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EFFECTS ON MlJSCU  TENSION AND TRACING TASK 

PERFORMANCE  OF  SIMULATED  SONIC BOOMS WITH 

L O W  AND HIGH INTENSITY VIBRATIONAL COMPONENTS 

BY 

Jerome S. Lukas, Mary E. Dobbs, and  Donald J. P e e l e r  

I INTRODUCTION 

Sonic booms when pe rce ived   i ndoor s   t yp ica l ly   have   bo th   acous t i c   and  

v i b r a t i o n a l  components,  and  both  components may in f luence   t he   r e sponses  

of  people t o   t h o s e   s o n i c  booms. In  a n   e a r l i e r   s t u d y   ( R e f .   l ) ,   t h e   e f f e c t s  

of   s imulated  sonic  booms and  subsonic  j e t  f l y o v e r   n o i s e s ,   b o t h   a s   h e a r d  

indoors,  on electromyographic   "s tar t le"   responses   and  performance on  a 

paced   t r ac ing   t a sk  were compared. I t  was found   t ha t   son ic  booms r e s u l t e d  

i n  a b r i e f   i n c r e a s e   i n   p o t e n t i a l   o f   t h e   t r a p e z i u s  musc le  which  did  not 

a p p e a r   t o   h a b i t u a t e ,   a n d   i n  a decrement  in  performance on t h e   t r a c i n g  

task.   Similar  electromyographic  changes  and  performance  decrements  were 

not   observed   in  a group  s t imula ted  by subsonic  j e t  f l y o v e r   n o i s e  of an 

in tens i ty   judged   (Ref .  2 )  e q u i v a l e n t  t o  t h a t  of t h e   s o n i c  booms. 

I t  i s  known tha t   t he   f r equency   spec t r a  of s o n i c  booms and   the   f ly -  

over   noise   f rom  subsonic  j e t s  a r e   d i f f e r e n t .  However, the  f requency 

d i f f e r e n c e s  may not  be of s u f f i c i e n t   m a g n i t u d e   t o   a c c o u n t   f o r   t h e   d i f -  

f e r e n t   e f f e c t s  of t h e s e   s t i m u l i  on  awake ind iv idua ls ,   even   though  s t imulus  

f r e q u e n c y   d i f f e r e n c e s   a p p a r e n t l y   l e a d   t o   d i f f e r e n t   r e s u l t s   w i t h   s l e e p i n g  

people  (Ref. 3 ) .  Consequently i t  was s u g g e s t e d   t h a t   t h e  ,low f requency  

v i b r a t i o n s   i n d u c e d   i n   t h e   f l o o r  of t h e  tes t  room by t h e  booms may have 

been a major  cause of the  electromyographic  and  performance e f fec ts  

observed. 

1 



I I OBJECTIVE 

The tests were  designed  to determine the  relative contribution of 

vibrations produced  in  the floor by sonic booms to the total effect of 

sonic booms  on skeletal muscle activity  and a performance task requiring 

a high degree of visual-motor  coordination. 

2 



I11 METHOD 

Sub jec t s  

The   subjec ts  were 16 t o o l  and d i e  makers  and  machinists between 

40 and 62 y e a r s  of  age,  with a mean age  of 50 yea r s .  Ten of t h e  

subjec ts  had  normal  hearing,  but s ix  showed evidence of  a noise-induced 

loss of 10 t o  30 dB a t   f requencies   above   about  1000 H z .  These   l o s ses  

were no t   cons ide red   s ign i f i can t   because   t he   son ic  boom a s  an a c o u s t i c  

s t i m u l u s  peaks i n  i n t e n s i t y   a t  a frequency  of  about 5 Hz, and t h e   s i g n a l  

a t  1000 Hz i s  a t   l e a s t  50 dB below the peak   l eve l .  

S t imul i  

Sonic  booms, s imulated by a d e v i c e   d e s c r i b e d   i n   d e t a i l  i n  Ref 4, 

had a d u r a t i o n  of about 300 m s ,  an i n t e n s i t y  of  about  2.5  psf,  and  an 

e f f e c t i v e  r ise time of about 10 m s ,  a s   i f  measured  outdoors.  Peak 

sound p r e s s u r e  l e v e l s   i n  t h e  test  room were about  128 dB, i . e . ,  8 dB 

less than the  es t imated   peak   ou tdoor   l eve l .  I n  F igu re  1 the   energy 

spectrum of the   s imula ted  boom a s   p r e s e n t  i n s i d e  t h e   t e s t  room i s  

compared w i t h  t ha t   found  i n  an ac tua l   house   s t ruck  by a  boom. The 

d i f f e r e n c e s  i n  s p e c t r a   a t   f r e q u e n c i e s   a b o v e   a b o u t  200 H z  a r e   d u e   t o  

d i f f e r e n c e s   i n  rise times of t he   s imu la t ed  and a c t u a l  boom, i . e . ,  booms 

w i t h   f a s t e r  rise times p r o d u c e   r e l a t i v e l y  more i n t e n s e   h i g h   f r e q u e n c i e s .  

M i c r o p h o n e   r o l l - o f f   a c c o u n t s   f o r   t h e   d i s s i m i l a r i t i e s   a t   f r e q u e n c i e s  

below  about 30 H z  (Ref 4) . 

Apparatus 

The test appara tus  i s  d e s c r i b e d   f u l l y   i n  Ref 1 and w i l l  not  be 

r e d e s c r i b e d   h e r e .   B r i e f l y ,  however, t h e   s u b j e c t s  were r e q u i r e d   t o  

3 
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8-58  SONIC BOOM AND A 2.1 PSF SIMULATED SONIC BOOM 

demons t r a t e   f i ne   v i sua l -moto r   coo rd ina t ion  by t r a c i n g   w i t h  a s t y l u s  

a 1/16-inch w i d e  t r a c k .   T h i s   t r a c k  was n e a r   t h e  center and  was  one 

of f i v e   t r a c k s   e a c h   s e p a r a t e d  by 1/32 i n c h  and c i r cumscr ib ing  a squa re  

13-1/22 i n c h e s  on a s ide .  The s u r f a c e s   o f   t h e   t r a c k s  and t h e   i n t e r v e n i n g  

spaces  were on t h e  same  smooth p l a n e .   S u b j e c t s  were permi t ted  20 

s e c o n d s   t o  move t h e   s t y l u s   o n e  time a round   t he   t r ack  and  paced so t h a t  

t h e   s t i m u l i   o c c u r r e d  when t h e   s u b j e c t s  were n e a r   t h e   c o r n e r s   o f   t h e  

board .  

Response  Measures 

Three  response  measures  were ob ta ined :  

1. Time-on-Track (TOT) was ob ta ined  by  two d i g i t a l   c o u n t e r s   w i t h  

accurac ies   o f  +1 m s .  The  equipment  was  arranged so t h a t  TOT was re- 

c o r d e d   f o r   t h e  2.5 s e c o n d   i n t e r v a l   b e f o r e   t h e  boom and f o r   t h e  2.5 

s e c o n d   i n t e r v a l   a f t e r   o c c u r r e n c e  of t h e   s o n i c  boom. S i n c e   t h e  booms 

occurred  when t h e   s u b j e c t ' s   s t y l u s  was   wi th in  1/2 i n c h   o f   t h e   c o r n e r  
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of   the   board   and   s ince   the   board  w a s  13-1/2 on  each side,  t h e   b e f o r e -  

boom  TOT was a measure of t h e  time t h e   s u b j e c t  was  on the   a s s igned  

t r a c k   a s   h e  moved on  about 6-3/4 i n c h e s  of t r a c k   b e f o r e  the occurrence 

of t h e  boom. The  af ter-boom TOT was the time the subject   was  on the 

6-3/4 i n c h e s  of a s s i g n e d   t r a c k   a f t e r   t h e   o c c u r r e n c e  of t h e  boom. 

2. Elec t romyographic   Act iv i ty   Level  (EMG) was ob ta ined   f rom  the  

t r a p e z i u s   m u s c l e   ( l o c a t e d   i n   t h e   s h o u l d e r )   c o n t r a l a t e r a l   t o   t h e  arm 

be ing   u sed   i n  the t r a c i n g   t a s k .  The  raw EMG s i g n a l  was r e c t i f i e d  and 

in t eg ra t ed   ove r   l / a - second   i n t e rva l s  and t h e   r e s u l t s   r e c o r d e d   a s  a 

p u l s e   w i t h   a m p l i t u d e   p r o p o r t i o n a l   t o   t h e   e n e r g y   g e n e r a t e d  by the   musc le  

d u r i n g   t h e   i n t e r v a l .  

3 .  E r r o r s  were c a l c u l a t e d   a s  the number  of times t h e   s u b j e c t  

was o f f   t he   a s s igned   t r ack .  

Procedure 

In   t he   p rev ious   s tudy ,   t he   sub jec t s  were p e r m i t t e d   f i v e   s e s s i o n s  

( a   s e s s i o n   c o n s i s t s  of 64 t u r n s ,   o r   t r i a l s ,   a r o u n d   t h e   b o a r d  w i t h  

i n t e r s p e r s e d  rest per iods   o f  2 t o  3 minu tes   a f t e r   each   g roup   o f   e igh t  

t r i a l s )   t o   l e a r n  the  t a s k  and a c q u i r e  s k i l l ,  bu t  i n  t h e   p r e s e n t   s t u d y  

t h e   s u b j e c t s  were a l lowed  on ly   one   tu rn   about   the   board   to   l earn   the  

r u d i m e n t s   o f   t h e   r e q u i r e d   t a s k ;   t h e r e a f t e r   t h e  test  t r i a l s   b e g a n .  

Th i s   p rocedura l   mod i f i ca t ion   appea red   r easonab le   i n   l i gh t  of t h e   r e s u l t s  

of   an   ear l ie r   exper iment   (Ref  4) i n  which  the same t r a c i n g   t a s k  was 

used,  but  paced by t h e   s u b j e c t .  The r e s u l t s  of t ha t   s tudy   sugges t ed  

t h a t   t h e   p e r i o d i c   o c c u r r e n c e   o f   n o i s e   c o i n c i d e n t i a l   w i t h   a c q u i s i t i o n  

of s k i l l  h indered   the   a t ta inment   o f   speed ,   bu t   d id   no t   a f fec t   a t ta inment  

of  accuracy on the t a s k .  A similar r e s u l t  w a s  found i n  a s tudy  by 

Teichner,  Ares and R e i l l y  (Ref 5) who r e p o r t e d   t h a t  w i t h  a s u b j e c t -  

paced d e c i s i o n  t a s k ,   n o i s e   p r o d u c e d   n e g l i g i b l e   e r r o r s ,   b u t  d i d  r e s u l t  

5 



i n  c h a n g e s   i n   d e c i s i o n  times t h a t  were r o u g h l y   p r o p o r t i o n a l   t o   t h e  

c h a n g e   i n   n o i s e   i n t e n s i t y   r e l a t i v e   t o   t h e   b a c k g r o u n d   n o i s e   l e v e l .   I f  

i n  t h i s   s t u d y ,   t h e   e x t e r n a l l y   p a c e d   t a s k  were well learned   before  

occurrence of t h e  booms, t h e   n o i s e - e l i c i t e d   r e s p o n s e s   t h e o r e t i c a l l y  

would compe te   b r i e f ly  and possibly  unmeasurably  with  task  performance.  

I f ,  i n  c o n t r a s t ,   t h e   t a s k  were be ing   l ea rned   a s   t he   no i se  was being 

in t roduced ,   t he   r e sponse   t o  booms shou ld   impa i r   l ea rn ing  and the   pe r -  

formance of t he  group  s t imula ted  by booms would a t t a in   t he   pe r fo rmance  

l e v e l  of  a g r o u p   n o t   s i m i l a r l y   s t i m u l a t e d   o n l y   a f t e r   s e v e r a l  test 

s e s s i o n s ,  i .e.,  a f t e r   t h e   " i n c o r r e c t "   ( u n w a n t e d )   r e s p o n s e s   t o  booms 

were  ext inguished.   (See Ref 5 f o r  a f u l l e r   d e s c r i p t i o n  of the   theo-  

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

The 1 6   s u b j e c t s  were randomly  assigned t o  one of fou r   expe r imen ta l  

groups : ( 1) boom and t r a c i n g   w i t h  low i n t e n s i t y   v i b r a t i o n ,  (2) boom 

and t r a c i n g   w i t h   h i g h   i n t e n s i t y   v i b r a t i o n ,  (3) booms o n l y   ( s u b j e c t s  

r e a d   l i g h t   m a t e r i a l )   w i t h  low i n t e n s i t y   v i b r a t i o n ,  and (4) t r a c i n g   o n l y .  

F i f t een   s imula t ed   son ic  booms of 2 . 5  psf   (as   i f   measured   ou tdoors )  

were  presented  during  each  of  seven  sessions.   Twelve booms were pre-  

s e n t e d   a t  random d u r i n g   t h e   t r a c i n g   p o r t i o n  of   each  session,   wi th  the 

r e s t r i c t i o n   t h a t   a t   l e a s t   o n e  boom must  occur  when t h e   s u b j e c t  was 

near  each  corner  of t he  board   dur ing   each   sess ion ,  and t h a t  two booms 

should  occur  i n  two success ive   co rne r s  of t h e   b o a r d   a t   l e a s t   o n c e  

du r ing   each   s e s s ion .  The remain ing   th ree  booms were p r e s e n t e d  dur ing  

t h e   r e s t   p e r i o d s ,  b u t  no  more than  one boom during  any rest pe r iod .  

For any   g iven   group,   the   o rder   o f   s t imula t ion   for   each  sub jec t  was 

va r i ed  and t h e   o r d e r  of s t i m u l a t i o n   f o r   e a c h   s e s s i o n   f o r  any p a r t i c u l a r  

s u b j e c t  i n  t h a t   g r o u p  was d i f f e r e n t .  The o r d e r  of s t i m u l a t i o n  for t h e  

groups were t h e  same, i . e . ,  Sub jec t  1 i n  Group 1 had h i s  coun te rpa r t  

(Paired  randomly) i n  Group 2 ,  so t h a t   b o t h  subjects i n  t h e  t w o  groups 

were s t imu la t ed  i n  t h e  same o r d e r .  
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The s u b j e c t s  were not   informed when, how many, o r   i f   a n y   s t i m u l i  

would be presented  i n  each   s e s s ion .  To main ta in  a  modicum  of mot iva t ion ,  

t h e   s u b j e c t s  were in fo rmed   o f   t he i r   r e l a t ive   pe r fo rmance   du r ing   t he i r  

rest pe r iods  and,  where  appropriate,  were encouraged  to   do bet ter .  

Techn iaue   fo r   V ib ra t ion   I so l a t ion  

When the   expe r imen ta l   cond i t ion   r equ i r ed   t he   sub jec t   t o  be stimu- 

l a t e d  by low i n t e n s i t y   v i b r a t i o n  ( i n  a d d i t i o n   t o   t h e   u s u a l   a c o u s t i c a l  

components  associated w i t h  t h e  boom), four   squares   (each   about  2 square  

inches)   o f   commerc ia l ly   ava i lab le   v ibra t ion   i so la t ion   pads   ( I somode)  

were s l i p p e d   u n d e r   s p e c i f i c   l o c a t i o n s   n e a r   t h e   c o r n e r s  of  a r e c t a n g u l a r  

p i ece  of 3/4-inch  plywood.  The  plywood was o f   s u f f i c i e n t   s i z e   t o  accom- 

modate   the  seated  subject  and t h e   t a b l e   i n t o   w h i c h   t h e   t r a c i n g   t a s k  

board was a f f i x e d .  The  Isomode squa res   r a i sed   t he  plywood o f f   t h e  

f l o o r  and measurably  decreased  the i n t e n s i t y  of t h e  boom-induced v i -  

b r a t i o n s ,   A v e r a g e   a c c l e r a t i o n s  of about 0.12 G ( w i t h  a predominant 

f requency  near  4 H z )  were measured a t   t h e   c e n t e r  of t h e  plywood board 

with a s u b j e c t   s i t t i n g   a t   t h e   t r a c i n g - t a s k   t a b l e ;   w i t h   t h e  plywood 

board   ra i sed  by t h e   v i b r a t i o n   i s o l a t i o n   p a d s  and o t h e r   c o n d i t i o n s  

remaining  the same,  an ave rage   acce le ra t ion  of  about 0.06 G near  4 Hz 

was ob ta ined .  
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I V  RESULTS 

Electromyographic  Response 

Comparison  of  Baseline EMG Levels  

S t a t i s t i c a l l y   s i m i l a r  mean e l ec t romyograph ic   l eve l s  were found i n  

t h e   f o u r   g r o u p s   b e f o r e   t h e   f i r s t  boom. These   da t a   a r e  p r e s e n t e d  i n  

Table  I a s   an   ana lys i s  of v a r i a n c e  summary. Four  measures of t h e  EMG, 

i n t e g r a t e d   o v e r  0.5 second  each, were o b t a i n e d   f o r   e a c h   s u b j e c t   d u r i n g  

h i s   p e r f o r m a n c e   ( t r a c i n g  i n  t h e   c a s e  of Groups 1, 2, and 4, and r ead ing  

i n   t h e   c a s e   o f   G r o u p  3) j u s t   b e f o r e   t h e   f i r s t  boom or ,  i n  t h e   c a s e  of 

Group 4 ( t r a c i n g   t a s k   o n l y ) ,   b e f o r e  a "s imulated boom. Simulated 

boom" t r i a l s   i n   t h e  case of  Group 4 a re  t h o s e   d e s i g n a t e d   a s  "boom" t r i a l s  

on t h e   b a s i s  of t h e   a c t u a l  boom t r i a l s  of  Groups 1 and 2, bu t   dur ing  

wh ich   fo r  Group 4 t h e  booms d i d  no t   occu r .   In   o the r   words ,   t hey   e f f ec t -  

i v e l y  were c o n t r o l  boom t r i a l s   f o r  Groups 1 and 2 a s  well a s  Group 4. 

One s u b j e c t   i n  Group 2 ( t r a c i n g   t a s k   w i t h  booms w i t h o u t   v i b r a t i o n   i s o l a -  

t i o n )  showed abnormally  high EMG l e v e l s   d u r i n g   t h e   f i r s t   s e v e r a l   m i n u t e s  

o f   t h e   f i r s t   s e s s i o n   a p p a r e n t l y   b e c a u s e   o f  a temporary   mal func t ion   or  

misalignment of t h e  recording  equipment.  H i s  d a t a   a r e   n o t   i n c l u d e d   i n  

Table  I, t h e r e f o r e   t h e   t o t a l  number  of degrees  of  freedom is 59 r a t h e r  

than  63  (16 X 4 -1). The mean EMG l e v e l s  of t h e   f o u r   g r o u p s   d u r i n g   t h e  

2 - s e c o n d   p e r i o d   b e f o r e   t h e   f i r s t  boom occur red   a r e   p re sen ted   i n   Tab le  11. 

I 1  11  
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Table  I 

SUMMARY  ANALYSIS  OF VARIANCE 

OF  BASELINE  ELECTROMYOGRAPHIC LEVELS 

TWO  SECONDS  BEFORE THE FIRST SIMULATED  SONIC BOOM 

= _ _ .  . . ~ - _ _  ~ 

Varla-nce. ~ 

F df 

Groups 1.24 3 16.26 

W i  th in   Groups  56 13.07 
( E r r o r  

TOTAL 1.01 59 13.23 
~~ - 

Table I1 

S i g n i f i c a n c e  
Level 

P 7 0.05 

p 7 0.05 

MEAN  EUCTFtOMYOGRAPHIC UVELS BEFORE THE FIRST SIMULATED  SONIC B O O M  

L Mean Standard 
Group Number Number Devi a t i  on (mm) 

1. Trac ing   task ,  booms, low 16 1.97 3.75 
i n t e n s i t y   v i b r a t i o n  

2 .   T rac ing   t a sk ,  booms, high  12 2.34 5.45 
i n t e n s i t y   v i b r a t i o n  

3. Reading, booms, l o w  16 1.60 
i n t e n s i t y   v i b r a t i o n  

4 .  Trac ing  task only 16 3.24 

Response " t o   S imula t ed   Son ic  Booms 

An e a r l i e r   s t u d y  (Ref 1) sugges ted   tha t   g roups   exposed   to   s imula ted  

son ic  booms, wh ich   i nc luded   t he   a s soc ia t ed   v ib ra t ions ,  showed s k e l e t a l  

muscu la r   r e sponses   t o   t he  booms. The da ta   ob ta ined  i n  t h i s   s t u d y  

s u g g e s t   t h a t   r e d u c i n g   t h e   i n t e n s i t y  of t h e   a s s o c i a t e d   v i b r a t i o n s   r e d u c e d  

t h e   s k e l e t a l   m u s c l e   r e s p o n s e .  I t  can  be  seen i n  F igu re  2 t h a t  Groups 1 
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and 3, who hea rd   t he   boom-assoc ia t ed   acous t i c   s t imu l i ,   bu t   fo r  whom t h e  

v i b r a t i o n a l   i n t e n s i t y  was  reduced,  had l i t t l e  change i n  mean EMG l e v e l  

between  the  one-second  period  during  which booms and their  e f f e c t s  

' occur red   a s   compared   t o   t he  mean EMG level   one  second  before   and  one 

second   a f t e r   t he   s t imu lus   pe r iod .   Group  2, who hea rd   t he  boom and f e l t  

i t s  v i b r a t i o n s  more in tense ly ,   responded  wi th   e lec t romyographic   responses  

of grea te r   magni tude .  

F u r t h e r   a n a l y s i s   s u g g e s t s   t h a t   t h e   i n t e r p r e t a t i o n   a b o v e   s h o u l d   b e  

q u a l i f i e d .   T a b l e  I1 shows t h a t   t h e  mean preboom EMG l e v e l  of  Group 2 

i s  a t   l e a s t  1 .5  u n i t s   h i g h e r   ( a l t h o u g h   s t a t i s t i c a l l y   i n s i g n i f i c a n t )  

than  found i n  the   o ther   g roups .   Davis   (Ref  6) r e p o r t e d   t h a t   s u b j e c t s  

w i t h   h i g h e r   i n i t i a l  EMG l e v e l s  show l a r g e r   c h a n g e s   t o   a c o u s t i c   s t i m u l i  

t h a n   s u b j e c t s   w i t h   i n i t i a l l y   l o w e r  r e s t i n g  EMG leve ls ,   which   sugges ts  

t ha t   t he   r e sponses   ( changes  i n  p o t e n t i a l )  of  Group 2 should  be of 

grea te r   magni tude   than   any   of   the   o ther   g roups .   In   addi t ion ,   s ta -  

t i s t i c a l   a n a l y s i s  of   the EMG changes   i n   r e sponse   t o   t he   s imu la t ed  

booms i n d i c a t e s   t h e   s i g n i f i c a n t   d i f f e r e n c e s   o b t a i n e d  may be  due t o  

va r i ance   d i f f e rences   be tween   t he   g roups   r a the r   t han   g roup   d i f f e rences  

i n  mean performance. 

A summary of t he   ana lys i s   o f   va r i ance   o f   t he   no rma l i zed   r e sponses  

of Groups 1, 2, and 3 t o  booms i s  presented i n  Table  111. Data  from 

Group 4 a re   no t   inc luded  i n  t h i s   a n a l y s i s   b e c a u s e   t h e   g r o u p  was not 

s t imu la t ed  by booms and because   the   var iance   o f   the   g roup   appeared  

unusua l ly   h igh  (see Tab le   11 )   ma in ly   because   o f   t he   g rea t   va r i ab i l i t y  

of t h e   b a s e - l i n e  EMGs of  two s u b j e c t s .  I n  Tab le  111, t h e  two  main 

e f f e c t s  and t h e   i n t e r a c t i o n   e f f e c t  were s i g n i f i c a n t .  However, a s   no ted  

i n  Table  11, t h e r e  i s  a f a i r l y  large d iscrepancy   be tween  the   s tandard  

d e v i a t i o n s  and va r i ances   o f   t he   t h ree   g roups ,  and t h e   d i s c r e p a n c y   h o l d s  

even when t h e   v a r i a n c e  of Group 4 i s  d e l e t e d .   T h e r e f o r e ,   t o   a s s u r e   t h a t  
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Table  I11 

SUMMARY  ANALYSIS O F  VARIANCE 

OF  ELECTROMYOGRAPHIC  CHANGES DURING THE ONE SECOND  OF BOOM EFFECT 

RELATIVE TO THE ONE SECOND  BEFORE AND ONE SECOND  AFTER  THE BOOM STIMULUS 

Source  of 
Variance 

Groups 

Sess ions  

Group X Sess ion  

Res idua l (Error1  

TOTAL 

Mean Square 
Variance 

246.631 

25.507 

36.773 

12.077 

12.497 

df 

2 

6 

12 

1995 

2015 I F 20.42 

2 .ll 

3.04 

1.03 

. - .~ 

S i g n i f i c a n c e  
Level ." . . . . 

p < 0.01 

0.05 7 P 7 0.01 

p < 0.01 

p < 0.01  

t h e   s i g n i f i c a n t   e f f e c t s   r e p o r t e d   i n   T a b l e  I11 a r e  mean d i f f e r e n c e s  and 

no t   va r i ance   d i f f e rences ,  a test w i t h   H a r t l e y ' s   l a r g e s t  F r a t i o  (Ref 7) 

was conducted; i t  showed t h a t   t h e   v a r i a n c e s   a s s o c i a t e d   w i t h   t h e   s i g n i f i -  

c a n t   i n t e r a c t i o n  were, i n   f a c t ,   s t a t i s t i c a l l y   d i f f e r e n t .  

(Fmax 
e r r o r s  of measurement i n  t h e  two extreme  cases ,   another  F was 

ca l cu la t ed   u s ing   t he   s econd  most   extreme  var iances .  The r e s u l t  was 

s i m i l a r :  F = 12.20,  with k = 19,  and n = 95, p < 0.01  .> 

= 109.3,   with k = 21,  and n = 95, p < 0.01.  Assuming  large 

max 

m ax 

The mean c h a n g e   i n   e l e c t r o m y o g r a p h i c   l e v e l   t o  booms and t h e  

a s s o c i a t e d   s t a n d a r d   d e v i a t i o n s   o b t a i n e d  by t h e   f o u r   g r o u p s   a r e   l i s t e d  

i n  Table  I V .  I t  s h o u l d   b e   n o t e d   t h a t   i n   a g r e e m e n t   w i t h   t h e   s t a t i s t i c a l  

a n a l y s e s ,   t h e   d i f f e r e n c e s  i n  mean e lec t romyographic   changes   reg is te red  

by the   g roups  i n  t h e   s e s s i o n s   a r e   r e l a t i v e l y   s m a l l ;  a maximum of  about 

2.28 mm between  Group 1 dur ing   s e s s ion  3  and  Group 2 du r ing   s e s s ion  5.  

I n  c o n t r a s t ,   t h e   s t a n d a r d   d e v i a t i o n s  were found  to  range  between  0.11 
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Session 

1 

2 

3 

4 

5 

6 

7 

Table I V  

MEAN ELECTROMYOGRAPHIC CHANGES TO SIMULATED  SONIC  BOOMS 

Group 1 
Tracing, Booms, 
Low I n t e s n i t y  

Vibration 
Mean U 

-0.02 

4.46  -0.51 

3.15 

-0.80  4.39 

-0.18 

4.39  0.67 

3.85  0.36 

3.62  -0.05 

4.05 

Group 2 
Tracing, Booms, 
High I n t e n s i t y  

Vibration 
Mean 

1.35 

0.18 

0.61 

1.13 

1.48 

1.07 

1.58 

Is 

5.95 

2.46 

2.70 

3.03 

3.87 

4.12 

3.24 

Group 3 
Reading, Booms, 
Low I n t e n s i t y  

Vibration 
Mean U 

0.11 

0.34  3.92 

1.28  0.43 

3.05 

0.18  0.57 

-0.08  2.31 

-0.19 3.15 

0.33  1.34 

Group 4 
Tracing 

Task Onlv 
Mean I u 

-0.36 

-0.31 

0.11  0.25 

2.00 

0.75 

-0.06 

4.52  0.31 

0.54 

4.21 0.53 



and 5.95, and  because of t h e i r   m a g n i t u d e   c o n t r i b u t e d  more t o  t h e  

observed s t a t i s t i c a l  s i g n i f i c a n c e   t h a n   d i d   t h e  small d i f f e rences   be tween  

means. 

E f fec t s   o f   S imula t ed   Son ic  Booms on Performance 

Comparabili ty  of  Groups on TOT Measures 

S t a t i s t i c a l l y   s i g n i f i c a n t   d i f f e r e n c e s  were obtained  between  the 

Time-on-Track (TOT) measures of Groups 1, 2,  and 4 d u r i n g   t h e  no-boom 

t r i a l s  o f   t h e   f i r s t   s e s s i o n .   P e r t i n e n t   d a t a   a r e  shown i n   T a b l e  V and 

a r e   i l l u s t r a t e d   i n   F i g u r e  3. I t  i s  c l e a r   f r o m   t h e   t a b u l a r i z e d   d a t a  and 

t h e   i l l u s t r a t i o n   t h a t   t h e   i n i t i a l   p e r f o r m a n c e  of t he   g roups   du r ing  

s e s s i o n  1 was d i f f e r e n t ;  Group 2 performed  the  poorest  and  Group 1 

performed  the best .  The i m p l i c a t i o n   o f   t h i s   i n f o r m a t i o n  i s  e q u a l l y  

clear:  the  performance of any   g iven   g roup   w i th   r e spec t  t o  t h e  effects  

of booms can be  compared o n l y   w i t h  i t s  own performance on no-boom 

t r ia ls .  

Effec t   o f   S imula ted   Sonic  Booms on TOT Performance  Measure 

Simulated  sonic  booms were found t o  h a v e   s l i g h t   b u t   s t a t i s t i c a l l y  

i n s i g n i f i c a n t  e f fec ts  o n  TOT of Groups 1 and 2 who heard booms of 

e q u i v a l e n t   a c o u s t i c a l   i n t e n s i t y   b u t   t h a t   d i f f e r e d   w i t h   r e s p e c t   t o   t h e  

i n t e n s i t y  of f l o o r   v i b r a t i o n s .   T h e s e   d a t a   a r e   p r e s e n t e d   i n   T a b l e  V I .  

However, t h e   f a c t   t h a t  Group 4, which   per formed  the   t rac ing   task   on ly ,  

showed s t a t i s t i c a l l y   s i g n i f i c a n t   d i f f e r e n c e s   b e t w e e n  no-boom and “boom“ 

t r i a l s  (i.e.,  t r i a l s   d e s i g n a t e d   a s  ”boom” t r i a l s   b u t   d u r i n g  which booms 

d i d   n o t   o c c u r )   s u g g e s t s   t h a t   t h e   s l i g h t   d i f f e r e n c e s   i n   p e r f o r m a n c e  

found i n  Groups 1 and 2  may ex i s t  because of random errors. Table  V I 1  

shows t h a t   t h e   e f f e c t s   o f  “booms” on  Group 4 were t o  r e d u c e   t h e   r e l a t i v e  

number  of TOTS i n   t h e  2.50-2.26 i n t e r v a l  and to i n c r e a s e   t h e  number i n  
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Table V 

NUMBER AND PERCENT OF NO-BOOM TRIALS 

I N  WHICH TIME-ON-TRACK  OF  DIFFERENT  DURATIONS 

WERE  OBTAINED DURING SESSION 1 

Number  (N) ~ Time-on-Track In te rva l   ( seconds)*  

Group 0.75-0  1.25-0.76  1.75-1.26  2.25-1.76  2.50-2.26 and Percent  

1. Tracing  task,  9 42 130 169 66 N 
booms, 
low i n t e n s i t y  
v i b r a t i o n  

YO 2.2 10.1 31.2 40.6 15.9 

2.   Tracing  task,  33 97 139 126 21 N 
booms, 
h i g h   i n t e n s i t y  
v i b r a t i o n  

YO 7.9 23.3 33.4 30.3 5 . 1  

4 .  Trac ing   task  19 64 124 166 43 N 

only 4.6 15.4 29.8  39.9 10.3 % 

2 
X = 68.69, 8 df  (degrees of  freedom), p < .001 

* 
Use of p a r a m e t r i c   s t a t i s t i c s  was precluded by the   t runca ted   d i s t r ibu t ion  of 
time-on-track.  Consequently,  the  range of possible  time-on-track was divided 
i n t o   t h e   i n t e r v a l s  shown and the  frequency of measures i n  each   i n t e rva l  was 
t a l l i e d   t o   d e v e l o p   t h i s  and the   t ab l e s   t ha t   fo l low.  
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- Group 1, tracing, booms. low vibration (N = ,416) - - Group 2 ,  tracing, booms, high vibration (N = 416) - 00- Group 4, tracing  only (N = 416) 

I 1 
0.25 0.75 

FIGURE 3 

1.25 1.75 2.25 2.50 

TIME ON CORRECT TRACK 
Displayed at  Midpoint of Interval 

INITIAL GROUP DIFFERENCES IN TIME-ON-TRACK 
DURING NO-BOOM TRIALS OF SESSION 1 
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Table VI 

NUMBER AND PERCENT OF TIME-ON-TRACK 

OF DIFFERENT  DURATIONS  OBTAINED ON BOOM AND NO-BOOM TRIALS 

DURING  SEVEN  SESSIONS BY THE HIGH A N D . J B W  VIBRATION  INTENSITY  GROUPS 

Number (N) Time-On-Track Interval   (Seconds)  
Group 1 0.75-0 1.25-0.76 1.75-1.26 2.25-1.76  2.50-2.26 and Percent T r i a l s  

1. Tracing  task, 15 109 315 610 355 N No  Boom 

booms, 1.1 7.8  22.4 43.4  25.3 % 

Low i n t e n s i t y  

1.2  8.9  27.5 42.3  20.1 % vibrat ion* 
4 29 89  137 65 N Boom 

2. Tracing task, 98 221 440 5 14 131 N No Boom 

booms, 7 .O 15.7  31.3 36.7  9.3 % 

High i n t e n s i t y  

7.1  18.1 36.5  31.6  6.7 % vibrat ion? 
23 59 119 103 22 N Boom 

* 2  

2 
X = 6.42, 4 d f ,  0.10 7 p 7 0.05,  N.S. ( n o t   s i g n i f i c a n t )  

f X = 6.95, 4 df ,   N .S .  



Table V I 1  

Group 

4 .   Trac ing  
only 

NUMBER AND PERCENT  OF  TIME-ON-TRACK 

OF DIFFERENT DURATIONS OBTAINED ON "BOOM" AND NO-BOOM TRIALS 

DURING SEVEN SESSIONS BY GROUP 4 

"Number (N) Time-on-Track I n t e r v a l  
T r i a l s  

27  119  320  637 300 N No  Boom 

0.75-0  1.25-0.76  1.75-1.26  2.25-1.76  2.50-2.26 and P e r c e n t  

% 1.9 8.5  22.8  45.4 21.4 

"Boom" 17  31  59  152 64 N 
7% 5.3   9 .6  18.3 47 .o 19.8 

X = 14.79, 4 d f ,  0.01 7 p 70.005 
z 



the   1 .25-0.76 and  0.75-0.0 i n t e r v a l s .   I f  booms have  an e f f e c t  on per -  

formance,  changes i n   t h e s e   d i r e c t i o n s   a r e   t o   b e   a n t i c i p a t e d .   T a b l e  V I  

shows f o r  Groups 1 and  2 t h e   e f f e c t s  of booms were i n  t h e   a n t i c i p a t e d  

d i r e c t i o n :  a dec rease  i n  t h e   r e l a t i v e  number  of long TOTs and  an i n -  

c r e a s e  i n  t h e   r e l a t i v e  number  of s h o r t  TOTs. I n  t h i s   c a s e ,  however, 

t h e   s h i f t s  were s t a t i s t i c a l l y   i n s i g n i f i c a n t  and  on t h e   b a s i s  of t h e  

Group 4 f ind ings ,   t hey   p robab ly   a r e  of l i t t l e  consequence. 

E f f e c t  of Simulated  Sonic Booms on Per formance   Er rors  
~ . . 

To compare e q u i t a b l y   t h e  number  of e r r o r s  made du r ing   t he  12 t r i a l s  

of each  session i n  which booms o c c u r r e d   v e r s u s   t h o s e   t r i a l s   d u r i n g  

which booms d i d  not  occur,  an equ iva len t  number (12) of no-boom t r i a l s  

was selected  randomly  from among t h e  52 no-boom t r i a l s  of each   sess ion  

fo r   each   sub jec t .   These  no-boom t r i a l   e r r o r   f r e q u e n c i e s   p r o v i d e   t h e  

b a s i s   f o r   t h e   c o m p a r i s o n   t h a t   f o l l o w s .   T a b l e  V I 1 1  shows t h a t   t h e  number 

Table  V I 1 1  

NLJMBER AND PERCENT OF ERRORS MADE DURING BOOM AND NO-BOOM TRIALS 

. " . ~ ~~ 

Number (N)  
Group and Percent  

1. Tracing  task;  1 
booms, 
low i n t e n s i t y  
v i b r a t i o n  
"7- 

2 .   T rac ing   t a sk ,  
booms,, 
h i  h i n t e n s i t y  
v i % r a  t ion  

N 

% 

4 .  Trac ing   t a sk  
only  

N 

% 

-4 T r i  a1 s 

1180  1195 
49.7 1 50.3 

50.1  49.9 
I 

I 

X = 0.37, 2 d f ,  N . S .  
2 

19  



o f   e r r o r s  made d i d   n o t   i n c r e a s e   o r   d e c r e a s e   s i g n i f i c a n t l y   d u r i n g   t h o s e  

trials t h a t   c o n t a i n e d  booms as  compared t o   t h e  number of e r r o r s   d u r i n g  

trials t h a t   d i d   n o t   i n c l u d e  booms. Group 2 also  commit ted more e r r o r s  

dur ing   bo th  boom and no-boom trials, a f i n d i n g   c o n s i s t e n t   w i t h   t h o s e  

repor ted   above ,   tha t   Group 2 had   the   poores t   t ime-on- t rack   scores   o f  

the  groups  compared. 

Supplementary  Study 

To v e r i f y   t h e   l a c k   o f  a s i g n i f i c a n t   e f f e c t   d u e   t o  a r educ t ion  of 

t h e   i n t e n s i t y  of t h e   v i b r a t i o n a l  component  of  simulated booms, t h e  

s u b j e c t s  of  Groups 1 and 2 were tested f o r   f o u r   a d d i t i o n a l   s e s s i o n s  

abou t   e igh t   mon ths   a f t e r   comple t ion  of the   s tudy   repor ted   above .  The 

s t imu l i ,   sub jec t ' s   t a sks ,   and   measu res  were i d e n t i c a l   t o   t h o s e   u s e d  pre-  

v ious ly ,   bu t   the   p rocedure  was m o d i f i e d :   t h r o u g h o u t   t h e   f i r s t   s t u d y  

Group 1 s u b j e c t s  were t e s t ed   w i th   v ib ra t iona l   componen t s  of reduced 

i n t e n s i t y ,   b u t   d u r i n g   t h e   f i r s t  two s e s s i o n s  of the   supplementary   s tudy  

they  were t e s t e d   a t   t h e   r e l a t i v e l y   i n t e n s e   v i b r a t i o n a l   l e v e l s ,   a n d   t h e n  

f o r  two  more s e s s i o n s   a t   t h e   r e l a t i v e l y  low v i b r a t i o n a l   l e v e l s .  Group  2, 

i n   c o n t r a s t ,   t h r o u g h o u t   t h e   f i r s t   s t u d y  worked a t   t h e   h i g h e r   v i b r a t i o n a l  

l eve l s ,   wh i l e   i n   t he   s econd   t hey  worked wi th  low v i b r a t i o n a l   l e v e l s   f o r  

two ses s ions   and   t hen  were  switched t o   t h e   r e l a t i v e l y   h i g h   v i b r a t i o n a l  

l e v e l   f o r   t h e   l a s t  two s e s s i o n s .  

The r e s u l t s   a r e   e s s e n t i a l l y   i d e n t i c a l   t o   t h o s e   o b t a i n e d   i n   t h e  

f i r s t   s t u d y .   F o r   e x a m p l e ,   w i t h   r e s p e c t   t o   e l e c t r o m y o g r a p h i c   p o t e n t i a l s ,  

i t  w i l l  be   seen,   in   Table  IX,  t h a t   w h e t h e r   t h e   v i b r a t i o n   l e v e l s  were of 

h i g h   o r  low i n t e n s i t y  had l i t t l e  e f f e c t  on the  performance of the  sub- 

j ec t s  i n  Groups 1 and   2 .   In   f ac t ,   f o r  Group 1 r e d u c i n g   t h e   i n t e n s i t y  

o f   v ib ra t ions   appea r s   t o   have   r educed   t he  mean electromyographic   response 

t o  booms, w h i l e   f o r  Group 2 a s i m i l a r   r e d u c t i o n   i n   t h e   v i b r a t i o n  
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Table I X  

MEAN ELECTROMYOGRAPHIC CHANGES TO SIMULATED  SONIC BOOMS 
W I T H  RELATIVELY HIGH AND L O W  VIBRATIONAL CWONENTS 

- 

R e  l a  t i v e  
Sess ion  Standard   Vibra t ion  

Group Devia t ion  Mean . I n t e n s i t y  Number 

8 & 9  2.25  0.82 High 
1 ~~ ~ " . 

10 & 11 1.14 0.42 L O W  

LOW 0.79  1.82 

10 & 11 High  0.18  2.40 

components  of booms a p p e a r s   t o  have   increased   muscular   responses   to  

t hose  booms. 

With respec t   to   t ime-on- t rack ,  i t  w i l l  be  seen  in  Table X, t h a t   i n  

g e n e r a l  Group  2 per formed  poor ly   (as   ind ica ted  by the   sma l l e r   pe rcen tage  

of T.O.T. 's  in  the  2.50-2.26  second  range  and a l a r g e r   p e r c e n t a g e  of 

T.O.T. ' s  i n   t h e  0.75-0 range)  a s  compared t o  Group 1. These resu l t s  

a re   cons i s t en t   w i th   t hose   r epor t ed   above .   No te   t ha t  Group 1 dur ing  

boom t r i a l s   w i t h   r e l a t i v e l y   h i g h   v i b r a t i o n   ( S e s s i o n s  8 and 9 )   o b t a i n e d  

fewer  scores   in   the  2 .50-2.26  second  range,   and more i n   t h e  0.75-0 

range  than  they  obtained  during boom t r i a l s   w i t h  low v i b r a t i o n   ( S e s s i o n s  

10 a n d   l l ) ,   w h i l e   j u s t   t h e   o p p o s i t e   e f f e c t  was found i n  Group  2. The 

t r e n d  of t he   da t a   fo r   bo th   g roups ,  i t  can  be  seen, i s  i d e n t i c a l   d u r i n g  

those  trials i n  which booms d id   no t   occu r .   C lea r ly ,   t he   imp l i ca t ion  of 

t h e s e   d a t a ,   a t  least  f o r   t h i s   p a r t i c u l a r   g r o u p  of s u b j e c t s ,  i s  t h a t  

ne i the r   t he   acous t i ca l   no r   t he   v ib ra t iona l   componen t s  of s imula t ed   son ic  

booms a t  t h e   l e v e l   t e s t e d   h e r e   h a s  a l a r g e   o r   c o n s i s t e n t   e f f e c t  on 

performance. 
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Table X 

Group 

1 

2 

NUMBER AND PERCENT OF TIME-ON-TRACK OF DIFFERENT  DURATIONS 
OBTAINED  DURING  SESSIONS WITH BOOM TRIALS OF RELATIVELY 

LOW AND HIGH  VIBRATION  INTENSITY  AND  DURING  NO-BOOM TRIALS 

) X = 9.19, 4 df, N.S. 
Y 

2 

2 

2 

( b )  X = 46.83, 4 df, p < 0.001 

( C )  X = 14.06, 4 df, 0.01 > p > 0.005 

( d )  X = 75.49, 4 df, p < 0.001 



Analys is  of e r r o r s   l e a d s   t o  a c o n c l u s i o n   s i m i l a r   t o   t h a t   a b o v e ,  

i.e., t he   acous t i ca l   and   v ib ra t iona l   componen t s  had l i t t l e   e f f e c t  -en 

performance   e r rors .  The d a t a   s u p p o r t i n g   t h i s   c o n c l u s i o n   a r e  shown i n  

Table X I ,  where it w i l l  be seen   t ha t   t he   f r equency   o f   e r ro r s   du r ing  

t r i a l s   w i t h   o r   w i t h o u t  booms and t r i a l s   w i t h   r e l a t i v e l y   h i g h   o r  low 

v i b r a t i o n a l   c o m p o n e n t s   a r e   a l l   a p p r o x i m a t e l y   e q u i v a l e n t .  

Table X I  

NUMBER AND PERCENT OF ERRORS MADE BY GROUPS 1 AND 2 
DURING BOOM AND NO-BOOM TRIALS OF  RELATIVELY 

LOW AND HIGH INTENSITY VIBRATION SESSIONS 

Re l a  t i v e  
Vib ra t ion  
I n t e n s i t y  

High 

LOW 
~- 

LOW 
.~ 

High 

( a )  X = 0.004, 1 df ,  N .  S .  

(b) X = 0.005, 1 df ,  N. S .  

2 

2 

Number (N) 

477 483 N 
No-Boom Boom and  Percent 

T r i a  Is 

7% 

% 

49.7 50.3 

50.0 50.0 % 

50.1 49.9 % 

49.8 50.2 
N 447 450 

N 507 504 

N 545  545 
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V DISCUSSION 

On t h e   b a s i s   o f   p r e v i o u s   s t u d i e s   c o n d u c t e d   i n   t h i s   l a b o r a t o r y  

(Ref 1, 4), d e t r i m e n t a l  effects on   per formance   and   increases   in   musc le  

t e n s i o n  were expected t o  r e s u l t   f r o m  booms w i t h   a n   i n t e n s i t y   o f  2.5 psf 

( a s  m e a s u r e d   o u t d o o r s ) .   T h i s   i n t e n s i t y  was e q u i v a l e n t  t o  t h a t   u s e d   i n  

one of t h e   p r e v i o u s   s t u d i e s  ( R e f  1) a n d   d o u b l e   t h a t   u s e d   i n   t h e  

o t h e r  ( R e f  4 ) .  An e x p l a n a t i o n   f o r   t h e   l a c k   o f   a n y   s t a t i s t i c a l l y  s ig-  

n i f i c a n t   e f f e c t  of t h e   s i m u l a t e d   s o n i c  booms on e i t h e r   o f   t h e  t w o  per-  

formance  measures or s k e l e t a l  muscle t e n s i o n ,   a s   r e p o r t e d   h e r e i n ,  i s  

n o t   r e a d i l y   a v a i l a b l e .  

Numerous o t h e r   i n v e s t i g a t o r s   h a v e  shown t h a t   n o i s e  may have  an 

e f f ec t  on performance and c e r t a i n   p h y s i o l o g i c a l   m e a s u r e s  ( R e f  8,9,10, 

11,12,13). Common t o  t h e s e   s t u d i e s  was t h e   u s e  of v i g i l a n c e  or t a r g e t  

d e t e c t i o n   t a s k s   s u c h   a s   d e t e c t i n g   a n  odd l e t te r  s u c h   a s  a C i n  a back- 

ground  of many O s  (Ref 101, or d e t e c t i n g  movement of a c l o c k  hand t h a t  

was double  i t s  usua l   excur s ion  as r e q u i r e d   i n   t h e  Mackworth-type  clock 

t e s t  (Ref 9 ) .  C l e a r l y ,   t h e   t a s k   i n   t h e   p r e s e n t   s t u d y  was d i f f e r e n t   i n  

t h a t   t h e   s u b j e c t s  were r e q u i r e d  t o  fol low a t h i n   l i n e   w i t h  a s t y l u s ,  a 

t a s k   r e q u i r i n g  a good d e a l  of perceptual-motor   coordinat ion,   but  l i t t l e  

v i g i l a n c e - l i k e   a c t i v i t y .   I n   p a r t ,   t h i s   t a s k   d i f f e r e n c e  may e x p l a i n   t h e  

l a c k   o f   d e t r i m e n t a l   e f f e c t s   o f   s i m u l a t e d  booms. 

More importantly,   however,  i s  t h e  need t o   e x p l a i n   p o s i t i v e   f i n d i n g s  

i n  *he f irst  t w o  of o u r   s t u d i e s  and t h e i r   l a c k   i n   t h e   t h i r d .  I t  may be 

t h a t  a p e c u l i a r   c o l l e c t i o n  of i n d i v i d u a l s  were s e l e c t e d  and  assigned 

t o  t h e   d i f f e r e n t   g r o u p s  of t h e   t h i r d   s t u d y .  Hence,  because of t h e i r  

i n h e r e n t   v a r i a b i l i t y   w i t h   r e s p e c t  t o  the EMG and  performance  measures 
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and  because of t h e  re la t ive  grossness of the measurement  technique,  the 

groups  would  appear  not t o  be a f f e c t e d   b y   t h e   s i m u l a t e d   s o n i c  booms 

(or o the r   no i se s ,  f o r  t h a t  matter) r e g a r d l e s s  of t h e   o t h e r   e x p e r i m e n t a l  

concerns   (h igh  o r  low i n t ens i ty   v ib ra t iona l   componen t s ) .  

On t h e   o t h e r  hand, Woodhead ( R e f  12) and  Warner ( R e f  10) emphasize, 

t o  some e x t e n t ,   t h a t   t h e   r e s p o n s e  t o  n o i s e  may dzpend   on   t he   s ens i t i v i ty  

of t h e   i n d i v i d u a l  t o  noise .   Here in  may l i e  an   explana t ion  f o r  t h e  

d i f f e r e n t   r e s u l t s   o b t a i n e d   i n   t h e   t h r e e   s t u d i e s   c o n d u c t e d   i n   t h i s   l a b o -  

r a t o r y .  The s u b j e c t s  of t h e  first s t u d y  w e r e  college s t u d e n t s  who 

u s u a l l y  work i n  a r e l a t i v e l y   q u i e t   e n v i r o n m e n t   s i m i l a r   t o   t h a t   o f   t h e  

p r o f e s s i o n a l  and t e c h n i c a l   p e r s o n n e l   u s e d   i n  the second  study,  whose 

o f f i c e s  and e l e c t r o n i c   s h o p s   a l s o   t e n d  t o  be r e l a t i v e l y   q u i e t ,   e s t i m a t e d  

a t  60 dB SPL o r  less (Ref 1 4 ) .  I n   c o n t r a s t ,   t h e   s u b j e c t s  of t h e  t h i r d  

s t u d y  were too l  and d i e  makers  and  machinists  whose  usual  working 

environment   tends t o  be noisy ;   es t imated   peaks   near  100 dB between 

600-4800 H z  when a i r   hoses   a r e   u sed ,   bu t   ave rage   abou t   85  dB when t h e  

dri l ls ,  borers ,  and mills a re   u sed  (Ref 14,15). I t  i s  suggested,  

t he re fo re ,   t ha t   impu l se   no i se s   such   a s   son ic  booms may not  be t o o  

d i f f e r e n t  i n  i n t e n s i t y   o r   p e r i o d i c i t y  from t h e   n o i s e s  commonly found 

i n  machine  shops.   Consequent ly ,   s imulated  sonic  booms had l i t t l e  

e f f e c t  on the  performance o r  s k e l e t a l   m u s c l e   p o t e n t i a l s  of t h e   s u b j e c t s  

accustomed t o  working i n   s u c h   n o i s e   e n v i r o n m e n t s .  

25 



VI CONCLUSION 

Among mach in i s t s  and t o o l  and d i e  makers who normally work i n  

no i sy   env i ronmen t s ,   t he   pe r iod ic   occu r rence  of t h e   n o i s e  and v i b r a t i o n  

a s soc ia t ed   w i th   s imu la t ed   son ic  booms, of an   ou tdoor   i n t ens i ty   o f  2 . 5  

ps f ,  had  no s t a t i s t i c a l l y   s i g n i f i c a n t  effect  on  performance of a t r a c i n g  

t a s k   r e q u i r i n g  a f a i r   d e g r e e  of  perceptual-motor  coordination, o r  on 

s k e l e t a l   m u s c l e   t e n s i o n .  
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