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DEPARTMENT OF AN AUTOMATED STRESS/DURESS DETECTION SYSTEM 
PHASE II: FIELD STUDIES 

ALBUQUERQUE POLICE DEPARTMENT 

ABSTRACT 

This report is a summary of the work 
conducted to date at the Lovelace Medical 
Foundation, Albuqurque, New Mexico, 
toward development ,of an automated ' 
stress/duress detection system designed 
for application to individuals guarding 
nuclear materials. Detailed information on • 
previous studies may be found in the 
report for Phase I (Technical and Physio- 
logicai Studies, SAND78-7015). A more 
abbreviated version of this report is 
contained in Phase II Summary Report 
(Field Studies, Albuquerque Police Depart- 
ment. SAND79-7038). 

' SUb~IARY 

In an a t tempt  to i~,aprove the rehabf l i ty  of 
the  human element in s ecu r i t y  s y s t e m s ,  
physiological  r e s p o n s e  moni tor ing equipment  
and high temporal  resolut ion compute r  
ana lys i s  of the r ecorded  da ta  have  been 
developed and implemented for  a u t o m a t i c  
d u r e s s  detect ion.  Twenty two v o l u n t e e r  
police off icers  were in s t rumen ted  with 
small,  b o d y - w o r n  e lec t rocard iograph ic  
tape r e c o r d e r s  At the p rogram o u t s e t ,  
each of these  off icers  u n d e r w e n t  l abora to ry  
basel in2 t e s t i ng  u s i n g  a Set of well c o n -  
trolled physiological  and psychological  
s t r e s s o r s .  Data were  analyzed by an 
off - l ine  compute r .  The  recorded  e lect ro-  
ca rd iograms  were s ta t is t ical ly  examined 
for  both  mean h e a r t  rate  (MHR) and 
b e a t - t o - b e a t  var iabi l i ty  as r e p r e s e n t e d  by 
the  s tandard e r r o r  (SE)  over  the mea su r e -  
ment  per iod .  For each off icer  buth  MHR ' ~ ' ,  
and SE increased,  d u r i n g  a pu re  p s y c h o -  
logical t e s t ,  bu t  the SE dramatically 
decreased d u r i n g  a p u r e  physiological  
t e s t .  This  p rov ided  the bas is  for  a 
poss ib le  d i f ferent ia t ion between r e s p o n s e s  
to physiological  and psychological  s t r e s s o r s .  
In field t e s t i ng ,  this  is n e c e s s a r y  to 
reduce  false alarms due to phys ica l  ac t iv i ty .  - 
T h e s e  control led s tud ies  provided  indivi-  
dual ized cr i ter ia '  f o r  alarm algor i thms to 
be t e s t ed  in t h e  field. 

R u b s e o u e n t  t ~  *L. C ,-~- . ~e, . - . . . . . .  ,a~ora~or~,, t . _ . s ,  the  
o f f i ce r s  were  i n s t rumen ted  d u r i n g  the i r  
normal daffy a::tivities. A total of 247 . 
r e c o r d i n g  days  were  obtained and analyzed 
with twenty  second resolu t ion .  Each 
of f ice r  maintained a log shee t  to i nde pe n -  
dent ly  r eco rd  the times and seve r i t y  of 
any  s t r e s s f u l  even t .  In addit ion,  daily 
call c a r d s  were  ob ta ined  from the police 
d i s p a t c h e r .  The maximum MHR o b s e r v e d  
in the  l a b o r a t o r y  s tud ies  for  each off icer  

-~was c h o s e n  as the alarm Criterion h e a r t  
ra te  (CHR) ,  and even t s  were  r ecorde  d in 
which the CHR was excceded.  

< 1 7  _ 

U s i n g t h e  CHR as a c o n s e r v a t i v e  p h y s io -  
logical even t  iden t i f i e r ,  a s t u d y  of the  
associa t ion be tween  "physiological  e v e n t s "  
and " th rea t en ing , "  field e v e n t s  was made. 
For  th is  t e s t  s . e r ies ,  With t h e  selected 
individual  CHR and a h i g h l y  subjec t ive  
definit ion of a t h r e a t e n i n g  s i tua t ion ,  false 
a larms •would have  .occurred on 6 p e r cen t  
of 1,399 n o - t h r e a t  e x p o s u r e s  ; ~:orrect 

. reject ion on 94 p e r c e n t .  .Again, With the 
above  c r i t e r i a ,  68 percent" of  t h e 2 1 3  
t h r e a t  e x p o s u r e s  would h a v e  been iden- 
t ified as  such  and 32 p e r c e n t  re jected.  
Improvemen t s  in "alarm cr i t e r ia"  and a 
more c d n s i s t e n t  d e f i n i t i o n / u n d e r s t a n d i n g  
of  t h r e a t  e x p o s u r e ~  '~6an likely improve 
sys t em rel iabi l i ty .  Dur ing  the  police field 
s t u d i e s ,  f ou r  major ,  c l ea r ly -de f ined  
l i f e - t h r e a t e n i n g  e v e n t s  o c c u r r e d •  D u r i n g  
each of these  e v e n t s  h e a r t  r a t e s  exceeded 
a value 20 p e r c e n t  g r e a t e r  than  the  CHR 
and were  h i g h e r  than an abso lu te  value of 
150 bea t s  p e r  minute .  

The  r e s u l t s  of the Phase  I and Phase II 
u tudies  s u g g e s t  the ult imate feasibi l i ty  of 
a rer~ote te lemetry  sys t em to automatically 
m G n i t o r p s y c h o l o g i c a l  s . r e s s / d u r e s s .  The 
nex t  e ssen t i a l  s tep  in sys t em development  
will be des ign  and fabr ica t ion  of an 
a p p r o p r i a t e  h e a r t  r a te  s e n s o r .  

TABLE OF CONTENTS 

I. Introduction 

II. Methods , 

III. Results and Discussion 

IV. Conclusions and Recommendations 

V. Reference s . 

VI. Appendices 

l i  , I N T R o D u c T I O N  

Many new security devices and techniques 
have  heen  deve loped  fo r  p ro tec t ion  of 
p e r s o n n e l  and  facili t ies in the  last  seve ra l  
Years .  P e r h a p s  n o w h e r e  has  th is  been 
more  v i g o r o u s l y  p u r s u e d  than  in the 
n u c l e a r  s a f e g u a r d s  a rea .  While new tech-  
nologies  were  be ing  explo i ted  howeve r ,  i t ,  - 
o c c u r r e d  to s e ve r a l  i nves t iga to r s '  t h a t . a  ~ : - ~  ..~, -:- 
method o f  automatical ly eva lua t i ng  the ~ .... : . . . . .  
p sycho log ica l  s t a t u s  of  g u a r d  persc 'nnei  
could pos s ib ly  p r o v i d e  v e r y  rel/~ble alarm . . . . . . . . . . . . . . .  , 
indicat_ions . Assuming ",hat .a guard's ....... ....... -=i 
abnormally high stress level could be 
quickly and automatically assessed (and 
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t h e  r e s u l t  t e l e m e t e r e d  to .a c e n t r a l  r e -  
c e i v i n g  s i t e ) ,  he lp  could  be  summoned  
w i thou t  a n y  c o n s c i o u s  act  by .  the  k~uard. 
T h i s  would be  q u i t e  a d v a n t a g e o u s  if the  
g u a r d  were  b e i n g  he ld  at  g u n p o i n t ,  with 
t h i s  goal  in m i nd ,  we b e g a n  to i n v e s t i g a t e  
m e t h o d s  of  d e t e c t i n g  psycho log ica l  s t r e s s  
v ia  physiolo~,-ical m e a s u r e m e n t s .  A n u m b e r  
o f  t h e s e  t e c h n i q u e s  h a v e  beer, in u s e  for  
m a n y  y e a r s  and  a r e  re "iewed by  T u t t l e  
and  Dav i s  (1978) .  Among t he  d e p e n d e n t  
v a r i a b l e s  m o n i t o r e d  in bo th  l aLora tory  and  
f ie ld t e s t s  a r e  m a n y  s t a t i s t i c a l  ind ices  o f  
h e a r t  r a t e  and  s k i n  r e s p o n s e s .  Special  
a t t e n t i o n  h a s  b e e n  g i v e n  to the  d i f f e r e n -  
t ia t ion  of h e a r t  r a t e  va r iab i l i ty  u n d e r  
men t a l  s t r e s s  as  cSmpared  to p h y s i c a l  
e x e r c i s e  ( T u r t l e  a n d  Dav i s ,  1078; Rohmer t  
et_ __al., 1973; L u c z a k  and  L a u r i g ,  1973; 
Mulde r  e t al__=_., 1973; Boyce ,  1973; Danev  
e t  al___=., 1971; M c S a y e r s ,  1973; Opmeer ,  
1973; B u r d i c k ,  1978).  

Up to now c o n t r a d i c t o r y  r e s u l t s  have  
been  r e p o r t e d  by  t h e s e  a u t h o r s  u s i n g  
v a r i o u s  men ta l  a n d  in format iona l  loads as 
the .  i n d e p e n d t . n t  v a r i a b l e  and  the  Various 
i nd i ce s  of  h e a r t  r a t e  and  sk i n  c o n d u c -  
t a n c e  as  t h e  d e p e n d e n t  va r i ab l e  and  
i n d i c a t o r  of  s t r e s s •  T he  d i f f e r e n t  s c o r i n g  
m e t h o d s  u s e d  by  t h e  v a r i o u s  i n v e s t i g a t o r s  
may be  a pa r t i a l  e x p l a n a t i o n  fo r  t h e s e  
c o n t r a d i c t o r y  r e s u l t s •  Due to t he i r  
h i g h l y  con t ro l l ed  l a b o r a t o r y  me t hodo l ogy ,  
t h e  ma jo r i ty  of  t h e  p r e v i o u s  s t u d i e s  were  
u n a s s o c i a t e d  to t h e  deve lopmen t  of  an 
a u t o m a t e d  s t r e s s / d u r e s s  de tec t ion  s y s t e m .  

T h e  a d a p t a t i o n  o f  p r e v i o u s l y  d e s c r i b e d  
e x p e r i m e n t a l  d e s i g n  and  i n s t r u m e n t a t i o n  
on  f r ee l y  r o v i n g  g u a r d  p e r s o n n e l  imposed  

• u n i q u e  c o n s t r a i n t s  u p o n  th i s  t ype  of 
m e t h o d o l o g y .  Of a b s o l u t e  n e c e s s i t y  were  
t he  r e q u i r e m e n t s  t h a t  t he  s y s t e m  be 
n o n - i n v a s i v e ,  u n o b t r u s i v e ,  concea lab le ,  
ea s i ly  a p p l i e d ,  f a s t  r e s p o n d i n g  and  h i g h l y  
r e l i ab le .  A "line l a p s e  from s t r e s s o r  
p e r c e p t i o n  to a la rm in i t ia t ion  of one  
m i n u t e  o r  l e s s ,  wi th  a minimum of fa lse  
p o s i t i v e  o r  f a l se  n e g a t i v e  a l a r m s ,  was 
v e r y  d e s i r a b l e .  To  ach i eve  a'n accep tab le  
f a l s e  pos i t i v~  r~_tc, it a p p e ~ r c d  n e c e s s a r y  
a t  t h e  p r o g r a m  o u t s e t  t ha t  t he  me thod  
s e l e c t e d  fo r  u l t i ma t e  field u s e  s h o u l d  be 
ab le  to d i f f e r e n t i a t e  be tween  r e s p o n s e s  to 
p h y s i c a l  a n d  men t a l  s t r e s s o r s .  As indi -  
c a t e d  by  p r e v i o u s  s t u d i e s ,  t h i s  d i f f e r e n -  
t i a t ion  was  no t  a s s u r e d  d u e  to the  complex  
p s y c h o p h y s i o l o g i c a l  i n t e r a c t i o n s  which  
c r e a t e  u n s p e c i f i c  v a r i a t i o n s  in the  v a r i o u s  
i n d i c e s  of  h e a r t  r a t e  and  sk i n  c o n d u c t a n c e .  
C o n s e q u e n t l y ,  t h e  goa l s  of  th i s  P hase  II 
of  t h e .  d e v e l o p m e n t  of  a n  au t oma t ed  s t r e s s /  
d u r e s s  d e t e c t i o n  s y s t e m - w e r e  as  fol lows: 

I. To determine if various indices of 
heart rate and skin conductance 
could be transduced and recorded 
with  minimal  s i g n a l  a r t i f a c t  in t he  
f r e e  roaming subject ' 

2. To d e t e r m i n e  ff t h e  a n t i c i p a t e d  
i n c r e a s e s  in t h e  t ime a v e r a g e < [ . h e a r t  
r a t e  a n d ~ o r ,  s k i n  c o n d u c t a n c e  u n d e r  
l i fe t h r e a t e n i n g  c o n ~ t i o n s  w e r e  ~.' : ' 
s u f f i c i e n t l y  e l e v a t e d  Over  b a s e l ~  
l eve l s  to allow t h i s  sole c a l c u l a t i o n  to 
b e  s u f f i c i e n t  in e s t a b l i s h i n g  a larm 
c r i t e r i a .  2 ~." ~.~ 

3.  To e s t a b l i s h  ff t h e  ca l cu l a t i ons  of  add i t iona l  
s t a t i s t i c a l  i n d i c e s  of  h e a r t  r a t e  ( e . g .  
h e a r :  r a t e  v a r i a b i t i t y )  were  r e q u i r e d  
to i n c r e a s e  f-he e f f i c a c y  of.  t h e  a larm 
s y s t e m .  

C l e a r l y ,  in i t ia l  con t ro l l ed  l a b o r a t o r y  
e .~per imen t s  on p h y s i o l o g i c a l  r e ac t i on  to 
v a r i o u s  s t i t u a t i o n s  on a v o l u n t e e r  p o p u -  
la t ion  of s e c u r i t y  p e r s o n n e l  were  r e q u i r e d  
to e s t a b l i s h  b a s e l i n e  p rof i l e  on each  
i n d i v i d u a l  a n d  t h e  r a n g e  of r e s p o n s e s  of  
t h e  e n t i r e  p o p u l a t i o n .  T h i s  a n a l y t i c  
a p p r o a c h  cou ld  s u b s e q u e n t l y  be fol lowed 
by  t h e  more  s y n t h e t i c  a n a l y s i s  of  r e s p o n s e s  
wh ich  o c c u r  in t h e  a c t u a l  l i f e - t h r e a t e n i n g  
s i t u a t i o n .  

I I .  METHODS 

A. L a b o r a t o r y  T e s t i n g  

As a f i r s t  s t e p  t o w a r d  a c h i e v i n g  t h e  
above  goa l s ,  a n u m b e r  o f  p h y s i o l o g i c a l  
s y s t e m s  were  a n a l y z e d  from t h e  s t a n d p o i n t s  
of  r e s p o n s e  s p e c i f i c i t y  a n d  t e c h n i c a l  
p r a c t i c a l i t y .  T h i s  a n a l y s i s  p r o v i d e d  u s  
wth  a small  numl~er  o f  v a r i a b l e s  fo r  
t e s t i n g  in a c o n t r o l l e d  l a b o r a t o r y  e n v i r o n -  
m e n t .  T h e  v a r i a b l e s  s e l e c t e d  a s  a r e s u l t .  
o f  t h i s  t e s t i n g  were  t h e n  u ~ e d  in a 
f ie ld s e t t i n g .  

Many r e s p o n s e s  o f  t h e  c a r d i o v a s c u l a r , ,  
c u t a n e o u s ,  s k e l e t a l  m u s c l e ,  n e u r o l o g i c  a n d  
r e s p i r a t o r y  s y s t e m s  were  e x a m i n e d  ili an  
earlier study (Tuttle and Devis, 1978). 
Some of the varmbles studied ka each 
system are outlined below. 

I. Cardiovascular 
a .  H e a r t  r a t e  
b. -Electrocardiogram morphology 
c .  Sys to l i c  t ime  i n t e r v a l s  
d . .  S t r o k e  vo lume  
e .  C a r d i a c .  o u t p u t  

. . . . .  f-~-. P u l s e  w a v e  ve loc i t y  
g .  Blood p r e s s u r e  

! 
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2. E lec t rodermal  ac t iv i ty  

3. T on i c  musc le  tension.  (e lect roL 
m y o g r a m )  

4. Neuro log ic  (Electroencei~halogram 
power  s p e c t r u m  a n a l y s i s )  

5. R e s p i r a t o r y  
a.  R e s p i r a t o r y  r a t e  
b.  T ida l  volume 

Each  of tl~,cse v a r i a b l e s  was e v a l u a t e d  on 
i t s  phys io log ica l  and  technica l  m e r i t s .  
Phys io log ica l  cons idera t io~ ,s  t ha t  i n f l u e n c e d  
v a r i a b l e  se lec t ion  inc luded  1) - -magni tude  
of  r e s p o n s e  e x h i b i t e d  by  the  v a r i a b l e  to 
s t r e s s / d u r e s s ,  2 ) t h e  va r i ab i l i ty  of  the  
r e s p o n s e  wi th in  and  among  i n d i v i d u a l s .  3) 
t h e  time c o u r s e  of  the  r e s p o n s e ,  4)  t he  
r e s p o n s e  of t he  va r i ab le  to n o n - s i g n i f i c a n t  
s t r e s s o r s  ( e . g .  p h y s i c a l  e x e r c i s e )  and  5) 
t h e  e f fec t  of  e n v i r o n m e n t a l  f a c t o r s  on t he  
m a g n i t u d e  and  v a r i a b i L t y  of  r e s p o n s e •  
T e c h n i c a l  c o n s i d e r a t i o n s  i nc luded  1) 
f eas ib i l i t y  for  t r a n s d u c t i o n  from an u n r e s -  
t r a i n e d  mobile s u b j e c t ,  2)  s i g n i f i c a n c e  of 
a r t i f a c t  (all  s o u r c e s ) ,  3) app l icab i l i ty  to 
low power  and  h y b r i d  p a c k a g i n g  t e c h n i q u e s ,  
4)  app l icab i l i ty  to au tomat ic  r e a l - t ime  
a n a l y s i s  via  m i c r o c o m p u t e r ,  'and 5) app l i -  
cab i l i ty  for  da i ly  u s e .  

A s e l e c t e d  n u m b e r  of  t h e s e  v a r i a b l e s  met  
a c c e p t a b l e  c r i t e r i a  for  f u r t h e r  t e s t i n g  and  
were  s u b s e q u e n t l y  e v a l u a t e d  in l a b o r a t o r y  
t e s t s  ( s e e  n e x t  s e c t i o n ) .  The  p u r p o s e  of 
t h i s  t e s t i n g  was  twofold: F i r s t ,  t h e  t e s t s  
we re  n e c e s s a r y  for  co l lec t ing  b a s e l i n e  
da t a  on i nd i v i dua l  r e s p o n s e s  to v a r i o u s  
p s y c h o l o g i c a l  and  phys io log ica l  s t r e s s o r s .  
D i f f e r e n t  i n d i v i d u a l s  r e s p o n d  d i f f e r e n t l y  
to iden t i ca l  s t r e s s o r s  and  th is  t e s t  s e r i e s  
was  d e s i g n e d  to allow examina t ion  of th i s  
v a r i a b i l i t y .  T h e  t e s t s  also enab l ed  u s  to 
look a t  the  i n t r a - i n d i v i d u a l  r e s p o n s e  
d i f f e r e n c e s  to p sycho log ica l  and  phys io log i ca l  
s t r e s s o r s .  S econd l y ,  t he  , e s t  s e r i e s  
a l lowed u s  to deve lop  co r r e l a t i ons  be tween  
phys i o l og i ca l  a n d  psycho log ica l  s t r e s s o r  
r e s p o n s e s .  A total  of  22 police o f f i c e r s  
(20 male and  2 female)  f rom the  A l b u q u e r q u e  
Police D e p a r t m e n t  v o l u n t e e r e d  fo r  t he  
la rogram.  Vital s t a t i s t i c s  of  the  popu la t i on  
of v o l u n t e e r s  is g i v e n  in A p p e n d i x  A. 

F o r  t h i s  t e s t  s e r i e s ,  we u s e d  two l a b o r a t o r y  
s t rE¢,sors  Which h a v e  been  found  e f f e c t i v e  
in e l i c i t ing  c l ea r  au tonomic  r e s p o n s e s  by  
p r e v i o u s  i n v e s t i g a t o r s .  The~e  we re  t h e  
cold p r e s s o r  t e s t  a n d  a menta l  a r i t h m e t i c  
t a s k .  To i n t r o d u c e  a more  p u r e  p h y s i o -  
logical  S t r e s s ,  an  e x e r c i s e  r o u t i n e  on a 
b i cyc l e  e r g o m e t e r  was u t i l ized  as  t h e -  
t h i r d  t e s t .  Each  of  t h e s e  t e s t s  was  
con .~uc ted  wi th  t h e  s u b j e c t  i so la t ed  in an  

e n v i r o n m e n t a l  c h a m b e r  a t  a nominal  t e m p e r a -  
t u r e  of  80°F a n d  4096 r e l a t i v e  h u m i d i t y .  

. T e s t  o p e r a t o r s  m o n i t o r e d  all t e s t s  t h r o u g h  
a window b e h i n d  t h e  s u b j e c t .  I n s t r u c t i o n s  
were  s t a n d a r d i z e d ,  t a p e  recorded and 
a d m i n i s t e r e d  to t h e  s u b j e c t  t h r o u g h  a 
h e a d s e t  which  h e / s h e  wore  c o n t i n u o u s l y  
d u r i n g  t h e  f i r s t  two t e s t s  ( F i g u r e  1).  

FIGURE I 
Subject instrumented for cold pres~or and mental 

arithmetic tests in cont,-oiled laboratory . 

T h e  cold  p re s . so r  t e s t ,  a s  a d a p t e d  fo r  o u r  
s e r i eS ,  r e q u i r e d  t h a t  t h e  s u b j e c t ' s  r i g h t  

f o o t  be  immer sed  in a c o n t a i n e r  f i l led wi th  
a p p r o x i m a t e l y  . four  i n c h e s  o f  ice w a t e r .  
T h e  foo t  r e m a i n e d  in t h e  w a t e r  fo r  a ful l  
one  m i n u t e .  T h i s  t e s t  was  r e p e a t e d  o n ce  
a f t e r  a f ive  m i n u t e  r e c o v e r y  p e r i o d .  
I n s t r u c t i o n s  to t h e  cold  p r e s s o r  t e s t  a r e  
g i v e n  in A p p e n d i x  B ;  

T h e  m e n t a l  a r i t h m e t i c  t a s k  r e q u i r e d  t h a t  
t h e  s u b j e c t  s u b t r a c t  b y .  t h r e e s ,  s t a r t i n g  
a t  t h r e e  h u n d r e d ,  a n d  verbaF~,e  t h e  
r e s u l t  i n to  a m i c r o p h o n e . -  T h e  s u b j e c t  "' 
was  to s u b t r a c t  in t ime wi th  a m e t r o n o m e  
s e t  at 1 .5  ~-cc~,,d h i te rv-a l~ .  T h e  s u b j e c t %  
vo ice  was  d e l a y e d  a p p r o x i m a t e l y 0 . ~ 1 5  
s e c o n d s  b e f o r e  b e i n g  f e d  b a c k  in to  h i s  
h e a d s e t . : .  T h i s  c r i s p ,  c o n t i n u o u s  ech o  
c a u s e d  o b v i o u s  c o n f u s i o n  in m o s t  s u b j e c t s ,  
In  a d d i t i o n ,  a loud b e e p e r  was  s o u n d e d  
b y  a • t e s t  •opera to r  w h e n e v e r  1) t h e  s u b j e c t  
d id  n o t  e n u n c i a t e  c l e a r l y  o r  2)  did  n o t  
s u b t r a c t  c o r r e c t l y  o r  3)  d id  n o t  k e e p  t ime 
wi th  t h e  m e t r o n o m e .  T h e  s u b j e c t  h a d  
~ s o l b e e n  i n f o r m e d  t h a t ,  a t  t h e  e n d  o f  t h e  
c o u n t i n g  p e r i o d ,  h e / s h e  w o u l d  r e c e i v e  a 
v e r y  s t r o n g  s h o c k  fo r  e a c h  m i s t a k e  m a d e  
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d u r i n g  c o u n t i n g .  This  was a sham action 
only .  I n s t r u c t i o n s  to the mental ari thmetic 
t e s t  are  g iven  in Appendix C. 

The  physio logica l  s t r e s s  tes t  involved 
r id ing  a bicycle e rgomete r  at a re la t ive ly .  
l ight  work  load. The sub jec t  din not  

f 

! 

: ~'~i e;~fi ~q. ~ -:.~ ..~.~ 
. FIGURE 2 

Subject instrumented for phy:;io[ogical s~re-cs test on 
bicycle ergor,~L.~. 

wear  a h eadse t  fo r  t h i s  t e s t  (F i gu re  2).  
The sub jec t  was told by the t e s t  ope ra to r s  
be fore  they  left the  room tha t  he should 
s/reply s t a r t  peda l l ing  wb.en a b e e p e r  was 
s o u n d e d  and con t inue  unti l  the  beepe r  
s o u n d e d  again .  T~'e load on the bicycle 
was se t  to 2 .0  k l l o p o n d - m e t e r s / s e c o n d  
and  the  sub jec t  was told to pedal  at a 
c o n s t a n t  60 rpm as indicated on the 
t achomete r .  The  sub jec t  exerc ised  fo r  
two 3 minute  s e s s i o n s  with a five minute  
r e s t  be tween .  

Protocols  of the  cold p r e s s o r ,  mental  
a r i thmet ic ,  and  exe rc i s e  t e s t s  a re  found  
in Appendix  D. " 

8 ... 

D u r i n g  a quie t  per iod  p r e c e d i n g  the 
initiation of the mental  ar i thmet ic  t a sk ,  a 
s t a r t l e  s t imulus  was i n t roduced .  It 
cons i s t ed  s/~aply of. a 10ud noise adminis-  
t e red  t h r o u g h  the he adse t .  The. noise  
was a s i r en  type  sound  (app~-0ximately 
100 d b )  which las ted th ree  s econds .  • 

B. Data Acquis i t ion and Reduct ion 
Sys t ems  

' !i . 

I .  Data Acquis i t ion  System 

Data collection for  this  p r og r am 
involved essen t ia l ly  the same 
sys t em for  both  l a b o r a t o r y , .  
base l iue  t e s t i n g  and field t e s ~ / ' ~ !  .......... : . :~.  
Th i s  sys t em utilized a b a t t e r y -  
powered ,  bo.~y-worn,  4 - channe l  
tape  r e c o r d e r  for  r e c o r d i n g  the 
e lec t rocard iogram (ECG),  skin  
conduc tance  ( S C ) ,  skin c o n d u c -  
tance  r e s p o n s e  (SCR) and 
t iming clock. The  ECG preampl i -  
f ie r  was an in t eg ra l  p a r t  of the  
r e c o r d e r  while the  SC/SCR 
preampl i f ie r  was '~s igned and  
fabr i ca ted  by  ! B'~medieal 
E n g i n e e r i n g  Dep~ .ment and 
o u t b o a r d e d  on the r e c o r d e r  
package .  Sur face  e lec t rodes  
were  utilized for  ECG and SC 
t r a n s d u c t i o n .  Dur ing  labora-  
to ry  t e s t i ng  s ignal  qual i ty  was 
ver i f ied  t h r o u g h o u t  the tes t  by 
s ignal  mon i to r ing  on an osci l loscope.  
Fo r  field t e s t i n g  the s igna ls  
were  initially checked on a s t r i p  
c h a r t  r e c o r d e r  immediately a f t e r  
the  of f icer  wa~,. in . ; t rumented .  
Each a s p e c t . o f  ".L: '~ata acqu is i -  
tion s} ~tem is d i s c u s s e d  in more  
detail in the  following p a r a ~ ' r a p h s .  

a .  Body-Worn  Reco rde r  

The  r e c o r d e r  used  i n  th i s  
s t u d y  was  the  Oxf o r d  
Medflog model 4-24. ( T h e  ~ 
Oxf o r d  sys t em i s  avai lable 
in the  U . S .  t h r o u g h  Ambu-  
l a to ry  Moni tor ing,  I n c . ,  
A r d s l e y ,  N . Y . ) .  Th i s  

r e c o r d e r  mca~ures  a p p r o x i -  
mately 1~" x 3~" x 4~" and  
r e c o r d s  on s t a n d a r d  Phill ips 
c a s s e t t e  tape  c a r t r i d g e s  
( F i g u r e  3) .  Us ing  a C-60 
c a s s e t t e  allowed up  to 12 
h o u r s  of  c o n t i n u o u s  data  
r e c o r d i n g .  This  un i t  was  
se lec ted  bec ause ,  to o u r  
knowledge ,  i t  was the  o n l y .  
r e c o r d e r  available which 
allowed t h r e e  'data  channe l  

• i 
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r e c o r d i n g  with DC r e s p o n s e  
capab i l i t i e s  (v ia  FM r e c o r d -  
i n g ) :  T h e  r e c o r d e r s  a lso 
ut i l ized a p h a s e l o c k e d  
s e r v o s y s t e m  for  c o n t r o U i n g  
tape  s p e e d .  D i sposab le  
m e r c u r y  b a t t e r i e s  were  
u s e d  fo r  power .  

: . ~ ~ ~ L ~  ~ r ; =  ¸ ~ .  ~ 

FIGURE 3 
Analog signal tape recorder used in both laboratory 

and field testing. Note overall length of 
approximately 10 cm. 

T h e  r e c o r d e r s  were  p u r c h a s e d  
with f o u r  p l u g - l n  p r e a m p l i f i e r s  
a n d / o r  modu la toes  i n s t a l l e d .  
Each of t h e s e  u n i t s  f i t  on  
a s i ng l e  PC c a r d  m e a s u r i n g  
a p p r o x i m a t e d  ~" x 2". 
T h e  f i r s t  p l u g - i n  u n i t ,  
d e s i g n a t e d  an  EG-2,  was a 
combina t ion  ECG p r e -  
ampl i f ie r  a n d  pu l s e  wid th  
modu la to r .  A l t h o u g h  • 
p r o v i d i n g  on ly  l Megohm 
d i f f e r en t i a l  i n p u t  i m p e d a n c e ,  
t h i s  a p p e a r e d  to be a d e q u a t e  
when  good sk in  p r e p a r a t i o n  
attd high qua l i t y  ECG 
e l e c t r o d e s  were  u t i l i zed .  
were  u t i l i zed .  

Small common mc~de siR'rials 
( d u e  to b a t t e r y  o p e r a t i o n )  
a lso made th i s  r a t h e r  low 
i n p u t  impedance  accep t ab l e  
wi thou t  i n t r o d u c i n g  e x c e s s i v e  
60 Hz i n t e r f e r e n c e  in to  t he  --. 
ECG s i gna l .  B a n d w i d t h  of  
t he  recorder s y s t e m  was 
spec i f i ed  as  0 .07  to I00 
Hz.  (As  on ly  ra te  i n fo rma t ion  - 
was r e q u i r e d  from the  ECG 
s i g n a l ,  t h i s  b a n d w i d t h  was  

f. .-. 

b .  

u sua I Iy  r e d u c e d  co n s i -  
d e r a b l y  by  u t i l i z ing  c o n t r o l s  
on t h e  p l a y b a c k  u n i t ) .  

T h e  s e c o n d  a n d  t h i r d  
p l u g - i n  u n i t s .  , : * s i g n a t e d  
AM-3, were  FM m o d u l a t o r s  

u t i l i z e d  fo r  r e c o r d i n g  t h e  
v e r y  low f r e q u e n c y .  SC a n d  

• SCR s i g n a l s .  I n p u t  s e n s i t i v i t y  
a n d  o f f s e t  were  a d j u s t a b l e  
v ia  two t r i m p o t s  on t h e  PC 
b o a r d .  L i n e a r i t y  Was 
b e t t e r  t h a n  1~. 

~The  f o u r t h  a n d  l a s t  p l u g - i n ,  
d e s i g n a t e d  A T E - I ,  was a 
c r y s t a l  con t roUed  60 Hz 
clock g e n e r a t o r .  T h i s  u n i t  
a l so  c o n t a i n e d  an e v e n t  
m a r k  g e n e r a t o r  which  was  
a c t i v a t e d  by a p u s h - b u t t o n  
on t h e  r e c o r d e r .  T h e  
e v e n t  m a r k  was s u p e r i m p o s e d  
on  t he  t iming  clock u s i n g  a 
30 Hz s i g n a l .  

S C / S C  R PreampLif ier  

A preaLi :d i f ie r  su i t a b l e  f o r  
s k i n  conductance was n o t  
ava i l ab l e  as  a s t a n d a r d  
p l u g - i n  to t h e  O x f o r d  
recorder. Therefore it  
was  n e c e s s a r y  to d e s i g n  a 
custom p r e a m p l i f i e r .  A 
s c h e m a t i c  of  th i s  p r e a m p l i f i e r  
i s  s h o w n  in F i g u r e  4. - 

FIGURE 4 
SC/SCR PreamplHier; see text for discussion 

using an MC1403 voltage 
r e f e r e n c e ,  an  e l e c t r o d e  
e x c i t a t i o n  of  a p p r o x i -  

L - -  

SKIN C0t~IDUCTANCE PREAMPI_IFIER 
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mately - 1.0 V was der ived at 
the o u t p u t  of the LY] 358. 
This  vol tage  was  applied to 
the n u m b e r  l e l e c t r o d e  
while the number  2 electrode 
was c o n n e c t e d  direct ly to 
the i n v e r t i n g  input  of a 
current-to-voltage conver- 
tor. stage• Because the 
non-inverting input of this 
stage was grounded, the 
second electrode was held 
at essentially ground 
potential. The SCR signal 
was obtained by simple 
high-pass filtering (0.04 
Hz) of the composite 
output of the current- 
to-voltage convertor. .The 
voltage excursions of the 
SCR signal were compatible 
with the  r eco rde r  input 
requirements of approximately 
30 mV peak-to-peak. The 
SC signal, being esgentially 
a DC signal, was consider- 
ably greater than this 30 
mV level and was therefore 
divided down appropriately. 

Electrodes 

Two types of electrodes 
were used in this study. 
Disosable NDM Sflvon 
diaphoretic types were 
used for ECG transduction 
while reusable Beckman 
Silver/Silver-Chloride 
units were used for skin 
conductance. The NDM 
uni t s  were  prejelled with a 
su i table  ECG electrolyte  
while the Beckman 's  requ i red  
tha t  e lec t ro ly te  be manually 
appl ied  with each usage .  
J o h n s o n ' s  KY Jelly was 
u sed  fo r  th is  e lec t ro lyte .  

For  ECG t r a n s d u c h o n  
these  e l e c t r o d e s  were  
placed on the ches t  in an 
M-V5 lead config 'urat ion for  
most  s u b j e c t s .  T h r e e  
e l e c t r o d e s  were  used  (as  
opposed ,  to the minimum 
two) to e n s u r e  good ECG 
data even  in the  e v e n t  
that  the  sub jec t  en t e r ed  a 
l a rge  60 Hz elc2tromagnet ic  
field.  Skin p r epa ra t i on  
was most  impor tan t  because  
the  s u b j e c t s  tended  to 
swea t  p r o f u s e l y  due to 
h igh  ambient  t e m p e r a t u r e s  
and bu lky  g a r m e n t s .  

d .  

Bu l l e t -p roo f  v e s t s  were  
u sed  rou t ine ly  and cont in-  
uous ly  by  many off icers .  
Acetone,  applied v igo rous ly  
with a gauze  s q u a r e  was 
f i r s t  used  as an off so lven t .  
Nex t ,  t i nc tu re  of benzoin 
was applied t o  an a n n u l a r  
a r ea ,  and a f t e r  d r y i n g ,  
the  NDM elec t rode  was 
f i rmly appl ied.  This  
pro tocol  was capable  of 
p r o d u c i n g  v e r y  good 
long- t e rm adhes ion .  It 
shou ld  be noted  tha t ,  a f t e r  
r e p e a t i n g  this  p r o c e d u r e  
f o r  3 to 4 consecu t ive  
d a y s ,  s eve ra l  o f f icers  
developed modera te  sk in  
i r r i t a t ion .  " 

For  S C / S C  R t r a n s d u c t i o n ,  
two Beckman e l ec t rodes  
were  placed on the medial 
a spec t  of the ankle.  The 
two ]eadwires  were r u n  
t h r o u g h  the p a n t s  leg to 
the  SC/SCR preampl i f ier  
mounted  on the be l t -worn  
r e c o r d e r .  Minimum skin 
p r e p a r a t i o n  was utilized in 
th is  case  because  of poss ib le  
u n d e s i r a b l e  a l tera t ion of 
SC caused  by  this  action.  
A s h o r t  c l eans ing  of the 
a rea  with methyl  alcohol 
was the  only skin  p r e p a r a -  
tion f o r  the  SC e lec t rodes .  
The  e lec t rodes  were  a t tached  
u s i n g  a double  s ided 
adhes ive  collar .  SC elec- 
t rodes  could not  be. a ' . tached 
to t h o s e  sub j e c t s  wear ing  
boots  due to the  Size of 
the  e l ec t rodes .  

Signal  Verification 

To v e r i f y t h a t  good qual i ty  
data was be ing  t r a n s d u c e d  
and r e c o r d e d ,  a model 
CI-102 coupler / isolatoi"  
( R e s e a r c  h I n s t r u m e n t a t i o n  
Assoc ia t e s ,  Cleveland,  
Ohio)  .was uti l ized to 
demodulate  the t h r ee  

s i g n a l s  appl ied to t h e  
r e c o r d e r  hea ds .  In the 
l a b o r a t o r y  t e s t s ,  t h e  
c o u p l e r / i s o l a t o r  o u t p u t  was 
viewed on an osci l loscope.  
In the  field t e s t s ,  a po r t ab l e  
s t r i p  cha r t  r e c o r d e r  was 
u s e d .  

17 
. : i  ̧  • 

z 

i!/ 





I 

W 
, /  

2. Data  R e d u c t i o n  Sys t em 

T h e  f i r s t  level  Of da ta  r e d u c t i o n  
i nvo l ved  s c a n n i n g  t h e  i n d i v i d u a l  
c a s s e t t e  t a p e s  on a h igh  s p e e d  
p l a y b a c k  un i t  o p e r a t e d  a t  60 t i m e s  
f a s t e r  t h a n  r ea l - t ime .  T h e  ECG d a t a  
was p r o c e s s e d  by  a h i g h - s p e e d  
h a r d w a r e  R-Wave  De tec to r  which  in 
t u r n  i n t e r f a c e d  to an  In te l  Microcom- 
p u t e r  Deve lopmen t  Sys t em u s e d  as  a 
s t a n d - a l o n e  c o m p u t e r  ( F i g u r e  5) .  

FIGURE 5 
lntel Microcomputer Development System used for data 

reduction in both laboratory and field tests. 

T h e  ana l og  S C / S C R  da ta  was  w r i t t e n  
ou t  d i r ec t l y  to a s t r i p  c h a r t  r e c o r d e r  
fo r  v i s u a l  a n a l y s i s .  The  v a r i o u s  
e l emen t s  of  th i s  r e d u c t i o n  s y s t e m  a r e  
d i s c u s s e d  in deta i l  in the  fol lowing 
s e c t i o n s  and  a block d i a g r a w  of  t h e  
s y s t e m  is  shown  in F i g u r e  6. 

i ¢  i c m  f~ ,  o c l  

Pt.AYBACK SYSTEM BLCCK DIAC.~AM 

~ ±  

FIGURE 6 
Block diagram of data reduction system} 

see test for details. 

a .  P l a y b a c k  Uni t  

T h e  c a s s e t t e  p l a y b a c k  u n i t  
was  an  O x f o r d  Model. PB-2  
c a p a b l e  of  d e c o d i n g  t h e  
f o u r  c h a n n e l s  of  d a t a  f rom 
t h e  c a s s e t t e  t ape .  T h e  
u n i t  o p e r a t e d  at  s i x t y  
t imes  r e a l - t i m e  so t h a t  a 
t yp i ca l  8 h o u r  tape  cou ld  
be  p l a y e d  •back in 8 m i n u t e s .  
T h e  u n i t  was  modif ied  
s l i g h t l y  by  t h e  Biomedical  
E n g i n e e r i n g  D e p a r t m e n t  to 
e n a b l e  f ine  t u n i n g  of  t h e  
p l a y b a c k  s p e e d .  With t h i s  
a d j u s t m e n t ,  ove ra l l  t im in g  
a c c u r a c y  was  well wi th in  

F o u r  p l u g - i n  d e m o d u l a t o r /  
p r o c e s s o r s  w e r e  u s e d  with 
t h e  b a s i c  p l a y b a c k  u n i t .  
T h e s e  were  a PD-2 fo r  
ECG, a P~.]-2 for  SC,  a 
s e c o n d  PM-2 fo r  SCR a n d  
a PE-P. fo r  t he  t iming  
c l o c k / e v e n t  c h a n n e l .  T h e  
PD-2  p r o v i d e d  a d j u s t a b l e  
b a n d p a s s  a n d  ga in .  
I n d i v i d u a l  a d j u s t m e n t s  
we re  ava i l ab l e  for  u p p e r  
a n d  lower  c u t o f f  f r e q u e n c i e s  
a n d  t h e s e  were  a d j u s t e d  
f o r  op t imum R - w a v e  d e t e c -  
t i on .  T h e  a d j u s t m e n t  is  
d e s c r i b e d  in t he  n e x t  
s e c t i o n  wh ich  dea ls  wi th  
t h e  h i g h - s p e e d  ECG P r o c e s s o r .  
T h e  PM-2 d e m o d u l a t o r /  
p r o c e s s o r s  p r o v i d e d  a d j u s t - •  
ab le  L o w - P a s s  F i l t e r i n g ,  
Gain a n d  O f f s e t .  No 
H i g h - P a s s  F i l t e r i n g  was  
p r o v i d e d  as  t h e s e  d e m o d u -  
l a t o r s  we re  i n t e n d e d  fo r  
use with DC signals. No 
adjustments were required 
on the PE-2 demodulator. 
As shown in Figure 6, a 
frequency counter was 
connected to the clock 
output. During playback, 
the 60 Hz crystal controlled 
clock signal was multiplied 
u p  to 3600 H~ ~-ss-_m.Lng ml 
e x a c t  60 t imes  p l a y b a c k  
s p e e d - u p  (60 x 60 = 3600) .  
T h e  f i ne  s p e e d  a d j u s t m e n t  
on  t h e  p l a y b a c k  un i t  was  
used to set this frequency 
to 3600 Hz.  . . . . .  

i • 
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b .  High S p e e d  ECG P r o c e s s o r  

S chema t i c s  of  t he  ECG 
P r o c e s s o r ,  cGns i s t i ng  of an  
R - w a v e  d e t e c t o r  and an 
R - R  counte r~  a r e  shown  in 
F i g u r e s  7 and  8 r e s p e c t i v e l y .  
T h e  R-Wave d e t e c t o r  
C o n s i s t s  of  a b a n d p a s s  
f i l t e r ,  Automat ic  Gain 
Con t ro l  (AGC)  c i rcu i t ,  
c o m p a r a t o r ,  monos t ab l e  
m u l t i v i b r a t o r  a n d  an R/S  
F l ip -F lop .  Ope ra t i on  of 
t he  c i r c u i t  is as  fol lows.  
T h e  ECG i n p u t  s igna l  
amp l i t ude  is  se t  to a 
nomina l  1 .5  Vpp u s i n g  the  
ga in  c o n t r o l  on t he  p l a y b a c k  
u n i t .  T h e  i n p u t  b a n d p a s s  
f i l t e r  is  c e n t e r e d  a t  1020 
Hz with a Q of 3. 1020 Hz 
p r o v i d e s  b a n d p a s s i n g  of 
t he  h i g h - e n e r g y  R - w a v e  
c o m p o n e n t  which  is  c e n t e r e d  
a t  a p p r o x i m a t e l y  17 Hz rea l -  
t ime (17 Hz x 60 = 1020 
Hz ) .  U s i n g  a Q of  3 
provides an oscillatory or 
"ringing" output which 
thus enables the circuitry 
to "tach" on either a 
positive or negative going 
ECG R-wave. The AGC 
portion of the procesor 
rectifies and filters the 
bandpass filter output., 
This varying DC signal is 
used to control the resistance 
of the 2N4860 FET which 
acts as part of a variable 
voltage divider. The 
output of the AGC circuit 
is set for an 8V positive 
peak using the amplitude 
control. The highly 
filtered and normalized 
ECG is next fed to the 
input of a comparator set 
to trigger at approximately 
*sv. The outpat of the 
eomparator is fed to a 
74121 monostable multivibrator 
set for an output pulse 
width of approximately 2.5 
milliseconds. This one-shot 
thus pre~ents false retrigo 
gering on noise, large 
T-waves and second or 
L~L-d ~ J r e s h o | d  c r o s s i n g s  
of t h e  f i l t e r e d  ECG s i gna l .  
FinaLly,  an  R / S  Fl ip-Flop 
is  u s e d  to i n t e r f a c e  t he  
ECG p r o c e s s o r  to t he  
c o m p u t e r  i n t e r r u p t  c i r c u i t r y  
t h r o u g h  t h e  open  col lec tor  
2N2222 t r a n s i s t o r .  

T h e  F l ip -F lop  is  se t  at  t he  
o c c u r r e n c e  of each  d e t e c t e d  
R - w a v e  a n d  s u b s e q u e n t l y  
r e s e t  b y  t h e  c o m p u t e r  
g e n e r a t e d  I n t e r r u p t  Acknow-  
l e d g e  s i g n a l .  

i ~.---~-.'~ ~ ~' i. - - 4  .° ~ .  , --. ~ - ~ - - . ~ .  
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FIGURE 7 

High speed R-Wave Dectector designed and fabricated 
by Clinical Research Division, 
Lovelace Medical Foundation. 

T h e  s e c o n d  po r t ion  of t he  
ECG p r o c e s s o r  c o n s i s t s  of  
a 14-b i t  R - R  c o u n t e r  with 
a c r y s t a l  con t roUed  clock.  
T h e  b a s i c  c lock f r e q u e n c y ,  
as  s h o w n  on t he  s c h e m a t i c ,  
is  1 .000 MHz and  is d iv ided  
down to 125 KHz f o r  
c l o c k i n g  {he c o u n t e r .  A 
lower  eIock f r e q u e n c y  of 
7 .8125 KHz is a lso p r o v i d e d  
for processing of real-time 
ECG data. • Count inhibit 
and reset signals are also 
accepted .from the Computer. 

I ~ .  . . . . .  ' ~ _ - ~  . . . . .  ili • :  ....... J: 

] . . . . . . .  I 

, F I G U R E  8 . . . .  
R-R Counter designed and fabricated by the 

Clinical Research Division, 
Lovelaee Medical Foundation. 
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c. Skin Conductance Analys is  

It was anticipated tha t  
analys is  of the Skin Conduc-  
tance and Skin Conductance 
Response  (SR/SCR) data 
would be f i rs t  per formed 
in a non-automated manner .  
This  method was expected  
to he suff icient  to allow 
pa t t e rn - recogn i t ion  of 
s ignif icant  changes  without 
the need of cost ly sof tware 
development for au toma ted • .  
ana lys i s .  For this  reason ,  
the  analog SC and SCR 
s ignals  were played onto a 
B r u s h  260 dua l -channe l  
s t r ip  char t  recorder•  The 
B r u s h  recorder  band~ ;d th  
was adequate  to display 
the h ighes t  f r equency  
components of the SCR 

• s ignal  which were about  2 
Hz x 60 = 120 H z . .  Because  
the SC and SCR s ignals  
are qui te  low in f r e que nc y  
content,  it was poss ib le  to 
run  the s t r ip  cha r t  recorder 
at I00 mm/sec and obtain 
adequate  temporal reso lu-  
tion. 

d. Computer  System 

T}:e computer  used  for 
hea r t  ra te  analysis  in this 
program was actually an 
Intel Microcomputer Develog-  
ment •System (MDS). This  
sys tem was p u r c h a s e d  with 
the intention of ult imately 
developing a microcomputer  
based system for real- t ime 
h e a r t - r a t e  p rocess ing .  
The  availability of the MDS 
thus  prompted i ts  use  in 
this  phase  of the program.  
Although the MDS and 
per iphera l s  were somewhat 
slow, they did prove  
.adequate. for this ana lys i s .  
The hardware  and software 
of this  sys tem are discussed 
below. 

I) Computer System Hardware 

The  computer  sys tem 
h a r d w a r e  cons i s ted  of an 
Intel MDS-800 main- f rame,  
an Intel HDS-CRT console,  
an Intel HDS-2DS d iske t te  
opera t ing  sys tem and a 
TI-743 k e y b o a r d / p r i n t e r .  
Thc MDS-800 contained an 

2) 

p r o c e s s i n g  is halted and  
the  computer  s tops  t h e  
c a s se t t e  p layback so tha t  
no data  is lost .  

. /  

..% 

8080A CPU, 64 KBytes  o f  
memory and an 8-1evel 
maskable  pr ior i ty  "n t e r rup t  
s t r u c t u r e .  The CRT 
console was a s t anda rd  80 
c ha ra c t e r  x 25 l ines.  The  
d iske t te  ope ra t i ng  System 
included two single dens i ty  
disk d r ives ,  each hav ing  
250 KByte s torage  c:ipac.lty. 
The  TI "Silent-700" se r ies  
p r i n t e r  is a thermal p r i n t e r  
capable o f  up to 30 cps  
p r i n t  s p e e d . •  The unit 
contained i n t e r n a l  bu f f e r i ng  
t h u s  allowing t rue  30 cps  
t h r o u g h p u t .  . . 

Computer  System Software 

System software utilized in 
this  program consis ted  of 
the  s t a n d a r d  Intel ISIS-II 
package. The programs 
were wri t ten in Fortra- ,  IV 
and compiled u¢ing a 
For t ran  compiler wri t ten 
by Realistic Control Corpora-  
tion for the 8080 micropro-  
ce s so r .  

Th~ excel lent  software 
developed for this  p rogram 
was wri t ten by Mr. Jim 
Kobs of Sandia Corpora t ion.  
Because  of the speed  
limitations of the Intel 
MDS, Mr. Kobs elected to 
divide the p roc e s s ing  into 
two sepa ra te  p rograms .  
The  f i r s t  program digit ized 
and s to red  on disket te  the 
basic bea t - toobea t  h e a r t  
r a t e s .  The  second program 
performed the n e c e s s a r y  
s ta t i s t ica l  ana lys i s  on the 
s to red  HR data .  

The  f i r s t  p rogram,  called 
"DGTIZ", r eads  the R-R 
c oun t e r  con ten t s  at each 
R-wave generated i n t e r r u p t  
aJ, d continuously stores 
t hese  R-R values  i n MDS 
RAM memory.  The DGTIZ 
p r ) g r a m  con t inues  to 
accept  R-w~:,e Lntcrvupts 
.until 44,000 words have  
been accumula ted .  • At 
t ha t  t ime ,  the  MDS memory 
is full  and  the  data is 
dumped to. d i ske t te .  
D ur ing  the t r a n s f e r  per iod 
(approximate ly  10 seconds )  

z3 J 
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FIGURE 9 
Example of  printed data. 
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I o l 3 - : . , *  
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1 , : a 6 1 " , :  
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Header  in format ion  e n t e r e d  
f r o m  the  conso le  at the  
s t a r t  of  the  DGTIZ program 
is  a lso  s t o r e d  on d i s k e t t e  
wi th  the  b e a t - t o - b e a t  HR 
data .  T h i s  h e a d e r  in format ion  
i s  u t i l i z e d  in the  s c c o n d  
( d a t a  r e d u c t i o n )  p ro g ra m 
and  i n c l u d e s  the  f i le  name 
to w h i c h  the  data i s  w r i t t e n ,  
c lock  f r e q u e n c y ,  ac tua l  
s t a r t  time for  the  tape  and 
a comment  l ine .  

T h e  s e c o n d  p r o g r a m ,  
ca l l ed  "REDUCE", reads  
t h e  HR data from the  
s e l e c t e d  f i le  and c a l c u l a t e s  
t h e  r e g r e s s i o n  eq u a t io n  
through a selected number 
of seconds of data. Twenty 
seconds is typ{~_ally used. 
The program calculates and 
prints out time-of-day, 
number of points (heart 
beats) analyzed in the 
s e l e c t e d  time i n t e r v a l ,  
s lope  and  corre la t ion  
c o e f f i c i e n t  of  the  r e g r e s s i o n  
l i n e ,  s t a n d a r d  e r r o r  of  the  
data a b o u t  the  r e g r e s s i o n  
l i n e ,  mean h e a r t  r a t e ,  and 
h e a r t  ra te  at the  T = 0 
a n d  T = 20 p o i n t s  on the  
r e g r e s s i o n  l ine .  T h i s  d a t a  
is  p r i n t e d  o u t  on an i n t e r v a l -  
b y - i n t e r v a l  b a s i s ,  ff d e s i r e d ,  
and for  e i g h t  h o u r s  of  
a c t u a l  data ,  p r i n t - o u t  
r e q u i r e s  a p p r o x i m a t e l y  two 
and  one  h a l f  h o u r s .  An 
ex a mp le  of  p r i n t e d  data i s  
s h o w n  in F i g u r e  9. 

A n a l y s i s  can a lso  be  i n i t i a t e d  
at  a n y  p o i n t  d o w n s t r e a m  in 
th~ data  se t  by  s imply  
e n t e r i n g  t h e  d e s i r e d  data  
r e d u c t i o n  s tar t  time at  the  
b e g i n n i n g  of  the  REDUCE 
p r o g r a m . ,  S imi lar ly ,  data 
r c d u c t l o n  may be s t c p p e a  
at a n y  d e s i r e d  t ime.  

P l o t t i n g  of  any  of  the  
c a l c u l a t e d  data p a r a m e t e r s  
can  a lso  be  accompl i shed  
on  t h e  TI terminal .  T h e  
p lo t  p o r t i o n  of  the  REDUCE 
p r o g r a m  g e n e r a t e s  a h i s t o -  
gram of  the  data wh ich  is  
a c c u r a t e  to I p a r t  in 70 
( I 0  c h a r a c t e r s  of  the  8 0 ,  
c h a r a c t e r ,  l ine  w id th  are  
u s e d  t o  w r i t e  o u t  t h e  time 
o f  d a y  f o r  the  i n t e r v a l ) .  
T h i s  r e s o l u t i o n  is  e n t i r e l y  
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FIGURE 10 

Example of plotted mean heart rate data. 

a d e q u a t e  for  th i s  a p p l i ca -  
t ion .  O r d i n a t e s  f o r  the  
plot  arc  entered from the 
k e y b o a r d .  An examole  o f  
p lo t t ed  mean h e a r t  ra te  
data  is Shown in F i g u r e  
10. 

The  o c c u r r e n c e  O1 r a l l  
e v e n t  mark is  a lso  s t o r e d  
in the  DGTIZ data  se t  a ~ d  
p r i n t e d  out  w h e n e v e r  
e n c o u n t e r e d  d u r i n g  the  
REDUCE p r o g r a m .  

? - .  

y . }  
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e .  Data S c a n n i n g  P r o c e d u r e  

Because:of  t h e  l arge  
amount  of  time r e q u i r e d  to 
r e d u c e  and p r i n t  out  the  
e n t i r e  port ion  of  e v e r y  
data s e t .  a s c a n n i n g  
p r o c e s s  was i n s t i t u t e d  so  
t h a t  t h e ' a m • l i n t  of  data to 
be' p r i n t e d  could  be reduced 
to a manageable  q u a n t i t y .  
T h i s  S ca n n ing  process  was 
b a s e d  on the premise, that  a 
h e a r t  rate  eleva:cd above  a 
c o n s e r v a t i v e l y  selected 
l eve l  • would  ~ig'nal a data 
seg~ .ent  p o s s i b l y  use[,:': for  
i n - d e p t h  a n a l y s i s .  

B a s e d  on th is  p r e m i s e ,  
c r i t e r i o n  hear t  r a t e s  were  
s e l e c t e d  for  each i n d i v i d u a l  
and  were  in fact  t h e  
h i g h e s t  hear t  ra te  l e ve l s  
a c h i e v e d . d u r i n g  the  b a s e -  
l ine  l abora tory  t e s t i n g .  
T h e  ECG was c o n t i n u o u s l y  
m o n i t o r e d  on an osc i l l o scope  
d u r i n g  init ial  data p l a y b a c k  
( d u r i ~  the  DGTIZ p r o g r a m )  
a n d ,  b y  t r i g g e r i n g  t h e  
o s c i l l o s c o p e  on the  ECG 
R-Wave ,  it was eas~ to 
v i s u a l l y  de termine  w h e n  
the  h e a r t  rate  e x c e e d e d  
the  t h r e s h o l d  leve l  by  
n o t i n g  when  the  R-R" 
i n t e r v a l  s h o r t e n e d .  When- 
e v e r  t h i s  o c c u r r e d ,  the  
t ime of  d a y .  as  d i s p l a y e d  
on  the  p l a y b a c k  u n i t ,  was 
n o t e d .  F ina l ly ,  each  of  
t h e s e  "events"  was i n d i v i -  
d u a l l y  r e d u c e d  and  p r i n t e d  
b y  i n s t r u c t i n g  the  REDUCE 
p r o g r a m  to s t a r t  reduction 
20 m i n u t e s  b e f o r e  and  end 
r e d u c t i o n  I0 m i n u t e s  a f t e r  
the  e v e n t .  Th i s  p r o c e s s  

r e d u c e d  the actt, al p r i n t i n g  
t ime m a r k e d l y .  

C. Fie ld  T e s t i n g  

S u b s e q u e n t  to the  l a b o r a t o r y  t e s t i n g ,  the  
22 pol ice  o f f i c e r s  from t h e  A l b u q u e r q u e  
Police D e p a r t m e n t  u n d e r w e n t  f ie ld  t e s t i n g .  
Each of  t h e s e  o f f i c e r s  was  i n s t r u m e n t e d  
on an a v e r a g e  of  12 d a y s  d, w i n g  a f i v e  
m o n t h  p e r i o d  from J u n e  t h r o u g h . O e t o b e r ,  
1978. T h e  o f f i c e r s  w e r e  i n s t r u m e n t e d  

" ~ . :  .. u p o n  r e p o r t i n g  for  d u t y  and wore  t h e  
i n s t r u m e n t a t i o n  c o n t i n u o u s l y  dur ing  t h e  
e n t i r e  d u t y  . p e r i o d .  Normal  d u t y  p e r i o d  
was  a p p r o x i m a t e l y  8 h o u r s .  A maximum 

"" o f  8 of f ice . -s  w e r e  i n s t r u m e n t e d  on  a n y  
g i v e n  d a y .  





16  

FIGURE 11 
ln~rurnented police officer showing placement 

of  electrodes and recorder on officer's belt. 

FIGURE 12 
Fully instrumented officer. 

Note portability of recording unit. 

Each off icer  was also r e q u e s t e d  to provide  
a r e t ro spec t ive  evaluation of h i s / h e r  
feel ings . d u r i n g  any  even t  perceived as 
~Ll~b~lUl. TO mmlmlZe requ i rements  on 
the off icer ,  a ve ry  br ief  ques t ionna i re  
was provided  for this  p u r p o s e  (See 
Appendix  E). This  subjec~ive evaluation 
was then corre la ted  with the I~.hysiologicai 
resIDonse seen du r ing  the  even t .  O the r  
cor robora t ive  data available were call 
ca rds  obtained from the police d i spa tche r .  
(Se e Appendix  F).  

The  ins t rumenta t ion  cons i s t ed  of aU 
e q u i p m e n t  necessary to t r a n s d u c e  and 
record the electrocardiogram (ECG) and 
the sk in  r e sponse  as indicated by skin 
conduc tance  (SC) and skin conductance  
r e sponse  (SCR) .  The tape recorder  
selected for this  program ( s e e  prev ious  
sect ion)  provided  four  con t inuous  
channe l s  for  up to 24 hou.~s uti l izing 
s t a n d a r d  cassette tapes .  The  recorder 
was ve ry  small and l igh t -weigh t  and was 
a t tached  to the  off icer ' s  belt (F igure  11). 
In prac t ice ,  the off icers  quickly forgot  
tha t  they  were wearing t h e s y s t e m  
(F igu re  12). 

In pra  . . . .  ~, the ECG qual i ty  p rov ide d  by 
this  sys tem wa~ ve ry  good. In all bu t  a 
few in s t ances  the s ignal  was ent i re ly  
adequate  for  c a rd io t achog raphy .  In the 
fietd t e s t i ng  however ,  the SC/SCR t r a n s -  
duction proved to be unfeas ib le  on a 
rout ine bas i s .  This  was because  of both 
the  excessive amount of time requ i red  to 
apply the  e lec t rodes  proper ly  and less 
than  adequate  s ignal  qual i ty  due  largely 
to motion ar t i fac t .  

I l l .  RESULTS AND DISCUSSION 

A. Labora tory  S t ress  T e s t i n g  

Studies  ear ly  i n  the initial project  indi-  
cated tha t  o.r aU the var iab les  p rev ious ly  
l is ted,  he a r t  ra te  (HR) via the electro-  
cardiogram and  skin conduc tance  (SC) 
were frost a~propr ia te  for  t r ansduc t ion  in 
a sys tem d ~ i f f n e d  to remotely detect 
physiologicaUy manifes ted  psychological  
s t r e s s  or  d u r e s s .  The final phase  of the  
initial project  was des igned  to f u r t h e r  
evaluate  he a r t  ra te  an,i sk in  conductance  
r e s p o n s e s  to s t r e s s .  For th is  pu rpose ,  
ten male vo lun t e e r s ,  a~ed 24 to 35 y e a r s ,  
unde rw e n t  the  combined labora tory  s t r e s s  
test  desc r ibed  p rev ious ly .  The  r e su i t s  of 
these  t e s t s  p rovided  the  bas i s  for ana lys is  
of the physiological  data  subse t -uen t ly  
coUected in~ t h e  police t e s t i n g .  

An~y.~is of HR and SC data  collected 
d u r i n g  the  initia.I laboratory. tesls  was ..... 
limited to manual  calculat ions a n d  was 
conduc ted  as foUows. Twen ty  second 
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TABLE I 

MEAN HR CHANGE 

Four Stressors, Initial Study (n=lO) 

Cold Mental 
Pressor Exercise Arithmetic Startle 

Mean (bpm) + 9.8 +28.2 +30.5 - 4.3 
S . D .  + 3 . 6 8  + 6 . 2 1  * 7 . 5 9  ~ 0 , 9 4  

P <.005 <.005 <.005 NS 

" r e s p o n s e "  s e g m e n t s  of  HR a n d  SC da ta  
were  a n a l y z e d  for  each  s u b j e c t  f o r  t he  
e x e r c i s e  (E ) ,  cold p r e s s o r  ( C P ) ,  a n d  
men t a l  a r ' t h m e t i c  (MA) t e s t s ,  a s  well as  
fo r  t he  s t a r t l e  s t i m u l u s  (S ) .  T h e s e  
" r e s p o n s e "  s e g m e n t s  were  iden t i f i ed  as 
t h e  f i r s t  20 s e c o n d s  a f t e r  t he  beginning"  
of  each  t e s t .  For  each  s e g m e n t  t he  l inea r  
r e g r e s s i o n  of  h e a r t  r a t e  with time was 
c a l c u l a t e d .  

C h a n g e s  in mean  h e a r t  r a t e  (MHR) d u r i n g  
t h e  r e s p o n s e  s e g m e n t s  a r e  shown  in Tab le  
I a long  with the  a p p r o p r i a t e  t s t a t i s t i c  
a n d  i t s  s i g n i f i c a n c e  for  t h e  avec.~ge 
r e s F ' m s e  fo r  each  t e s t .  The  larger the t 
s t a t i s t i c  for  t he  d i f f e r e n c e  be tween  t h e  
mean  base l ine  h e a r t  r a t e  and  t h e  mean 10 
s e c o n d  r e s p o n s e ,  t he  g r e a t e r  t h e  s ign i?  
f i c a n c e  of t he  r e s p o n s e .  The  p va lue  
i n d i c a t e s  the  p robab i l i t y  tha t  t h e  r e c o r d e d  
mean  r e s p o n s e s  fo r  t he  t en  s u b j e c t s  may 
h a v e  o c c u r r e d  due  to c h a n c e .  
( N S = n o n s i g n i f i c a n t ) .  

T h e  i n c r e a s e s  from b a s e l i n e  in CP,  E and  
MA were  all s t a t i s t i c a l l y  s i g n i f i c a n t .  T h e  
da t a  show t ha t  t he  l a r g e s t  i n c r e a s e s  in 
NHR occurred with E a n d  MA. T h e  
S ta r t l e  r e s u l t e d  in a n o n - s i g n i f i c a n t  de -  
c r e a s e  in MHR. T he  s i g n i f i c a n t  c h a n g e s  
in mean  h e a r t  r a t e  show tha t  a c o n t i n u i n g  
p s y c h o l o g i c a l  s t r e s s  can  be  identified by 
e v a l u a t i o n  of a 20 s econd  s e g m e n t  of  
h e a r t  r a t e  da t a .  In add i t i on ,  t h e s e  da ta  
d e m o n s t r a t e  t ha t  the  HR r e s p o = - e s  to  t he  
p s y c h o - p h y s i o l o g i c a l  s t r e s s o r s  cou ld  be 
c l ea r l y  d i f f e r e n t i a t e d  from the  HR r e -  
s p o n s e  to a s t a r t l e  s t i m u l u s .  

A l t h o u g h  t he  da ta  in Tab le  1 s h o w  a good 
s e p a r a t i o n  of t he  s t a r t l e  r e s p c n s e  from 
t h e  o t h e r  s t r e s s o r  r e s p o n s e s ,  t h e y  do no t  
d e m o n s t r a t e  s u f f i c i e n t  d i s c r imina t ion  
b e t w e e n  HR r e s p o n s e s  to p h y s i c a l  e x e r c i s e  
(E)  a n d  t he  p sycho l og i ca l  s t r e s s o r ,  men ta l  
arithmetic (MA).  However ,  s u b j e c t i v e  
e v a l u a t i o n  of t he  c a r d i o t a c h o m e t e r  r e c o r d s  
r e s u l t e d  in a p p r e c i a t i o n  of d i f f e r e n c e s  in 
t h e  p a t t e r n  of  h e a r t  r a t e  r e s p o n s e  to t he  
men ta l : aYi thmet i c  a n d  cold p r e s s o r  t e s t s  
w h e n  c o m p a r e d  to t h e  p a t t e r n  o f  h e a r t  

r a t e  c h a n g e  d u r i n g  p h y s i c a  I e x e r c i s e .  
A f t e r  an  in i t ia l ,  r ap id :  beat - to-L,  Jat "H~ 
h l c r e a s e  a t  t he  b e g i n n i n g  of e x e r c i s e ,  t h e  
c a r d i o t a c h o g r a m  was  smoo th ,  s h o w i n g  
l i t t le  beat-to-beat variabiLi ty  in  h e a r t  
ra te~ Hea r t  ra te  v a r i a b i l i t y  is  common a t  
low r e s t i n g  heart rates due to s i n u s  
a r r y t h m i a  a n d  is known to d e c r e a s e  a t  
e l e v a t e d  h e a r t  r a t e s  d u r i n g  e x e r c i s e  
( B u r d i c k ,  1978) D u r i n g  MA, h o w e v e r ,  it  
was  n o t e d  t h a t  a r e l a t i ve ly  h igh  b e a t - t o -  
bea t  v a r i a b i l i t y  was  m a i n t a i n e d  d u r i n g  
e l e v a t e d  l~diR's. T h i s  o b s e r v a t i o n  s u g -  

COMPARISON OF HRVI 
EXERCIS[ AND eENT~L ARITHeETIC 
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FIGURE 13 
Comparison of HRV[ during exercise and mental 

arithmetic. 

g e s t e d  t h a t  h e a r t  r a t e  v a r i a b i l i t y  m i g h t  
s e r v e  as  a d i s c r i m i n a t o r  b e t w e e n  p h y s i o -  
logica l  a n d  p s y c h o l o g i c a l  s t r e s s  in an  
a l a rm s y s t e m  ( R o h m e n t  e t  ~ 1973). In  
an  a t t e m p t  to t r a n s l a t e  t - h e s e  q u a l i t a t i v e  
o b s e r v a t i o n s  in to  q u a n t i t a t i v e  da t a ,  m a t h e -  
ma t i ca l  t r e a t m e n t  o f  t h e  d a t a  w a s - a p -  
p r o a c h e d  a s  fo l lows.  F o r  t h e  E a n d  MA tests t h e  s t a n d a r d  e r r o r  (SE)  of  t h e  
l i n e a r  r e g r e s s i o n  was  c a l c u l a t e d  d u r i n g  I )  
a selected 20 s e c o n d  s e g m e n t  d u r i n g  t h e  

1"/ L: 
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second minute of E and 2) the 20 second 
segment following the Onset of Counting 
during MA.. Calculated in this manner, SE 
r~flected b ~ t - t a - b , ~ t  h=o~, .~,^ _.._:_~:,:.__ 
(Opmeer, 1973). 

To assess the usefulness of combining the 
heart • rate and heart rate variability data,  
a heart rate variability index (}IRVI) was 
calculated as MHR x SE. These data, 
e x p r e s s e d  as a fraction "of baseline HRVI, 
are  shown in F i gu re  13. 

The  HRVI data confirmed the qual i ta t ive 
o b s e r v a t i o n s  of h i g h e r  HR variabi l i ty  
dur ing  mental as opposed to physica l  
s t r e s s .  While mean h e a r t . r a t e  was 17~ 
h i g h e r  d u r i n g  exe rc i se  aS compared to 
mental  a r i thmet ic ,  the HRVI was 75% 
h i g h e r  d u r i n g  mental  ar i thmetic .  It was 
appreciated ,  howeve r ,  that  these  d i f fe r -  
ences  in tlR var iabi l i ty  occu r r ed  in con- 
trolAed l abo ra to ry  s tud ies  where  the 

e x e r c i s e  involved a cons tan t  work (oad. " 
It may be more likely that  phys ica l  exe r -  
c ise  in the field would prov ide  more 
in t e rmi t t en t  s t imulat ion to the autonomic 
n e r v o u s  sys tem and potential ly p roduce  ' .  
an HRVI tha t  might  be confused  with that  
p r o d u c e d  by mental s t r e s s ,  par t icu la r ly  
o v e r  the s h o r t  time per iod (20-60 sec)  
r e q u i r e d  for  r e s p o n s e  in an automatic 
alarm sys t em .  

The  initial labora tory ,  s tud ies  a l s o s h o w e d  
an inc rease  in SC and SCR d u r i n g  t h e .  
seve ra l  s t r e s s  t e s t s .  However ,  measure -  
ment  of skin  conduc tance  was d iscarded  
ear ly  in the s u b s e q u e n t  field s tud ies  
because  of technical  impracticality and the 
p r o m i s i n g  r e s u l t s  of hea r t  ra te  ana lys i s .  

Each of the  t w e n t y - t w o  police off icers  who 
p a r t i c i p a t e d  in the  field t e s t ing  .also 
underwen t  the combined laboratory s t r e s s  
t e s t .  Pe r fo rmance  Of these  t e s t s  p rovided  
individual ized physiologica l  r e s p o n s e  
p rof i l es  t h a t . w 0 u l d  be used  1) as a bas is  
fo r  ana lys i s  of data in the field and 2) as 
an evaluat ion of the practicality o f  u s ing  
a simple l a b o r a t o r y  s t r e s s  tes t  to es tab l i sh  
/nd iv idua l ized  alarm cr i t e r ia .  Automated 
data  p r o c e s s h , g  as  desc r ibed  p rev ious ly  

. in th is  r e p o r t  was developed l~or applica- 
tion to the r e s u l t s  of  the  l abora to ry  tes t s  
p e r f o r m e d  on the police of f icers .  This  
more c o m p r e h e n s i v e  ana lys i s  of the data 
conf i rmed the  f i nd i ngs  from the f irst .  
s e r i e s  of  l a b o r a t o r y  t e s t s .  Comparison of 
HR and  SE data from the th ree  t e s t s  
showed  a p a t t e r n  of increase  i n  hea r t  ra te  
and d e c r e a s e  in S tandard  e r r o r  d u r i n g  E 

t h a t  was  d i s t inc t  from the inc reases  in 
both h e a r t  r a te  and s t a n d a r d  e r r o r  ob-  
s e r v e d  in the MA t e s t s .  In o t h e r  words  
the base l ine  data from the police of f icers  

18 

confi,'med the observation in the earlier 
studies of a high HRVI during mental 
arithmetic and low HRVI during exercise. 
Aside from its implication for an au.t0matic 
ah, rm system, tnls ability to distinguish 
physical from psychological stress in the 
l a b o r a t o r y  t h r o u g h  the HRVI is a con t r i -  
b u t i o n - t o  b a s i c  unde , - s t and ing  of the 
c a r d iova scu l a r  r e s p o n s e s  to s t r e s s .  The 
r e s u l t s  o f . t h e s e  s tud ie s  Confirm:~he 
wel l -known dec rease  ih? :~ea t - to -bea t  " 
v a r i a b i l i t y - d u r i n g  phys ica l  .exercise bu t  
c o n t r a d i c t  the  f i nd ings  of Blitz, et  al. 
(1970),  and Luczak and Laur ig  (1973),  
who found  a nega t ive  corre la t ion between 
HR and HR var iabKity  d u r i n g  a mental  
t ask .  

B. Field T e s t i n g  

Each off icer  completed an a v e r a g e : o f  12 
e igh t  h o u r  t a p ing  s e s s ions  ( r a n g e  9 - 1 5 )  
d u r i n g  normal field ope ra t i ons .  A total of 
247 tapes  were  collected tha t  inc luded  
approximate ly  2,000 h o u r s  of r e co r de d  
hea r t  ra te  data .  

As a p re l iminary  means of iden t i fy ing  
physiological  r e s p o n s e s ,  a physiological  
even t  iden t i fy ing  c r i t e r ion  based  on HR 
alone was e s t ab l i shed  fo r  each of f icer  on 
the bas i s  of HR reco rded  cluring the 

• l abora to ry  basel ine  t e s t i ng  d e s c r i b e d  
ear l i e r  in t h i s  r e p o r t .  The c r i t e r ion  HR 
was chosen  as the maximum IIR achieved 
during any  of the laboratory te~ts (E, CP. 
or MA). This initial procedure for  identi- 
fying events was chosen because the 
three laboratory stressors were known to 
create mild to moderate physica' or psycho- 
logical stresses. Physiological event 
criteria determined in this manper were 
felt to be very conservati,~e as the hypo- 
thesized t h r e a t  in the  f ie ld  would be . 
expec ted  to r e p r e s e n t  a much g r e a t e r  
s t r e s s . . .  For  most of the  of f icers  the  
maximum HR (c r i t e r ion  H R )  o c c u r r e d  
d u r i n g  the b icyc le  exe rc i se .  Th i s  f ind ing  
was  of pract ica l  impor tance  s ince it s u p -  

p o r t s  the idea tha t  a simple exerc i se ,  t e s t  
m a y  be u s e f u l  in s e t t i ng  individual  alarm 
cr i t e r ia .  • . 

Using  the c r i t e r ion  h e a r t  ra te  (CHR)  
determined fo r  each of f icer ,  the  t apes  
were  s c r eened  for  "physiological  e v e n t s : "  
Sc reen ing  was accompl i shed  by  v isua l  

• est imation of h e a r t  , rate from the  analog 
ECG R-R in te rva l  as" d i sp layed  on an 
oscil loscope d u r i n g  the  h igh  s p e e d  (60 x 
rea l - t ime)  p l ayback .  The  same individual  
s c r eened  all t apes  and  accuracy  was 
confirmed by per iodicaUy r e p e a t i n g  the 
s c r e e n i n g  of se lec ted  t apes .  The  v i sua l  
screenb~g procedure  was a means  of  
r e d u c i n g  the  volume of  raw  data  to a 
q u a n t i t y  tha t  would be  m a n a g e a b l e  f o r  
s tati~,tical ana lys i s .  

' ?  ,. 
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Compute r  ana lyses  were  per formed only  
on data tape s egmen t s  where  h e a r t  r a te  
exceeded  the CHR. The  ana lyses  s p a n n e d  
the  per iod  from 10 minutes  before  to 5 
minutes  a f te r  the segment  where  the  
e levated hear t  t ~ e  was o b s e r v e d .  Ar i th  7 . . . .  
metic manipulations Of the HR and SE data 
for each of the 20 sec intervals comprising 
the 15 minute span were performed and 
all recorded and calculated data was 
p~nted. In addition, MHR was plotted in 
histogram fashion. The plotted MHR data 
provided a graphicdisplay of the accelera- 
tion of HR during periods of excitement 
experienced by the police officers as 
i l lus t ra ted  by  the  example in F igure  I0.  

In F igure  l0 mean hea r t  ra te  is shown for  
20 second in te rva l s  from 22:35:35 h o u r s  
to 23:03:20 h o u r s  for  a police of f icer  
involved in quel l ing a riot  at a local n igh t  
c lub .  It  is i n t e r e s t i ng  tha t  the initial 
i nc rease  in hear t  ra te  oc cu r r ed  at 22:46:08 
when the off icer  received the radio call 
r e g a r d i n g  this  dis turbance .  The increase 
in h e a r t  ra te  at this, point  ref lects  an t i -  
c ipat ion of a t h r e a t e n i n g  event .  A similar 
an t ic ipa to ry  physiological  r e sponse  may 
o c c u r  in a hypothet ica l  field s i tua t ion  in 
which a subjec t  i::itially perce ives  the 
ex i s t ence  of a poss ib le  th rea t  r a t h e r  than  
immediately recogniz ing  an actual t h r e a t .  
The  maximum hea r t  ra te  du r ing  the even t  
in F igure  10 was in exce s s  of 180 bpm 
which is nea r  the p red ic ted  maximum 
h e a r t  ra te  achievable  fo r  a man of the  
o f f i ce r ' s  age.  The s u s t a i n e d  hea r t  r a te  
r e s p o n s e  in excess  of 150 bpm indica tes  
the  magni tude  of the hea r t  rate  r e s p o n s e  
to be expec ted  in a life t h r e a t e n i n g  
s i tua t ion .  

The  f i r s t  approach  to analys is  of the  total 
data base  was to ident i fy  a "physiological  
e v e n t "  as any th ree  consecu t ive  20 second  
in t e rva l s  with MHR above the CHR which 

• were  p receded  by  s i x  consecu t ive  in t e rva l s  
with MHR below CHR. This  p r o c e d u r e  
ident i f ied a total of 434 physiological  
e v e n t s .  This  total was h ighe r  than the 
n u m b e r  of l i f e - t h r ea t en ing  even t s  ex pe c t ed  
to be exper i enced  by a g r o u p  of  22 police 
o f f i ce r s  d u r i n g  the *.oral hou r s  of d u t y  
involved .  Application of a more s t r i n g e n t  
e v e n t - i d e n t i f y i n g  c r i t e r ion  defined as I .  I0 
times the CHR reduced the n u m b e r  of 
e v e n t s  to t h i r ty .  I n c r e a s i n g  the e v e n t -  
i den t i fy ing  HR to 1.20 times the CHR 
reduced  the num ber  of eve n t s  to f ive .  

Two o t h e r  a lgor i thms for  identif icat ion of 
phys io logica l  even t s  were  applied a long 
with the CHR + 10~ and CHR + 20~o methods  
to a total of s ix teen tapes  chosen  at 

• random from .the total of 247. T h e s e  16 
t a p e s  were  analyzed in the i r  en t i r e ty .  • 
T h e s e  a lgor i thms identif ied physiological  

TABLE 2 

NUMBER OF EVENTS DETECTED 

BY VARIOUS ALGORITHMS 

' (16  Randomly Selected Tapes) 

- . . ' :  

• AI~GORITHM 

CHR + I ~ .  
4 

CHR + 2(~o 

HR > 150bpm 

H R  t > 3 { ~ ,  

:' - NUMBEROFEVENTS 

9 

I 

• • 0 

4 

e v e n t s  as 1). t h r e e  consecu t ive  seg~nents  
with MHR in ~excess of 150 bpm or  2) 
t h r e e  c o n s e c u t i v e ' s e g m e n t s  where  MHR 
was 30~o h i g h e r  than the mean of the 
p r e c e d i n g  s ix - ' s egment s .  For  the 16 
se lec ted  tapes  the  n u m b e r  of phys io log ica l  
e v e n t s - c h o s e n  accord ing  to all f ou r  a l g o -  
r i t hms  ( to ta l  = 9) a r e  shown in'~Table 2. 

Fo r  each of the  physio logica l  e v e n t s  
ident i f ied  b y  the  initial s c r e e n i n g  p r o c e -  
d u r e ,  the  s t a n d a r d  e r r o r  (SE)  fo r  each  of  

• t he  20 second  segmen t s  compr i s ing  the  
e v e n t  w a s  tab t i iated.  Percen t  c h a n g  e . i n  
SE w a s  also ca lcula ted .  The data s u g g e s t  
t ha t  i n c r e a s e s  in HR accompanied by  h i g h  
hea.,-t r a t e  var iab i l i ty  (as  indicated by  
h i g h  S E ' s )  may ref lec t  psycholog ica l  
s t r e s s  d u r i n g  e v e n t s  l a s t ing  l onge r  t h a n  a 
few minu t e s .  However ,  the  d a t a  show t h a t  
HR var iab i l i ty  may not  be rel iable as  an  
alarm c r i t e r ion  in a sys tem which r e q u i r e s  
r e s p o n s e  in less  than  Sixty s e c o n d s .  
T h i s  is p r o b a b l y  due to the  more  v a r i a b l e  
s t r e s s  i n t e n s i t y  in the  field as  co mp a red  
to the  l a b o r a t o r y .  Even in the  s i x t y  
second  time f rame ,  howeve r  , SE r e m a i n s  a 
u s e f u l  tool fo r  re ject ion of ar t i fac ' ,  in t h e  
HR da ta .  

C . '  Cor re la t ion  of  Field E x p e r i e n c e s  w i th  
Physio logica l  E v e n t s  

Indel~endent  c o r r o b c r a t i o n  of phys io log i ca l  
e v e n t s  by  d o c u m e n t e d  field e x p e r i e n c e s  in 
a s t u d y  of  th i s  t y p e  is diff icul t  fo r  s e v e r a l  
r e a s o n s .  F i r s t ,  the  availabil i ty of  c o r r o -  
b o r a t i v e  data  i s .  d e p e n d e n t  on the  c o o p e r a -  
t ion of the  police o f f ice r  who may e x p e r -  
ience s u c h  s e v e r e  demands  on  his  time 
t h a t  h i s  comple t ing  the  log s h e e t s  i s  
p r e c l u d e d .  Second ,  u se  of d i s p a t c h e r  
Call c a r d s  fo r  th i s  p u r p o s e  d e p e n d s  on  
un i fo rm d a y - t o - d a y  avai labi l i ty  of a c c u r a t e  
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call informat ion.  T h i r d ,  classification of 
logged even t s  or  call card  information as 
t h r e a t e n i n g  o r  n o n - t h r e a t e n i n g  must  be 
.~¢,i'.'.e~; l~ a ;. a~bll.v~ry. 

The  val idi ty  of the r e l a~onsh ip  of the call 
data to physiological  even t s  is compromised 
by  the  d i f fe rences  among the individual  
o f f i ce r s  in the ueg ree  of subjec t ive  s t ra in  
e x p e r i e n c e d  as a r e su l t  of rece iv ing 
va r i ous  t ypes  of calls .  At be s t ,  the call 
c a r d s  p rov ide  imprecise  desc r ip t ions  of 
the  n a t u r e  of the even t .  In an at tempt  
to ident i fy  those  calls perce ived as most 
s t r e s s f u l  by the policemen, six off icers  
were  asked  to g rade  all poss ible  call~ o n " -  
a scale of 0 to 3 r e p r e s e n t i n g  inc reas ing  
levels of s t r e s s .  The calls in Table 3 
rece ived all "2" and "3" r a t i ngs  and ,  on 
th is  b a s i s ,  were  identif ied as most s t r e s s f u l .  

TABLE3 

POLIC[= CALLS CAUSING INCREASED STRAIN 

Bomb Threat Murder or Homicide 

Sniper Rape 

Civil Disturbance/Riot Shooting 

Cover Assistance Stabbing 

Officer in Trouble Fight in Progress with Shots 

in o r d e r  to evalua te  the accuracy  and 
s ens i t i v i t y  of the s tress~detec t ion  sys tem 
based  on hea r t  ra te  alone,  physiological  
e v e n t s  ident i f ied by the  CHR were asso-  
ciated with log and call card  data.  The 
data  show that  for  all of the even t s  
c lass i f ied as t h r e a t e n i n g  (total=213) a 
phys io logica l  even t  was identif ied by the 
CHR in 68~ and not  identif ied by the CHR 
in 32°-~. The  incidence of "misses"  (32~) 
is exp la ined  largely  by the problems 
re la ted  to the documenta t ion  of t h r e a t e n i n g  
s i t u a t i o n s .  I n t e r v i e w s  with the police 
o f f i c e r s  indicated tha t  it is likely that  the 
a b s e n c e  of a physio logica l  even t  at the 
time of a documented  " t h r e a t e n i n g "  even t  
was due to the fact  tha t  the event  was 
not  t r u l y  s ign i f ican t ly  s t r e s s f u l  and 
r e f l e c t s  the  somewhat  a r b i t r a r y  classif ica-  
tion of "pos i t ive  documenta t ion" .  For all 
o f  the  n o n - t h r e a t e n i n g  even t s  occu r ing  
d u r i n g  the  r e c o r d i n g  pe r iods  ( t o t a l= l , 399 )  
a fa lse  alarm would have  occured  in 6~6 of 
the  cases  and a co r r ec t  reject ion would 
have  o e e u r e d  in 94%. For all of the 
r e c o r d e d  e v e n t s  ( to ta l= l ,612)  the s t r e s s  
de tec t ion  sy s t em  made a "co r rec t "  decision 

i n  90~ of the cases  and was incor rec t  in 
10~e. Fo r  c l a r i ty ,  cor re la t ion  between 

20  

physiological  data and r eco rded  e ve n t s  
a re  shown in Table 4. 

More object ive identif icat ion of t h r e a t e n i n g  
e v e n t s  (which could only have been 
accomplished by . con t inuous  pe r sona l  rea l -  
time moni tor ing  oi'- the' police o f f ice r ' s  
daily act ivi t ies  by  con t r ac t  p e r o n n e l )  
would have reduced  the n u m b e r  of "misses"  

( n o  alarm in a t h r e a t e n i n g  s i tua t ion)  by  
r ec l a s s i fy ing  them as co r r ec t  re jec t ions .  
Applicat ion of a h i g h e r  alarm cr i te r ion  
h e a r t  r a te  would have  r educed  the n u m b e r  
of  "false  a larms" by  t r a n s f e r r i n g  them to 
the  c o r r e c t  reject ion categ()y-y bu t  would 
also have  rec lass i f ied  some  "cor rec t  a la rms"  
as " m i s s e s . "  O u r  sub jec t ive  evaluat ion of 
the  da ta  again s u g g e s t s  that  the majori ty 
of the  rec lass i f ied  "misses ' :  would be 
expla ined  by unre l iabi l i ty  ,~f the suppoi- t ing  
field even t  data.  

As ~511 be seen in the ensui : :~  d i s c u s s i o n ,  
applicat ion of a h i g h e r  alarn, c r i te r ion  
hea r t  ra te  (which intui t ively ~eems logical) 
r educed  the alarm s i tua t ions  ~; a n u m b e r  
that  does not lend i tself  wel~ ,,~ e x h a u s t i v e  
ana lys i s .  For th is  r eason  data obta ined  
from applicat ion of the s t r i c t e r  alarm 
cr i te r ia  will be d i s c u s s e d  in desc r ip t ive  
t e rms .  Application of the  more s t r i n g e n t  
CHR + 10~ and CHR + 20~0 to the  data 
from the pot: :e of f icers  r educed  the total 
n u m b e r  of physiological  e ve n t s  to 30 and 
5 r e spec t ive ly .  One -ha l f  of the 30 p h y s i o -  
logical e v e n t s  identif ied at the CHR * 10~ 
level were  c o r r o b o r a t e d  by  a r ecorded  
s ign i f ican t  e ve n t .  All of the  five ident i -  
fied at the CIIR ÷ ?0~o level were c o r r e -  
lated in time with a t h r e a t e n i n g  even t .  

The physiological  e v e n t s  identif ied on the  
selected tapes  ( T a b l e  2) by the four  al- 
go r i thms  (CHR * 10~ CHR * 20go, HR > 
150 bpm and fiR t > 3096) wt:re also ana°  
lyzed for  posi t ive  corre la t ion  to the 
se r ious  field even t s  as ider tilled by  call. 
ca rd  data  or  the ,~fficers' "og s h e e t s .  For  
the s ix teen  selected tape~,, only one of 
the nine  physiological  e v e n t s  identif ied in 
Table 3 was co r robo rd t ed  by  available 
informat ion.  Hear t  ra te  fo r  that  event  
exceeded  the CIIR, CHR ÷ I0~o, CHR * 
2G~ and also represen ted  a hea r t  ra te  
increase g r e a t e r  t h a n  3096. 

Extremely t h r e a t e n i n g  s i tua t ions  Were 
exper i enced  by four  i n s t r u m e n t e d  o f f i ce rs  
d u r i n g  the field t e s t ing .  T h e s e  involved  
the riot  call represen ted  in F igu r e  2 and 
a gun  raid involving t h r e e  o f f i ce r s .  
Physiological evcnt~ were  ident i f ied d u r i n g  
all of these  s i tua t ions  , , s ing CHR * 2096 
and HR > 150 bpm s t a n d a r d s .  The  30~0 
increase  in I H R  did not ident i fy  two of 
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:he events  b e e A l l S P  t h ~ r - ~  uJ~© . . . .  . I , . ^ ~  

ra ther  °hart an abrup t ,  increase in heart  
rate in ,Jsponse to the stress dur ing  
those two events. 

IV. CONCLUSIONS AND 
RECOMMENDATIONS 

This  s t u d y  has  shown that  remote ana lys i s  
of hea r t  ra te  has  potential  as an effective 
means for  automatic detection of s tress  in 
guards. The analys is  of the  data s u g g e s t s  
that  a hea r t  ra te  g r e a t e r  than  e i t he r  CHR 
+ 20~o (as  es tab l i shed  in the exe rc i s e  t e s t )  
o r  150 bpm is the bes t  c r i te r ion  for  initial 
e s t ab l i shment  of alarm cr i te r ia .  This  
a lgori thm may be ref ined gbeat ly  t h r o u g h  
applicat ion of more ex t ens ive  compu te r  
ana lys i s .  

The  potent ia l  u s e f u l n e s s  of this  sys tem is 
more a p p a r e n t  if one cons ide r s  tha t  the  
magni tude  of the psychological  strt~xs 
expec ted  to accompany a s igni f icant  th rea t  
to a g u a r d  will p robab ly  app roach  that  
level accompanying the most seriGus 
t h r e a t s  exper ienced  by  police of f icers  who 
a re  relat ively adapted  to f e a r - t y p e  p s y c h o -  
logical s t r e s s .  

While this  s t u d y  has  shown the uti l i ty of 
HR analys is  fo r  automatic s t r e s s  detect ion 
in policemen, the sys tem still requires 
optimization for  the ultimate goal of  chron ic  
u s a g e  on a g u a r d  popula t ion .  To at tain 
th is  re f inement ,  it is felt tha t  f u r t h e r  
work in this  project  should encompass  at 
least t h ree  major act ivi t ies .  

The  f i r s t ,  and most impor tan t ,  require- 
ment for  optimization of the sys t em is the 
development  of a more sui table  hea r t  ra te  
s e n s i n g  sys tem than the electrocardio- 
g raph i c  app roach .  T r a n s d u c i n g  the  ECG 
signal  r equ i r e s  that  ches t  elect:odes be 
firmly a t tached to the sub jec t .  In the 
p r e s e n t  s t u d y ,  skin i r r i ta t ion  developed 
in severa l  off icers  a f t e r  a few days  of 
e lec t rode  application a r d  removal.  This  
was a t t r i b u t e d  :o the "/cry a g g r e s s i v e  
adhes ive  u sed  on the e lect rode.  Addi-  
t ionally, ,  the apI~licatinn p r o c e d u r e  r e q u i r e d  
severa l  minutes  for  completion. I t  is 
des i rab le  that  a sys tem be developed 
which can be applied ve ry  quickly  by  
essent ia l ly  u n t r a i n e d  p e r s o n n e l  and can 
be utilized con t inuous ly  with no a d v e r s e  
e f f ec t s .  A minia ture  t r a n s d u c e r  fo r  h e a r t  
r a te  tha t  may be worn comfor tably  o v e r  a 
long per iod  of time is needed  for  th is  
p u r p o s e .  

" ~ ' .  • 

'..:. 
,.," 
.'> 

The second item to be studied and f u r t h e r  
developed in fu tu re  work is the alarm 
algor i thm itself .  More ex tens ive  compu te r  
' analys is  of police and g u a r d  persor /ne l  • 
data  ba se s  should  p rov ide  a well-defined 
a lgor i thm which can be u sed  with h igh  
conf idence .  

T h i r d ,  it is n e c e s s a r y  to eval/tate the  
sys t em on a g r o u p  of g u a r d / s e c u r i t y  
p e r s o n n e l  similar ( o r  identical)  to the  
popula t ion  to which th e sys tem will ut l i -  
mately be appl ied.  

tJ 





\ 

/ 

\, 
\" 

\\ 

I. 

2. 

3. 

4. 

5. 

6. 

7. 

V. REFERENCES 

Blitz, P . S . ,  J .  Hoogs t ra ten  and G. 
Muh:er.  (1970).  Mental load, hea r t  
ra te  and hea r t  ra te  var iabi l i ty .  
Psychol .  Fo r sch .  33:277-288. 

Boyce ,  P . R .  (1974) .  S i n u s  a r r h y -  
thmia as a m e a s u r e  of mental load. 
Er/gonomics. 17(2):177-183. 

Burd ick ,  J .  Alan. A review of 
h e a r t - r a t e  var iabi l i ty  and evaluat ion.  
PerceI3tual and Motor Skills. 47: 
95-105, 1978. 

Burd i ck ,  J .  Alan. (1978). I lcart  
ra te ,  tonic card iac  variabil i ty and 
, :valuation.  J.our_na/_l_ol~I%ffch o- 
somat ic  Re : ; ea rch .  22:~9-77.  

Danev,  S . G . ,  G .F .  Wartna, B. 
Bink ,  J . J .  Radder and  I. I . u t eyn .  
(1971). Psyehophysiological  a s s e s s -  
ment of information load. Neder lands  
Ti false_, h r i f_t v__oo];d e p~ y ch o I o.'~j (; - ~ _ n _ ~ r  
ff~_e_gn age_ b ieden .  I (26) : 23-39. 

I .uczak ,  II. and W. I .aurig.  (1973), 
Analysis  of hea t :  rate  var iabi l i ty ,  
b:rg_c_jn_om!cs. 16( 1 ) :P.7,-97. 

McSayers ,  B.A.  (1973). Analysis  
of hi:art  ra te  var iabi l i ty .  ~o_no_m.icss. 
16( I ) :  17-32. 

~ u h l e r ,  G . ,  and  W.I{.E.H. Mulder- 
I lzjonides Van Der  Meulen. (1973). 
Mental load and the measurement• of 
hea r t  ra te  var iab i l i ty .  Er__rKonomics. 
16( 1):69-83.  

9. Opmeer ,  C l i . J .M.  (1973). T h e  
information con ten t  of succes s ive  
RH- in t e rva l  times in the ECG. Prelim- 
inary  r e s u l t s  u s i n g  f ac to r  a n a l y s i s  
a n d  f r e q u e n c y  a n a l y s i s .  E rgonomics .  
16(1): 105-112. 

10. R o h m e r t ,  W. ,  W. La,~rig', U. Phi l ipp ,  
a n d  }l. I .uczak .  (1973) .  Hea r t  ra te  
v a r i a b i l i t y  and  work - l oad  m e a s u ~ m e n t .  
E t ~ n o m i c s .  16:33-44. 

I I .  T u r t l e ,  Waneta  C . ,  J e r r y  G. D a v i s .  
( I 9 7 8 ) .  D e v e l o p m e n t  of  an Automated  
Stress~Duress  D e t e c t i o n  S y s t e m .  
P h a s e  1: T e c h n i c a l  and P h y s i o l o g i c a l  
S t u d i e s .  S A N D 7 8 - 7 0 1 5 .  Sandia  
L a b o r a t o r i e s ,  A l b u q u e r q u e ,  New 
Mex ico .  

22 

APPENDIX A 

CODE: 
| 5 i h :  l - r u n ,  t i l l  l |  

2 • d i v  | 1 . 3 }  

3 . e m i n g  13 I t )  
4 - t l ; l ~ l i t  opefIt~on~ 

ER~¢iM: 
RP • Requ l i '  Pro L rm 
SL • Seldom 

LdT_ E x | L  l I M .  Hi lr lery "~ 

4 SL S; uJaef 

SL SL S; ~,elle# iad di~,ler~ 

3 SL S~ hyp~*¢ lenMcm 

SL ~'noker 

I aL 

10 RP IS; ~¢aml 

4 RP 

1 RI o 

2 RP 

4 RP 

7 RP S~,oke f 

3 4  SL 

SL S: Kid.'ley d=zea~ 

; . 2  

8 RP 

5L $, l~gial 

4 PIP 

RP 

SL .~noke~ 

RP S, Hemrl Muem~ 

s t  Is~,ok. ,  

St. ~mokef 

S Smoker 
YOF • Yeae$on Fo*¢.~ 

APPENDIX B 

I n s t r u c t i o n  - Cold P r e s s o r  T e s t  

The  t es t  which is about  to be adminis te red  
is called the Cold P r e s s o r  Tes t .  This  is 
a ve ry  simpl e t e s t  which has  rout ine ly  
been u s e d  for  many y e a r s  in p s y c h o p h y -  
siological r e s e a r c h .  

A c o n t a i n e r  of  v e r y  co ld  w a t e r  has  b e e n  
p laced  n e x t  to y o u r  r i g h t  foot .  W h e n  you  
are  sL,o'nalled to do so ,  y o u  s h o u l d  imme- 
d ia t e ly  r a i s e  y o u r  foot  a n d  c o m p l e t e l y  
f inmerse ,_'t in the  c o n t a i n e r  of  cold  w a t e r .  
You m u s t  k e e p  y o u r  foot  in the  w a t e r  for  
a fu l l  o n e  m i n u t e  b e f o r e  r e m o v i n g  i t .  
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t a b l e  will be t u r n e d  on .  Th is  is y o u r  
s i g n a l  to immedia te ly  p u t  y o u r  foot in to  

t h e  wa te r .  Put  y o u r  foot all t h e  way to 
t he  bot tom.  The  l i gh t  will r emain  on for  
one  minu te .  When the  l igh t  goes  of f ,  you  
may remove y o u r  foot from the  w a t e r .  
D u r i n g  the  time when y o u r  foot is  in the  
w a t e r ,  do not  move any more t h a n  abso -  
l u t e l y  n e c e s s a r y .  Af t e r  r e m o v i n g  y o u r  
foot  from the  w a t e r ,  c o n t i n u e  to k e e p  
motion to a minimum. Do not a t t e m p t  to 
d r y  y o u r  foot .  We will  e n t e r  the  room 
s h o r t l y  and  do th i s  for  you.  

D u r i n g  the  n e x t  s e v e r a l  minu te s  we will 
be  c a l i b r a t i n g  ou r  i n s t r u m e n t s .  You will 
not  r e c e i v e  any  f u r t h e r  i n s t r u c t i o n s  
b e f o r e  the  t e s t .  So for  the  n e x t  few 
m i n u t e s ,  r e l a x  as  much as p o s s i b l e  and  
wa tch  for  the  red  l i g h t .  When it a p p e a r s ,  
p u t  y o u r  foot i n  the  w a t e r  and  r e s l  it on 
the  bottom and  keep  it t h e r e  un t i l  the  
l i g h t  goes  ou t .  

STOP (10 SECONDS) 

We will now r e p e a t  the  Cold P r e s s o r  T e s t .  
T h i s  will be the  second  and f ina l  admin i s -  
t r a t i o n  of th i s  t e s t .  In a few m i n u t e s ,  
t he  r e d  l i g h t  will be t u r n e d  on .  As 
b e f o r e  you s h o u l d  then  pu t  y o u r  foot 
fu l l y  into the  w a t e r  and  keep  it  t h e r e  
u n t i l  the  l i gh t  goes  ou t .  

APPENDIX C 

• ~ . Ins t ruct ions  Mental  Ar i thme t i c  T e s t  

P s~_:chQolo__ffical T e s t  - Wri t ten  : n s t r u c t i o n s  

You a r e  abou t  [o r e c e i v e  a g r o u p  of 
p s y c h o l o g i c a l  t e s t s •  The  t e s t s  h a v e  been  
d e s i g n e d  to be men ta l ly  s t r e s s f u l .  Each 
t e s t  will be fu l ly  e x p l a i n e d  by t h i s  r e c o r d i n g .  
You s h o u l d  l i s t en  c m e f u l l y  and  follow t he  
d i r e c t i o n s  e x a c t l y .  If at  any  t ime you do 
not  u n d e r s t a n d  a p a r t i c u l a r  i n s t r u c t i o n ,  
r a i s e  y o u r  h a n d  for  a s s i s t a n c e .  

T h e  i n s t r u m e n t s  be fo re  you a r e  a me t ronome ,  
a r e d  s i gna l  l i g h t  and  a mic rophone .  
L a t e r  in the  t e s t  the  metronome will be 
s t a r t e d  and  the  whi te  l i g h t  on i t  will  
beg ' in to f l a sh .  The  r e d  s i gna l  Ught  is  
cc .n t ro l led  from o u t s i d e  the  room a n d  can 
be t u r n e d  on as  it is  now. The  p u r p o s e  
of t he  m: ; : 'onome and  s i g n a l  l i g h t  will  be 
e x p l a i n e d  l a t e r .  The  mic rophone  is  
c o n n e c t e d  bo th  to y o u r  h e a d p h o n e s  and  a 
s p e a k e r  o u t s i d e  the  room. 

several sensors and .~lectrodes have. been 
placed on your body. These w~ll allow us 
to monitor your respon-'es dur-'mg the 

s t r e s s  t e s t s  The  two e l e c t r o d e s  on y o u r  
lef t  h a n d  a r e  for  a d i f f e r e n t  p u r p o s e ,  
h o w e v e r .  T h e s e  e l e c t r o d e s  will be u s e d  
to d e l i v e r  an e l e c t r i c  s h o c k .  ~An e l e c t r i c  
s h o c k  d e v i c e  is loca ted  o u t s i d e  the  room 
and  is a t t a c h e d  wi lh  w i r e s  t o  the h a n d  
e l e c t r o d e s .  T h e  i n t e n s i t y  of the  s h o c k  
has  b e e n  p r e s e t  to a v e r y  h i g h  leve l .  
The  p u r p o s e  of the  e l e c t r i c  shock  will b e  
ex [ , . a ined  l a t e r .  You will not  r e ce ive  a n y  
s h o c k s  u n t i l  t h e  end  of t he  te~t p e r i o d .  

For  t h e  n e x t  few m i n u t e s  we will be 
m a k i n g  f ina l  a d j u s t m e n t s .  D n r i n g  th i s  
t ime you s h o u l d  r e l a x  a s  much a s  p o s s i b l e .  
Unti l  f u r t h e r  i n s t r u c t i o n s  a r e  g i v e n ,  
p l e a s e  s i t  q u i e t l y  and  r e s t .  The  micro-  " - 
p h o n e  will  not  be t u r n e d  on un t i l  l a t e r  in 
t he  t e s t .  

Final  I n s t r u c t i o n s  

The  t e s t  will now c o n t i n u e .  

D u r i ~  t h i s  l e s l  you will be  c o u n t i n g  
a loud in to  the  m i c r o p h o n e .  You will h e a r  
y o u r  vc~ee in the  head  p h o n e s .  

When you  s t a r t  c o u n t i n g ,  s t a r t  with the  
n u m b e r  300 and  b e g i n  c o u n t i n g  down-  
w a r d b ~  t h r e e s ,  t h a t  i s  300, 297, 294 and  
so o n .  Do not  s h o r t e n  t he  n u m b e r  by  
s a y i n g  " t w o - n i n e t y - s e v e n ,  t w o - n i n e t y - f o u r "  
and  so on .  T h i s  will be c o u n t e d  as  a 
m i s t a k e .  Say " two h u n d r e d  n i n e t y - s e v e n  
two h u n d r e d  n i n e t y - f o u r ,  two h u n d r e d  
n i n e t y - o n e " ,  and  so f o r t h .  S a y  one 
n u m b d r  each  t ime l h e  me t ronome  l i g h t  
f l a s h e s .  I t  is i m p o r t a n t  t h a t  you k e e p  
pace  wi th  the  me t ronome .  

YoU s h o u l d  be a w a r e  t h a t  y o u r  vo ice ,  
which you  h e a r  in t he  h e a d p h o n e s ,  will 
b e  e l e c t r o n i c a l l y  d e l a y e d  by  a s ! i g h t  
amount .  For  t h i s  r e a s o n ,  c o u n t i n g  may 
be somewha t  d i f f i c u l t .  Each time you 
c o u n t  i n c o r r e c t l y  o r  do not  p r o n o u n c e  the  
n u m b e r  s m o o t h l y ,  t he  r e d  l i g h t  will f l a sh .  
T h e s e  m i s t a k e s  will  be c o u n t e d  and t0 taUedl  
One m i n u t e  a f t e r  you  s t o p  c o u n t i n g ,  you 
will b e g i n  to r e c e i v e  v e r y  s t r o n g  s h o c k s .  
You will  r e c e i v e  one  s h o c k  fo r  each 
m i s t a k e •  The  s h o c k s  wil l  begL,~ one  
m i n u t e  a f t e r  you s t o p  c o u n t i n g  a n d . w i l l  
be spaced 5 seconds apart. • .... 

The test will begin after this recording 
ends. You should star.t counting when 
y o u  s e e  t h e  r e d  l i g h t  b l i n k .  T h i s  will  
o c c u r  a b o u t  5 s e c o n d s  a f t e r  t h e . r e c o r d i n g  
e n d s .  Pu t  y o u r  m o u t h  c l o s e  to the  micro-  
p h o n e  a n d  s p e a k  v e r y  c l e a r l y .  C o n t i n u e  
c o u n t i n g  u n t i l  t h e  m i c r o p h o n e  is  d i s c o n n e c t e d  
a n d  you  c a n n o t  h e a r  y o u r  vo i ce .  
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Remember ,  when the red l ight b l inks ,  
s t a r t  s u b t r a c t i n g  t h r ee s  from 300, speak ing  
one  num ber  each time the metronome 
b¢.'ats, if you do not keep s tep  with the 
met ronome,  th i s  will also be c o u n t e d  as a 
mis take .  

APPENDIX D 

P r o t o c o l s -  Cold P r e s s o r ,  
I~ental Ari thmet ic  and •Exercise  T e s t s  

Cold P r e s s o r  Protocol 

Elg~!sed Time Even___.~t 

0:00 Beg'in baseline recording 
3:00 Start recorded instruction 
6:00 Immerse foot in ice water 
7:00 Remove foot fr'Jm ice water 
8:00 Operator enter room with 

warm wate r ,  d ry  foot 
I 1:00 S t a r t  r ecorded  in s t ruc t ions  
12 : 00 Immerse  foot 
13:00 Remoee foot 
14:00 End of tes t  

Menial Ari thmetic  Protocol 

F-l~9_~sed Time 

0:00 
3:00 
8:00 

10:00 

12:00 (~) 
14:00 
1 6 : 0 0  

Event  

S t a r t  basel ine r eco rd ing  
S t a r t  recorded  i n s t ruc t i ons  
Noise s t a r t l e  (3 s econds )  
Resume recorded  i n s t ruc -  
t ions  
C oun t i ng  begin. 
C oun t i ng  s tops  
End of tes t  

Exercise Protocol 

E_lar~sed TirJe Event 

0:00 Begin baseline, recording 
3:00 S t a r t  exe rc i s e  
6:00 Stop e x e r c i s e  
II:00 S t a r t  e x e r c i s e  

" 14:00 Stop e x e r c i s e  
16:00 End of tes t  

APPENDIX E 

Questionnaire 
Times and Subjective Evaluations 

Of Events During Each Recording Session 

NAME 

DATE " . 

Time of  •Event o r  Call 
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" : ~ ? : ' 2  ' 

" ) ?  

• ) . .  

Time Left Scene 

-r, jr,= .... of Event (gave police code) 

Enrou te  to o r  Upon f i r s t  a r r iva l  at the 
scene  of the e v e n t ,  t o  what  ex ten t  did 
you feel pe r sona l ly  in d a n g e r ?  

Not at all 
Somewhat  
Very  much, 

D u r i n g  the  e ve n t ,  to what  ex ten t  d id  you 
feel pe r sona l ly  in d a n g e r ?  

Not at all 
Somewhat  
Very much 

Were you physically threatened in any 
way (with weapon, assault)? 

No 
Yes 

Were you phys ica l ly  act ive ( r u n n i n g ,  
cl imbing s t a i r s ) ?  

No 
Yes 

APPENDIX F 

Police D i s p a t c h e r  Radio Code Signals  " 

Radio Code Signals  

10-1 Receiving Poorly 
10-2 Rece iv ing  ' Well 
10-3 Stop T r a n s m i t t i n g  
I0-4 OK or  Message R e c e i v e d  and 

Under s tood  
I0-5 Relay M e s s a g e  
I0-6 B u s y ,  But  Available For  Calls 
I 0 - 7  Out of Serv ice  on a Call 
I0-?  In Service  Available for  Calls 

" 10-9 Repeat  T r a n s m i s s i o n  

I0 - I0  

10-1l 

10-12 

10-13 

10-14 
10-15 
10-16 

10-17 
10-18 
10-19 
I0-20 

General  Adminis t ra t ive  A s s i g n -  
m e n t  

• A n i m a l  Call, D i s t u r b a n c e  o r  
I n j u r y  
Check D r i v e r  License  Revoca-  
tion List  
Advise  Weather  and Road Con- 
di t ions 
Escor t  
Family F igh t  
P r i sone r  in Cus tody  or  Pick 
up at 

P i c k  up  P ape r s  o r  I tems at 
D r u n k  Person  
Re tu r n  to Stat ion 
Location o r  What I s  Your  
Location? 

m 
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10-21 
10-22 

10-23 

10-.9.4 
10-Z5 

10-26 

10-27 
10-27-1 
10-27-2  
10-27-3 

10-27-4 

10-27-5 
10-27-6 

10-.27-7 
10-27-8 
10-27-9  
10-27-10 

10-28 
10-29 

10-30 
10-31 
10-32 
10-33 

10-34 
10-35 
10-36 
1 0 - 3 7  
10-38 
10-39 

16-40 
10-41 

. 10-42 

I 0 - 4 3  

10-44 
10-45 
10-46 
10-47 
10-48 
10-49 
1 0 - 5 0  
10-51 
10-52 
10-53 
I0-54 

I0-55 

I0-56  
I0-57 
I0-58 
10-59 
I0-60  

Call By T e l e p h o n e  
R e q u e s t  for  Blood Alcohol 
T e c h n i c i a n  
Sex O f f e n s e ,  E x p o s u r e  o r  
Moles t ing  

. D i r e c t  T r a f f i c  
Do you h a v e  Contact with o r  
Con tac t  
R e q u e s t  Auto  R e g i s t r a t i o n  f rom 
l~lV l )  

I n v e s t i g a t i o n  of: 
M u r d e r  or  O t h e r  Homicide 
Rape  
R o b b e r y ,  Armed o r ,  
Unarmed 
A g g r a v a t e d .  A s s a u l t  o r  
B a t t e r y  

B u r g l a r y  
T h e f t ,  F r a u d ,  EmbezZle-"  
ment  
Auto  T h e f t  
S h o o t i n g  
S t a b b i n g  
F o r g e r y  o r  Bogus  Check 
or  Credit Card 

Miss ing  Pe r son  
C heck  for  Wanted or Broadcast 
Wan ted 
Juven.: le  Call 
S u s p i c i o u s  P e r s o n ( s )  o r  C a r s  
F igh t  in P r o g r e s s  
Fire Call-Direct Traffic at t h e  
Scene  
Off ice r  o r  Meet Off icer  
Prowler  o r  P eepe r  
C o r r ec t  Time 
S hop l i f t e r  Complaint  
Vandal ism -. 
D i s t u r b a n c e  o r  D i so rde r ly  
Pe r son  (s )  
Mental  Pa t ien t  
N e i g h b o r  T r o u b l e  
R e q u - s t  C ase  Number  a n d  
T i m e s  
R e s c u e  Call o r  R e q u e s t  fo r  
R e s c u e  
T ra f f i c  Acc iden t  no I n j u r i e s  
T ra f f i c  Acc iden t  In ju r i e s  
Wrecker Requested 
D r u n k  D r i v e r  
Use Caut ion  
Any  T r a f f i c ?  
No Tra f f i c  
M essage  for  Del ivery  
Message  for  De l ive ry  
Si lent  Alarm 
I!ave Car  S t opped  or  Will Be 
S t o p p i n g  C a r  
Ambulance  Call o r  R e q u e s t  fo r  
One  
Have A r r i v e d  at  Scene  
Narco t i cs  
DOA or  Suic ide  
Bomb T h r e a t  
Coffee  B r e a k  

10-61  
1 0 - 6 5  
1 0 - 6 9  
1 0 - 8 0  
1 0 -8 1  
1 0 - 8 2  
1 0 - 8 3  

L u n c h  B r e a k  
K i d n a p p i n g ,  A b d u c t i o n ,  H o s t a g e  
S n i p e r  
D e m o n s t r a t i o n  " 
Civil  D i s t u r b a n c e  o r  Riot Call 
C o v e r  A s s i s t a n c e  
Of f i c e r  in T r o u b l e  

25 
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