f o r   s e p a r a t i n g   a n y  
two  groups. H e  recommends t h e   u s e  of T i l t o n ' s  0 s t a t i s t i c  
( r e f .  3 )  a n d   s u g g e s t s   c r i t e r i a   f o r   i n t e r p r e t a t i o n  of t h e  
amount  of t o t a l   o v e r l a p  between two d i s t r i b u t i o n s .  

The q u e s t i o n   h e r e  is ,  t o  what e x t e n t   t h e   d i s t r i b u t i o n s  
o f   a n n o y a n c e   r a t i n g s   f o r   t h e   d i f f e r e n t   s t i m u l i   o v e r l a p   e a c h  
o t h e r .   I f   t h e y   o v e r l a p   c o m p l e t e l y ,   t h e r e  is obviously  no 
d i f f e rence   be tween  them - t h e y   a r e   e q u a l l y   a n n o y i n g .  Con- 
v e r s e l y ,   i f   t h e r e  i s  n o   o v e r l a p ,   t h e   t w o   d i s t r i b u t i o n s   a r e  
c o m p l e t e l y   d i f f e r e n t .  Also, t h e   q u e s t i o n  may be r a i s e d   a s  
t o  how  many s c a l e   s e p a r a t i o n s   a r e   n e c e s s a r y   i n   o r d e r   t o  be 
c o n f i d e n t   t h a t   t h e  t w o   s o u n d s   r e a l l y   d i f f e r   i n   s u b j e c t i v e  
annoyance. 
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Tables  X (a)  and X (b) show f o r  T e s t  I ,  t h e   t o t a l  
pe rcen t  of o v e r l a p   ( T i l t o n ' s  0) of t h e  j e t  reference  sound 
w i t h  each of the   o ther   sounds  and a l s o   t h a t   f o r   e a c h   l e v e l  
w i t h   t h e   o t h e r   l e v e l s .   F o r   b o t h   a i r c r a f t ,  it i s  r e a d i l y  
appa ren t   t ha t   t he   ove r l ap   dec reases   marked ly   a s   t he   s t imu l i  
become f a r t h e r   a p a r t  i n  volume. 

According t o   D u n n e t t e   ( r e f .  2 ,  p .   149) ,   ve ry   h igh   ove r -  
l a p  ( > 75%) i n d i c a t e s   t h a t   t h e r e  is p r o b a b l y   n o   r e a l   d i f f e r -  
ence i n  t h e  r a t i n g s  - t h a t  t h e  annoyance  value is t h e  same 
f o r   p r a c t i c a l   p u r p o s e s .   F o r   b o t h   a i r c r a f t ,   t h e   j e t   a n d  
Levels  1 and 2 sounds show very   h igh   over lap ,   the   h ighes t  
be ing   wi th   Level  1. A l s o  Levels  4 ve r sus  5 show high  over-  
l a p   f o r   b o t h   a i r c r a f t .   M o d e r a t e   o v e r l a p  (> 45% and-= 75%) 
i n d i c a t e s   t h a t   t h e r e   a r e   r e a l ,   b u t   m o d e r a t e   d i f f e r e n c e s  i n  
t he   r a t ings   o f   annoyance   fo r   t he   l eve l s   conce rned .  For bo th  
a i r c r a f t ,   L e v e l  1 versus   Level  2 f a l l s   i n t o   t h i s   c a t e g o r y .  
F i n a l l y ,  low o v e r l a p  ( C  45%) i n d i c a t e s   l a r g e   d i f f e r e n c e s   i n  
t h e   r a t i n g s .   F o r   b o t h   a i r c r a f t ,   f o r   e x a m p l e ,   L e v e l  1 versus  
Level  4 and  Level 5 f a l l s   i n t o   t h i s   c a t e g o r y .  

I n  terms of t h e   f i n d i n g s ,   L e v e l  1, 3 and 5 appear t o   b e  
c l e a r l y   d i f f e r e n t  i n  s u b j e c t i v e   r a t i n g s   f o r   a n n o y a n c e   f o r  
bo th   a i r c ra f t .   Fo r   example ,   fo r   t he   he l i cop te r   F igu re  31 
shows t h e   d i s t r i b u t i o n s  of s u b j e c t i v e   r e s p o n s e s   f o r   t h e s e  
th ree   l eve l s .   Overa l l ,   t he   co r re l a t ion   be tween   t he   annoyance  
s c a l e   a n d   t h e   p h y s i c a l   s c a l e  (PNdB) is  .83 when t h e s e   l e v e l s  
a re   used .  When a l l   f i v e   l e v e l s   a r e   t a k e n   i n t o   a c c o u n t ,   t h i s  
c o r r e l a t i o n ,  i n  terms of t h e   c o n t i n g e n c y   c o e f f i c i e n t  C ,  i s  
o n l y   s l i g h t l y   l o w e r .  

R e s u l t s   f o r  j e t  reference  sound,-   Everywork  session  and 
l e i s u r e   s e s s i o n   i n c l u d e d  a  number of j e t   r e f e r e n c e   s o u n d s  
(PNdB = 90)  which  were  inserted  at  random i n  the   sequence  of 
s t i m u l i .  Table X I  shows the  means,   medians,   and  standard 
d e v i a t i o n s   f o r  work du r ing   t he   cour se  of t h e   f o u r  tests f o r  
t h e  same j e t  re ference   sound.  It i s  appa ren t   t ha t   t he re   were  
no la rge   changes  i n  the   ave rage   annoyance   r a t ings   fo r   t he  j e t  
sound  over  the  16-week  period. 
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APPENDIX B 
CONCLUSIONS 

The n i n e - s t e p   s c a l e   f o r   t h e   s u b j e c t i v e   r a t i n g   o f  
annoyance t o   a i r c r a f t   s o u n d s  is h i g h l y   r e l i a b l e  and is c l e a r l y  
r e l a t e d   t o   t h e   p h y s i c a l   c h a r a c t e r i s t i c s  of t h e   a i r c r a f t   s o u n d s  
heard   by   the   observers   under   the   condi t ions   o f   the   p resent  
tests. As f a r   a s   c a n  be j u d g e d ,   t h e   s c a l e   i n t e r v a l s   a p p e a r   t o  
be   equal   and   l inear .  The s c a l e   a p p e a r s   t o  be s u i t a b l e   f o r  
i n v e s t i g a t i o n s  of t h i s   t y p e .  
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TABLE I 

TEST PROGRAM OUTLINE 

Purpose 

r 1 Comparison o f   sub jec t ive  
t e s t  techniques 

60 Seconds 5 Volume l e v e l s  

Trade-off  of  sound l e v e l  15,30,120 
with  sound  duration and  240  Sec. 

Trade-off  of  sound  level 15,30,60,120 
w i t h  a i r c r a f t   d i s t a n c e  and  240 Sec. 

3 Volume Levels 

2 Volume levels 
spectrum  shaped 
f o r   d i s t a n c e  

4 Trade-off  of  sound  level 
and aircraf t   design  15,30,60,120 2 Volume levels 

and 240 Sec,  spectrum  shaped 
f o r  component 
no i se   con t ro l  

W 
4 



W 
03 

TABLE I1 
SUBJECTS ' EXPOSURE HISTORY 

Test  Series 

Test  Duration - Weeks 
Number  of  times  each  stimulus  occurs12  hr  session 

Total  exposures/  stimulus 

Total  observations/  stimulus 
(3 sessions/ wk. X 5 subjects/  session) 

Number of stimuli (levels and duration) 

Number  of  exposures/  aircraft 1 environment 

Number of exposures-2  aircraft 2 environments 

2 6 

5 2 

1 0  1 2  

150 180 

I 

5 1 2  1 
750 2160 

3000 8640 

3 

4 

2 

8 

12 0 

10 

1.2 00 

4800 

4 

4 

2 

8 

12 0 

10 

Total 

16 

I 

1.2 0 0 5310 

4800 21240 



A 

TABLE 111. 

B A S I C   A C O U S T I C  AND S U B J E C T I V E  DATA ON HELICOPTER  SOUNDS 

SOUND 
NO. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
1 2  
1 3  
14 
1 5  
1 6  
1 7  
18  
1 9  
20  
2 1  
22 
23  
24  
25 
26 
27 
28  
2 9  
30 
3 1  
32 
33 
34  
35 
36 
37 
" 

T E S T  
S E  RLE S 

N o .  

1 

2 

3 

4 

SOUND 
LEVEL 

N o .  

1 
2 
3 
4 
5 
1 

2 

3 

1 

2 

1 

2 

SOUND 
DURATION 
(Sec.) 

60 

1 5  
30  

120  
240 

1 5  
30  

1 2 0  
240 

1 5  
30 

1 2 0  
240 

1 5  
30 
60  

120 
240 

1 5  
30 
6 0  

1 2 0  
240  

1 5  
30  
60  

1 2 0  
240 

1 5  
30  
60  

12  0 
240  

dB-C 
LEVEL 
(dB) 

84 
8 1  
77 
7 1  
6 7  
8 9  
8 9  
8 7  
82  
80  
80 
7 4  
6 8  
66  
6 7  
6 2  
62 
8 4  
8 7  
86  
8 6  
8 2  
72 
72 
6 7  
6 8  
6 9  
8 7  
8 6  
8 3  
83  
7 8  
6 8  
68  
6 8  
6 5  
70 

dB-A 
LEVEL 
(dB> 

7 1  
6 7  
62  
56 
49  
77  
7 6  
7 4  
69  
68  
6 6  
6 1  
5 4  
52 
52 
45  
47  
72 
77 
76 
7 4  
7 1  
56 
58 
52 
49 
56 
73  
72 
70 
70 
6 3  
55  
54  
50 
5 1  
58  

PNLC 

PNdB)  

86 
82 
78  
7 1  
6 6  
9 1  
9 1  
8 9  
8 4  
8 1  
8 1  
76 
69  
68  
67  
6 3  
6 4  
86 
90 
89  
87  
84 
7 1  
73 
67  
63  
7 1  
8 8  
87 
85  
84  
79  
70 
70  
67  
6 7  
7 1  

S U B J E C T I V E  
RATING 

MEAN 
(WORK) 

7.57 
5.72 
4.88 
3.03 
2 - 2 5  
7.27 
7.61 
7.25 
6 . 6 1  
3.55 
5.33 
3 . 9 1  
3.19 
1.78 
2.15 
1 .69  
1.63 
6.30 
6.64 
6 .08  
6.22 
5.57 
1.74 
2.20 
2.22 
2.36 
3.29 
7.50 
7.53 
7.39 
7 -48 
6.18 
2.37 
2 - 2 4  
2.19 
2.24 
3.80 



T A B L E   I V  

B A S I C   A C O U S T I C   A N D   S U B J K T I V E  DATA ON TILT WING SOUNDS 

SOUND 
NO. 

38 
39 
40 
4 1  
42 
43  
44 
45  
46  
47  
4 8  
49  
50 
5 1  
52 
53 
54  
55 
56 
57 
58  
59 
60  
6 1  
62 
63  
6 4  
65  
66  
67  
68  
69  
70 
7 1  
72 
73 
74  

TEST 
SE R I E  S 

N o .  

SOUND 
LEVEL 

N o .  

1 
2 
3 
4 
5 
1 

2 

3 

1 

2 

1 

2 

SOUND 
DURATION 

(Set) 

60 

1 5  
30 

120  
240 

1 5  
30 

1 2 0  
240 

1 5  
30 

120  
240 

1 5  
30 
60  

1 2 0  
240 

1 5  
30 
60  

120  
240 

1 5  
30 
6 0  

120  
240 

1 5  
30 
60 

1 2 0  
2 40 

dB-C 
LEVEL 
(dB) 

86 
8 1  
7 8  
7 1  
6 6  
88 
90 
8 4  
82  
77 
78  
74  
69  
6 4  
6 5  
60  
62 
84 
83 
82 
8 1  
76 
72 
69  
68  
69  
67  
78 
77 
76 
74  
69  
7 1  
65 
60  
6 1  
6 4  

dB-A 
L E V E l  
( d B )  

6 8  
6 1  
58  
5 1  
4 6  
72 
72 
66  
6 4  
6 1  
60  
55 
50 
46 
56 
4 5  
43  
6 5  
6 4  
6 4  
62 
58  
52 
5 1  
48  
5 1  
47  
6 4  
6 4  
6 3  
6 1  
58 
56 
50 
45  
46  
44 

PNLC 

( P N d B  

- 
84 
78 
7 5  
6 8  
65  
8 6  
88 
8 1  
8 0  
7 6  
7 6  
7 1  
67  
63  
6 4  
59  
6 1  
82 
8 1  
8 1  
77 
7 1  
69  
67  
66  
65 
65  
79  
80 
78  
77  
73 
7 1  
6 6  
62  
6 3  
62 

SUBJECTIVE 
RAT I NG 

(WORK) 
MEAN: 

7.52 
5.86 
4.40 
2.75 
1.88 
7.08 
7.73 
7.20 
6.80 
3.56 
4.80 
3.90 
3.26 
1.69 
2 .41  
1.95 
1 .50  
5 .51  
5.93 
6 .11  
5.82 
4.99 
2.23 
2.69 
2.43 
2.50 
2.33 
4 .71  
5.16 
5.22 
4.93 
4.85 
2.83 
2.35 
2 .01  
1 .89  
1 . 8 1  

40 



TABLE V 

CORRELATION OF MEAN SUBJECTIVE  RATINGS  WITH  SEVERAL  ACOUSTIC  MEASURES 

Acous t i c  A l l  
A i r c r a f t  

.926 d B  A 

.940 PNL c Helicopter 

Durations Measure 

I I  

II d B  C .943 

T i l t w i n g  PNL c 

.939 d B  C 

.942 d B  A 

.950 

I1 

II 

D u r a t i o n  t - Seconds 



TABLE V I  
FREQUENCY OF "NO RESPONSES" 

HEL 
WORK r 

Test N Z ? r o  % N 

5 1- 

2 88 

1 2  9 

93 

750 

2 040 

1385 

1485 

99 I 1-3 I 

I1 

III 

Is7 

7 50 

2 040 

1378b 

147 1 

563 9 

7 

14 

9 

6 

10 

473 

2 8 8  

2 62 

23 

2 1  

18 

Tota 1. 561 5660 1 1 2 2  I 20 

RING 
L E I S U R  

N Z e r o  

750 

380  143 3 

461  1440 

489 2 040 

150 

5663 1480 

% Test I N I Z e r o  % 

20 

24 

32 

27 

8 

1.. 0 

9 

1 2  

II 

m 
N 

2040 

1307 

1434 

2 04 

1 2  I 

172 

T o t a l  1' 5531 I 560 IO 26 

42 



TABLE V I 1  

BASIC  STATISTICAL DATA ON SUBJECTIVE RESPONSES 

Part a: SUMMARY TABLE-TEST I 

O n e  Minute D u r a t i o n  

H e l i c o p t e r  

L e i s u r e  Work L e i s u r e  Woxk 

T i l t  Wing 
I 

Level 

0.11 1.23  2.15  0.09 1.10 1.88 0.12 1.26  2.38 0.10 1.13 2.25 5 

0.13  1.40 3.20  0.12 1.39 2.75  0.15  1.58 3.34 0 ,11  1.30  3.03 4 

0.15  1.64 4.50 0.13  1.56 4.40  0.15  1.73 5.13 0.14 1.63 4.88 3 

0.16 1.62 5.73 0.14  1.51 5.86 0.15 1.79 6.20  0.20 1.55 5.72 2 

0.12 1.34 7.75 0.11  1.24 7.52  0.12 1.47 7.54 0.12 1.46 7.57 1 
S.E. SOD-  X S . E .  S .D .  x S.E.  S .D .  x S . E .  S .D.  x - 

Je t  1.49 7.55  2.00  6.91 
=Mean 

S .D .= Standard D e v i a t i o n  
S .E .= Standard E r r o r  

Ib 
W 

i 



TABLE V I 1  - BASIC  STATISTICAL DATA ON SUBJECTIVE  RESPONSES - cont inued  

P a r t  b: SUMMARY  TABLE  TEST I1 

Level  1 

He l i cop te r  T i l t  Wing 
~~~ 

Work I Lei su re  I Work I Lei su re  I 
Durat ion 

0.13 1.63  7.81 0.12 1.55 7.61 30 Sec. 

0.12 1.41  8.15 0.16 2.24  7.27 15  Sec. 

S.E. S.D. x S.E. S.D. R 

120  Sec. 7.25 1.68 0.13 0.12 1.52 7.56 

I240  Sec. I 6.61 I 1.96 I 0.15 I 7.11 I 1.64 I 0.14 

x S.E. S.D. x S.E. S.D. 

7.08 0.14 1.78 7.17 0.14 1.85 

7.73 I 1.82 I 0.14 I 7.91 I 1.35 I 0.12 I 
7.20 

0.13 1.69 6.48 0.12 1.63  6.80 

0.12 1.66 7.02 0.10 1.27 

Level  2 
Helicopter I T i l t  Wing 1 

Work Le i su re  I Work 

DURATION S . E .  S.D. w S.E. S.D. x 
15  Sec. 

0.13 1.98 5.72 0.11  1.35 5.33 30  Sec. 

0.18  1.84  4.17 0.14 1.73 3.55 

3.93 I 1.76 I 0.15 

240  Sec. 0.13 1.64 3.04 0.12 1.55 3.19 

Le i su re  

x S.E. S.D. x S.E. S.D. 

3.56 

0.17 1.75 5.58  0.15 1.81 4.80 

0.17 1.76 4.03 0.14 1.71 

3.90 I 1.58 I 0.12 3.90 I 1.55 I 0.13 I 
3.26 0.12 1.47  3.17 0.12 1.56 

- 
X = Mean 

SOD.= Standard  Deviation 
S .E .= Standard  Error  



TABLE V I 1  - BASIC  STATISTICAL 3 A T A  ON SUBJECTIVE RESPONSES - Continued 

P a r t  b: SUMMARY TABLE TEST I1 - Cmcluded 

Level 3 

Hel icopter  T i l t  Wing 

Work Le i su re  Work Leisure  

Duration S.E. S.D. x S.E. S.D. i? S.E. S.D. x S,E. S.D. x 
15  Sec. 

0.10  1.26  1.69 0.07 0.84 1.50 0.12 1.44 1.85 0.08 0.99 1.63 240  Sec. 

0.13 1.51  1.80 0.10 1 .22  1.95  0.10 1.09  1.79  0.08 0.97 1.69 120  Sec. 

0.15 1.20 2.19 0.10 1.35 2.41 0.14 1.53  2.63 0.12 1.16 2.15 30 Sec. 

0.15  1.36  1.91 0.10 1.14 1.69 0.12 1.13  1.89 0.09 1.02 1.78 



TABLE V I 1  - B A S I C   S T A T I S T I C A L  DATA ON SUBJECTIVE  RESPONSES - C o n t i n u e d  

P a r t  c:  SUMMARY TABLE-TEST I11 

L e v e l  1 

H e l i c o p t e r  I T i l t  Wing 

Work 

S .E .  S.D. X S . E .  S .D .  S . E .  x S . D .  X S .E .  S.D.  X 

L e i s u r e  L e i s u r e  Work 

D u r a t i o n  
- - - 

15 Sec. 

0.11 1.46 5.85 0.13 1.33 6.11  0.17 1.67  6.60  0.14 1.50 6.08 60 Sec. 

0.11 1.34 5.57 0.11 1.40 0.13 I 5.93 1.47  7.05 0.12  1.50  6.64 30 Sec. 

0.16  1.47 5.85 0.16 l.63 0.16  5.51 1.50 7.13 0.16 1.71  6.30 

120 Sec. 6.22  1.58  0.13 

0.15  1.51 4.50 0.17 1.77 4.99  0.15  1.59  5.69 0.18  1.87  5.57 240 Sec. 

0.12 1.46 5.32 0.11 1.46 5.82 0.12  1.50  6.58 

L e v e l  2 

H e 1  

Work 

D u r a t i o n  X S.D.  

1.04  1.74 15  Sec. 

S .E.  

0.18 1.69 2.22 60 Sec. 

0.11 1.34 2.20 30 Sec. 

0.10 

120 Sec. 2.36  1.33 0.11 

240 Sec. 3.29 1,75 0.17 

- 

icopter  

L e i s u r e  

X S . D .  

0.15 1.49 3.43 

0.13 1.61  2.70 

0.18  1.60  2.69 

0.15  1.59 2.89 

0,17 1.45 2.45 

S.E .  
- 



TABLE V I 1  - BASIC  STATISTICAL DATA ON SUBJECTIVE  RESPONSES - Concluded 

P a r t  d: SUMMARY TABLE-TEST I V  
Level 1 

Helicopter T i l t  Wing 

Work Leisure  Work Leisure  

Duration 

. 0.13 1.35 5.80 0.12 1.26 5.22 0.17 1.71 7.06  0.13  1.42 7.39 60 Sec. 

0.12 1.27 5.47 .I 0.11 1.45  5.16 0 .11  1.41 7.55 0.11 1.44 7.53 30 Sec. 

0.16 1.56 5.37 0.12 1.27 4.71 0.17  1.73  7.65 0.16  1.72 7.50 15  Sec. 

S.E. S.D. x S.E. S.D. x S.E. S.D. x S .E. S .D. x 

120  Sec. 7.48  1.33 0.10 7.18 

0.17 1.74 4.93  0.15 1.58 4.85 0.16 1.72 6.10 0.14 1.51  6.18 240  Sec. 

0.12 1.52 5.01 0.10 1.33 4.93 0.11 1.47 

Level 2 

Helicopter T i l t  Wing 

Work Leisure  Work Leisure  

Duration x S.D.  S.E. x S.E .  S.D. x S .E. S .D. x 
15  Sec. 2.83 1.18 0.12 3.27 0.14  1.27  2.63 0.11 1 .12  2.37 

I 

30  Sec. 2.35  1.35 0.11 2.66 0.12 1.35 2,95 0.11 1 .12  2.24 

60  Sec. 

120  Sec. 

0.13 1 . 2 8  2.42 0.11 1.17 2.19 

0.16  1.70  3.65 0.16 1-70 3.80  204  Sec. 

0.10 1.26  2.40  0.09  1.20 2.24 

-1 
1.60  0.16 

1.39 I 0.18 I 



TABLE VI11 

ANALYSES OF VARIANCE 

TEST I 

P a r t  a:  Helicopter-Work 

Source of 
F Square  Squares d . f .  V a r i a t i o n  

Me an sum of 

Tota l  

106.50 106.50 426 4 Between Levels  
4.625  4.62 111 24 Between  Observers 

6 3 3  1 2 4  

E r r o r  1.00 96  96 

P a r t  b: T i l t  Wing-Work 

Source of 
F Square Squares d . f .  V a r i a t i o n  

Me an sum of 

Total  

169.86 124.00  496 4 Between Levels  
5 . 1 9  3.79 9 1  24 Between Observers  

6 5 7  1 2  4 

E r r o r  .73 70  96 



TABLE VI11 (Concluded) 

P a r t  c: He l i cop te r -Le i su re  
_,_ . "" - "" . . . - . ". ~ 

Source of 
Var i a t ion  F Square  Squares [ d . f .  

sum of Me an 

1 T o t a l  

Between  Observers 
47.23 81.70 327 4 Between Levels 

3.66 6.33 15 2 24  

~~ 

1 2 4  

Erro r  1.73  1 6  7 9 6  
." .. . . 

P a r t  d: T i l t  Wing-Leisure 

Source of 
Var ia t ion  d . f .  

To ta l  
Between  Observer 
Between Levels 

~~~ ~ ~~ ". ... . . 

Erro r  96 

Me an 
Squares  Square F 

5.75 7.27 
453  113.25 143.35 

76  .79 

49 



TABLE l'x 
VARIANCE  ACCOUNT 

PROPORTION O F  VARIANCE  ACCOUNTED  FOR 

BETWEEN BETWEEN 
AIRCRAFT  -ACTIVITY  OBSERV- SOUNDS ERROR l E R S  I 
Helicopter - Work 

24% Helicopter-Leisure 
1 3 %  Tilt  Wing - Work 
18% 

Tilt  Wing-Leisure 21% 

6 5 %  
7 5  % 
5 1% 
6 8 %  

Combined 66% 15% 

15% 
12% 
2 5 %  
11% 

16 % 

50 



TABLE x 
TOTAL PERCENT OVERLAP 

TEST I 

P a r t  a: Helicopter-Work 
. .  

L e v e l  
- ~ -  ~~~ - 

St imulus  

Jet  90 PNdB 

Leve l  1 86 PNdB 

Leve l  2 8 2  PNdB 

Leve l  3 78  PNdB 

Leve l  4 7 1  PNdB 

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

~. ~ 
-~ 

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

~ ~ ~~ 

86% 74% 2 5% 14% j 54% 1 39% 1 1 0% 

7 9% 3  5% 
~. . . 3 2 0% 

I I I 53% I 34% I 
7 5% 

." 

Part b: T i l t  Wing-Work 

_- - 

L e v e l  
. ~ ~ ~- 

St imulus  

J e t  90 PNdB 

Leve l  1 84 PNdB 

Leve l  2 78 PNdB 

Leve l  3 75 PNdB 

Leve l  4 68 PNdB 

"" ~ """ 

~ ~.~ ~ ~ 

= - ~  ~~- - -  

"" ~ 

, ~- . .  

8 5% 

78PNdB  68PNdB  75PNdB 

7 6% 2 2% 3  7% 
~ ~. ~ 

55% I 26% I 7% 

64% 2 8% 

5 8% 

5 

6 5 PNdB 

10% 

2% 

14% 

3 5% 

7 3% 

5 1  



TABLE XI 

RESPONSE STATISTICS FOR JET REFERENCE SOUND 

T e s t  

Test 1 
Helicopter and T i l t  Wing 

T e s t  2 
Helicopter and T i l t  Wing 

T e s t  3 
Helicopter 

Test 3 
T i l t  Wing 

T e s t  4 
Helicopter 

T e s t  4 
T i l t  Wing 

- 
X 

6.91 

6.88 

7.05 

7.24 

7.45 

7.27 

X = Mean 

Md. = Median 

- 

S.D. = Standard   Devia t ion  
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MAIN SPEAKER-7 

RECORDER 
DATA 1 

COLLECTION 

F i g u r e  1. T e s t  E n v i r o n m e n t  - P l a n  V i e w  
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WORK ENVIRONMENT 

> 

LEISURE  ENVIRONMENT 

Figure 2. Test  Subjects  in  work and Leisure  Environment. 
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OCTAVE  BAND 

F i g u r e  3 ,  A c o u s t i c a l   S y s t e m  for  Sound G e n e r a t i o n  
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(FULL S I Z E  ) 

Figure 4 . Subjective  Response  Recorder 



TEST EIWIRONMENT 

X L O C K  

il MONITOR 
BOARD 

DISPLAY AUTOMAX 
CAMERA 

SUBJECTIVE  RESPONSE  MONITOR BOARD DISPLAY 

Figure 5. Subjec t ive  Response R e c o r d i n g  System 
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F igure  5 . E l e c t r o n i c a l l y   S y n t h e s i z e d  VTOL A i r c r a f t  
Noise   Presented   to  Tes t  S u b j e c t s  

58 



1 5 . 5 ' 4  

FRONT V I E W  

TOP V I E W  

21.0' 

I, 58.51 -4 
SIDE V I E W  

Figure 7. Tandem Rotor Configuration 
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-FUSELAGE LEffiTH 7; 5' 

&' 

Figure 8. T i l t  Wing Configuration 
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TIMF: VARIATION 

TAPE "1 
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Figure 9 . Methods of Tape Preparation 
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Figure1O.Correlation of Subjective  Ratings  With  Helicopter dB-C Level: 
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Figure12.Correlation of Subjective  Ratings  With  Helicopter PNdB Levels 
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Figure13Corre la t ion  of Subject ive  Rat ings  With:Ti l t  Wing d B - C  Levels 
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Figure 17. dBA Level -.Duration  Trade-off 
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Figure18.  dBC Level - Duration  Trade-off 

70 



HELICOPTER r Scatter -Mean 

APNdB -5 

-10 
I5 30 60 100 120 200 240 

APNdB -5 

15 30 60 100 120  200  240 

DEVELOPMENT O F  THE AVERAGE O F  
MEL4NS O F  DATA SCATTER A v e r a g e  

FOR  HELICOPTER AND TILT WING  COMBINED r o f  Means 
0 

APNdB -5 

-10 
1 5  3 0  60 100 120 200 240 

- I, 3/4 4 
* THESE NUMBERS DENOTE THE  CONSTANT A PNdB 

PER  DOUBLING  OF  DURATION  INTERVAL 

F igure  19. Sound L e v e l - D u r a t i o n  Trade-off fo r  H e l i c o p t e r  
A n d  T i l t  Wins Sounds From N o r m a l i z e d   D a t a  of F igure  16.  

71 



1 5  

10 

5 

C 

- e  - 

" 

\, 

" 

" 

L 

r" I" 
(10) DATA 

10 30 60 

PRE SENT 
/ STUDY 

/ 
/ 

100 200 

TIME DURATION - SECONDS 

Figure20.Relative  Effect of Changing the Duration Of  a SYmd 
on i t s  Subjectively  Rated Annoyance (PNL). 



Part a: TILT  WING 
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Part b: HELICOPTER 
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DISTANCE FT . 
F i g u r e  21.Test I11 Resu l t s  : Effect of Distance 
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Figure 25. Sample  Problem: Helicopter.Noise - Design 
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Figure26.Paired Comparison Test Resul ts  
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Figure27.Psychological  Scaling of Subjective  Responses 
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Figure28.  Psychoacoustical  Scaling of Subjective  Responses 
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Figure 29. Distribution of Means of 
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