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The long-ter m goal of this research has been t o  increase our knowled ge of
p the effect S of alcohol on human performance. The long—term expectat ion Is

that analysis of the effects of alcohol. on information processing tasks
will reveal the locus of alcohol effects on the different hypothetic al
cognitive processes involved in such t asks. Our overall approach  to the stud ’
of drugs and cognition has been to test the acute effects of the drugs on
c o g n i t i v e  processes t h a t  can reasonabl y be assumed to he required for the
e xe c u t i o n  of a bro ad r ange  of t a sk s .  Once a v u ln e r a b l e  s tage  is i d e n t i f i e d ,
we have at t e m p t e d  to  c o n f i r m  the r e s u l t  ~i s in g  construct lye r ep l i ca t  in n s  aod
a d d i t i o n a l  t a s k - r e l a t e d  ex p e r i m en t a l  v a r i a b l e s.  Thus , our  s p e c i f i c  a i m  was
to (hscover  d r u g  e f f e c t s  tha t  could be genera l ized to  a broad r ange  of huma n
p e r f o r m a n c e  t a s k s .

P r e v i o u s  s t u d i e s  in  our laaoratory (Tharp et al., 1974) and by I l u n t l e y  ( 1 9 7 4 )
i n d i c a t e d  t h a t  a m a j o r  t a r g e t  of a lcoho l  was t h e  i n f o r m a t i o n  processing stage
of “ response s e l e c t i o n” . Probabl y i n c lu d e d  in t h i s  s t age  is the  op er a t  ion of
“s t i m u l u s — r e s p o n s e  t r a n s l a t i o n ” (Te i chn er  & Krehs , 1974 ) .  The i n f o r m a t i o n
p rocess ing  s t u d i e s  c o n d u c t e d  t inde r  t h i s  c o n t r a c t  used r e a c t i o n  t i m e  (RT)
p r o c e d u r e s  to t e s t  the n o t i o n  t h a t  a lcoho l  impairs the functioning of this
l i m i t e d — c a p a c i t y  t r a n s l a t ion m e c h a n i s m .  Al cot ol a p pea r s  to imp a i r  RT in
every  low (St i m u l ~ i s — r e s p on s e )  c o m p a t i b i l i t y  i cs t  ed :  ( 1) wi th u n f a m i l i a r  S—R
p a l  r i np s , (2)  w i t h  spa t  i a ll y i n c o m p a t i b l e  respolist s ( R o b i n s o n  & Peehles , 1974)
and (3) w i t h  h igh  t r a n s l a t i o n  l o a d .  In gene ra l  t h e s e  exp eriments i n d i c a t e
t h a t  a l c o h o l  s lows RT in p r o p o r t i o n  to  the  s t i m u l u s — r e s p o n s e  t r ~~n s l a t  io n l o a d
imposed by t h e  t a sk .

- 

~~~‘he stud i s of a] cobol and memory were targeted on t he p ‘as  i hI e of Ii 1 5 of

he drug on o r g a n i z a t  i o n a l  p r oc e s s e s , ret r i i v a l  l i ~~ i isms , and cro o d i ng
(de pth of j rii~~~ sing) .~~~~ The t a s k s  i n c l u d e d  free recall and  t t i-its of ri cogni—
t 1on .(~~O v er a l  1 the d~ ta eiii ~~~ st ed t h a t  o r g a n i  zat  lo n a l  or iSSOC i at ional
prto - i ssos in l i n g — t  oem ~t o r ag e  w i l t  p a r t  i~ - u l : i r l y  v u l n e r a b l e  t o  a lc oh o l
i~~t o X I  at_Ion. ~~

I’ht ro i~~t s  no ‘ i d i ’ n i e  t )  supp irt t h ~- a ’  inn t h a t  a l c o ho l

~~~ Ifl t oxi cat ion i r I p a l  rs r1R - :1 r ly  s i n  u p .  S o l i t  of  t i l e  !~~ t a r i u ~~’,p, st  ed that

r et  r i e v a l operations may be vu l n e r a b l e  t o  l o t  o x i - a t  i o n , b i t t  t i i  evidence w a S

not  s t r o n g .  Li l u -w i s e  t h er e  was sol e t v  do~~i e  that intoxi ca t ed sub~~e i t  s
ap p l y  a Ire s t r i n p o i r t  - r i t ’ r i ’ u  f o r  i~~i ri t  i f v i n p  p r e v i o u s l y p r e se n t e d  it i_ Is

( ~i~~ ~ d p )

..~~~S t i i d l t ’ s  i f  t h e  H f i t s  of a i t e  a l t  ‘ l i o l  ‘n s i -p  p att e r n s i t 4 7 - 6 3  y ;t r o l d
no r  L a ]  mal t s w er e  c o n d u i t ed t o  a l l  ow a -p a t i s n  w i t h ape - ‘at L d  al  celiol  I c s .
S i r e  t -n ltano ~‘ - rrt of delta sleep was e~~ ’ u in oh  of t I n n oirl il s, SuPS S t  i n g

t a it  t h e  i cban i snrs f o r  i u d i n - l  i n  at  d o lt ii H p 1 .  I V  I t ’  r . - l a i  ~ ‘ ‘ t ’  i n t , i e t  i n
n n  . 1 1  :, i r I ~~~ ’e t s  u p  to ;i I \ . ’ i  -d t i d d l i  i . ,~ l ’ l  i i  f , i j  l~~d t o  i t t  e
d o l t  a S l e t - J )  in jr (il l r i 1 I r ’ ( i t  a l t  i r a ]  l ’ s.
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SUMMARY

Effects of Alcohol on Human Performance and Sleep

This contract supported two i nvestigations of the effects of alcohol on
humans. The primary project was the investigation of the effects of alcohol on
information processing and memory. The second project was the phase—out of our
studies of the effects of acute and chronic alcohol ingestion on physiolog ical
sleep patterns.

The long—term goal of this research has been to increase our knowled ge of
the effects of alcohol on human performance. The long—term expectation is that
anal ysis of the effects of alcohol on information processing tasks will reveal
the locus of alcohol effects on the different hypothetical cognitive processes
involved in such tasks. Our overall approach to the study of drugs and cognition
has been to test the acute effects of the drugs on cognitive processes that can
reasonably be assumed to be required for the execution of a broad range of tasks .
Once a vulnerable stage is identified , we have attempted to confirm the result
using constructive rep lications and additional task—related experimental variables.
Thus , our specific aim was to discover drug effects that could be generalized to
a broad range of human p e r f o r m a n c e  tasks .

Previous studies in our laboratory (Tharp et al., 1974) and by ilunt ley (1974)
I rid i t - a t  e d  that a irajor ta rpt t of nI cohol was the in format ion processing at i t ’  of
“ r c a p ’n se select ion ”. Pr obably included in this stage is tire operat ion of
“at  i m u l u i s — r i ’ s p sise t r a n s l a t  ion” (Teichner & Krebs , 1974). The informnat ion
p r o i - e ’ i - s i n g  s t u d i e s  c o n d u c t e d  u n d e r  t h i s  c o n t r a c t  used r e act  ion t ime (RT)  p r ;  u d i i r u s
t o  t u ~~~t t h e  not  ion  t h a t  a l coho l  i m p a i r s  t he  f u n c t i o n i n g  of t h i s  l i m i t u - d —  a p a c i t y
t ranslation mechanism. Alcohol appears to im p a i r  RT in  every  low ( s t i r i n i l u s —

‘ , flSt ’) eis ’pnt i h ilit y tested : (1) with unfamiliar S—R pairings , (2) with sp at iall y
in ‘ , ; ‘ u t ible r i-plu ses (R c ih inson  & Peebles , 1974), and (3) with hig h transl ation
1 ‘ i d . Tn gerut ral these t’xpt f inuent s indicate that alcohol slows RT in p r o p er t  ion

o t l i e  at  i m i r l  us-—response t rari slat ion load imposed by the task.
‘ l i r t ’  a t  ‘ i i  it ’s of , u l u l i i o l  ~nd i i ; i - i l ; uy  were t lurp ct i d  t i n  t h e  p o s s i b l e  ~~1f1 u ’t s of

b, di n; on n o n I Z i e t  i ’ ~ia l  p r oc e s s e s , n t  r i u v a l  ~~c h:uiisrr s , and u n c o i l  ng (depth

i f  p r ’  - r i n g ) .  i t  t c k s i r l ( - i i l d c d  f re e  ,~~c a l l  and  t e s t s  of ri cin gu it ion . Ov~-ral ] .
l i t  n a t  it  i p g u ’ s t  ed t ha t  u i  r gan i  za t  I o n a]  or  05S0c I a t  i i i n a l  p rocc ’sses in long—term

St i i  r ap t  were  p u  rt  i ci i i  a n y  vu l  n er a b l e  to  al cobol i n t o x i c a t i o n . There was no
e to s u p p o r t  t h e  not  I on  t h a t  a l t  j i h o l  i n t o x i c a t  ion  i m p - u i  rs ra cy s c a n n i n g .

c i t  t h e  r I o t  a s u i ’ - y  a t  d th at r e t  r i  u - v o l  a p e i ; u t  i is  r a y  be v n l rni ’r rbl to i f l t  o x i a
L i i , i t  t h e  u v i ! n i -e xis ri ot s t i n g .  I i i ~~wise t h e F t  w as i - t r e e 

~‘ i ’ i  i n  t h u t
hn t x i i u t e ’ d  I ’ i ] ) j l t S  r i p p ly a ire st r inp e nt - i - i t e r i t n n  f u r  I d t ’ n t  if y ing p i- c v io u s iy

~ i t - s en t  ‘(1 it niru s ( l i r e - r u  r~~~ d ~
)

S t u d  i t ’ s  of t h e  f f u ci  s of u r u t  e a l c oho l  on s l e e p  p i t  to m s  of 47—63 y e - a r  old
o e m  - u i i i  i s wi re u- , r i , lnu t u -d to ru l i w  i - i r , r r p a t i s i u n  w i t h  age ~i ; u t  d u d  a l c o h o l ic s .  Si ne

‘ 1  h ’  - r u - l i t  i t 1  d e l t a  - I .  u p  we ; r u n i n  t i -h of the n o r m a l s , r u u ’ ,pu ’s t  l u g  t h a t  t h e
i-l e t  1 t i n t S - I S  fu r  i , ’ i u i t - t  j u n  o f  l i t _ i t  a sl e e p  sy hi t H a t  iv u ly m t  : u u ’ t  i n  u r i n a l  ; n n l i j m - ’ I S

‘ i p  t o ;udv ,m;ic ed m iddl u ’ ap e .  Al r ih i m l  f a i l ’ ]  t o  p u t u ’ n t  l a t e  d e l t a  sl e e p  in  o u t — iil l ’r
u l , r i f t ’ a l u , , i i u l l e ’ S .
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E f f e c t s  of A l c o h o l  on I lu inn ia n  P e r f o r m a n c e  and Sleep

I.  S t u d i e s  Focused on Information Processing (High Accurac y Procedures )

R e c e n t l y ,  we r epor t ed  t h e  r e s u l t s  of a s e r i e s  of u x j i e r i r n u e n t s  t h a t
examined the effects of alcohol on speed and accuracy in three character—
recognition tasks (Rundell , Tharp, Lester and Williams , 1973; Tharp , R u n d e l l ,
Lester and Williams , 19744. Stimulus discriminability, stimulus—response
compatibility (SRC), number of stimulus—response alternatives (NA), stimul u s
probability, and categorizing requirements were varied orthogonally with aliudi ol
in an attemp t to app ly diff i ru ntial load to three hypothesized St ages of i n f o r m a -
tion processing : stimulus preprocessing (and encoding), stimulus categori zation
and response selection processes. Examination of patterns of additivity and
interaction among these experimental variables revealed consistent positive inter-
actions between the effects of alcohol and those of treatments such as NA and SRC ,
in t ended  t o  i n f l u e n c e  i n f o r m a t i o n  o u t p u t t i n g  o p e r a t i o n s .  The e f f e c t s  of s t i m u l u s
discrim inability, a treatment directed toward stimul u s preprocessing and encoding
processes were invariabl y additive with those of alcohol and the other experimental
variables. We concluded that in simple character—recognition tasks , alcohol causes
specific impairment in information outputting operations , such as those involved
in response selection. Huintley (1974), emp loy ing choice reaction time (CRT)
tasks , and similar e>per itnental variables , arrived at the same genera l conci u s i  on.
Patterns (if st ut isti (’al relat ionshi ps were somewhat different in t h e  two n - i ’ -  t ~ of
e xp e r  i a - n t  s , but our studies and his agreed that the positive interact Ion between
a l c o h o l  a;,d NA i n c r e ased w i t h  low s t i m u l u s—response  c o m p a t i b i l i t y .  These r e s u l t s
m d i  c at e  t h a t  t a sks  r t ’ q u i r i  ng h igh—speed , rd at  ivel y i n c o m p a t i b l e  r e sponses  to
l o w — p r o b a b i l i t y  st imu l i are p a r t  i ciil ar l y sc’nsi t lye  t o  ,il u - i ’ lu ol I C  j i l t c i X i cat  i u r n .

Our  ~i u ’ m i- t u u ct i v e s  on this work h iv e  u h i ; i u p t ’d  n - _ or r l u  ‘1’hat  a f t e r  r u - u i  l u g  t h e
-x - u ’  1 1 emi t anal yt i cal rev j e w  of v i  s u t a l  CRT by ‘fe i l u n u ’ r  a nd  1< ccl’s (1974) . Fir

m ’ x. u i p l e , t i u u i  r q u a n t  I t a t  ly e  a n a l yses  of lu St of t h e  CRT l i t e r a t u r e , a n d  t h a i  r
‘ xii exp &’r i r u-nt s on s im p le  v i su a l  RT i n d i c a t e  t h a t  NA has some i n f l u e n c e  on each
u i f  t i r e ’  u u p u i t  l ye  n-i t ages i m p l i c a t e d  in  CRT.  F u r t h e r m o r e , they  deve loped  a v er y
i l m u v i m l d i n g  r u r p i i ’ lrc n t  t h a t  t h e  h y p o t h e t  i u a l  c u ’ r r p u ui i n t  j ) r ( i ( ’ ( ’ i - S u ’S  i n  (holen ’ c r u e t  ion

t t i n e - h ’  n u t  i n i l u r u i c ”  Ti i- t  i , i l u i s _ -  r e - p i ns-i c t r a n s l a t  i o n  o p e r u t i o n  (T S_ R )  l c u i ’ ; u t e d
l i t  x i i i  t lie S t  i mm ’ii lu s e a t e - : i u r  i/at ion urr d u t -a p i-use s - l  c u t  i o n  st ige s.  W e ]  f o r d  hi , -u d

m m r jve’d u t ii s i n  ii u r u onc l  i t s  i on  In  1968. Tei chine r and K r u h l l s  ‘ l og ic a l  anal ys i s
if t w o  CRT t aa ’vs , L i  ph i L  -K ey a n d  Di git-Key , der  i ved the i nip l icat ion that the latter

( a r k  t n t  i t  i r i s  a r u ’ p l  i r  i T h -  li t for tran slat on t h a t  i s  r i o t  a componen t  p rocess  of
t he fe r r e r .  ‘ I l u e  T i Lt Fey task is a sp it  lal s n a t c h i n g  t i n -ik i n  tlei c h both the

‘;t i m u i l  i c rud t h e  ; - i ’ n - ; i  I ‘~5 ; e r t  i i  r r m n p e d  :u t ’ i ’ m n r u i  ing t i  t h e  r I t e i u f t  - — t  o — r i p l n t
p o s i t  ion  u 1 , 1 0 . fl o ut lee ’ si gnal i s  u ncoi le d by p o s i t  i on , t h e  r t ; ; i u ; u u l s o  cu rb is
o n e — t o - - o n e .  In  the Di git Fey (Tusk , however , t he  sub j  t c t  mus t  f ir s t  i r i c o de  the
n iuai ral , t h e n  t r e r i n - i l a t e  f r o m  n i i r n e r i  ( a l  to p o s i t  ion code by a spat i al r u l e , t h e n
i - t i e - u t t h e  u u u n r I ’ ( ’ t  p i t  i u r  p r o g r a m  and n i - p r o d .  Onc u t h e  t r ; u n c l r u t  Ion p r eu c es s  is

- p i t t  ii , t h e ’  r i  1 u ; r e — s e ’ l e c t  i i u n  u j u u ’ r a t i u n n  p p u ’ a r s  to l i t ’  i d u-ri t i c i l  f u i i  t h e
t ’~~o t ;uH ’~~~. t h i s  anal y s i s  g& I ) e r ’n i t u ’ ( l  a p r e c i s e  de f ini t l u l l  u i f  h m ) u ’ u ’ u p i t  ib i l  i t y
l u - t 5 u ’ e ml  a t  I r i u m l i r s  a r i d  nt ~~ puin ;e. t h e t  i s , r u - , l u u u e d  c u -  1 ’ i t  i b i l  i t y  c - i - i n - i t s  when
t h e t u s k  r u - p u  ras  t r an s l  a t i on  f r o m  one t o  a n o t h e r u’ i n l i n g  d l m n i m i n - r i u u n . These
r i u n s i u l u ’ r a t  l e u n ~~ imp l y that most SRC t nu’: t mnerl ts exert load (in tire translat ion
st n i-u ’ rath e r t h i n on r u ’ i r ’ s e - — n ; u l u ’ u ’ t  i on  I r u n  i - ; i - u ’ S .  1 i e ’ r ’e fu re , the posit ive
t n t  i - m a c u t  i l ; 1  b ’ ’t - ~- -c’n tire u i  f e e  ts e u f  c i  ‘ i hal  are l P R C  f r i - l u l l  i’ath by I h i n t  
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and ourselves may mean that cognitive processes associated with t ranslation
rather than with response selection are particularl y vulnerable to alcohol.

A number of recent experiments have shown that alcohol has a large effect
in verbal RT parad igms which employ visual stimuli (Moskowitz and Roth , 1971;
Huntley , 1974; Tharp et al., 1974). The tasks used in these experiments all
require a “visual—to—verbal ” translation operation . Since translation appears
to he particularl y vulnerable to the effects of alcohol , we decided to compare
several tasks wh i ch varied primaril y in their  “visual—to—verba l” translation
require ments , but which held response selection constant.

The stimuli for these experim ents were drawn from several word—frequency
categories in the Thorndike—Lorge Lists~ ranging f r o m high (100 or more) to low
(0.9—0.1) word occurrences per million words of written text . For reasons that
will become apparent , only nouns with high imagery properties (confirmed by
pilot studies) were selected .

A. Experiment I: Reading vs. Shadowin~ .

The firs t experiment described here attempted to vary the load on
t r - u n s l a t i o n  opera t ions w h i l e  h o l d i n g  response s e l e c t i o n  c o n s t a n t .  The two tasks
were  W i ’r d — S h a d o w i n g  arid W o r d — R e a d i n g .  In Word—Reading, word stimuli are presented
one—at— ,3— time on a cent ral display , and the subject reads each word aloud as f a s t
as he can. Verbal reaction time is the dependent variable. The subject must see
th e word , recognize it , translate from a visual to verbal code , select the correct
nru tor— sp eech program and say the word. In Word—Shadowing the subject m u s t  hea r
the word , recognize it , se l ec t  the c o r r e c t  moto r  p rog r am ;und respond. There is
no ap p e r - n u t  t r a n s l a t i o n  r e q ul  r c r m e n t .

Since NA apparently influences all of the component processes of (:RT f r o m
stimulus encoding to response selection , we suspected that stimul u s probabi lity,
defined by word frequency (WF) would have a main effect on each task. Furrther—
T r a c e , i - i  nu’ e W o r d — R e a d i n g  u ’on ta ins  a t r a n si  a t i on  requ l i  r enu ent  t h a t  Is not  p r e s e n t
i n  Wi rd - - S huauhu u w i m i g ,  w e a n t i c i p a t e d  a p o s i t i v e  i n t e r a c t i o n  b~~twc en t h e  e f f e c t  S of

1- ;k arid WF. ~~u i t  e , lci rx ’t ver , t h a t  rap id r e sp o n d i n g  to v i s u a l l y  p r e s e n t e d  wor d s
i s  f o r  r u s t  young a d u l t s , a f a mi l  j a r , hi ghl y p r a c t i c e d  task.  Thus , the
d i f f e ’ r c u i t i a l  load on t ranslation operations between the two tasks is probabl y
s;,’ill

W ith i - i l  p - n i n e — ’ , ‘ l u a ’ t  ion proc ’n- ;ni ’s c - q u i a t  n’d on these two t u i-i s , we ‘nun

- a mu u i in  m i c e  d i  f f c - i u ’ n t  ial effect of au e l i - u i  on t r a r i n - i l a t  j , u n  (lA in -rat l o r i s.  We

Tin t  h e  ip at e ’d a t , i r r k  b y a l c oh o l  i n t e r a c t  ion c ’ f f e ’ i t . l’he u - uahrl ~ ed effects of
a l c o h o l  and WF were  not e a s i l y p r e d i c t e d .  I t  w i l l  be r e c a l l e d  t h a t  t h e  s i z e
of  t he  i n t  t r ;-~~’t i o n  b e t  W i n O  the e f f e c t s  of a l coho l  amid N A depends  on the  l eve l
um f iii ’ p - u t i h i l  i t y  b i - t x - - ( ’ r l  n - ri i m u m lu rs and  re sponse .  I t  i s  pr u l a u L l e  t h a t  t h e
l ,~, , r i h  - l P  r u l i n g  task ‘ : p l u u y c ’ d  b u n  p I o u s o n l y a :‘ i ’ l u rnu te l o r d on t r ’ - i n s l a t  i O f l

— ep e r u t  b u n s .  ‘ l u l l s , we ’  l u i ph i t  u u l n - u r v e  only ii tre’m i d t u ’ x n u r d  a t h c r ’e c  -w ay  i n t m - i ’ n u c t i o n
‘( m t  W~ ‘mi t u~ k , \~F 3 mid H cobol

A g ro up  of 24 y c u e c r i g  ur ial es , r i - r u n t ed f r o m  nearb y no] 1 egos and un iv e r s i  t i n ’s ,
se rved as s u b j e c t  n-n (Ss) in  this e x p e r i ; r r u n l t .  Each S v - i s  t e st e d  i n d i v i d u a l l y i n

l e e ’  i f  ( l i e  ‘Ye 1 uui ’ r si h le e u n u i i ’ m s  f e r  f e ’ u i r  n i l  f f e ’ u u - n t  st  1 : 1 1 1  i n s  n u t s .  S i m n u i l a r l y ,
ea hi i t  W , e S  f i n ,  c i t  e d  l i i  o c t i  l u g  t o  ( Lu ’ o n u l u ’ r  rn ;n uleml y inns i p~ u u ’ u h  t o  u t i l e  of
f e , u r  u - ~ u i r ; u t e ‘ , u  ‘ n - r j u u n n n u : pr e u - t  l e e , l i - e l  ~ n l C 1 ,  ~i e o L u i l  , l i e u 1  h , i r ; i l lut e 2 .

1huhj u e -  ( 5  w e r e  ;‘- ‘~ u t I  t ii p u t  a un i ,, i :u l i i i  p i t t  ‘ 5 s l e e p ,  amid t o  r e f r a i n  f r ’u u m
taking i c e - h  at  i n a P t  ants as c o f f e e ’ m r  c o k e ’  a t  m us t  f u u u u r  hours p r i o r  t o  each
nic ’ n - ; s i on . In r u t  i t  j i m , Ss w er e  r u - m u l l  n i’d T i O t  to ( a t  dur ing the f o u r  h o u r s  p r i o r
f o  t uk log r il e , h u n l  . A i r  , u l c u i u a l  I I , :  p  ot 1 . 0 5 6  g/k g (95 % e t h a n o l )  was  m i x e ’ u i  i n
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a 1:4 ratio with ginger ale. This mixture was divided into th ree drinks
which S consumed in a 30-minute period.

Blood alcohol com icuntrat lons (l~AC) were mca sunrt’d e’very ten minutes with
a Stephenson Model 900 Brcn:cthal yzer. Peak BAC averaged 108 mg%.

‘fhe stimuli for both tasks were randoml y drawn f r o m  the f re q u e n c y
categories described above with the following r e s t r i c t i o n s :  (1) equral numbers
of words  were  drawn  f r o m  each  of t he  f i v e  WF c a t e g u u r i e s  and  (2 )  each WF c at  e p i u r y
c o n t a i n e d  an equal  n u m b e r  of t ine  arid t w o  sy l l a b l e  w o r d s .  ‘rho auditory words
w i -r e  r e c o r d e d  on a u d i o  t ape  ( S c o t c h  1 / 2 0 6)  and  presented to the subject at a
rate of one word every 7.5 sec. ‘l’he (inset of each  s t i m u l us word t r i g g e r e d  a
voice key whi ch started a millisecond tinner with a triggering accuracy of ± 3 rsec.
The u o m u n c t of the suibj oct ’s response then triggered the same voice key to  t u r n  o f f
the t i n - o r. Each vi sual st imn ulus WaS rear—projected on a 3” x 5” screen. Four
w a r n i n g  li ghts surrounding the projected area wi-re illuminated for 1.25 secs
prior to e ach slide presentation . When the warning li ghts switched off , the slide
was p r o j e c t e d  (Kodak E k t a g r ap h ic  P r o j e c t o r  w i t h  Grass Model PS22 S t robe  Li ght
Source) and the RT counter started. The S’s vocal response triggered the voice
key and turned off the RT counter .

Each session consisted of 4 blocks of 25 visual words and 16 blocks of
10 auditory wi-u Ps. Half of the Ss received visual stimuli first on all four
sessions v’ he remaining Ss received auditory stimuli first.

S i  -ore instructed to respond as quickly and accurately as possible.
To no t I ’  i-c penalty point was administered for each half—second of RI
and  ru n - i  u t en  p o i n t s  were  a d d e d  f o r  eau’h  e r r o n e o u s  response ( m d  ud l o g
unin t u u e  s o u n d s ) .  A f i n a n c i a l  bonus  was pa id  to the  S w i t h  l u - i - st p en a l ty
score on e t ch  session .

F i g u r e  1 shows t h a t  alcohol increased reaction tim e in the W o r d — R e a d i n g
t a sk  by 33 u r r s e c , but  had a l m o s t  no e f f e c t  on t h e  s p e n d  of W o r d — S h a d o w i n g .  ‘ru e
t a s k  b y a l c o h o l  i n t e r r u e t i o n  i f f e ’ c t  was i i  gu i  f i  u ’ a n t  (p < . 0 5 ) .  ‘l’hiui s  , t h e  su b— s i n g
t i — k , w h i c h  is p e r l t ;e p s  run  n u r n ’ n log  u u f  t h e  l i ght - — K e y  t u sk  i n  t h e  v i s u a l  R f  l i t e r a t u r e ,
Was not sen s itive to alcohol.

Fi nni re 2 shows that WF affected both tasks. High—frequency ru u u i h i t o r y  wunrds

were sh r u d o w ed  51 mnsec faster (p < .01) than words from the l owest f n i ’ q m r e n c y  c i t e —
p u u r y .  One i m p l i c a t i o n  of this finding is that WF, like NA , probably influ e nces
p r o c i - s s i ug c u uuupom)e m i t s in  a d d i t i o n  t o  t r a n s la t i o n  (u p e r a t  l i I t l S .

H i  ;i i — f r u - ~~u i - u u r y  v i s u a l l y p ca i n  ‘ m i t  ‘ni ‘5au nuts w e r e  r e n i u i  84 r i r s e c  f r u s t e r  t h a n
r u n e  vi ‘ r o i l words , and the task by WF i r i t u ’ r a e ’ t  i on  i fe - ct was j u s t  s h o r t  of
n-r i pm u i fi u ’uince a t  the 0.05 level. There was no t rend t oward  a t r i p l e  i nt e r a c t  ion
he -t wo -n the effects of a l c o h o l , WF and t a s k  (F < 1 ) .  The a d d i t i v e  i- e l a t i o n
l i t  we n t h e  f f ~~1 - t  s of  a i  u - u ’ h i o i  and  WF ~r n u p p u ’ s t  s t h a t  t h e  t w o  t n u ;u t  r u n t  s were
i n f i u i ’ nicinng ne~ u ; m r r u t u o  ‘ r i t e  u - I n - r i n g  Si t e -  S in t lie t in-d’~~ , but  he Into n un n o t  i -ni p ’st

whu i i i  st  n p ’S li ly  lie n i t  fu n - u t, l i l l y i i u v o l ~~n ’d .

B. l’ x 1 u e ’ r i  u n i t  2 :  Ri ; e u h j r n ~ vs .  P i i ’ t u i r ’e N;en nni fl g .

F j u t  i r u - n t  2 vaI ’ iu ’ ui the load on i - u u r r p i u m i ( ’ m l t  p r o i ’ ’ : i - u  S i n v o l v e d  in t a t e —
gu n i / r e !  b in  ar i d  St i m u m ;  n m - j u n e  t n ; e n s l a t  i o n , b i t t  1 V ni l u i , l i e r  i - v e t  ui- f’ c u n g r i i (  ly e
cl iff icu l ty t h i n  E x j u e  ri : ,u ’ r u t I . P u l u j u ’ c t s  w e re  p n i - r ’n t  ed t e n  r u l t e r u n u t e  t r i n d  h i u u ~ ’kS

w i t h  p r  t u n i a l  n u t  wo rd  st  i n - i - i l l  a g a i n  s e l t u ’ t e d  f r o m  r u u i n r r i u u i k e  u r g e  w o r d  lists
see -h  t h a t  t h e  w o r d s  v a r i e d  w i t h  r e sp ec t  t o  t h e i r  p r o h a h i  l i l y  of o c c u r re n c e  in
Fn ig l l i - h  t e x t . ‘f ic e n - : n i b j u ’ u ’ t  ‘ S I i -k was t o  u i - n I n e each  p ie !  t i r e  a rid r e ad  each word
as r a p i d l y as p o s s i b le , i-u i l e  , e vo l  u - c I i y  re nd an s i ) e  l e t  u - n i  e l e ct  r u n  i c s  n i ’ u - i u r , l m ’d R I ’ .
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The W u u r - d — R c o u h i n g  t u sk  was t h ~ same i n  a l l  u ” ; r ; u ’ n t  m u —  as that u t  n ; u - r j h e d
in the first e r - p e r  j l i m i t .  It  w i l l  lie r e ’ u - ,- u l  l i i  t h a t  b o t h  a l coh o l  i -nd WF caused
i - l i - w i n g  on t h a t  t r u s k  a l t h o u g h  t h u e - h r  e f f e c t s  d i d  mr o t in tu ’r a ct . Pi n ’tm rr e—N anmni ng
m u s t  e ’u u n t a i n  a u - u r r r p l u ’ x  su ’r i e s  u n f  c u u m r i j i m u m u & n t  J u l  e s r eS .  Thin ’ s u b j e c t  m n u r s t  see t h e
p i c t u re , e n c o d e  i t  v i n r u a l l y ,  c a t e g o r iz e  i t , mm cm ’ i t , n - a ’ l t - u r t  t h e  t o r r u - c t  v e r b a l
mot or  p r u u ’ (- ram , and nc n-rpond. ~\u)te also that the u i e u n u i n g  ~n’r ;tt ion r e q n i i  nc-s the
s ir bj c - c t  t o  i n t e n t - u p - e t C  l i i i -  i n - u  ‘r u u r y , a ru- u n j r - n - -n t t h i i t  i s  n i t  l e - ,-u st mn ui n i nu ~~zed in
the Word--Readin g task.

S t n i - d i u s by u u t l i c r s  i n d i c a t e  t h a t  P h  c t  u r r e - - N r n r iu ing  is st rongly affected
by WF (Oldf ield and Wiug fie ld , 1965) an d by alcohol (~~u sk i nw tz and Roth , 1971).
~~ u n u ’u u v l -r , t h e  alcohol effect was g r e a t e s t  w i t h  luus ’ — p r o h~ihi  1 i t y  i - i  im ir l 1. The
r 5 -s u r l t s  of those  studies would he confi rmed by a s t ru ng m,~F ny a l t - u n h o l  i n t e r ac t i o n
e f f e c t .  C i u r r r ; u n u r e d  t o  W o r d — R e a d i n g ,  P U t  u t r e — N a m i n g  p i r e ces h i g h load on u - o g n u  i t iv e
c u j i e n u t  ~u n f l 5  i ’ r r - , u u c j , ’i t e d  w i t h  t r ;u n s l a t  ion , c a t e g o r i z a t i o n  rum i d ret rieval from n n - r u ’ i - r c u r y .
‘thus , we should :er i t i c lp a t e  a s u b s t a n t i a l  three—way t n t  e ’ r r u u ’t i o n  between the effects
of t ask , al u u uliuPl and  WF.

Twenty—four y o u n g  males , recruited from nearby colleges and universiti es ,
s t ’ r v u ’d as subjec ts in t h is experiment. Each S was tested ind~ v~ dnm all y in one
of the 2 ~ 1u i ’ i - i n-n ible orders for four different stim niulus sets. Erich ~t was presented

- i c c  u r u l i n g  to  the o r d er  r a n d o m l y assi gned in  one of f o u r  s e p a r a t e  soss i o n s :

~n r u c t i c e , b a s el i n e 1, alcohol , and baseline2. The first three sesr i ons were on
u c u r n i - ( n u,r t  ive  days at the time of day for each S. Base l ine2  f o l l o w e d  the  a l c o h o l
st - s i -  i o n  by 48 hou rs. ~

-‘ u n a g c m c ’n t  of su b j e c t s  and  a l coho l  dosage  were  tu e  s,ime ‘is
i n  t l i t’ first er- ;iur im ui ent.

‘i ’ b r c  -n t  i n n - n i l  i u - i l l — i  St u ’ d  of 440 i t e m s , d iv i de d  e q u a l ly in t o  f i v e  c5- u u r d
I r u ’ q u u u - n u ’y g l u n u j u  i ngs a ft c r M e m S P C i W i  t z r i nd  R o t h  ( 1 9 7 1 )  . The w o r d  f r e q n r u u c y  u - r i t e —

; m i r  U-s fr i — m u high to l o w  were (1) 100 or m o r e , (2) 99—50 , (3) 49—Il , (4) 10—1.0,
rind (5) 0.9—0.1 word u n -cur r c ’n c e s  per m i i i  i on  ~5a ir d s  of w r i t te n  t e x t . O n l y e r i e —

or two—sy l 1 ;uhl e n o u r m i s wi th hi gh i r u g ’ ry  ( i .e • , er upa b l e of l i u ’  i r ig  readil y i d1 - n t I Ii e d
f r o m  an o u t l  i n c  d r a w i n g  b y u - i p l i t r  pilot Ss) a n d  h i v i n g  few n ;y n u o n y m s  wi re nr c - l u ’ u t m - d .

F i v e  p r a c t i c e  words r i n d  f i v e  j m ’ uct i - c  p i c t  u u i u ’ s  l n c ’ n ; r u n  i - o u h  n n u ’ i - r n i u ) t t . Mimi ’ i S p  n i n n - u n t o 1

st i urui l i s i t  i u ’h fol I m~~’ u - i i  (‘()~i5  i sled of five bI cicks of 10 wi-c ru l s  an d  f i v e  bi ou ’ks u n f

10 p i t  t urres n e r r a n p e d in a balanced desi gn. Two i tn-ms from e r i ch  word frequmcm icy

p n u u u l p i m r g  w i - r n ’  r u ’ i u lm ril l y r u r ; s i g n c - d  t o  e r e t ’h block.
r u  h i  n-n t u n l u r s  ( r i  35 rni mnn i-I j u b u ’ )  wos  m’ c ’ n u r — p r o j u ’ i ’ t e d  on a 3’’ x 5 ’’ se - n u t - n .

‘f i re  ‘ i - h i p - u  r , i n  n t  i - c t  n u l u , ’ u t  30” i n  f r u i t  of M u m ’ s c r e en , S u W  t I u l O  p r o j e c t  u - u i  st i - n - n i t

i t b e e u u t  flu thnp ten P t  m i t -ge ’ S i u ’ i n f l i m i g i i i u u v c ’  u n u t s  w i t h  li i i - v t ’ s .  F o u r r  n5’ .u u r i ’ ( n i g
1 i gli t s _ ai rru mirn u li r r g the jm r o ju’ u t -n i  n u i — t i were il l u i u rri n n , - ut u - u i  for  1 . 2 5  sec prior t o
e a ch i-I h i t ’  j u t - i - u - n u t  u t  i o n .  \ - [ l u u - n  t h e  1 i ghti s n - w i t  ci te d  o f f , t h e  s l i d e  w , u s  m m u u j e c t n d
re n d  t b i t ’ RI’ u t c u h l t u r  n-i t ru rted. h i t -  s u r bj e ’ i ’ t ’ s v u u ’al r e ’ n - r p u m m l n - i u ’ s  t n i p p t ’ r  u_ -ni a v ic e  i - i cy ,

, u n d  a l t m - r  0 O i i U ’  t i n t d u l y c f  14  n - i t - i  , t r i m  -d c u f f  t i n e  RI’ m m ’ n i n u t u ’r .  An ‘ ( n i t  c r 1 r~~r u l
m t - n  c l  c c l  10 Se ’ c ’ n-~t ’ p ; u r - ; u t u - d  sl i u l u S .

— T m n s t  r ’ u u ’ t  i u u m m s  t o  t i r e  S e u c n u u - u ’ r u i n I ~ , u u  u irr ;icy r i n d  i-p - e d , res  S i l l  ru s t h e
p e r u )  t y J u c i u u t  ~ m u c h  f i n  l i t  a l  m u  i 5 a r d s , were  t u e  i- t u n i c  -u s  f u r  t ire f i r — s t  t - n - j e ’ r

Fi~~i u r e  3 i l l n m s t  n a t e - i -  t h a t  WF a g a i n  signif icant: l y r u f f e ’c t e d  (p < .001) t h e
i nrs u (l it r e d  t o r e - - u i  w t u r d s  r u n - i d I l in t  a 1 u u ’ ( ’ t m t hn mnn iu r fum u n e ’t ion i c t u p u t t  t i - i  y dese  m f l - u i-

li i n ; u h u t  ‘ ( c - u : . b u i p .  O v u ’ n - ; u l l  , ‘ ( n i gh f u - c j i u  i - m v  i~ c c i u l s  cmi ’ - nu n I  u n 1  t 5 9  ‘- l u - t ~ frust ~~d t h i n

r u n e -  ~ - u c r n l s .  In , i c ! u i i t  i o n , a l coho l  i - l u u n - t ’ d  RT b y r u n n - c  n e l l  53 r u e  (p  < . 0 0 1) ,
b u t  this i u p : u i  r j u  r u t  was  t i l t  a f n n u u ’t  i l — I i f  W I ” . b u n — , a p i -  i n  i n n rt  t - u i - k  is’ l  t h  n n - e d u ’ n ’a t e
t r n u r i s l - e t  h u n  r e qu l  r e - r u e - n u t s , a l u m n i  , us p r - - c H u m  ed , c i i i  c u b  u c v u ’ra ll s l c c w i m i p ,  hu rt t h i s

e l f m - - t  - u n i t ~ivc w ith t l c , t t  o f  WF .
F p r u n e ’  S - i~’ ,w t l i t  n - g n u - u  u l of p i t t  t u r n.’ turn n i  H u g  is - il so r i 1 utp r c r it i t i n u  I c  f u m e  t i ( u n

- 
- 

c c l  W F .  ~
‘ , i ! i ~~~e c - t n ;  ‘ p  c ’ ( m u - n h  r u n  a v e - u n u u u f  P’42 n I l ’ n u u r e  I - i -  t e n  n _ i - i r e  t i e  p b - I  i n ’ s
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than to name com mnrnn on ones  (p_ < • 001) .  Tn a d d i t i o n , al cohol slowed RT over
the five word frequency cate g orie s by an overall 175 msec (p~ < .001). As
anticipated the size of the alcohol effect was a function of WF. Alcohol
increased RT to low f r e q u e n c y  s t i m u l i  b y 340 mnsec more than to commmuon st Im uuli
(p_ 

< .01).
The overa  i i  RT d i f f e n- r u nce  f o r  pi  u r t u r r i s s d rawn  f r o m  low— and h i g h — I n c  c j u n e ’ m l nr y

word  c at egor i e s  was about 750 nmi sec more t h a n  the  RT d i f f e r e n c e  fo r  r e a d i n g  l o w —
and hi g h— f r e qu e n c y  words (

~ < .001). F i n a l l y ,  t he  t h r e e — w a y  i n ter a c t i o n  i u t - t w i - u ’ n
task , WF and alcohol was significant.

Tn su r n m m a r y , the  r e s u l t s  of these  s t t i d I n - ~ a re  c o n s i st e n t  w i t h  t he  v i e w
that word frequency, l i k e  N A ,  i n f l u e n c e s  a l l  of the  c o m n u p o f l e n t  processes  of
choice react ion Lime. Furthermore , as with NA , the  effects of WF increase with
increasing load on such centra l processes mi s  c a t e ’ g u u r i  z n i t  ion and  s t i m u l u s — t o —
response  translation. Alcohol had no e f f e c t  on ve rba l  RT in  an a u d i t o r y
s l u a d u i - w i n g  task ~nr which translation operathuns were m ini :ru ized . Alcohol did
slow performance on the t ord-Reading task whi ch does coii t r u n  a visual to verbal
i n c n s l a t i o n  r e q u i r e m e n t .  However , t h e  antici pated inleraction between the e f f e c t s
of WF and a lcoho l  d i d  not  o c c u r .  I n t e r a c t i o n  be tween  t he se  two t r e a t m e n t s  oc c u r r e d
onl y at the  l evel of P i c t u r e — N a m i n g .

These fin d i n g s  c o n f i r m  the  r e - i - t i l t s  of e a r l i e r  s t u d i e s  by O l d f i e l d  and
W i u g field (1965), and M o s k u i w i t z  and Ro th  (1971) .  Fur the rmo re , they c o n f i r m
h l u n t l e y ’s ( 19 7 4 )  f i n d i n g  t h a t  t h e  s i z e  of the interaction between the c-ffects
of al  c n u h o  1 ;imn d st i . u t n l  irs p robah i  1 i t y  d ej  en ds o~ the I oad placed on ot  l u c - r  p r u m - e m ;  -r c’ S

such as n - n t i n n mucl us - - r c rr p u im n s e t r r u r i s l a t  i o n .
(‘i i  fo  r t u m n u t  e l y ,  l uuus’ever , t he P i c t u n  r ‘s -N: u nuui ng task is so comp l e x  t h a t  no

c o n v i n c i ng  a rgument  could be made c o n c e r n i ng  t h e  pr o b a b l e  l ocus  of r i l e u c i n o l  n - - f f e - c t S

on i n f i u n t ’ m r u t i o n  p rocess ing .
The d a t a  f r o m  these  s t u d i e s  m i r e  c o n s i s t  u - n t  w ith the eetn c luns hm n i s of

i - - c- u ‘wI tz (1 973) t h at  al cobol a p p e a r s  to  i m i l l uic- nce a 1 irn i ted - -c . c ~ ’ i e  i t y  r e l i a n t  ‘ - S i t .

i ’i ie l i t  a S l i n  r u l e r  i zc ’d above , t o g e th er  with the f rid i rigs u n f  li m o rp e l  al . ( 1 9 ,’ /4 )  amid

hi r n I l t  I cy  ( 1 9 7 4 )  , n ; j m t ’ c  i ficall y imp ly that alcohol i n n p a i  rs ‘‘ c e s j u u m use s e l ect  ion ’’ u u r
“ t r au s i  a t  ion ”. Al e’-unl no l Un-pa i red RT in  every  l o w — c o m p a t i b i l  i t y  cond i t  ion t ei -t~~d
( 1 )  w i t h  r r m i l , u u n u i  l i a r  St i n u t u l u r s — r e s p o n s e  p a i r i n g s , (2)  w i t h  s p a t i a l l y i n c e r u p r u t i b l e
re - n ;  p u c n i n ; e  i- ( R o b i r , ’~~cn & Peei ilu -s , 1974), and (3) wi th high t rm nnsla t ion load. S i fl c ’e

i - I  i ib u s ; — r u - r ~~ c n u r r e ’  u -~~ ’j ur e t i l ) i l  i ty  i n f l n u i - ;cu e S  t i l e  ‘‘ t t ’ n u u n n n l O t  i o n ’’ i c r  “ u c - n r ) c c u u n i e  n- r e ’ l e c t  t i n ’

J c r e l u  ‘i-S ( S t c - m u i 1 u e -~~~’, ,  1 9 f9 ;  ~ r u u I t h , l~~ I m l ;  ‘ r e i u — u u u c e r  & K r c h , s , 1 9 7 4 ) ,  t h e  p n u t t t ’ r n i s  u f
j u t  e r n i e  t i o n  t~~- t n - , e u n-n a l e  h O1 a n d  t h i s  v ariable suu )çg (’i-m t t h a t  t h e  du -u g  a f fe c t s  t h i s
St u i - P .

I I .  ‘~ t c u b i c ’ s  l - i c u i S - c c i  i c r )  ~‘ c r r u u i n j ; c1 P n u u  - ‘ l u - S

D u r I n g  m ice j’ r’r t u - v u - m d  y e-nu n s o n c r  i u n v t - s t  i g u t  i o n s  of tbe ~‘f f e c ts  of a l coh o l
( i f l  ~ u u i r , e m )  m e  r f i u  u ’ , i- e u  c r i n d  c o g n i t  ive fiinct i u n n n i n g  imave included a n i r m h e r  of t’ xp c-ri —

mn-n t r~ f n i u u i n - , ‘ (u n g on u r i c u e r y .  l en  i - u c u r e P  e x t e n t , m lo se St t i d i e s  h ave  i r ) t ’ u ) r p c c m i - i t  ed

n - z ’ i r - l t I  hal c n u t  i u u m c S  (e . u ’ . , i- ry scann n m u )  w i t h i n  l ice l c n u ’ m c u l t - r  c o u n t  ex t  of
i n f u u l  c t  h u r t  p r u u c e  n m n - n i n e c ~ . A t  t h e e  i - a l - m u ’ t i S - i — , i t c ’ S u  n - c r , i- c  1 , , u v i ’  (h V u ’ l c i j m C d  Ofl

‘ i d i 1 - u  ; r u h e - f l t  I t n t ’  of r , ’ ’ r e - e r u  h v i  i i i  I h u e  p r i r - u c  y e ’niip l u i s i s  (in S e  m u u r 1 . ~ l J ) r u u u ’ e’ n - i ’ m t ’  S .

F u , r  t h e .- n i t u s t  ‘ - n t , t i n s l ; n o n n p  i d  s t i u d i t ’ s  h i - u s  u n i l l / ni v a r i e t  i on s  of t i m e  fr - c e

r u  s i l l  J i m  rid 1 gm I n  i n  a t  t e u: n j’ ( ( 0  i — ; u u l  m i t t ’  t in u r e- m m , u -e luremi i n - m r s  of un e c r u n n y  v u l n e r a b l e
i c r  a i c n c c , 1  I t n t  e ’ m ~ j e , t t  u fl

i l c e  c e n t  r e - i t t  m t  c t  m ’  c c l  e -  - e ‘ r l e uce-nun t i  i c u r k  b c  ui i u u g w i t h  ; m l u u u h u e u l  mind u ’ ’ c - i c i l y

- s m e l t  t i c - c t  l i t t l e -  e e l  i - h  i t  is I u l u r ,..rnm u ’ , e f l  h i ~~ i c - l u t e - n i  t o  ~ e - r~ t - r ’ ne l t l u m - u u r j e ’ s  of

Ifl e - t e e  r y  . ‘l’hic  in- m j u c r  I t  y t e f  1u ei h l t i - b u d  nut m m ii les e u  - n i t  u - i  i rig on tine (‘f f t - c t  s of al e e n l n u n l

en  ‘ ( , .  -in m m e e ’ u - c u e r - y • e r e  - - j u l  c j u i l  o r  ‘‘ t ru -i — i - J u u e ’j Ii c’’ i n  n a t u re ( e . g . ,  (‘ e n  j u t - m i t e  . &
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Ross , 1965; K a Hn , 1964; St u m m  & C a i r d , 1967). Since little work has been
crirr i ed n i -ut  with in a tht’oret I n - a l  framc’work , t he knowl ed ge oh t r u i  nod Is  u f t  en
d i f fi cii It to g -nn-ra l i xc to u t  he. ’ r t asks mind other e - x p c  r i r- e -ntal s t uj; u l~ I ons.
P n - r in r i p s  n : u u u r e  i m m i p o r t  r i n t  l y , s n i u h st t i d i  c’s yIeld little information that is
u s e f u l  f o r  t h e  g e ner a l  u r n d ’ r s t  a n d i  ng  of h u i n n n r u n  nm n en m nor y .

Tn t h e  hope  of c - i  r c m u m — c u  n t  j u g  some of t h e  sh or t  e. - cnm i ngs of u - ru  r l  i cr
at heo ret  i cr i l  st rid li’s , we he ’ ; m m n  a se’ri e s  of st 0(1 j c s  w i  t h i n  t i e  f n , e n - u u  wi c rk of
one of t h e  r mnr ij o r  u ’ l as s c i - s of u n o d e l s  of h n r m mi an  u i i u ’ m n i i u r y :  “i - I  u u r u t ’ u ’  n i u o d c - l s ” (a f t e - r
Clan  xc r , 1 9 7 2 )  . St o rage m mii  c u l t - I  S if  one t y p e  or m m r i o t  he r Ii u v e  been c l i  - - u - r i bed
by the  fol  l o w i n g  i n v e s t  i g e t  e . u rs  A n d e r s o n  ( 1 9 7 2 ) ,  A t k i n s - s u n and Shi  I f r l n  ( 1 t~65
1968 , 1971) ,  Bower (l967a ,h), Brormn lb€ ’nt (1969 , 1970 , 1971) , ( l e n m,er (1972),
Kintsch (1970) , Laugitery (1969) , Ntu rnnna n ( 1968 , 19 69) , ~~c c m  m mmi un-o h S m i n,, ’linart
( 1 9 7 0 ) ,  ~h c i f f r  i n  and A t k i n s o n  (19 -69) ,  W runu g h and  N e c  n n r r r i m l  ( 19 6 5)  , r i n d  U t  c io’l n n
(1970). The p r i m a r y  disti n gu u tshtn g fe a t t i m e  of t h i s  e ’ l m i s -s u u f  i u i c u l e ’ i s  is the
character izrit ion of human m n:c n n uutr y as consist ing of m mi i  t i p le , f u i n c t  i c c i i , i l  l y
d i s c r e t e  nc-mary  s to r e s .  Tn g e n e r a l , these  m o d e l s  r u r n , u n u  yi- - ; S r c - i i c e u n y  s tc c re -s in a
s e q u e n t  ial orgrcni zat ion , and i n f o rmat ion is t ransfe.-rred f ru i n  t u n e  st  ( i r e  to
a n o t he r .  The memory stores in st  o r r u g e  urmode l s a re  assumed to v ar y  with r c y~u n d
to i - I  u c r a g u i -  u - o p a c i ty ,  r e a d — i n / r e ad —cu r t  r at e s , n r t ’ u h u ; u n i i - m n s  of a d d r e s s , r end t h e
t i m e  e ui- n - n t m u m u t s  associated w i t h  f o r g e t t i n g  ( M n r r d o c k , 1974) .

‘Fhie e - v i d u - n c e  f o r  m u l t i p l e  s t u u n a g e  n m ne- -h an i sn in  c o n n i e - s  f r o m  a broad  ser i e s
of  st U u h i e S  t - x t  e n d i n g  over t h e  p m u s t  du -c ade  or  so r ind  m d  t i d i n g  b o t h  r ’no rma l  r e n d
h r  u i n e b m : s m m u g e . d s u b j e c t s  (see , f o r  -x r - imp le , Ande r son  and Bower , 1972 ; A t k i n s o n
r en d Shi  f I n  i n , 1968; R a d d e l e . ’y  ar id  W m u n n i n m ~t u n , 1970; Bri cn uc h be’ nt , 1958 , 1968;
( ‘ . - n  ‘is i u u i  E n r t t u - r s , 1 9/ 3 ;  C m a i k , 1968 , 1970;  D r r i c ! ’ ’- m u n  and  A r b i t , 1966; G I a n - ’me r
r i n d  (~tn u u i t  z , 1 9 6 6 ;  N u n m d o c k , 1967 , N e u n i r i a n , 1968;  Sp t - r l  i ng ,  1963 , 19 6 7 ;  W i -n i g h
an d  N u c m u n ; u f l , 1 96 5 ) .  As (- inc  mit i gh t  im a g i n e , w i t h i n  the  c l a s s  of st u c n r l g e . -  n c u d e l s

the-re.- is -1 gound  deal of d i n ; a g r c ement  r e g a r d i n g  t i le p r e c i s e  n a t u r e  (arid n un - ,bcc- r)

t u f  ‘ h u e . ’  ~I n--i t u n l r e t u ’ d  n - l ’ u - i e m r y  st o r e s .  N u - v e - r t h e l e s s , i t  is p o s s i b l e  to n ; j u t - u ’ i f y wh i t
i - u i  ~-h i t  b e e ’ u m u i s i r l e r m - d  a ‘‘ - h a l ’’ s t o r a g e  mode l  ( m n -c mul - u i , M i m I c -k , l 9 b / )  . ~ n i t -h a
i ’ c c c e l u ’ l  u n i L l i t  i n c l u d e  t h r e e  ‘l i s t  i r u c t  m i n c ’ i u e i m ’y : t u c l - e - 5 ( I )  St ~~ c n e ’elc t u i , i i  i c r  ~u ’u i S o r y

‘ t c c r ’e , (2 )  a i-hie. nrt-—tc ’rm s t e t r e , S I’S , ( p i t m n u n u r y  ; c - r i m u r y )  , and (3) a i e . i i u g — t e .’r mn s t o r e ,
I ’I’S , ( m u - c m c m m u i a r y  mn erm u o ry ) .  Ge n e r a l l y in p u t  t o  t h e s e  i - m t c u r e ’ s  i s  u c c m . i s t d e ’ r e’d t o  he
i - c  j e u i ~~ i t  u -i l

l ine p c ’  ci j u t  u m o l  n - t o r e  (~~ e c - n i  i n i g ,  Ut ( ’ O) i s~ ru v t -  n v - h u r t  — I c r  m u i c u i l  f - r  ‘ i t  c ei r y
c~. i u t  c h  u i - c c - t v ’ S  i n i e m m u u t m i t ’  s e n s o ry  t m n f o n ’ u , u t  i on  feur m m m l  m c  c i - l u  m t  i c  n u b  - m t  m t o  s i s .
h u r t  - t . r m  s t o re  ‘ s u n  h u t -  c o n e  c ’ j n t u m r > l t z u ’ u i  -us mc 1 i n - l i t  c - u i  c . m ~~~ u e  m v  b u t t  f u r  ,~t o r , t ; e

synu t c- I n w h i c h  may m o l d  i n i f e u n n n , m u i  i on  for v u n j e c u n s  t e n- ; c c l  ~~r c c c e ’ n - s s i n 1g (i.e., nm

j im r e t  i n g  r eg i s t e r )  or f o r  t r a n s fe r  t o  LTS. W i r e r  - u s  i n f u n u  u t  i on  i s  l o s t  from
t h e  ji ~~ ’ r c c j u t  m in i i - I  c u r e  by l e - e s u y  ( m ; m x i m ; u u r m  s t e u r , u m ~e .- t i n - i c  250 S n - c c ) ,  in fo m :s i st t ion
i s  i t  f r u u : n  ~~5 b y d i j c l u u u r r e u m t  ( l~~u~~~~’ ’ n n d , 1 e u 6 9 ;  ~S h u i t f n i n , i~~ 10; i~ e i t  - u n , 1 9 7 1 ) .
} - ~t h - m i m i -  c c l  t h u u - e- cp .i c lt y u t f  S I’S u m m u ~ ’, c ’  f m - m n  t w u )  u c r  t i e l t ,  t t u  n - i s  yh;i n s -’e’r , ~ u c  r i - i l
(-om , ’ u u n n n i e  - nm j c c n ; ~-~m m m u b u u k , 1 9/ 2 ) ,  n ip  t o  f i v -  c r  n -e~~m u r t  i t t  ‘is ( , -‘u t i ~ j i r m ucmi & Sh iiffrin ,
19 68; ‘c o l e - r u i n  F~ Pi n- ic r , 1 9 / 2 ) .  T n f e u u m ’ u e t H u n  i s  t t t u i — ~l ’ ’ n  r e d  t o  I IS ft- turn S I’S ,
;u i t i i u e n i g h  t h e  t m i n t — f i r d u n e ’ s  tuot I~~u l y a l e u n ; s  e u f  i n f u e r  - m l  i , u f l  from SI’S. In m c i - a l 1 ,

t n f c u r r  u t  i o n  in SIS t~ u i h i e e  t l y , u t c ’ e S s i i n l m - , w h e t - n c -  u s  I IS Im n f u i m  ml ion nm u m s t  be h r c c i i g bn t
i rut C u t i r e  S I’S 1 - m t  I t ’  r f c c  r u 1 5  n- i ri c i t — i - b c  r r u - c  i j c ’ u n  t j u l  ,_ ‘ n ;  t n ’  . (~ ‘l i c - t b  m u  - r I - I S  j u n f u r  - c i  i c  c n -~

is ‘ t i n - u t  l y r d  c c  r - ’ i h l e fr uc ;n t~ u u ’ i - t c : m ’ b ~~c u u h i p t  u i  5 1 5  in - ; a e j i u r  - . e u m u c e  of d i i -
u S e - n t . )  S t c u i n g t n  in L’i S is u u - ’ m . u i l )’ c e c m m s t u l e - m e - d  I t )  1’ ’ c c u -  i i  i t  

* 
- it l e n i n—n t u ’i i c e

u u u i - o l h e l d ton  h i -  e e m ; - u j n l c - t e .  Fo r 1’,e ’ t  I l u n g  r ’ iy  , u ~~~ e r r  u s  liii ’ n u m n u u l t  ot f a i i u r - e.’ to store
i n LTS e . r f ;c i 1 or e  e u f  t u e  r c i  r i m - v : m l 1>1 ‘ ‘5’ ; . Fri l l  ire to n - m i  ore an S I S  I t -mn in L I’S

c c i i i  ii I c e -  ( ‘ t l t m u ’ m i  l)y ; ji ~ 1r .~ m _ ei u - r e ’  mit e t f  t h e e ’  e t i m n ’ r u u l  t u b u t  i u u m l  1 u r  c u m i n - m S  r by u n d u e ’  l u r i d

( . . i ’ . - j c u - e - d )  ( i f l  l i m e ’  5 I ~~ - l o — L I S  t n’. u u n s f e - r  j ’ u m > e t - ; ’ - m .
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Tine At k i : r s o n — S h i  f f r l n  v e r s i o n  of the st ornigu model p o s t o l n u t e s  an LTS
ret r h-v :il p rem ce -Ss ceunsis t Ini g of search , ru t rieval , (h e-c l sion , and response
op t-mi t ions for rt - e -a l  1 f r om a s e l f — a d d r e s s i n g  LTS. Thins , an L’I’S l o c a t i o n  is
interrog ated rind an Item is retr lc-ved (c-nte -red in SIS). W h i l e  the item is in

- . STS , a co m par i  son is nm nc de be tween  t I n e  i t e m  a n d  t u e  recall St Im iu l its. A
pro b r ihi l istic procm -ss govenni ’ the derision to emit the item or continue the
s m - u n  ii. Forget t ing couid nui - snult from a nnnm lier of p o s s i b l e  s u l u i r c e ’s ; ,-ul t h o u g h ,
t h e  ; ; r u n - ; t s e - i n n - i t  ive ope r a ti o n s  are  p r o b a b l y i n v o l v e d  in (1) I i  r i d i n g  t ine  p r e u p e r
1 eu c, c t loin s to i n t e r r o g n u  t e  and (2) the dec i s ion  p r oc e ss. The UI’S j u t e -  r r o g ;e t  ion
procu’ss , for examp l e , would be greatl y hindered If itt-ms were not well m ur j; m ni zed ,
, - n i u - u i u l t d , or tagged . In other words , if LI’S is pr im muar i l y a self — addrt -ssing
store , and  if the initial search of likel y “locat ior s” is a d i  r u - c t  ed op m ’r ;i t i o n ,
the.- n tine b u t t  e.’r the target item is c a t a l o g ir e d , the  mnuore  e f f i  c i e n t  t h e  i n i t i a l
sc or c h  p r o c ess (i.e. , the greater the probabilit y that the m i t  i a l  l e c a t i o n
i n t c - r r u ) 1 ’ i t  e.-d w i l l  e ontain the target item). If the targe t i t e m  is  retrieved
on the initial memo ry interrogation , then the chance of beta error is reduced ,
as is the p robabilit y of deciding to terminate a “iutile ” search . Thus ,
i n a d e q ua t e  encoding, tagg ing, or organization of to—bc—remembered Items may
lc ’mu d to reduced correct recall -nt - ore’s , increased errors of co mm ission , and
n- l o~~ed i-m i ssion of r e s p o n s e  s.

A.  Past  Ri sc - a r c h  within the St~~r,a~~ _ Model.

Du n r  t u g  t h e ’  j~ast  two ye-a rs , we have comp le ted  t h r e e  expe r  i n -m er i t s  c ’xan n i  n ing
t l u c ’ e f f e c t s  e f  r u u u i t c  al cobol  in t o x i e m i t  ion within the st o r a g e  m ode l .  ‘Fire f i r s t
t w o  e r - p t - r i r r m - r m t s  u - m n u p l oyed t h e  n -I n i n d a r d  f r e e  r e c a l l  p a r a d i g m  with lists of
Eng l i s h  n o n m n s .  The t h i r d  e x p e ri m en t  of t h e  s e r i e s  i n v o l v e d  a free recall
l e a r n i n g  t a s k .  I’he ’se e ’x p e r i m n i e . - n t s  we-re  directed t o w a r d s  the Isolation of the
e f f e c t  of  alcohol (1) w i t h i n  n - , I c e c i  f i c  u m e r r e u r y  s t o re s  ( v i z .  , STS , LTS) , and
( 2 )  I c )  m I c c e l  f t c  u c p m - r m u t  i o n s  m e nii - u - i m u t c u d w i t h  t ine s t  o re - s  ( e .g . ,  ST S — t o -— L T S

r _ m m i s f e - r ) .  F in e  s e ’v e - r ; c l  t a n - k  v n i r i m u b m ’s t n t  j lizu -d in thu - -n - c e x ~ s t r r i ; r c ui t s  p m c m u l m n u u -d

n i  c u lts u c u m i n - u i - i  c -n i t w i t h  t i n e  f i n d i n g s  ~f o t i n e r  i n v u - s t i gat ors  (D,’ ul l e t , 1964;
Cl , i n , ’se ’ r , 1969 ; Cl nmnzer & Cunnit z , 1966; Cl ;crlzcr , Ci ar ir o t s os  & D i r b i n  , 1969;
( ; h m m m n z e - r  & Se - b c ’ - e r t z , 1971 ; M u r d o u -k , 1962;  P h i l l i ps , S i n i f f r i n  & A t k i n s o n , 1967;
P d r  & ~~~~ i-man , 1965; ro st ;c m un & Ph i l l i ps , 1965; Pu ff , 1966; R c y ;.ic nd , 1969;
R , - i t r u n , l u l l ] ;  Sh n i  t frin , 1 973 ;  etc .). in em ~~h c - : - , j u c - r i m nuc ’n t  t h e  a l u -o l u o l  u - f fe c t
(SAC 90 -tOO rig p u r e - u - u t )  u - m n  c c v t ’r a l  1 r - -c a l i  ~‘ m m s  l i i  gi n l y n c- I i : m h l e  (p < .00 1)
ii ‘,~‘ , - ~‘ c ’ r , i n  n o n e  of t i n e  u - - j - c - r i r n u i - n n t s  was i i  p u s s tl i l e  t o  i s o l m u t e  t i n e  a l c o h o l
i ;ep ;m i s - mc n i t t o a i - i  rn P ’ e st dire. The expect ed i n t -r a c t  i ons  wh i cli -wou ld p e rm i t

i i ’  m u cc m - j e t  s , n n  CC of a l ie - i l i z t -d  e f f e c t  were  cons i s t  c u l t  1 y i-ma 1 1 (F2  , 60 -= 0. 5;
F? , 32 0 . 7 ;  a r i d  1’ 2 ,~ u O 0. 2 ) .  M e c n c t i v e r , es t i m a t e ’s o f time- e . - f f t c t  c u f  alcohol

H i t t - r ~ i m - m i t  i o n  u c u n  r u ’ r : u l l  f r t c n n  S n S  S u i t ’  m u l e  n i s i n g  t h r e e -  c h i f f u - r e - u t  u n u e t h n u u d s  of
al t mu r u t im n g 515 . T n c n e -b d u S t . t I n e n e  n - i -us  n-i- m u le  u - v i e l m ’ m n c e  f o r  n c - j u t  i n g  t h e  n i u l l

h i y j c c u i h e ~ st S  (r 30 = 1.85 , p < .10; F1 ,17 = 4 . 2 6 , p < .10; t 18 ~ 3 .2 5 , p < .01;
-
~ 1 . 9 3 , p < .10) .

R uin t im e first two u n - j m u r i ; r u  n u t s . i m nvolving t ine ( sin gle t r i r n l )  fre e recall

1 , - r m u cl H’n n , t uu : k , t r i , t i c i , -s wene e’ j i hm t y m- d t~~~ l u c ; i u l  t h u e  S I’S t o — L I ’ S  t n- ; i n s f u -r  o j c e ’ r a —
i c , n  - t  i-I t o  C l e  - r  1 in - t i t  i - I S  m u m  S I’S. S c  i t h u c r v;ur a h l t ’  r u i - j n - c c m m u  l e.’d d i lfe ’r um i t j a i l — ’

t e ,  I lie ’ I w ui  b e  vc ’ 1 s of t h e  i l  e c u l e u n  1 - , m l  -i l-u i  o . A I i i i  i -ni t m i — k  v nn i t n i b i  e , 1 i s  t l~ u t gt h

(12 or 18 S e c  i d ,q ) , d i d  I r u t  e r e c t w i t  In t hue  ri 1 u ’ e u h i o l  v nur i nit cl e- s ut c h  t h u n u t t ine i t i t  o x i—
e - a t e - d  ‘~ u n l u j i - u - t  s w e - r e  I n - a r t  i t e r l - m r l y i m r , m u n c i r u -d  f e m r  t h e  i u c n u g m - r  1 i n - s t s .  Of t h e  se ’v c r ;t l

~ci n - m ’- ,Ibl (- i n t  u - u  p r t - t  - i t  i o n s  of the dl d - u)iuo l x h 1st l t ’ nug t it h i n t  e - r ; c t ’t i o n , u n-n e of t h e
fl u o’ ,t c t  I r - u ( I r u  n - m s  t l i m i t  , u ] e  c u l c u i l  m mc d i i  jum ui n-i’d t i n e  t l e ’ g n t ’ c of  t c r ~ i nn I ,s , mt ic n ui ui- f
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I t - n uns i n  I T S .  An o r g m u m i t z i t l o n a l  i m p a i r m e n t  mig h t  be expec ted  to I n t e r f e r e
w ith retrieval by making the location of the proper memory addresses more
diffic u lt (see above). Under such conditions one would expect decreased
n i - a l l  ( c u u n f i  r m e d ) ,  increased errors of connmi sslon (partiall y confi rmed),
a r id  i m n u -r u -ased  l a t e n c y  of response  ( u n t e s t e d ) .

The third exper i ment of the series attacked one form of tine organ za—
t i c s n n r l l h y p o t h e s i s  by v a r y i n g  the  s t r e n g t h  of a s s o c i a t i o n a l  l i n k a g e s  in a
st a n dar d  f r e e  n- u - u - a l l  l e a r n i n g  p a r a d i gm  and  m e a s u r i n g  tine a m o u n t  r e c a l l e d ,
su b j e c t i v e  o r g a n i z a t i o n  ( T u l v i n g ,  1962) ,  stability of r eca l l  f r o m  t r i a l  to
t r i a l , and su - qu e n t i a l  o r g ;n n iz a t i o n  of recall (cf., Bomisfield & Bousfield ,
1966) .  B r i e f l y ,  the  r e s u l t s  of t h i s  e x p e r i m e n t  i n d i c a t e d  t ha t  i n t o x i c a t e d
sunbj  c -c t  s wi-re m r c p n u  I red in the use of associmitive 1 inkages , i - s p e c i a l l y when
the  r u n - n i - l i d ’ i m m t  ive values were low . In addition , tinere was c-v i dence f rom tine
s t a b i l i t y  of r e c a l l  measu re  t h a t  the  access ib i l i ty  of i t ems  s to r ed  in LTS
was i m p a i r e d by a l coho l  and tha t  t he  impa i rmen t  was independen t  of the
a s s o c i a t i v e  st r e ngt h  v a r i a b l e .  This f i n d i n g  suggested t h a t  the  i n t o x i cat e d
subjc-cts may have been experiencing retri~~ al difficulties in addition to
t h e  e f f e - u - t s  of I T S  o r g a n i z m m t i o r r a l  or a s s o c i a t i v e  disruptions.

B. Rec e n t  R e s e a r c h,

Tn br i ef , three l ie-v~~ 1~~ studies in our laboratory had indicated a
st r o n g  e f f m ’ u -t of alcohol intoxication on recall of word s from long -term
m n - i  o r m n g e .  f la t  a f r o m  t h e — se e ’m per im m nen t s  also suggested an a l e  u c h n i l e f f e c t  cm l
n e c - a l l  f rom s h o r t — t e r n  s t o r a g e ;  a l t h o u g h , t h i s  i m m j n - r u  i r n u n e n i t  m u m m y  he S u m mnu i ’ S b n n - i t
le ss m- n r,ib,st min t  i a l  t h a n  t h e  UI’S e f f e c t .  Som e t e n t a t  ive  al t e ’  r m n n m t i v e  I n y p u u t  h i e ’ u n es ,
u h i - r j v & - d  f r o m  t i n e  initial studies were as follows :

1. A l e u u h n o l  i u u u p r m i r s  ‘ c e - i l l  b y i u n t u - r f e r i n g  w i t h  t i f l -  r - t r ie v a l  p r i c e  ‘ n--i S

(e . g. , t he si - a n m u  i r ig ope c rn t ion rely he I i i ~n ; m  i rc-d )
2.  The i n - u t  m c x l  e ; i t ed i n d i vi d u a l  tends to  e -nn cod e  it  emns a t  1 e ’v e lg  l e ss

effective for retrieval (i.e., at acoustic rather than sc-nnnantiC

l evels).
3. Al u-ohol i nunpa irs time im n d ividual’ s ability to ef fect ivel y organize

i t  t n - u s  i n  i-.- m c ul -y .  T u e  o r g a ni z a t  i t u n a l  d e f i c i t  m a y  e u u - u u r r  d u n n i n g  n—i c u r i e ,
d u n  d t m r  lu g  i c - i  n i e v a l  , or b o t h .

‘ro t e s t  some of t hese riot i ons , a f o n u r t h  s t m i d y i n the  s m - n  i t ’ s  was  s t ib se—
c~t nu-m u t  l y j u m c c ~ i c c u r u - d  t o  i n ; v u - s t  i g a t e  the e f f m - e ’ t  s of a i u i c u c l c ’ r ’n i t e  d nse of - i l e ~olnol
(S~ C 1 00 m g  j c c r e e n n t )  (1) u m n d -r v a r y i n g  l u ’v t - l s of r - t r i -va l l c r r c d , ( 2 )  on
l e e  b i -  d c l  m - m u m - o m i i n g ,  r u n n d  (3 )  on u n r g n u n i z a t  ion of t o  - h u e ’ n e - S u e  m i r e d  i n ,  s u m s  i n  u - - m v .

— l ’~ c - c n 1  i , ~c l  c - i  l e c u n u m f  t i m e ’  e - - . j c e ’ f t u - t e - f l t  (44 i - i i b j t - c t s) ,  the  d a t a  n - i -ms m t u n a 1 y~~e - ( I w i t h  t n- d n - c

r u - i - i n  i t  S m u  I c c ,’ i ~-d hue l ow.

C. P - -  i l  I ‘; ar i d  fi h i - d u n ’  - -n i u m f l

1. ~•~e -  i u t m r y  u u l  1 ~ n - c u r d  l i s t s  of  Ru i g h i n ;h n o u n s . f’ol l m m ._ i m n g  I c n u i - e u n t ; m t  i o n
i d  I . u u h  l i s t , Sm ; pc- i f e el w r i t  t m ’ m n  f re e  n c - c  m m l i  (ir m c e l t a t t -  f m u ’ e  r t - c m u l l )  f o l 1 i -~~’d
by a r , - u  u u t ’ n m i t  i c u m n  t a s k .  S i n e - c  m- u ’ i u u j i n i t  i c m u i  t a sk s  c r c ’  ~‘, m ’ i u i ’ m - n u i l y p r ( ’ s n i m S u -d t o  ci l u i ~~t i , i t C

n u t s e c ry  ‘ n - u i - u n - c r c  i n g  e n p e - r a t  h u c u i S , the u i mm u m j n m u r  t i - o n  cnf 9]  c u c h u u u l  e l  f u ’ u - t s  on i c -call and

r i ’ m -
~~c i ’ u i i t i on  I n c  ~~ p e r  i l l  f m n f e - n — u ’ r u m c - s  m u  y, u i ’ nl i n i g  t i n e -  c - f  I c - m t e n f  a l c o h o l  on t i n e  sc ; i r u r m i n g

a n 1 , e ’ c  i Øf i c 1ev—i l . , \ f l c ’ r  a l l  10 1 1 -  i n ;  h i , t u l  i c c - u - n  l i r e  ‘ , i i i  cci , Sn - 1 d e - i f e m i u u , m ’ e I  mc I i u u , d

f t c - c ’  m u - c  m , h i  m u sk i n  w h i c h  t h e y m u t t  c - ~u t m ’ d  t o  c e - n h  a l l  l m uO words.
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a. T n - c n n - i ’d l a t e  Free R e c a l l .  Al c n u h o l  prod mu ced a rd lahi e (p ~ .001)
d e -c r e -me n t  in r i - c - i l l  ( ; c ; i j c n e c x  i i n i a t c ’ ly 18%). ‘rite serial posit Ion curves for both
al -oho l and p 1 met- h o con d i t  i d u m n S  w e - r e  o f  tlne typ i cal U shape  (see F igure  5) ;  and
the  F — r a t i o  for  s c - r i a i  p n u s i t  ion  was h i g h l y si g n i f i c a n t  (p < .001). However ,
the i n t e r a c t i o n  b e t w e e n  alcoho l condition and s-r Ia l position was not significant
(F 4 , 76 = 1 . 13 ) ,  am i d  t h e  s i n - u p i e - m a i n  c - f I t - c t  of d r n m g  was si g n i f i c a n t  for  the  f i n a l
t h r e e  l i s t  p u n - i t  lom i s  (p < . 0 5 ) .  l ’iu-se r en - s t m l t s  u - u i - n f l  r n - m u d p r e v i o u s  s t u d i e s  In  our
l a b o r a t o r y , m m d  t hey I m p ly  t h a t  a l  c - o i no l  I S n - p n u l rs t ine  re m - a l l  of i t e m s  in both  l o n g —
and s h o r t — t e r m  s t o r a g e . 

-

b. Reco~~nit ion Task. The 15 orig Inal list items were presented
a l on g  w i t h  30 d i  st r r u r t o r s .  The s mibj  c - c t  u i  r d  ed a u n u m m u i l - u e r  from 1 to 6 to m d i  c a t e
h i s  b u n- r e - c  of ciunnfi dence  that each it i’m was or was riot a member of the previously
presented list. For both sober and intoxic ated snubj i-cts , nearly twice as many
I t e m s were c o r r ect l y  i d e n t i f i e d  in the  r e c o g n i t i o n  t a sk  as were  r e c a l l e d  in t h e
i m ’n S : S e d i a t e  free re call task. However , alcohol reliably (p < .001) reduced the

n u m ber  of c o r r e c t  r e c o g n i t i o n s .  The i n t o x i c a t e d  sn m b j e c t  t e n d e d  to commit  fewer
false re cognitions (false nl .mrms), although t h is result was riot quite si gnificant
at t h e  .05 lev e l .  There  was no s i g n i f i c a n t  difference between the amount of
alcohol—related de-creinent in the i m m e d i a t e  free recall task and the recognition
task . This was true whether decrement was calculat ed ott the basis of nmnmnber of
w e c r d s  (t = 1.03) or on proportional change ( t  = .48). Thus , the re  was no
I n - n - e l i  emi t i o n  t h , m t  t h e  n e t  r i  ova l  o p e r a t i o n  of sc am - m i ng was the  t a r g et  of t ine  al  t i n l u o l
u f  fe - c t .  The-  s i g na l  d et e c t i  on s t at i s t i - s , d ’ ari d ~ were  c a l c u l a t e d  f i n n  both
al -o in o l  and  p l a i t -ho  emnn d i t i o n s  of t he  recogn i t ion t ask.  The d ’ e ’ S t immi t eS w e ’re
lower  in the alcohol condition , again indicating a reduced ability to idc’ntif y
l i st i t t - S n - s (p < .021 , sign test). A si gnific antl y hi gh ~ statistic for the
.mlcut h ol con d ition (p < . 006 , s ign t e s t )  i n d i c a t e d  t h a t  when i n t o x ic a t e d , our
su b j e c t s  n - c - r e  more ‘‘ca nt  l o i n s ’’ , i.e., l u - n - m s  w i l l  t r i g  to  l u b e u n - t  if y n - c t - i n - g u n - i t ion ite-ms
- u s  l u ,  l u g  l i s t  i t  c - n - I n s . Cor iv-m-s el y, o n e -c d u n - n- n - m i t  ted to a ‘ u S j c u u f l h l C , ou ir s u a h j e -c t  s tended

to  h n m v e  ml h i  gine r  u l c ’ gr e e  of c o n f i d e n c e  i n  t i n e  i r re - m u p o u n s e s  n -h e n  t n t  c c x i  u ’a ted  t h a n
n - l i e - n  sober (t 19 = 2.07, p < .10). Indeed , the  degree  of c o n f i d e n c e  was s i g n i f i —
c , u m n t  l y h i g her in the a l coho l  c o n d i t i o n  (p < .0 5) f o r  each  of t h r e e  r esponse
( r u t - g e  u ric’s : ii i t S , c-o r c i -c t  r cj i-ct  ions  - und  u m n i n - m n - e s .  Only for f ;c l i -c  al ;nr m s wm - me
i n t u u ~ m I t - a t  u - d  sn i b j i - u t  s h i - s  c u n n f i d , - n t  th an sucbmn r n--aibjt -e n - l s. Howe ver , this h u t  I u ’r
m r u - m i d  n - - m n -  n o t  s t r u t  I s t h - a l l y  s i g n i f i c r u m i ts ( t 19 1 . 2 2 ) .

c . In -m d I  a t e -  R e - c e c g m n - i t i  on. The p e n n - s  ihi Ii ty re t in a  I ned that the
c i u - l n m y u - d  r , c e lc , m i i t  i o n  I r isk f i t  l i d  t o  shuiw a d i s p r o p o r t  i u c n n ; u t e  i u n - u j i n u n - V u - : u i e - u n t  over

e f r t - u -  r u - u i  I p e ’ n - f o r S ’ - c m m u ’e i n  t h e  a l c m I n l n o l  cu m u l i  t i u c u i  l i t .  m u c m n - e  m u ’ u e u g n i  t ion
f u n ]  ~ n ’ n-- m d  n e e ’; m l  I .  I l u u r e f c u n e ’ , t n - n u - n i t y — t h m r e - e  , t d c h t t  i t c n a l  n m u b ~~u ’ c I  s j u . ’ r f e c n  u - n h  t i ne

— r -  e n c g i i i t i O n  t n u n - k  l u m m u i c ’ t h i : i t u ’ l y a f t e r  l i s t  p r e ’ s m - m m t n t i u c n  w i t i m e u t u t  i n i t c ’ i V e - m l i i tg
f r u - e  r c ’ e ’m e l 1. The i n - p a l  r a t -n t  i n  t m n m r n e d i a t e  c o r rec t  n e ’ c e n g n u i t  e lm S b y t h u e  a ]  e’uuh nol

g r o u p  ( — 1  5~~) was s i m i l a r  t o  t h a t  f m u u n d  w i t h  r ( -e ’ m n g m n  i t  1 d u f l  loll u S ]  ng free recall.
I b m  ‘ n-’ e - v e - r , with m il e j u m  t i d e - n t gr o u r p s  m i n d  i - n u n ] 1 m — r  m n - a u  up 1 u ’ n - I ’ m ’ s , t he m u l  u -m i h o l  u - f f u - e ’t

l i d  meun t re- m u -h s t r u t  t n - i  l u m ~~1 i - f l i n t  f i c e n u c e  w j i Ii t i m e r  m i - c u l t  rim’ test (t 1 . 6 7) .
~‘ b u u  rn l i m e -  m’r m m m l c u ’ r  of u - m u m  r , ‘ u t  m m ’ e - e i g m n  i i h u n - n -  i n  t i n e  i s  m - i d l i - t  e r u - m - e c y u u  i t  R u n  t m u s k  n - c s

c c c  ~ ; m r e d  w i t h  ( h u n - m e  in t u e  u h - l n u y e d  n u ’ e ’ r n g n t t  i on  t a - ~k , t h e e - r e  e n s  rio s i g n i f i c a n t
d i f f e r e nce f u r  m i l m e u b e u i -l (t  = 1 . 0 4 )  on p i m e c e - b o  (t = . 9 5 ) omi~l i t i o t ’n s. Thus , t h e
r ’ - j t ’ c - t  f u n  of  m i c e  f i r s t  l n y p u u i b u c - n - - i s  ( I . e . ,  t h a t  m i l e  u c h i o l  i n t e r f e r e - s  w i t h  t ine  mi - n -n a ry
St  m i n i - r i n g  I S  p u t  of r u - t i i m ’ v m ~ l )  n - i -u- ;  i - i t  u i g t i m e u n e ’ d .
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d. Final Free Recall. A l coinol r ed u ced t i m e  n u n niber of words
correctl y recalled (p < .001) and Increased the n nu r m nb & - r of e - r r n n r s  of ce um rn m mn is s ion
(p, < .05).

Serial positio n curves for alcohol and pla cebo ceind ltion s were
const ruct -d by c o m b i n i n g  at -ross  l i s t s  (see FI gure  6 ) .  B o t h  c u r v e s  d i s p l ay
th e typ ical negative recency effect. As i-m own i n  the  f i g u r e , a l c o h o l  si g n i f i —
c an t  ly lowered recall at f i n a l  f r e e n e c - a l l  (p < . 0 0 1 ) ,  a m i d  prod u c e d  g rea t e r
r e c a l l  i n u p a i r m e n t  f o r  f i n a l  free recall t h an  f o r  i m m e d i a t e  f r e e  recall
(
~ < .001). This finding suggests a possible effect of al-m -ohol on consolidation.

A second  set of cu rves  was c o n s t r u c t e d  by c-il  c m l  at i n g  t h e  mean
recall for list and arran ging the lists in order of prm ’sentat ion. These data are
di sp l av -d in  F i g u r e  7. M a in  e f f e c t s  were si g n i f i u - an t  f o r  d r u g  (F 1 19

< . 001) and s e r i a l  po sition (F 9 171 13 .3 , p, < .001), as was t h ~ d r u g  by
serial posit ion interaction (F91h = 3.91 , p, < .001). Diffe re n ce-s between the
curves were s i g n i f i c a n t  at the  .01 level  or b e t t e r  (F t e s t s )  for the following
serial positions: 2, 4, 7, 8, 9, mn-nd 10. Examination of Figure 7 reveals that
the placebo condition ’s advantage over a lcohol  s t e a d i l y i n c r e a s e s  f rom p o s i t i o n s
6 to 10. An hypothesis that alcoh ol interferes with consolidation pn o ce ’nn-n-es
w e e u l d  p r e d i c t  t h a t  a l c o h o l — p lacebo d i f f e r e r n c e s  would be g rea t e s t  f o r  the  i n i t i a l
list and least for the final list. The present data are contrary to such an
int erpret a tion. However , we must point out that the interval separating
pr i-s em ita t Ion of the initial list and final free recall was only about 45 m - u i n u t e s ,

e nd t h e  nr , m n - n - b n - e -  r of w u m r d s  r e c a l l e d  b y t h e  i n t o x i  c a te d  s u b j e c t s  was s m a l l  (X = 10.3
words). ‘ f l m u -se i br uta , therefore , do not repre sent a stringent test of a cu-rise ] i u l m t  ie)fl
t n t orfe ‘c -i n c  hypotinesis.

2. T n t  r a — L i s t  R - c o ~ r n i t i o n .  A l i s t  of 80 words  was p r e s e n t e d  at a
3 - ‘ - i i  u m m n - d r a t e  t o  two g r oups  of 22 alcohol a r id  p lacebo subjects. As each word
n - - u s  e n~~e n t  ed , t h e  st r h j  c e r t  r e s p o m n e l e d  ‘‘ y i n - ’’ i-u r ‘‘mi o ’’ mu m t o r d  ing  to  n - l i t  - t h e r  t lie n-- c u r d
l i - md m r e v t c n n — 1 Y a j c p e - m n n m ’ d  i n  t he  1 i s t.  ic-n of t h e  80 words  wer e  nc ~~u m ’ m -u t e d  o n c e .
The I i n - m t n i l  n-~O i m u n t u  m e d  10 pa irs each of synony m s , h i g h  f r e q u e n c y  a s s o c i r u t  u S  - n u d
l e e n c u n n i y n u s .  Tin s t a s k  was des igned  to  tes t  the  second h y p o t h e s i s:  t h a t  l n t u u x  i c , e t  ed
Sn - , l ike p m u t i u - m n - i s  w i t h  K o r s a k o f f  syndrome , t end  to  encode m n a t e r i a 1  at less
t f f  i e i c u r t  1 e v e - i s (Cer rr iak  & B u t t  e n s , 1973) . I f  the  i n t o x i c m u t m i - d sub] c -c t  w e ’ r e -  t o

n e - m i t -  a t  l u  n - i - S e ’ f f c - u t  i ve  l e v e l s , l i n e  n - c m c i r h d  C ’ S - p c - c t a d , ‘ c r ’u a s m m  i n  t ime m i t  r a t e .
I n  m u l u t  i t  i u c n , c n - u t  c c u l i m n g  u t  t ine  ac - o m rs lS  t c  1 i evp l  r m i t l n t - r  t h m in  th i n-- - m e  u - j u n - I  j t  l e v i ’1 n - u u u m l d

p m c c l i i  m ~0 ‘n c o r n  f i n  ‘~ i on of h o mo mnym i u s . Thus , t i ne  sub] ect w o r m ] d ( C  r id t o  m m m n m h ~e ‘ic Ir e
f m i l s e  j c on - m i t  i ye responses to  the  s - - o n d  member of a p a i r  of n - m i i n c — s o t u n d l n g  w o r d s
(e. g . ,  ‘‘ h e r r ’’ m cnd  ‘‘ba r e ’’). L i k e w i s e , c - r ~~-o el i ng on an a s s i u d i a t i v e  d t m e m n s i o n  w u c u r l d
i t-mid t o  n - m i m e f S m l n - ; e  p i - -  i t  i ve  n i - n - p o n t - n - c - s  t o  h i gh f r e q m n e  i - m y  l s s u n c i m t  c - s .  T in e nu f o m o ,
i f  t h u .  e i n c  o u h i m u g  b m ’ ,’ j n - u t h u e - s i s  w e ’r e  c - u r n - i t , one w u n i m l d  e x p e c t , mn -s a urm i m i i - u u n n , f e - n - m r
in i t s  am i d  n eo n - e n- f : u l  n - n e  nm 1 m e nu - ms i n  the  n i l  i - o h i o l  -und it ion . ‘line a] cohol g r o u p  ul j u l  h m , m v e
f e - n-- e - r  m c i  n r c - c t i d en t  i f  I m m e t  i ( n u n s  (p < . 05)  but  o n l y  ri ta rg i na l  l y mnore  f m u 1 se a] mu rn mi s
t u r i n  d i d  p l a c e - m o su b j e c t s .  However , s i nce  t h e  f a l s e  a l a r m n  r m m t  e was very  low f o r
both g roups  (p l acebo  = 9. 3% , a l c o h o l  = 11 . ‘3%) , I m i s  t a s k  m ’ u n m y  no t  have  p r o v i  mlt ~d a

i t  I ye t m - s t .  ti u m m c n g  t i n e  t h i n - c - p  t ype s  of d i n - m t r u m - I  m u r  i t  c - i n n s , m m 1  c u m i n - i l  p r o c u r e  ‘ i l  t ice
g r e - S e t  n - I  i n c - r u  c I - ;e i n  f : c l n - , e  p u n s i t  i v e s  f o r  t i n e  i u i p in f n e r q m n e ’ n c y  n u n - n - n - m c i i a t es .

3. M u c l t  i - - T r i a l  Free Reca l l  of C a t eg o r i z e d  l i  n u t s .  S u b j e c t s  n-c u rer p r e - m n m ’ m n t  cd

w i t h  a s i n g le  6 6 — w o r d  l i s t  composed  of 4 u-ate-gory t i t l e s  (e.g., f i sh , vehicl i -s ,
e t c . )  n m n d  15 m e  m u p l n - ir s  f r o m  u - r u t h cat  c -go ry .  The l i s t  was l i r e - n - m e - m i t  ed t w i c e , e r i c h
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p r e s e n t a t i o n  b m i m i g  f o l l o w e d  b y f r e e  r e c a l l .  The w o r d s  we re ar r a n g e d  In  r a n d o m
order  f o r  h a l f  t h e  s u b j e c t s  and  group ed  by c a t e g o r y  fo r  t h e  r e m a i n i n g  subj u — c t s .
For total recall , sign i f lem int main effects were found for drug (p < .001) ,
trials (

~ < .001) ,  and  list arrangement (~ < .05). The tin i rd hypothesis , that
intoxicated subjects have difficulty organizing immaterial in niemnory , leads to
tine predictIon of a j m c u s i t  lye i n t e r a c t  ion be tween  the  d r u g  and the  g r o u p i n g
vncriable . Although the mn n -e an S were in the predict ed direction , the Interaction
of drug arid list a r r a ml g en u t -n t  did not reach statistical significan ce . The trend
- :as for t h e  blocked a r rang e-nu en t  to  benefit the sober Ss men-re tin-an the Intoxicated
Ss. Inter—trial r e p e t i t i o n s  were  c a l c u l a t e d  to measure  si- q u r e n t i a l  c o n s t a n c i e s
in recall f r o m  trial one to trial two . This measure is an indicator of subjective
organization in memory (Bousfield and Bousfield , 1966). Alcohol decreased
se q u e n t i a l  o r g an  zat ton (p, < .01), while the blocked a r r a rn g c - un e n t  led to  i n c r ea s e d
e u r g a n i z a t i o n  (2 < .0 1). A l t h o u g h  ti n -c r a t h e r  s t r i k i n g  i n t e r a c t i o n  b e t w e e n  d r u g
arid list arrangement (illustrated in Figure 8) did not reach significance at the
.05 level (

~ < .10), a posteriori tests revealed a significant effect of list
arrangement for the placebo Ss only (2 < .01 , Tukey ’s HSD). Thus the data
sunpport the notion that both alcohol and the objective organization of the list
affect the degree to which items mere organized i n  mnem nory . The Pearson  c o r r e l a t i o n
c o e f f i c i e n t  be tn --e -c - - im inter—trial repetitions and total correct (immediate) recall
-as .73 (2 < .001).

Stability of recall was ca l c u m imi ted as the proportion of items recalled
()fl Trial I that were also recalled on TrIal 2 and was anal yzed to assess Ss’
d i f f i c u l t y  in b e n t ing the appropri ate storage loc mi t i o n s  l f l  iTS . Al cohol
r e ’l  i n - b l y rm - u l n u c e d  t he s t a b i l i t y  of recall n - ’ u- mu n - nu un e (p < .001) . Al t i n o m n g h the  t - f f e m ’t
of t h e  1 i n- -n t m m r r a m l g e u n - c e n t  v a r i a b l e  was nons i gn i  l i e  m m n n t  , ( i r e n e  was a s i gn i  f t  m n -n t
i m n - t t - r a c t  i on  b c m i - t w e efl ( I r u g  and l i s t  a r r a n g e m ent  (p < .01) .  Simp le e f f e c t s  ana l ys i s
r e v e a l e d  a s i gn  11 cant list arrangement effect on p lacebo Ss (p_ < .05) br - n t  on ly
a ma r g in al effe ct for alcohol Ss (p < . 10) .  The-re was a l s o  a signifi c m m i t overall
u n - i  - lot t u n m i  ~u f  s t e l u i l i t y  if  n u ’ c a l l  n - ’ t t h  t o t a l  r ec a l l  (r  = .49 , p < .01).

5 u c c r ’e ’  s m - . - p r e - ~ - m l  t r i g  m i t  u - g e c r y  i ’ l r m s t e n i n g  n - c - re u a l c u l a t -d r i m - u - e n d i n g  t o  t h e
i - t h m u m c l  n t - i c -  I . c t n c d e -( 1 by Fn un kel & Cole (1971).  ‘fine m a i n  e f f e c t s  of d r r m g ,  t r i a l s ,

und 1 St ui r - en ngt’mume -n t wu- cc n--r i gmi i fi c a n t  nut  the .001 level in the p re-di n-t e d di  r i -u t i o n s .
A l t  b u i u u m y li no I n t  m - n n u m ’ t  i ons  were  n - i  gn i f i  c n m r ’ m t , a p e i s t  e r i u n n i  t e s t s  r evea l  ~-d i r n - c r c - - m n - ed
i ’ l n n n - - t u - r i n n g  in  I i ue h u l m c c 1’u ’d  p n e ’ n - n - c - n t a t  ion  c e c u m u l i t  i c u n  f o r  t i r e  p 1 a m - i - I - c u ~s ( I I SD < . 0 1 ) ,

m t  t h e  t u n e  n m  c u r , ’  w n i s  u n c u t  n u - l  i c i c l e  for t i ne  ; i l c O i i O l  Sn - ( I I S D  > . 0 5 ) .  ‘f i n n s , t I e - -re

- ‘ r S  mu n - t n -  c - m g  t r. - umd f o r  h l c u u  h - r i n g  t o  t m i m - r e - m u s e  d u n n - t m - n  im i g in  t h n e - g l u e  - m U  Ss, i m i l t

t l u m ’  m e - s u i t s  f u r  t i n - n -  t r i t e - .  u n c t c e l  Ss w ( - r e n -  u n - j U n e -  v a u - i ’ n h l e - . O ven - i- - n i l , m l m n s t e i ’ i r n g  S m  c i t ’S

c m r r u l , s t  c - e l  n - u u ’ l l  w i t h  t u n t ; n i m e e n r e c t  r e c a l l  ( r  = . 7 8 , p < .001).
In s u u ~ u r r - - c  ry, tim e d;i t .1 (10 r io t  n- u t l c p o r t  t h e  }i y p u n - th u t-s is t h a t  t i m e ’  n S m e - n m n o r y  si - a n n - m n - t rig

t n - l e e ’  t u m f  t i c ,  u - - I  r i  ‘~ n l  l c r u u c e ’ s s  i s  u i  f m - u  t ied b y a l e - u m i m e r l  . St u 1 - ~’ a t in i l y s t s  u i f  l i me

m c r i t  h u t  a , i l o u n g  n - - i  t h  ~n r t y 1 u c m n s  f i m i e l 1 u ~~’s s n r p p t u r ’ t  ( l i t  r i o t  I u u n i  t i n - a t  a l c ’ c u l i o l  I g u i  m S
r t  m m m l i  f m  u - u n - u  ! mmu t h ~

- 1~’~ u n - u m i Ii S. Fice d n e t a  n - c e _ n e  not  c c ) m i c l m m n - i  i v e  with the m a c c m 1  t r i g
i m m g ; u i n- c e - n u t  i ; e m m i t b u m S i s .  ‘li cm re i s  a h i n t  t h a t  m e l c o h o l  u m m ay m u f m - u t  dec i sion p n m u u c ’ m m ’s

se ic in t i c r e t  t i m e  t n t e u y i m - r c t e d  ~‘c n - ;  n-- m - r e  app l ying a u n - u m u r e  s t r i n g e n t  c r i t e r i o n  ( h i y , h i e - r
F st  e l  i n - I  i c)  . Thu ‘ I n c t mc sun n - t  I h n n u t  , met  1 c u ,n - t  I in j u n  r t , I I n c  m u - t a  11 def I ci I S m uy

r ’ -; n , i t  f r c c n - n  men u i - h i  lit )’ I d  ( a i r y  m c u c t  a u m i m e - i ,  nt  e c u  ,~ - u r n i z at  l~~c ’ t i  p l a n , r n - t h e - n  Ilm uri

an I n - t I n t l i t y  t o  f e t u  ‘-u u l m c t  e a p l a n .  f r i  g ’ n u e - r a l  , t h u. - u u m ’g m t n u i  — m e t  i e m : n r m l  ml . ’it mn m ire

im m n u l h e r  I nn 0 1 cr  1 i r t - v i u c u u s  f i u m u l i n n i ’ , s. ‘ h i m  t c t m r’ m l n m l  in - n On - h i m  t w e e ll m c m i i i  amid tine
o r g u m n t Y e t  leu nm i l m e -n - i -mire-s we’re r e m u - m e m n i u b l y h i gh , mi n d  a l e - en-lien - i  Sc u u rn - ;  t o  r - m n d c - r n n u u n n e
t in n- n i ’ - r s t , c -  i t t  io f l . Ov c- r 1u l 1 c u n r r  s t m i c l i u - s  i n r u v e  t m m O s t  n - I  r m c m i g l y im uijul t e n d  m d  organ ~‘, mt l e n - r i

c u r  n - c t  r i m e - t u r i ng m n f  m i t e - n u e l r y  m e n -  a pr i n - i m u l y  t : u m ~~~m - t  fu r  a l c - m m h u m u ]
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1 m m - c - m e - n u t  ed by c m i t  t - g e c i y  f u i F  t l i e n -  ~~~~~~~~~~~~ - e n i’ ; e n u g - i u i c - m i t .  flie n - n  1 - u p i C

m n - r u I n  c-f f e - m t of a l e  c l m o l_, ‘— m i s  no t n i g n u f i m - .u ru t f c t r  ti n -n - i cu nu li em ai- m .-nngc —

~~~~ ic m l u n t , m u o r  was t i n e  n - r u m p le m i - t i n  e-ffe ’ct of li st nu rr .ng e — rruen t for tic e
rcl ((ulIOl g m u u u t p .
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The s e q u m e - n d e  of St t i d ie s  su m m a r i z e d  above is p a r t  of a l o n ger  sn - - r i  es of
experimental probe- s into the nature of t n n e t n o n i a l  d e f i c i t  cruised b y a l coh o l .
There is no quest Ion t h a t  a l c o h ol  causes i m nnp a i  red verbal  r e c a l l .  The re in -as
been a s t ron g  main effect of a lcohol  in each of som e t e n  e - x p c r i m n m e - m n - t s .  Tiue
q u e s t  ion is “Wh y ?” There are s t r o n g  h i n t s  bo th  in ea r l  ic-n u ’ x p e n i m e - n t s  and
in t h e  s e r i e s  s u m m a r i zed  in -c-re t in -a t  the  d e f i c i t  in l o n g — t e r m  r n - n - c a l l  i s  d u n e
to i m p a i r m ent of o r g a n i z a t i o n a l — a s s o c i a t i o n a l  sys t ems  in  un e-mory . For t - ; - : m u n - i m p l e ,
the  t n t  c cx i  m n n t e d  s ub j ec t  does riot s p e n n t a n c - o u s l y  ci ins t  er I t e m ns  in-y a s s o ci n i t i c m n n - l
I i n k m n - g e s  as c-f f e~ct ivel y as tin - c sober sr-rbject . Moreove r , as r e p o r t e d  h er e ,
the i n t o x i c a t e d  subj  ect does not make a d e q u a t e  ims c of obj  ect ive l i s t  st r u i c t  ure
for organizing items in nnemory.

Sein e of t he  data can also be interpreted n-is s u g g e s t i n g  an i n n p a i n n ; t - n t
of somne mns jiect of the  r e - t r i e v a l  p rocess .  I f  the retrieva l process , indeed ,
c u r ~s i sts of s c a n n i n g ,  i t e m  r e t r i e v a l, and  dec i s i o n  o p e r a t  i ens , our  l a t e - s t
s t u r d y i m u m p l i e s  t h a t  t he  s c a n n i n g  o p e r a t i o n  is i n t a c t  in I n t o x i c a t c- d s ub j c - c t s.
Tin i s  sugg est i on is c o n s i s t e n t  w i t h  data f r o m  one of our p r e v i o u s  e x p e r i m e n t s
using the Ste-rnberg m e m o r y — s e a r c h  paradigm. In that stud y ,  too , there was no

~-vidence that the s t a n c h  p rocess  was a f f e c t e d  by alcohol. If retrieva l p ree n-Sn-es
n u r e v i n l n e r a h l e  to n n - l c e u h o l , tin - en one mi gh t suppose  t h a t  tin -c d e c i s i o n  o pe r a t i o n
wu u l d  be t i n e  mm n - ostm l ikely p o i n t  f o r  f u t u r e  e x a m i n a t i o n . A d e c i s i o n  o p e r a t i o n
such as b m y p o t i i c ’ s i  zed for f r e e  r e c a l l  tasks  could  be i n f lu r e n c e d  m d i  ree ’t ly  by
n - c -v i ral rn--lated factors. Among these are ( 1) the  q u a l i t y  of tin-c item retrieved
(e.g., the level of encoding) and (2) the o r g a n i z a t i o n a l  and a s s o c i a t i o n a l  c o n te x t
err ‘n - u t  r i x  w i t h i n  w h i c h  t h e  i t t - n f l  i s  st n - r e d .  A l c o h o l  c o u l d  d i r e c t ly i n f l i u t - n e c  t im e
d e c i s i o n  p r o t - e-ss (1) by sonite sort of g m - m n - e - r a l  i i  : p a i  run -merit or (2)  by cni un si rig
a shift in the criterion for emittin g a respon se or for d e c i d i n g  to te- rm i n mm t c

the n-c-arch. There was a hint in tin-c recognition task data (nc-ported above) that
sn i b j i - m -t s  set  more  s t r i n g e n t  criteria f o r  r e c o g n i z in g  a l i s t  i t e m  when intoxicated

t h a n  when n-cuber. Perhaps with a m ore stringent crtterio n , it is not surprising
t h c t  t ine i m n - t u x i m - m n t ed f~s n - u - i C  g e - n - m m - r m i l  ly mon-c comn - fident of t i n e  m n i - e u n r m m c ’y of t mn -~-ir
r u - - i - e~nm s e ’s .  T r n - c l e ’ t - d , i t  is p o s s i b l e  t h n -t  i n c n e ’ m i n - t n g  tire e n - r i t e - n - i o n  for e m n - n - i t l i u m i g

a n e - u - p u - u n - n - e n -  m m n i m i a  lead to a r e - d u c t  i o n  u t  t h e  n m e n u n u b e r  of w o r d s n - m c i - l i e d .

I I I  . St  un-I l u ’ n -  Foc - us n - n -d on Si en-- p

( ‘ i i  r u in - i c- m e l  m u c b m e n - l  i - - r u n  i s  r u n - - m n - -r e n t  r u t  c i i  w i t h  nrc  n c  e d  c i t  s t u n  n i ,  h - C  i n  t he n - i c i m y  n- i cc i eM ; c
n - i c  u p p n u i f j l e  ( J o i ru n s o n  c - l i  a l  ., 1 97 2 ;  T e s t e r  c - t i  a l .  , 19 /3; I c - n - I c r  c l i  -‘ i i . ,  in pu - c - sn-).

ib m - -r e - di s t u r r b a n c c - s  i n c l r u d c  I n n - - q u i t - n t  n -nw ak u - n i n g ,  p a r t  i c r - m l  ar l y f r o un S I  age- R t i M ,
i-Ic e c - l e r m u t t urn - of t h e  u l t n n t d i a n  REM ( -y c l c , ;m l n n o s t  tent al absence  of s t a g e  4 s l i p ,
mi nd e - i u m c n g m  -S i n  a u n t  o m n ummn - i C I evel s , r. -p ru - ‘nent ed by i mn - u- n e - nms e-d rat c ’S of r’espi rat ion

n- in tl f n-ui- nm - , 1 e t - c i f i c  c i t - u t  m — ocbu-i — u nna l activity. Alt ime uur g h t i i m ’ n - e  a l t e- r nit i nn - s 1 ce - n n - i n - - m t

for r e t  1 m n - n t  n - u  v~- r a l  w e d - k s  i n  n - u m b e r  m n l e - e u l n n u l  i t ’s , ( l i e n - c’ i s  ver y  l i t t l e  i n n - I n - u i- u m l  i m m u r

o n m i r e c - l I e - t n -  r u n  d i n - m t  u r r h e d  S l e - m ’p of p r - mn l c n u n - f ’ , u - u l  m u h -’st  h c u , r i e c e . We d o not kmnow r h - I  b i e r ,
or t i m  w h a t  u - > t  e m i t d isturhe -d sleep p r o f i l e s  e v e n t u a l  b y r e - u - m e y e r , u n e n r  do n -c ’ knoW the

c ii - g r u ’c’ 1 c m  which mn - ge or d m n r a t i o n  of he avy drinking i m n f l u c - m n - u ’e mm m c m  r e - c u m v e r y .

The m m : - c  e n d  m i t  of St age 4 (d e c i t  , n ) s leep i s d i  nu n - i n i n - b u t - c l  i n  h u t  In y o u n g ( u n m u e l  et
/cO) me n d un l m b c - r  a le - e m hc ni i c c , in t ine n - : e v n - r u u u l u - p m - m - n - - s i v e  c ’ i n - e n m m i m ’ r s , ; nnn - d  w i t h  un - c u n-al
- u c ’ i n g .  bI ccn - c- v c r , i t  is n u m m t  c e - r t m u i f l  c~m b i e t b i t r i t s  u i c n - _ n - c c t i C  in - c m i m i C ’ to loss ot  I- F - C

c c c~~l I t n u d e-  h r  loss n-)f t ine del t mu (0. 5 t o  4 H z )  n m m n g e  of EEC f n t ’ n j i m u - m n - m  i c ’S.
r u - c  t n t  l y m u  g u m  t~ -d so Ci e-  ul; n t a s inow i r i g  t h u - i t 1 m n - r n -  c u f  I I C  n u tnp l itan de r m i t m n - t ’r lu me n — n - if

c b u l t a  f r c - m 1  n c ’ n m e ’ i e S  mmcc ui - e m u i tc ’ cl f o r  t i n e’ c i , c ’r i t c of n - m t m g, mn- 4 in a few e - inne n n i e - a i m - m u l t i - i l e n - ,
t m m t  t h i s  f l i n c h i n g  sin- tumid he u - b u t - i - h - e e l  i n  a i c r f ’ e m ’ n - i u u u i p l n - ’  ( T u ’ s t t ’ r  u t  al . , in j c m t - n - n n - ) .

[ice ’ i n - n - s ur e inn-u-; n - n o m u m n -  I i i e ’ o m m - m  i m m n l i m p o r t  m i m i c - u ’  s u n - c e  ( l i e n -  i n e u r m n l  p r c c e - e ’ n - ; n - r c - s  tinat c ’ c m t i t  l u 1
}~C m u r n p l i t  u n t i e  c r e n -  ~m r o i  d u l y d i  f f~- u ’mn t n - m t  n u e t m u r a l  ly r i n d f r - rmne ’ t tun r n - nu l l y m e n -n t h i - c - c ’

t i n r u t  c m  nt m ol F I G  n i u y t  in n-s .
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M c c e i m n - r m i t  n- - doses  of a l c o i n - o l  a d r n i i n i s t e r e d  p r i o r  t o  s l eep  t end  to  po t ( ’n t  l a t e
d e l t  a sl c e-p in yo un g mno rn -na 1 sembj c-c t s (Runde l 1 et a l.  , 1972)  , and in  yo ung
ale -ohcnl ics as well. lIemwcver , in older alcoholics , alcohol had no effect on
de lta sle ep (Lester et al., in press). Since alcohol can instate stage 4
i n  t i n e ’  y c u n m n n - g  a l c u u i n o l i e - , one s u r m i s e s  t h a t  inn -  t h e se  p a t i e n t s  t i re  p h y s i o l o g i c a l

m e c i r ; c n i n - - n - n s  f or  delta s i n - - e n -p are still intact. However , we do not  know w het h e r
t h e  f r i l l  l i ce ’ ~u f  a l c oln o l  to St  i rn -n e rlate stage 4 in older al rohol i cs is really
spen - - i f i c  t o  e - i u r o n i c  m n i c o i n - o i  t s m  or is a s so c i a t e d  s i m p ly w i t h  rn - o rnn al n u g i n g .
Fbi s y i n - ar  we u n d n - - r t o o k  s t r u d i c s  to  e x a m i n e  t h e s e  i s s u e s .

Six norma l volunteers with in-in -tories of very nnoderate social drinking
(ages 47—63) were studied for fon-ur consecutive nights in the sleep laboratory .
After one id;nptmi tion and two baseline ni ghts , Ss were given drinks consisting
of 95% u t iuy l alcohol mixed with ginger ale. With (loses of 1.06 g/kg, SACs
mru n ged from 90 to 110 mg%. Three of the Ss 1-mad some difficulty tolerating
tin - is de se. Physiolog ical measures included continuous EEC recordings from
syu mui e t n ical C4/A1 and C31A 2 placements , subnn-ental electronryogram from bipolar
p im uccn - rn -’m n - ts under the cm-in , left and right clectrooculograms , GSR from palmar
surfa ce of m iddle finger right—hand , in-cart rate with a lead II EKG p l a cem e n t
ari d n m - n - p t r a t  ion  f r o m  a St r a i n  ga in - ge  a r o u n d  the  so lar  p lex us. Da ta  a n a l y s i s
t i n - u s  f a r  u - m u n - n - m p leted on f n-ur of these subjects suggest that on the average they
in - ,mv e very l ittle delta sleep, no more t han age—matched chronic alcoholics.
E a c h  of t i n - em , h o w e v e r , showed a smal l  i n c r e a s e  in  d e l t a  sleep d u r i n g  tin - c a l coh o l
n i gb u t .  ‘fli t- s e  trends indicate that the mechanisms for induction of delta sleep
n - - ma y he rel ativel y in n - tact in normal subjects up to advanced middle n-ge. Thnis ,
t i n - c  f r i l l  m u l e  of a l co i n - o l  t o  p o t e n - n t i a t e  d e l t a  s l e e p  in the ni h-n cinno n ic a l e c c i m u n - l i c

:nuy b u n - ’  n ’ ’I a t u ’m l  n - p c - c  i f i  c i i  ly to alcohol ism.
A sn-- u - t umid e’:’:pe’ r i n - n - mn - -n - ti was u n d e r t a k e n  to  d u st  e rmine  w i n - e t h e r  p hy s io l o g ic

sleep profiles r e m a i n  ahnn-ormal in feuru in-er alcoholics , totally abstimn -ent for
r u t  1 c r u - m t two y ear s .  E l  glut volunteers , all s u r e - u - s n -  I n m i  u - u - n - - m b t - r s  of A .A. in - n yc

h c c i i  r u n .  T l n r c - e- i i i  [ b u n - - i -r e  surhjm ’e’t s mrc nu n - n - icr 40 amid t in -c  i c - c  i n n i n g  f i v e  a re  all
n -c ve- r 50 ye a rs old. m u c r ul ,ru ,S t h u n s  f a r , n - u m f ’,gt’st t i n m i t  I h u n - c  r u n h j c - c t  s h n ; ive n - FEC
p ru uf i 1 m ’ s  m u m m m p a t  i hl e w i t h  those of n o r m a l s u bj  cu t s  i n n - m u l c h e d  on age . These
p r e l i n u i r n - a r y  r e s u i l  ts , i f s u s t a i n e d , co rn - f i rm  t ine  f i n d i n g s  of Mn -ru n - son amid P e u r d i c k
( 19 7 3 ) .
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