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INTRODUCTION

P r e v io u s  r e s e a r c h  has  d e m o n s t ra t ed  t h a t  a g g r e s s i v e  b e h a v i o r ,  

i n c l u d i n g  t h e  a c t  of  b i t i n g ,  can be e l i c i t e d  i n  many s p e c i e s  of  

an im als  by s e v e r a l  e x p e r i m e n t a l  p r o c e d u r e s .  E l e c t r i c  f o o t  and 

t a i l  shock i n  r a t s  ( U l r i c h  and A z r in ,  1962; A z r in ,  Rubin and 

H u tc h in s o n ,  1968) and e i t h e r  shock o r  a p h y s i c a l  blow to  the  t a i l  of  

a s q u i r r e l  monkey ( A z r i n ,  H u tc h in son ,  and Hake, 196 3; A z r i n ,  Hake 

and H u tc h in s o n ,  1965) w i l l  e l i c i t  a b i t i n g  r e s p o n s e .  I t  has  been 

shown t h a t  o t h e r  p a ra d ig m s ,  such as i n t e r m i t t e n t  r e i n f o r c e m e n t  by 

h i g h  f i x e d - r a t i o  s c h e d u l e s  o f  p r im ary  r e i n f o r c e m e n t  and e x t i n c t i o n ,  

w i l l  cause  s q u i r r e l  monkeys t o  b i t e  on a r u b b e r  hose  (H u tc h in s o n ,  

A z r in ,  and Hun t ,  1968) .

Recent  r e s e a r c h  has  shown t h a t  a c o r r e l a t e  t o  the  a g g r e s s i o n -  

b i t i n g  phenomena found i n  an im als  i s  p r e s e n t  i n  humans. The d e n t a l  

l i t e r a t u r e  h a s  r e p o r t e d  t h a t  b rux ism ,  o r  t h e  n o n f u n c t i o n a l  g r i n d i n g  

o f  t e e t h ,  has  been  viewed as  a r e l e a s e  from p s y c h ic  t e n s i o n  a n d / o r  

e m o t io n a l  s t r e s s  (Ramfjord and Ash, 1966) .  E le c t ro m y o g r a p h ic  

s t u d i e s  o f  b ru x i s m  i n  humans have d e m o n s t r a t e d  an i n c r e a s e  i n  the  

e l e c t r i c a l  a c t i v i t y  o f  the  t e m p o r a l i s  and m a s s e t e r  m usc le s  d u r in g  

c o n d i t i o n s  o f  t h r e a t  o r  e f f o r t f u l  t a s k  ( P e r r y ,  Lammie, Main,  and 

T e u s c h e r ,  1960;  Yemm, 1969) .  EMG a c t i v i t y  o f  t h e  t e m p o r a l i s  and 

m a s s e t e r  m usc les  has  been  d e m o n s t r a t e d  t o  i n c r e a s e  as  a  f u n c t i o n  o f  

b i t e  f o r c e  (H u tch in s o n  and P i e r c e ,  1971;  Ahlgreen  and Owall ,  1970) .

1
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By u t i l i z i n g  EMG r e c o r d i n g s  o f  the  t e m p o r a l i s  and m a s s e t e r  

m u sc l e s ,  s e v e r a l  o f  t h e  pa radigms t h a t  e l i c i t  t h e  a g g r e s s i o n - b i t i n g  

r e s p o n s e  i n  an im a ls  have  been  r e p l i c a t e d  i n  humans. I n c r e a s e d  

t e m p o r a l i s  and m a s s e t e r  EMG a c t i v i t y  were p roduced  d u r in g  h ig h  

f i x e d - r a t i o  s c h e d u l e s  and e x t i n c t i o n  from mone ta ry  r e i n f o r c e m e n t  

(H u tch inson  and P i e r c e ,  1971b) .  The removal o f  a p o s i t i v e  

r e i n f o r c i n g  agen t  ( c i g a r e t t e s  f rom h a b i t u a l  smokers )  a l s o  p roduced  

i n c r e a s e d  m a s s e t e r  EMG a c t i v i t y  ( H u tch in son ,  Emley,  and S a u e r ,

19 71) .

Accord ing  to  o p e r a n t  r e i n f o r c e m e n t  p r i n c i p l e s ,  the  p r o b a b i l i t y  

t h a t  a r e s p o n s e  w7i l l  o c c u r  i n  t h e  f u t u r e  i s  i n c r e a s e d  i f  t h a t  

r e s p o n s e  i s  r e i n f o r c e d .  The o c c u r r e n c e  and r e o c c u r r e n c e  o f  b i t i n g ,  

s u g g e s t  the  p o s s i b i l i t y  t h a t  t h e  a c t  may have c e r t a i n  p r o p e r t i e s  

t h a t  a r e  r e i n f o r c i n g  to  t h e  o rgan i sm .  I n d ee d ,  i t  ha s  been shown 

t h a t  when an an im al  i s  s u b j e c t e d  t o  a v e r s i v e  s t i m u l a t i o n ,  t h e  

o p p o r t u n i t y  t o  a t t a c k  becomes a r e i n f o r c i n g  e v e n t  ( A z r i n ,  H u t c h in s o n ,  

and McGloughl in ,  1965 ) ;  and t h a t  t h e  o p p o r t u n i t y  to  a t t a c k  i s  

r e i n f o r c i n g  s u b s e q u e n t  t o  e x t i n c t i o n  (A z r in ,  1964) .  A d d i t i o n a l l y ,  

a t t a c k  r e s p o n s e  can be o p e r a n t l y  r e i n f o r c e d  by o v e r t  r e d u c t i o n  of  

a v e r s i v e  s t i m u l a t i o n  ( A z r i n ,  H u tch in son  and Hake, 1967) .  There  i s ,  

t h u s ,  r e a s o n  t o  e x p e c t  t h a t  t h e  a c t  o f  b i t i n g  may f u n c t i o n  to  

p roduce  some r e i n f o r c i n g  change f o r  t h e  organ ism.  I t  i s  p o s s i b l e  

t h a t  such  a r e i n f o r c e r  cou ld  o c c u r  v i a  a  s e n s o r y  i n t e r m e d i a t e  or  

r e s p o n s e  sys tem  t h a t  i s  e i t h e r  d i v e r t e d  or  a t t e n u a t e d .

There have  been  some i n d i c a t i o n s  t h a t  i n t e r s e n s o r y  f a c i l i t a t i o n
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and i n h i b i t i o n  e x i s t s  w i t h  r e s u l t i n g  i n c r e a s e  o r  d e c r e a s e  of  

s e n s o r y  t h r e s h o l d s .  A b s o lu te  a u d i t o r y  t h r e s h o l d s  a r e  lowered  when 

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

s t i m u l a t i o n  ( C h i ld  and Wendt, 19 38 ) .  An i n c r e a s e  i n  t h e  a b s o l u t e  

a u d i t o r y  t h r e s h o l d  has  been  d e m o n s t ra t ed  t o  accompany induced h e a r t -  

r a t e  i n c r e a s e s  (Saxon and Dahle ,  1971;  Edwards and A l s i p ,  1969) .  

A u d i o - a n a l g e s i a ,  where p a i n  i s  s u p p r e s s e d  by lo ud  a u d i t o r y  

s t i m u l a t i o n ,  has  a l s o  be en  d e m o n s t ra t ed  (G a rdne r  and L i c k l i d e r ,

1959) .

The p r e s e n t  e x p e r i m e n t  was d e v i s e d  t o  d i s c o v e r  i f  b i t i n g  might  

e i c h e r  mask o r  n e g a t e  s e n s o r y  s y s te m s .  To t h i s  end ,  a u d i t o r y  

t h r e s h o l d s  were  t e s t e d  d u r i n g  bo th  e c c e n t r i c  and c o n c e n t r i c  b i t i n g ,  

and i n  t h e  p r e s e n c e  and absence  o f  s i m u l t a n e o u s  b i c e p s  c o n t r a c t i o n .
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METHOD

S u b j e c t s

The s u b j e c t s  were 3 female s  and 2 m a l e s ,  19 to  24 y e a r s  o l d .  

A l l  were r e c r u i t e d  th ro u g h  w o r d - o f - m o u t h .  Three  of  t h e  s u b j e c t s ,  

S - 2 ,  S-3 and S - 4 ,  were employees o f  t h e  S t a t e  Home, S-5 was 

unemployed,  and S - l  wTas a s t u d e n t .  S u b j e c t  h i s t o r i e s  a r e  

summarized i n  Ta b le  1. S u b j e c t s  were  in fo rm ed  t h a t  the o b j e c t  o f  

t h e  e x p e r im e n t  was t o  t e s t  t h e i r  a u d i o m e t r i c  t h r e s h o l d s  w h i l e  t h e y  

pe r fo rm ed  v a r i o u s  motor  t a s k s .  I t  was a l s o  e x p l a i n e d  t h a t  t h e  

e x p e r i m e n t  would l a s t  a p p r o x i m a t e ly  t h r e e  to  f o u r  weeks.  S u b j e c t s  

were t o l d  they  would be p a id  $5 .00 f o r  each s e s s i o n ,  and t h a t  i f  

t h e y  comple ted  t h e  e n t i r e  e x p e r i m e n t  and m is s e d  no s e s s i o n ,  t h ey  

would r e c e i v e  a $50.00 bonus .

The s u b j e c t s  f i l l e d  o u t  a  m e d i c a l  h i s t o r y  q u e s t i o n n a i r e  which 

showed a l l  s u b j e c t s  to  be w i t h o u t  d i s q u a l i f y i n g  c h a r a c t e r i s t i c s .  

I n t e r v i e w s  c onduc ted  p r i o r  to  and f o l l o w i n g  t h e  e x p e r im e n t  showed 

absence  o f  drug o r  m e d i c a t i o n  usage  d u r i n g  any o f  t h e  e x p e r i m e n t a l  

d a y s .

A ppara tu s

The t e s t i n g  complex c o n s i s t e d  o f  two a d j a c e n t  rooms; t h e  

s u b j e c t  chamber room and th e  c o n t r o l  room. The chamber room 

c o n t a i n e d  an I n d u s t r i a l  A c o u s t i c s  Company chamber,  Model No. 402

4
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CTL, which was s o u n d - a t t e n u a t i n g  and d e s ig n e d  f o r  a u d io m e t r i c  

t e s t i n g .  The chamber  was e l e c t r o s t a t i c a l l y  s h i e l d e d ,  a i r  c o n d i t i o n e d ,  

and c a r p e t e d .  I l l u m i n a t i o n  was by t h r e e  6 0 - w a t t  l i g h t s .  Chamber 

t e m p e r a t u r e  was m easu red -by  a s t a n d a r d  wTa l l  mounted thermomete r ,  

and ranged  from 70° t o  78° F. Cont inuous  v i s u a l  o b s e r v a t i o n  o f  the  

s u b j e c t  was v i a  a one-way m i r r o r  be tween  th e  c o n t r o l  room and the  

window o f  t h e  e x p e r i m e n t a l  chamber ( F ig u r e  4 ) .

The chamber c o n t a i n e d  a wooden a r m c h a i r  and a c o n s o le .  The 

c o n s o le  was 24" wTi d e ,  22” deep and 47" h i g h ;  and t h e  upper  s l o p i n g  

p o r t i o n  c o n t a i n e d  two p a n e l s .  On the  upper  p a n e l  was an i n te r co m  

and emergency a l e r t  s y s te m .  The lower  p a n e l  c o n t a i n e d  a b i t e - f o r c e  

f eedback  m e t e r ,  i n s t r u c t i o n  cue l i g h t s ,  and i n s t r u c t i o n s .  The 

i n s t r u c t i o n  l i g h t s  were  o p e r a t e d  by the  e x p e r i m e n t e r  from t h e  c o n t r o l  

room. The l e a d  wTi r e s  f o r  the  ea rphone s  and t h e  t o n e - r e s p o n s e  

s i g n a l l e r  (Edw7a r d s )  were fed t h rough  a grommet i n  the  lower p a n e l .

The tw7o b i t e  t r a n s d u c e r s  mated 'with t h e i r  r e s p e c t i v e  c o n n e c to r s  on 

the  r i g h t - h a n d  s i d e  o f  t h e  c o n s o l e .  A t r a y  on t h e  r i g h t - h a n d  s i d e  o f  

the  c o n s o le  h e l d  a c o n t a i n e r  o f  i s o p r o p y l  a l c o h o l  s o l u t i o n  f o r  

s t e r i l i z i n g  t h e  b i t e  t r a n s d u c e r s  be tw een  s e s s i o n s  ( F ig u r e  1 ) .  The 

5 .6 4  kg w e ig h t  which ; le s u b j e c t  l i f t e d  t o  p ro d u ce  b i c e p s  c o n t r a c t i o n  

was 2" h i g h  and 5" i n  d i a m e t e r ,  and was s t o r e d  on th e  c o n s o le .

The i n t e r c o m  p r o v id e d  communicat ion be tw een  s u b j e c t  and 

e x p e r i m e n t e r ,  and m o n i t o r e d  the  s u b j e c t ' s  v e r b a l  b e h a v i o r .  The 

i n t e r c o m  b u t t o n  was marked "Push to  t a l k "  and l i g h t e d  an a d j a c e n t  

y e l l o w  l i g h t  when p r e s s e d .  I f  p r e s s e d ,  t h e  emergency a la rm  b u t t o n ,
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marked "Push to  c a l l ,  use  on ly  i f  n e c e s s a r y " ,  i l l u m i n a t e d  l i g h t s  

n e x t  t o  the  b u t t o n  on th e  c o n s o l e  p a n e l ,  i n  the  a d j a c e n t  c o n t r o l  

room occup ied  by the  e x p e r i m e n t e r ,  and i n  t h e  h a l l  over  t h e  door  

l e a d i n g  to  t h e  chamber room; and a l s o  a c t i v a t e d  an a u d i b l e  a l e r t .

Th is  a la rm sys tem  was t r i g g e r e d  by e i t h e r  a 110-VAC o r  28-VDC 

power f a i l u r e .  A g r e e n  p i l o t  l i g h t ,  marked " S e s s i o n  On", was 

l o c a t e d  a t  t h e  top c e n t e r  o f  t h e  upper  p a n e l ,  and s e r v e d  as the 

s u b j e c t ' s  cue t h a t  the  e x p e r i m e n t a l  s e s s i o n  was s t a r t i n g .

The i n s t r u c t i o n  l i g h t s  mounted in  the  lower p a n e l  o f  the  c o n s o le  

were m i n i a t u r e  28-VDC lamps w i t h  v a r i o u s  c o lo r e d  c o v e r s .  The lamps 

were i n  two rows o f  s i x ,  1 / 2 "  s e p a r a t i n g  each lamp and 5 1 / 2 "  

be tw een  the  rows.  To t h e  l e f t  o f  t h e  i n s t r u c t i o n  l i g h t s  was an 

E l e c t r o - t e c  Microampere m e te r  t h a t  r ead  0-200 m ic roam peres .  The 

f a c e  o f  the  m e t e r  was p a r t i a l l y  c o v e re d ,  such t h a t  t h e  s u b j e c t  

cou ld  view th e  range  from 80 t o  120 microamperes  o n l y ,  and the  

s c a l e  from 90-110 mic roam peres  was marked i n  r e d  ( F ig u r e  2) .

Two p r e s s u r e  t r a n s d u c e r s  wTe r e  used  t o  measure b i t e - f o r c e ;  one 

f o r  c o n c e n t r i c ,  the  o t h e r  f o r  e c c e n t r i c  b i t i n g  ( F ig u r e  3 ) .  These 

were d e s igne d  and c a l i b r a t e d  a c c o r d i n g  to  H u tch in son  and P i e r c e  

( 1 9 7 1 a ) .

The t r a n s d u c e r s  were c o n n e c t e d  to  a Grass  Model 5D P o lygraph  

w i th  5P1 p r e a m p l i f i e r s ,  which was used  to  c a l i b r a t e  and b a l a n c e  

t h e  b r i d g e  c i r c u i t  i n  t h e  t r a n s d u c e r s ,  r e c o r d  t h e  i n c i d e n c e  and 

th e  f o r c e  of  b i t i n g ,  and a l s o  t o  r e c o r d  s u b j e c t  r e s p o n s e s  on the 

t o n e - r e s p o n s e  s i g n a l l e r .  S e l e c t i o n  of  e i t h e r  t h e  c o n c e n t r i c  o r
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e c c e n t r i c  t r a n s d u c e r s  and one o f  f i v e  r e s i s t a n c e  v a l u e s  c o r r e s p o n d in g  

to  f i v e  t r a n s d u c e r  b i t e - f o r c e s ,  and i n c l u s i o n  o f  a m ete r  f o r  

o b s e r v i n g  t h e s e  f o r c e s  was p r o v id e d  by a  b a l a n c e / m e t e r  c i r c u i t .

When t h e  a p p r o p r i a t e  f o r c e  was appl ied by b i t i n g  on one of  the two 

t r a n s d u c e r s ,  a m ete r  i n  t h e  e x p e r i m e n t e r ' s  c o n t r o l  room and th e  b i t e -  

f ee d b a c k  m ete r  i n  the  s u b j e c t ' s  c o n s o le  would b o t h  r e a d  100. Thus,  

w h ic h e v e r  f o r c e  the  s u b j e c t  was b i t i n g  to  o b t a i n ,  the m ete r  would 

r e a d  100 microamperes  when the  r e q u i r e m e n t  was met .  B i t i n g  f o r c e s  

which t h e  s u b j e c t  was t o  p roduce  had the  f o l l o w i n g  v a l u e s  [ e x p r e s s e d
ry

i n  Newtons (kgm/sec“ ) ]:

PI P2 ?3 P4 P5 

C o n c e n t r i c  0 .59 9 .8 1  19.62 32.37 38.25

E c c e n t r i c  0 .59 51.99 9 7 .11  126.54

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

mine t h e  minimum a u d i b l e  p r e s s u r e  t h r e s h o l d  f o r  pu re  t o n e s  a t  f r e ­

q u e n c i e s  o f  125,  2000,  and 8000 H e r tz  (Hz);  a B e l to n e  Model 5-C

c l i n i c a l  a u d io m e te r  ( c a l i b r a t e d  to  t h e  1964 ISO s c a l e )  was used.

The s u b j e c t  ea rphone s  were Koss S te reopnones  o f  8-Ohm impedance.  A 

d iag ram  o f  t h e  a p p a r a t u s  used  i n  t h i s  expe r im en t  i s  shown in  

F ig u re  5.

Pr ocedure

A l l  s e s s i o n s  were run  on weekdays e xc ep t  s e s s i o n  6 ,  which was 

on a S a t u r d a y .  Tab le  2 l i s t s  the  s e s s i o n s  and g i v e s  t h e  p roce du re  

used f o r  each s u b j e c t  d u r i n g  each s e s s i o n .  The b l a n k  a r e a s  on days 

2 ,  11,  12 ,  and 13 r e f l e c t  equ ipment  f a i l u r e s ,  and b l a n k s  on days 14
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and 15 f o r  S-2 were due to  s c h e d u l i n g  d i f f i c u l t i e s .  The d u r a t i o n  o f  

each  s e s s i o n  was a p p r o x i m a t e ly  50 m in u t e s .

P r i o r  t o  t h e  f i r s t  s e s s i o n ,  a l l  s u b j e c t s  comple ted  a  m ed ic a l  

h i s t o r y  q u e s t i o n n a i r e  (Appendix A). At each s e s s i o n ,  t h e  s u b j e c t s  

s ig n e d  a " c o n s e n t  t o  e x p e r i m e n t a l  p r o c e d u r e "  form (Appendix B) 

b e f o r e h a n d ,  and a " r e l e a s e  from e x p e r i m e n t a l  p r o c e d u r e "  form 

(Appendix C) a f t e r w a r d s .

Upon a r r i v a l  a t  the  l a b o r a t o r y ,  the  s u b j e c t  was e s c o r t e d  

d i r e c t l y  t o  t h e  e x p e r i m e n t a l  chamber and s e a t e d  i n  the  c h a i r  f a c i n g  

the  c o n s o l e ,  d i r e c t l y  i n  f r o n t  of  t h e  b i t e - p r e s s u r e  f e e d b a c k  m e te r .

The s u b j e c t  was t h e n  i n s t r u c t e d  c o n c e r n in g  th e  p r o p e r  p o s i t i o n i n g  

of  the  two b i t e  t r a n s d u c e r s  i n  the mouth,  and the  c o r r e c t  p o s i t i o n  

and a d ju s t m e n t  o f  t h e  e a r p h o n e s .  The o p e r a t i o n  o f  t h e  i n t e r c o m  and 

a la rm sys te m  was e x p l a i n e d ,  as was t h e  f u n c t i o n s  o f  t h e  s e s s i o n - o n  

l i g h t ,  wTh i c h  i n d i c a t e d  b o th  the  b e g in n i n g  and end of  t h e  s e s s i o n .

The s u b j e c t  was i n fo rm e d  t h a t  the  e x p e r i m e n t e r  would be i n  the  

a d j a c e n t  room and would have  v i s u a l  a c c e s s  t o  t h e  chamber.  The 

s u b j e c t  was a l s o  a s k e d  to  r e f r a i n  f rom h a v in g  gum, candy,  o r  o t h e r  

o b j e c t s  i n  t h e  mouth d u r i n g  th e  s e s s i o n .

In P a r t  I o f  t h e  s t u d y ,  the e x p e r i m e n t e r  asked t h e  s u b j e c t  t o  

c o n c e n t r a t e  t o  h e a r  t h e  f a i n t e s t  tone  a u d i b l e  to  them and t o  f o l l o w  

the  i n s t r u c t i o n  on th e  p a n e l  n e x t  to  the  i l l u m i n a t e d  cue l i g h t .  The 

i n s t r u c t i o n s  r e a d :

1. I n s e r t  I  t r a n s d u c e r

2 .  I n s e r t  T t r a n s d u c e r
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3. B i t e  on t r a n s d u c e r  such t h a t  m e te r  r e a d s  i n  
the  r e d  a r e a

4.  L i s t e n  f o r  t o n e . . . P u s h  b u t t o n  when tone  i s  h e a rd

5.  Relax

6 .  Remove t r a n s d u c e r  f rom mouth

These i n s t r u c t i o n s  were f u r t h e r  c l a r i f i e d .  The s u b j e c t  was shewn 

which o f  t h e  t r a n s d u c e r s  was the  I ( c o n c e n t r i c )  and which was t h e  T 

( e c c e n t r i c ) .  A l s o ,  i t  was e x p l a i n e d  t h a t  i t  would t a k e  v a r y i n g  

amounts o f  b i t e  f o r c e  on the  t r a n s d u c e r  t o  move t h e  n e e d le  o f  t h e  

f eedback  m e t e r  i n t o  t h e  r ed  a r e a ;  t h a t  t h e  l i g h t  i n d i c a t i n g  t h a t  

t o n e s  were abou t  t o  b e  p r e s e n t e d  wTo u l d  n o t  come on u n t i l  t h e  n e e d le  

was i n  the  r e d  a r e a ;  and t h a t  i f ,  w h i l e  t o n e s  were b e in g  p r e s e n t e d ,  

t h e  n e e d l e  moved o u t  o f  the  r ed  a r e a ,  no t o n e s  would be p r e s e n t e d  

u n t i l  t h e  n e e d l e  r e t u r n e d  to  t h e  r ed  a r e a .  The s u b j e c t  was then  

shown the  p u s h - b u t t o n  s i g n a l l e r  and i t s  o p e r a t i o n ,  and t o l d  t h a t  i t  

c o u ld  be h e l d  i n  w h ic h e v e r  hand was most  c o m f o r t a b l e .  F i n a l l y ,  the 

s u b j e c t  was reminded  t h a t  when t h e  " R e la x "  l i g h t  came on ,  t h e  

s u b j e c t  was to  do p r e c i s e l y  t h a t ,  i n c l u d i n g  removing th e  t r a n s d u c e r  

f rom th e  mouth.  The i n s t r u c t i o n  to  "Remove t h e  t r a n s d u c e r  from 

mouth" was d e s ig n e d  t o  be used i f  t h e  s u b j e c t  d i d n ' t  remove th e  t r a n s ­

d u c e r  from h i s  mouth,  w h i l e  r e l a x i n g .  T h i s  i n s t r u c t i o n  was found to  

be u n n e c e s s a r y .

The s u b j e c t  was t h en  a d v i s e d  t h a t  s i t t i n g  q u i e t l y  and keep ing  

body movements to  a minimum would h e lp  them t o  h e a r  the  t o n e s .  They 

were t h en  a sked  i f  t h e y  had any q u e s t i o n s  c o n c e r n in g  th e  p r o c e d u r e .

I f  t h e r e  were any,  t h e  e x p e r i m e n t e r  a g a i n  e x p l a i n e d  t h e s e  d e t a i l s .
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F i n a l l y ,  t h e  s u b j e c t s  were t o l d  t h a t  t h e r e  would be a  t e n - m i n u t e  

p e r i o d  b e f o r e  the  s e s s i o n  s t a r t e d  which e n a b le d  them to  become a c ­

customed t o  t h e  q u i e t  o f  the  chamber . At the  end o f  t e n  m i n u t e s ,  the  

" S e s s i o n  On" l i g h t  would come on ,  and t h e y  sh o u ld  t h e n  pu t  t h e  

e a rp h o n e s  o n ,  g r a s p  t h e  p u s h - b u t t o n  s i g n a l l e r ,  and f o l l o w  t h e  c u e -  

l i g h t  i n s t r u c t i o n s  as  they  came on.  At t h i s  p o i n t ,  t h e  chamber  

t e m p e r a t u r e  wTas  r e c o r d e d  and t h e  e x p e r i m e n t e r  e x i t e d  and c l o s e d  th e  

door .

F o l lo w in g  the  t e n - m in u t e  a d a p t i o n  p e r i o d ,  t h e  " S e s s i o n  On" 

l i g h t  was i l l u m i n a t e d  and a p r e l i m i n a r y  t e s t  t r i a l  was run  to  

d e t e r m i n e  t h e  s u b j e c t ' s  app rox im ate  a u d i t o r y  t h r e s h o l d .  Fo l lo w in g  

t h i s ,  s e v e r a l  p r a c t i c e  t r i a l s  were run u n t i l  measures  a p p e a r e d  

c o n s i s t e n t .  At t h i s  p o i n t ,  t e s t  t r i a l s  began  and ,  f o r  P a r t  I ,  

fo l l o w e d  th e  sequence  o f  b i t e  p r e s s u r e s  a s  shown i n  Tab le  3,  P a r t  I .  

Dur ing  e c c e n t r i c  b i t e  t e s t  s e s s i o n s ,  f r e q u e n c i e s  o f  125,  2000 o r  8000 

Hz were employed,  and d u r in g  c o n c e n t r i c  b i t e  t e s t  s e s s i o n s ,  2000 Hz 

was used .

The t e s t i n g  p ro c e d u r e  was as  f o l l o w s :  t h e  cue l i g h t

c o r r e s p o n d i n g  t o  the  a p p r o p r i a t e  t r a n s d u c e r ,  e i t h e r  c o n c e n t r i c  o r  

e c c e n t r i c  was t u r n e d  on.  Only one t r a n s d u c e r  and one f r e q u e n c y  were 

used  d u r in g  any one s e s s i o n .  Then the cue l i g h t  to  b i t e  on th e  

t r a n s d u c e r  u n t i l  t h e  m e te r  was i n  the  r e d  a r e a  was t u r n e d  on.

Whenever a cue l i g h t  was t u r n e d  o n ,  t h e  p r e v i o u s l y  i l l u m i n a t e d  

l i g h t  a u t o m a t i c a l l y  went  o f f .  When the  s u b j e c t  had h e l d  t h e  n e e d l e  

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

s i g n a l l i n g  t h e  f o r thc om ing  p r e s e n t a t i o n  o f  to n es  was t u r n e d  on .  A
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s e r i e s  o f  t o n e s  was t h en  p r e s e n t e d  a c c o r d i n g  to  a m o d i f i e d  method of  

l i m i t s ,  s t a r t i n g  ab o u t  10 d e c i b e l s  (db) above t h r e s h o l d  i n  a 

d e s c e n d in g  o r d e r  of  2 db d e c re m e n t s ,  u n t i l  t he  s u b j e c t  f a i l e d  to  

r e s p o n d .  To be c e r t a i n  t h a t  the  a bsenc e  o f  r e s p o n s e  was n o t  a f a l s e  

n e g a t i v e ,  a n o t h e r  tone  2 db lower was p r e s e n t e d .  I f  a t  t h i s  v a l u e  

t h e r e  was a  r e s p o n s e  t h e  descend ing  p a t t e r n  was c o n t i n u e d .  I f  no 

r e s p o n s e  o c c u r r e d ,  however ,  an a s c e n d i n g  s e r i e s  o f  t o n e s  2 db a p a r t  

were p r e s e n t e d ,  s t a r t i n g  a t  t h e  f i r s t  n o - r e s p o n s e  l e v e l ,  u n t i l  t he  

s u b j e c t  r e s p o n d e d .  The v a lu e  of  t h e  l a s t  de s ce n d in g  tone  and th e  

f i r s t  a s c e n d i n g  tone  were l a t e r  a v e ra g e d  to  a r r i v e  a t  t h e  t h r e s h o l d .

T h i s  method was d e r i v e d  from H i r sh  ( 1 952 ) .  Tone d u r a t i o n  was 

a p p r o x i m a t e l y  2 s e c o n d s ,  the i n t e r - t o n e  i n t e r v a l  v a r i e d  from 4 t o  

8 s e c o n d s ,  and t h e  i n t e r v a l  be tween  t r i a l s  v a r i e d  from 20 to  30 

s e c o n d s .

On the  t h i r d  s e s s i o n ,  each s u b j e c t  was in fo rmed  t h a t  i f  he  o r  

s he  s h o u ld  r e s p o n d  when a  tone  had  n o t  been  p r e s e n t e d ,  t h e  cue 

l i g h t s  would be t u r n e d  o f f  and t h e  t r i a l  would s t a r t  o v e r .  T h i s  was 

done t o  p r o v i d e  fee d b a c k  to  t h e  s u b j e c t s  whenever  they  made a  f a l s e  

r e s p o n s e .  They were a l s o  informed t h a t  a v a r y i n g  number o f  t o n e s  

would be p r e s e n t e d ,  r a n g i n g  from t h r e e  t o  t e n  t ones  p e r  t r i a l .

F o l lo w in g  th e  l a s t  t r i a l ,  t he  s u b j e c t ' s  " S e s s i o n  On" l i g h t  was 

t u r n e d  o f f ,  and the  s u b j e c t  was e s c o r t e d  from the  chamber  to  t h e  

s e c r e t a r y ' s  o f f i c e .  There t h e  s u b j e c t  was p a i d  and s i g n e d  a r e c e i p t  

b e f o r e  l e a v i n g  t h e  l a b o r a t o r y .

The p r o c e d u r e  f o r  P a r t  I I  was i d e n t i c a l  to  P a r t  I  e x c e p t  t h a t ,  

when t e s t i n g  a t  2000 and 8000 Hz d u r in g  c o n c e n t r i c  b i t i n g ,  a f i f t h
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b i t e  f o r c e  was r e q u i r e d .  The s e q u e n t i a l  p r e s e n t a t i o n  o f  t h e s e  f o r c e  

r e q u i r e m e n t s  i s  shown i n  Tab le  3.

P a r t  I I I  o f  the  e x p e r im e n t  i n t r o d u c e d  a second t a s k ,  i n  which 

s u b j e c t s  were r e q u i r e d  to  l i f t  a  5 .64  kg w e igh t  c r a d l e d  i n  one hand 

w i th  t h e i r  elbow on the  a r m r e s t  o f  t h e  c h a i r  and f o re a rm  e x te n d e d  a t  

45° from v e r t i c a l .  Thi s  n e c e s s i t a t e d  an a d d i t i o n a l  two i n s t r u c t i o n s ,  

which r e a d :  "With w e igh t"  and "Without  w e i g h t " .  Dur ing h a l f  o f  the

P a r t  I I I  s e s s i o n s ,  when n o t  u s i n g  t h e  w e i g h t ,  t h e  sequence  of  e v e n t s  

was i d e n t i c a l  to  P a r t s  I  and I I .  The p r o c e d u r e  was as  f o l l o w s  when 

the  s u b j e c t  had t o  l i f t  the  w e i g h t :  the  cue f o r  which t r a n s d u c e r

was t o  be used came on,  and then  the  cue to  l i f t  the  w e i g h t  was 

i l l u m i n a t e d ;  when th e  s u b j e c t  had t h e  w e igh t  i n  the  p r o p e r  p o s i t i o n ,  

t h e  cue l i g h t  t o  b i t e  on th e  t r a n s d u c e r  so as  to  keep t h e  n e e d le  in  

t h e  r e d  a r e a  o f  t h e  m ete r  was i l l u m i n a t e d ;  a f t e r  t h i s  p o i n t  i n  the  

p r o c e d u r e ,  the  t o n e s  were p r e s e n t e d  as  d e s c r i b e d  f o r  P a r t  I .  The 

o r d e r  i n  which th e  b i t e  f o r c e s  were p r e s e n t e d  f o r  P a r t  I I I  i s  a l s o  

shown i n  Tab le  3.

Data  A n a l y s i s

The a b s o l u t e  a u d i t o r y  t h r e s h o l d  was computed by a v e r a g i n g  

th e  l o w e s t  descend ing  and f i r s t  a s c e n d i n g  tones  to  which t h e  s u b j e c t  

r e s p o n d e d .  During each s e s s i o n  f o r  P a r t  I  and P a r t  I I ,  t h r e s h o l d  

v a l u e s  were d e te rm in e d  fou r  t im es  a t  each b i t e  f o r c e .  (P I  was t e s t e d  

s i x  t i m e s ,  b u t  on ly  t h e  f i r s t  f o u r  t h r e s h o l d s  were used  f o r  

c o m p u t a t i o n a l  p u r p o s e s . )  A mean v a l u e  was c a l c u l a t e d  from th e  f o u r  

t h r e s h o l d  v a l u e s  a t  each  b i t e - f o r c e  d u r i n g  each s e s s i o n .  During
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P a r t  I I I ,  two t h r e s h o l d  v a lu e s  were computed a t  each  b i t e  f o r c e  and 

we igh t  o r  n o - w e ig h t  t e s t .  (PI  and Plw were t e s t e d  t h r e e  t i m e s ,  b u t  

on ly  t h e  f i r s t  two v a lu e s  were used  f o r  c o m p u t a t i o n a l  p u r p o s e s . )

Again a mean v a l u e  was c a l c u l a t e d  from t h e  two v a l u e s  a t  each  b i t e  

f o r c e  and w e i g h t  o r  n o - w e igh t  t e s t .

The b i t e  f o r c e s  were always p r e s e n t e d  i n  an a s ce n d in g  

se quenc e ,  and th e  sequence  was then  r e p e a t e d  a second  t im e .  F u r t h e r  

c a l c u l a t i o n s  were t h e r e f o r e  made to  d e t e r m i n e  th e  magnitude  o f  

sequence  c r  o r d e r  e f f e c t .  The d i f f e r e n c e s  d u r i n g  a s e s s i o n  f o r  each  

b i t e - f o r c e  from th e  f i r s t  sequence  to  t h e  second sequence  were a l l  

t o t a l l e d ,  and a mean of  the  t o t a l  computed.  Th i s  v a lu e  r e p r e s e n t e d  

the  t h r e s h o l d  change ove r  the  d u r a t i o n  o f  the  s e s s i o n .

Dur ing  d e t e r m i n a t i o n  of  t h r e s h o l d  v a l u e s  a t  2000 Hz, s u b j e c t s  

S - l ,  S -3 ,  S-4 and S-5 e x h i b i t e d  a u d i o m e t r i c  t h r e s h o l d s  below the  0 db 

i n d i c a t i o n  o f  t h e  a u d io m e te r .  Th is  n e c e s s i t a t e d  e l e c t r i c a l  

measurements  which a l lowed  i n f e r e n t i a l  e x t e n s i o n  of  the  a u d i o m e t e r ' s  

i n d i c a t e d  low er  l i m i t  to  -10 db.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



RESULTS

A l l  s u b j e c t s  d i s p l a y e d  a d e c r e a s i n g  s e n s i t i v i t y  t o  p u r e  to n es  

a s  a f u n c t i o n  of  i n c r e a s i n g  b i t e - f o r c e ,  b o t h  e c c e n t r i c  and 

c o n c e n t r i c .

F igu re  6 shows t h a t  as e c c e n t r i c  b i t e - f o r c e  i n c r e a s e s ,  ab­

s o l u t e  a u d i t o r y  t h r e s h o l d  a l s o  i n c r e a s e s .  Th is  i s  so f o r  a l l  f i v e  

s u b j e c t s  a t  a l l  f r e q u e n c i e s  t e s t e d ;  125, 2000,  and 8000 Hz. B i t e -  

f o r c e ,  as  measured  i n  newtons ( k g m / s e c ^ ) ,  i s  d i s p l a y e d  a lo n g  t h e  

a b s c i s s a  and i s  the  same f o r  a l l  g r a p h s .  The mean db v a l u e  o f  the 

a b s o l u t e  a u d i t o r y  t h r e s h o l d  i s  shown on the  o r d i n a t e  o f  e a c h  g raph ,  

and v a r i e s  w i t h  f r e q u e n c y  f o r  each  s u b j e c t  and among s u b j e c t s .  The 

dashed  l i n e  r e p r e s e n t s  t h e  a u d i t o r y  t h r e s h o l d  change o v e r  the  

d u r a t i o n  o f  t h e  s e s s i o n ,  which was t y p i c a l l y  an i n c r e a s i n g  f u n c t i o n .

The b i t e - f o r c e ,  c o r r e s p o n d i n g  to  0 .59 newtons and used  to  

app rox im ate  a n o n - b i t e  s i t u a t i o n ,  i s  a minimal  f o r c e  and p r o v i d e s  a 

c o n t r o l  f o r  p r o c e d u r a l  and a t t e n t i o n  v a r i a b l e s .  Of t h e  45 mean 

a u d i t o r y  t h r e s h o l d  v a l u e s  a t  b i t e - f o r c e s  ex c ee d in g  t h e  min imal  

v a l u e  o f  0 .59 ne w tons ,  43 a r e  i n  e x c e s s  o f  t h e  t h r e s h o l d  v a l u e  a t  

0 .5 9  newtons ,  shown i n  F ig u re  6.  Thus,  w h i l e  b i t i n g  e c c e n t r i c a l l y  

a t  any of  the  t h r e e  f r e q u e n c i e s ,  t h e  v a lu e  o f  the  a b s o l u t e  a u d i t o r y  

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

The same f u n c t i o n a l  r e l a t i o n s h i p  was found f o r  a l l  s u b j e c t s  

vrhen b i t i n g  i n  a c o n c e n t r i c  r e l a t i o n ,  as  shown i n  F i g u r e  7. An 

a d d i t i o n a l  b i t e - f o r c e  v a l u e  was t e s t e d  a t  f r e q u e n c i e s  o f  125 and

14
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8000 Hz ( P a r t  I I  i n  T a b le  2 ) .  D a ta  a t  2000 Hz were c o l l e c t e d  u s i n g  

the  same p r o c e d u r e  as  f o r  P a r t  I .  The a b s c i s s a  and o r d i n a t e  a r e  

s c a l e d  i n  t h e  same manner a s  d e s c r i b e d  f o r  F igu re  6 .  Aga in ,  the  

b i t e - f o r c e  o f  0 .59  newtons i s  a  min imal  b i t e  va lu e  and t h e  dashed  

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

t h e  s e s s i o n .  Of t h e  55 mean t h r e s h o l d  v a l u e s  a t  b i t e - f o r c e s  e x ­

c e e d i n g  t h e  min imal  f o r c e  (0 .59  n e w t o n s ) ,  52 a r e  above t h e  r e s p e c t i v e  

t h r e s h o l d s  a t  m in imal  b i t e - f o r c e .  Here a g a i n ,  t h e r e  i s  a g e n e r a l  

r e l a t i o n  be tw een  i n c r e a s i n g  t h r e s h o l d  v a l u e s  and i n c r e a s i n g  b i t e -  

f o r c e .

To d e te r m in e  i f  i n c r e a s e d  t o n u s  o f  a n o t h e r  musc le  group t h a n  

t h a t  i n v o lv e d  i n  b i t i n g  might  c a u se  t h i s  same f u n c t i o n a l  r e l a t i o n s h i p ,  

a u d i t o r y  t h r e s h o l d s  were d e t e r m i n e d  w h i l e  b i t i n g  was accompanied  by 

s im u l t a n e o u s  c o n t r a c t i o n  of  the  b i c e p s  m usc le .  No c o n s i s t e n t  

e f f e c t s  on t h r e s h o l d  v a l u e s  were o b t a i n e d .  F ig u re  8 i l l u s t r a t e s  

pe r fo rm a nc e  d u r i n g  t r i a l s ,  h a l f  o f  which n e c e s s i t a t e d  t h e  l i f t i n g  o f  

a 5 .6 4  kg .  w e i g h t ,  and h a l f  o f  w’h i c h  d i d  n o t .  T r i a l s  were  o t h e r w i s e  

i d e n t i c a l .  A b s o l u t e  a u d i t o r y  t h r e s h o l d s  a t  8000 Hz f o r  a l l  s u b j e c t s  

w h i l e  on ly  b i t i n g  ( c l o s e d  c i r c l e s )  and w h i l e  s i m u l t a n e o u s l y  b i t i n g  

and l i f t i n g  t h e  w e ig h t  (open c i r c l e s )  a r e  i l l u s t r a t e d .  A l l  b i t i n g  

was c o n c e n t r i c .  When t e s t e d  w h i l e  b i t i n g  a t  the  min imal  f o r c e ,  

t h r e e  s u b j e c t s  showed no  t h r e s h o l d  change w h i l e  l i f t i n g  t h e  w e i g h t  

v e r s u s  no w e i g h t  l i f t .  Two s u b j e c t s  showed a  d e c r e a s e  i n  t h r e s h o l d  

when l i f t i n g  t h e  w e i g h t .  Of t h e  20 t h r e s h o l d  v a lu e s  f o r  b i t e - f o r c e s  

i n  e x c e s s  o f  t h e  minimum, a d d i t i o n  o f  t h e  w e i g h t - l i f t  r e q u i r e m e n t  

p roduced  a d e c r e a s e  i n  t h r e s h o l d  i n  17 c a s e s .  Here a g a i n ,  a l l
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s u b j e c t s  showed an i n c r e a s e  o f  t h r e s h o l d  as  a f u n c t i o n  o f  b i t e -  

f o r c e ,  bo th  w i t h  and w i t h o u t  the  l i f t i n g  t a s k .  The mean a b s o l u t e  

t h r e s h o l d  changes  due to  t ime  i n t o  s e s s i o n  a r e  r e p r e s e n t e d  in  

F igu re  R by das h ed  and d a s h e d / d o t t e d  l i n e s  f o r  n o n -w e ig h t  and w e ig h t  

s e s s i o n s  r e s p e c t i v e l y .
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T a b l e  1 

S u b j e c t  H i s t o r y

S u b j e c t S - l S-2 S-3 S-4 S-5

Age 19 21 23 21 24

Sex F F F M M

M a r i t a l  S t a t u s M S S M M

O c c u p a t i o n S t u d e n t S p e c i a l  Ed. 
T e a c h e r

Language
T h e r a p i s t

S t u d e n t E l e c t r i c a l
Repa i rm an
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T a b l e  2

S e s s i o n  Days

1 2 3 4 5 6 7 8 9 10 11 12 13 14 1.5 16 17 18 19 20 21 22

S - l P P P P T P T P T T P T T Pw Pw Pw Tw

S-2 P P P P T P T T T T T Pw Pw Pw Tw

S-3 P P P P P T T T P T T T IV Pw Pw TV

S-4 P P P P T P T P T T T T Pw Pw Pw Tw

S-5 P P P P T P T P T T T T IV Pw Pw Tw

KEY: T = Normal  t e s t  s e s s i o n
IV = T e s t  s e s s i o n  w h i l e  l i f t i n g  5 . 6 8  k g .  w e i g h t

P = P r a c t i c e  s e s s i o n
Pw = P r a c t i c e  s e s s i o n  w h i l e  l i f t i n g  5 . 6 8  k g .  w e i g h t
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FIGURE 1

E x p e r im e n t a l  chamber viewed th rough  doorway i n t o  chamber.
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FIGURE 2

C l o s e -u p  o f  c o n s o le  i n  e x p e r i m e n t a l  chamber.
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FIGURE 3

C o n c e n t r i c  and e c c e n t r i c  b i t e  t r a n s d u c e r s .
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FIGURE 4

C o n t r o l  room, w i th  view o f  mock s u b j e c t  i n  the  e x p e r i m e n t a l  

chamber b i t i n g  on t r a n s d u c e r ,  h o l d i n g  push b u t t o n  s i g n a l ,  and 

w e a r ing  t h e  e a r p h o n e s .
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FIGURE 5 

Schemat ic  d iag ram  o f  a p p a r a t u s .
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FIGURE 6

Mean a b s o l u t e  t h r e s h o l d  v a l u e s  a t  f r e q u e n c i e s  o f  125 ,  2000, and 

8000 Hz w h i l e  b i t i n g  i n  an e c c e n t r i c  r e l a t i o n  a t  f o u r  i n c r e a s i n g  

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

change o v e r  d u r a t i o n  o f  t h e  s e s s i o n -

\
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FIGURE 7

Mean a b s o l u t e  t h r e s h o l d  v a l u e s  a t  f r e q u e n c i e s  o f  125 and 

8000 Hz w h i l e  b i t i n g  i n  a c o n c e n t r i c  r e l a t i o n  a t  f i v e  i n c r e a s i n g  

b i t e - f o r c e s ,  and a t  a  f requency  o f  2000 Hz w h i le  b i t i n g  

c o n c e n t r i c l v  a t  f o u r  i n c r e a s i n g  b i t e - f o r c e s .  The d o t t e d  l i n e  

r e p r e s e n t s  mean a b s o l u t e  t h r e s h o l d  change ove r  d u r a t i o n  o f  t h e  

s e s s i o n .
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FIGURE 8

Comparison o f  mean a b s o l u t e  t h r e s h o l d s  a t  a f r e q u e n c y  of  

8000 Hz w h i l e  b i t i n g  i n  a c o n c e n t r i c  r e l a t i o n  a t  f o u r  i n c r e a s i n g  

b i t e - f o r c e s ,  w i th  the  mean a b s o l u t e  t h r e s h o l d s  a t  t h e  i d e n t i c a l  

f r e q u e n c y ,  b i t e - f o r c e ,  and b i t e  r e l a t i o n ,  b u t  w h i l e  s i m u l t a n e o u s l y  

l i f t i n g  a w e igh t  and e l i c i t i n g  c o n t r a c t i o n  o f  t h e  b i c e p s  m u sc l e .  

The dashed  l i n e  r e p r e s e n t s  mean a b s o l u t e  t h r e s h o l d  change o v e r  t h e  

d u r a t i o n  of  t h e  s e s s i o n  w h i l e  b i t i n g  o n ly .  The dashed  and d o t t e d  

l i n e  r e p r e s e n t s  t h e  mean a b s o l u t e  t h r e s h o l d  change ove r  t h e  

d u r a t i o n  o f  the  s e s s i o n  w h i l e  b i t i n g  and l i f t i n g  the  w e i g h t .
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DISCUSSION

This  e x p e r im e n t  d e m o n s t r a t e d  a f u n c t i o n a l  r e l a t i o n s h i p  

be tween  i n c r e a s e s  in  a b s o l  ' e  a u d i t o r y  t h r e s h o l d  and i n c r e a s i n g  

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

t h r e e  f r e q u e n c i e s  t e s t e d :  125,  2000 and 8000 Hz; which compr ise  a

r e p r e s e n t a t i v e  sample of  t h e  r an g e  of  a u d i t o r y  f r e q u e n c y  r e s p o n s e  

u t i l i z e d  i n  p u r e - t o n e  aud iom e t ry  (O’N e i l l  and Over ,  1966) .  The 

t h r e s h o l d  changes were s i m i l a r  unde r  b o t h  e c c e n t r i c  and c o n c e n t r i c  

b i t i n g  r e l a t i o n s .  The r e s u l t s  o f  the  s e s s i o n s  a t  a  minimal  b i t e -  

f o r c e ,  compar ing the  normal  pa radigm w i t h  t h e  a d d i t i o n  of  a w e ig h t  

l i f t ,  i n d i c a t e  t h a t  c o n t r a c t i o n  o f  the  b i c e p s  muscle  has  a 

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

S e v e r a l  a l t e r n a t i v e  e x p l a n a t i o n s  cou ld  be made to  ac coun t  

f o r  t h e  r ed u c e d  a u d i t o r y  s e n s i t i v i t y  found under  c o n d i t i o n s  o f  

b i t i n g .  As th e  s u b j e c t s ’ f o r c e  o f  b i t e  i n c r e a s e d ,  t h i s  might  

n e c e s s i t a t e  more a t t e n t i o n  to  the  b i t e - f o r c e  f ee dba c k  m e t e r ,  t hus  

r e d u c i n g  a t t e n t i o n  to  t h e  - ta sk  o f  t h r e s h o l d  d i s c r i m i n a t i o n .  The 

s i g n a l  f rom t h e  p o l y g r a p h ,  however ,  was a m p l i f i e d  t o  a c t i v a t e  

t h e  f e e d b a c k  m ete r  i n  a manner whereby the  lower the  b i t e - f o r c e ,  

th e  more s e n s i t i v e  t ^ e  sys te m  became t o  i n p u t  c hanges .  I f  

a n y t h i n g ,  more a t t e n t i o n  was t h e r e f o r e  n e c e s s a r y  a t  a minimal  b i t e -  

f o r c e  .

The r e s u l t s  of  t h e  e x p e r im e n t  nave shown t h a t  a u d i t o r y  

s e n s i t i v i t y  changed as  a f u n c t i o n  of  t ime i n t o  s e s s i o n .  Thus,  the

17
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p o s s i b i l i t y  e x i s t s  t h a t  t h i s  e f f e c t  was due to  a u d i t o r y  a d a p t a t i o n  o r  

f a t i g u e  (Bekesy ,  1947;  L i c k l i d e r ,  1951) .  However,  the  d e g re e  o f  

a u d i t o r y  a d a p t a t i o n  has  been shown t o  be dependen t  upon t h e  lo u d n e s s

o f  the  s t i m u l i ,  and when the  a u d i t o r y  s i g n a l  i s  n e a r  t h r e s h o l d ,  the

a d a p t a t i o n  i s  n e g l i g i b l e  (Bekesy ,  1967) .  F u r th e r m o r e ,  the  s u b j e c t ' s  

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

was d e s ig n e d  to  min imize  t h e  i n i t i a l  e f f e c t  o f  t h r e s h o l d  f a c i l i t a t i o n  

i n  t h e  absence  o f  n o i s e  (Bryan ,  P a r b r o o k ,  and Tempes t ,  1965) .  This  

a d a p t a t i o n  p e r i o d  may n o t  have b e e n  long  enough, however ,  and what  

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

may have been  a  f a c i l i t a t i o n  of  s e n s i t i v i t y  a t  the  o n s e t  t h a t

d i s s i p a t e d  o v e r  t h e  d u r a t i o n  o f  t h e  s e s s i o n .

I t  a l s o  seems u n l i k e l y  t h a t  t h e  t h r e s h o l d  change was due t o  

c o n t r a c t i o n  o f  the  m i d d l e - e a r  m u s c l e s ,  even though th e y  have been  

shown to  a t t e n u a t e  sound by as much as 20 db (Galambos and R u p e r t ,

1959) .  N o n - a c o u s t i c  f a c t o r s ,  suc h  as  s t i m u l a t i o n  o f  t h e  p i n n a e  and 

m e a t a l  e n t r a n c e  o f  t h e  e x t e r n a l  e a r ,  e l i c i t  c o n t r a c t i o n  o f  t h e  

i n t e r a u r a l  m usc le s  (Carmel  and S t a r r ,  1963) .  Th is  b e i n g  t h e  c a s e ,  

the  p r e s s u r e  o f  t h e  e a rp h o n e s  would e l i c i t  c o n t r a c t i o n  of  t h e  

i n t e r a u r a l  m usc le s  t h r o u g h o u t  t h e  s e s s i o n  ( G u i l i c k ,  1971) .  Most 

i m p o r t a n t l y ,  t h e  a t t e n u a t e d  e f f e c t  of  t h e s e  m usc le s  does o c c u r  a t  

f r e q u e n c i e s  o f  125 to  8000 Hz, b u t  on ly  from 75 t o  95 d b , w e l l  above 

t h e  range  t e s t e d  i n  t h i s  e x p e r im e n t  ( J e p s e n ,  1955) .

The b a s i c  f i n d i n g  o f  t h i s  e x p e r i m e n t  was t h a t  the  a c t  o f  

b i t i n g  p roduces  a r e d u c t i o n  of  a u d i t o r y  s e n s i t i v i t y .  I f  f u r t h e r  

r e s e a r c h  i n d i c a t e d  t h a t  o t h e r  s e n s o r y  m o d a l i t i e s  a r e  a f f e c t e d  i n  a
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s i m i l a r  f a s h i o n ,  a p l a u s i b l e  e x p l a n a t i o n  of  vhv b i t i n g  d u r in g  or  

f o l l o w i n g  nox ious  o r  s t r e s s f u l  e v e n t s  i s  r e i n f o r c i n g  to  the  o rgan i sm  

cou ld  be advanced .  I t  would be o f  f u r t h e r  i n t e r e s t  to  d e l i n e a t e  

the mechanism by which b i t i n g  a l t e r s  s e n s o r y  i n p u t  a n d / o r  p r o c e s s i n g  

sys tem  f u n c t i o n s .
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ADDRESS PHONE

DATE OF BIRTH__________________________________MARITAL STATUS

OCCUPATION_____________________________________

ARE YOU A UNITED STATES CITIZEN? YES NO

Medica l  H i s t o r y :

1. Do you c o n s i d e r  y o u r s e l f  to  be i n  good h e a l t h  a t  t h e  p r e s e n t  t ime 

yes________  no_____

2. Have you e v e r  been  r e f u s e d  employment ,  i n s u r a n c e  o r  r e j e c t e d  from 
the  armed f o r c e s  b e c a u s e  o f  your  h e a l t h ?  y e s _________ no_____

3. Do you now o r  have you e v e r  had any o f  t h e  f o l l o w i n g  i l l n e s s e s ?

asthma Yes   No ____
b r o n c h i t i s  ____  ____
hay f e v e r  ____  ____
r heum a t ic  f e v e r  ____  ____
e p i l e p s y ______________________________ ____  ____
t u b e r c u l o s i s ______________________________  ____
d i a b e t e s  ____  ____
i n c r e a s e d  b lood  p r e s s u r e  ____  ____
stomach t r o u b l e  ____  ____
h e a r t  t r o u b l e  ____  ____
m ig r a in e  headache  ____  ____
s e r i o u s  i n f e c t i o n s  ____  ____
s k i n  t r o u b l e _________________________ ____  ____
a r t h r i t i s  ____  ____
t o o t h  ache________________________________  ____
b l e e d i n g  gums ____  ____
b l a d d e r  o r  k idney  t r o u b l e  ____  ____
nervous  o r  m en ta l  d i s o r d e r  ____  ____
i n f e c t i o u s  m ononuc leos i s

4.  Do you have any a l l e r g i e s  t o  d r u g s ,  f oods ,  a n i m a l s ,  p l a n t s ,  
i n s e c t s ,  d u s t ,  e t c . ?

yes_________  no_________  I f  y e s ,  p l e a s e  e x p l a i n .
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5.  Are you p r e s e n t l y  under  t h e  c a r e  o f  a p h y s i c i a n ,  p s y c h i a t r i s t  o r  
t h e r a p i s t ?

yes_________  no_________

6.  Are you p r e s e n t l y  o r  have you r e c e n t l y  r e c e i v e d  any m e d i c a t i o n  
f o r  any r e a s o n  ( i n c l u d i n g  v i t a m i n s ,  pep p i l l s ,  d i e t  p i l l s ,  
t r a n q u i l i z e r s ,  e t c . ) ?

y e s_________ no_____________

7. Are you on any s p e c i a l  d i e t ?  yes_________  no_________

8.  Has anyone i n  your  f a m i ly  had any o f  t h e  f o l l o w i n g  i l l n e s s e s ?  
( g r a n d p a r e n t s ,  p a r e n t s ,  b r o t h e r s ,  s i s t e r s ,  c h i l d r e n )

asthma YES_______  NO_______  RELATIONSHIP________
hay f e v e r  _______  _______  ________
e p i l e p s y  _______  _______  ________
nervous  o r  m en ta l  d i s o r d e r  _______  _______  ________
c a n c e r  _______  _______  ________
h e a r t  d i s e a s e  _______  _______  ________
s e v e r e  headache_____________________  _______  ________
h ig h  b lood  p r e s s u r e  _______  _______  ________

9.  When was you r  l a s t  p h y s i c a l  exam?

10. When d id  you l a s t  have a d e n t a l  check  up?

GENERAL INFORMATION

1. Have you e v e r  t a k e n  p a r t  i n  any e x p e r i m e n t a l  s t u d i e s ?  y e s   no__

I f  y e s ,  d i d  t h e s e  s t u d i e s  i n v o l v e  any o f  t h e  f o l l o w in g :

i n g e s t i o n  o f  food s u b s t a n c e s  YES_______  NO______
i n g e s t i o n  o r  i n j e c t i o n  of  d rugs  _______  _______
m e t a b o l i c  t e s t s  _______  _______
blood  o r  u r i n e  t e s t s  _______ _______
b lood  p r e s s u r e  r e c o r d i n g  _______  _______
a b s t i n e n c e  o f  any s o r t _____________________ _______  _______
h e a r t  r a t e  r e c o r d i n g  _______  _______
EEG r e c o r d i n g  _______  _______
conf inem en t_________________________________________  _______
p h y s i c a l  e x e r t i o n  t e s t s  _______  _______
w r i t t e n  t e s t s  _______  _______
per fo rmance  t e s t s  _______  _______
s l e e p ________________________________________________  _______
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2. Are you r i g h t  handed? y e s _________ no_____

3. Do you wear  any o f  t h e  f o l l o w i n g :

f a l s e  t e e t h  o r  b r i d g e  YES________  NO______
h e a r i n g  a i d __________________________________ _______ _______
g l a s s e s ______________________________________________  _______
b r a c e s  f o r  t e e t h ____________________________ _______  _______

-+. Have you e v e r  been  b o t h e r e d  by c l a u s t r o p h o b i a ?  y e s _______ no_____

5. Are you c u r r e n t l y  e n r o l l e d  i n  an e d u c a t i o n a l  program o f  any s o r t ?  

yes__________  no_________

6.  P l e a s e  i n d i c a t e  d a i l y  o r  week ly  f r e que nc y  o f  the  f o l l o w i n g :

a . s l e e p  ( h r s . )

b . a l c o h o l  consumpt io n

c . e x e r c i s e  ( h r s . )

d . to b a c c o  consum pt ion  ( c i g a r s , c i g a r e t t e s ,  p i p e )

e . chewing gum

f . c o f f e e

8- t e a

Do you s u f f e r  f rom headaches? yes no

I f y e s ,  what  i s  t h e  f r e q u e n c y  o f t h e i r  o c c u r r e n c e ?

8. Are you a n a i l  b i t e r  o r  p e n c i l  chewer? yes_______ no

9. Do you p a r t i c i p a t e  a c t i v e l y  i n  s p o r t s ?  yes_______ no

S igned  ______________________

W itnes s  ______________________________

D a t e _____________________
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Consen t  t o  E x p e r im en ta l  Procedure

1>___________________________________ here  by consen t  to  s e r v e  as  a

v o l u n t e e r  e x p e r i m e n t a l  s u b j e c t  f o r  the Research Depa rtm ent  o f  F o r t  

C u s t e r  S t a t e  Home. I  have been  in fo rmed of  the  e x p e r i m e n t a l  

p r o c e d u r e .  I  u n d e r s t a n d  t h a t  I  may wi thdraw a t  any t ime from 

p a r t i c i p a t i o n  i n  t h i s  r e s e a r c h .

Signed

W itne s s______________________________

Date

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



APPENDIX C 

R e le a s e  from E x p e r im e n t a l  Procedure

29

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



30

R e l e a s e  From E xper im en ta l  P r o c ed u re

I ,  have s e r v e d  as  a v o l u n t e e r  e x p e r i m e n t a l

s u b j e c t  f o r  t h e  R esea rch  Department  o f  F o r t  C u s t e r  S t a t e  Home. I

f e l t  , d i d  n o t  f e e l  , u n p l e a s a n t  s i d e  e f f e c t s .  I f  so th e y

were

Signed

Witness____________________________

Dcits
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