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HINR1CHSEN, J. J., M. KATAHN AND R. W. LEVENSON. Alcohol-induced state-dependent learning in non-alcohol- 
ics. PHARMAC. BIOCHEM. BEHAV. 2(3) 293-296, 1974. - The generality of the dissociative effects of a high dosage 
(1.40 g/kg.) of rapidly ingested ethyl alcohol in non-alcoholic human subjects was examined. Verbal memory was found 
to be more susceptible to dissociation than either motor-skills learning or autonomic (heart-rate) control training. The 
dissociation of the verbal material appeared to be asymmetrical in that subjects who originally learned the material 
while intoxicated but were tested 48 hr later while sober showed a greater memory decrement than a group which 
learned the material originally while sober but was tested while intoxicated. 

Ethyl alcohol Dissociation Verbal Motor Autonomic Non-alcoholics 

THE BASIC notion underlying the concept of state- 
dependent learning (SDL) is that if an organism learns a 
response while under the influence of certain centrally- 
acting drugs e.g., pentobarbital or ethyl alcohol, the newly 
acquired response will transfer or generalize to a dissimilar 
i.e., non-drugged, physiological state less well than it would 
generalize to a similar physiological state and vice-versa. 
Complete failure of transfer of learning from one state to 
another is referred to as "dissociation of learning" [10],  
"habit dissociation" [ 21 ] or just "dissociation" [ 12 ]. 

While most studies of SDL have used either rats or mice 
as subjects, several recent experiments have demonstrated 
that dissociation also occurs in man. Among the drugs 
found to produce dissociation in humans are amphetamines 
and amobarbital [4,5],  and ethyl alcohol [1 I, 17, 20, 21, 
22, 23].  Most studies using alcohol have employed verbal 
learning tasks [11, 20, 21, 22, 23],  although some atten- 
tion has also been given to avoidance learning [ 11 ], and to 
various physiological components of the orienting response 
[17]. 

The present study was undertaken in order to further 
explore the generality of alcohol-induced SDL in non- 
alcoholics. This objective was realized through the use of 3 
types of learning tasks not previously employed. In addi- 
tion, this study employed the highest dosage of alcohol yet 
reported in the literature. The purpose of using a very high 
alcohol dose was to maximize the probability that dissocia- 
tion would be observed if, in fact, the types of learning in 
which subjects engaged were subject to dissociation. 

METHOD 

Subjects 

Forty volunteer males having a mean age of 19.7 years 

(SD = .90) and a modal class standing of sophomore were 
recruited from the population of Vanderbilt University 
undergraduates. None of the subjects reported any history 
of problems with alcoholism, diabetes, or epilepsy. The sub- 
jects were informed that they might or might not receive 
alcohol during one or more of the 2 experimental sessions 
depending upon their random assignment to a group. 

Learning Tasks and Apparatus 

The present study employed 3 tasks which can be rough- 
ly differentiated in terms of the relative importance of 
verbal skill, nonverbal motor  co-ordination and autonomic 
sensitivity involved in the acquisition and retention of the 
skill involved. 

Task 1. Verbal learning. As a measure of verbal learning 
th i s  s t u d y  employed ten number-word (one-syllable 
common nouns) pairs. The reason for employing this task, 
as opposed to a serial learning task which has been used in 
some prior research, is that the paired-associate learning 
process is often considered to be more representative of the 
things people do when they learn verbal material under 
ordinary conditions e.g., foreign language learning, [8]. 
From this theoretical point of view, the paired-associate 
tasks assumes special importance in that it is the model 
example of the classical associative process i.e., the estab- 
lishment of S-R bonds. 

Task 2. Motor skills learning. The second task employed 
in the present study had as its most distinguishing feature a 
greater emphasis on the motor  component of learning than 
Task 1. Task 2 was a mirror-drawing (MD) task (see [19] 
for a complete description of this task), and was included in 
order to determine whether a skill characterized by the 
additional involvement of a significant distal motor  compo- 
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nen t  would  be as suscept ib le  to  d i ssoc ia t ion  as, for  
example ,  verbal  learning.  

M i m e o g r a p h e d  6 -po in ted  s tar ts  wh ich  were 20 .32  cm 
f rom po in t -oppos i t e s  were used as s t imuli .  When  viewed in 
a mi r ro r  the  po in t s  were seen to  be n u m b e r e d  f rom 1 to 6. 
The  d i s tance  b e t w e e n  the  inside and  outs ide  of  the  l ines 
was 0 .476  cm e x c e p t  at the  po in t s  of  the  s tar  where  the  
l ines were 1.42 cm apar t .  

Task 3. Heart-rate control training. This  was a psycho-  
physio logica l  task wh ich  at the  p resen t  t ime c a n n o t  be 
easily cha rac te r i zed  in t e rms  of  the  roles of  cogn i t ion  
(cen t ra l  ne rvous  sys tem) ,  the  a u t o n o m i c  nervous  sys tem,  
and  m o t o r - c o m p o n e n t s  (e.g., musc le  tens ion) .  Thus ,  this  
task was inc luded  w i th  the  o the r s  in o rder  to  provide  fur- 
t he r  ev idence  wi th  regard to  the  genera l i ty  of  d issocia t ion ,  
in spi te  of  the  fact  t ha t  the  processes  involved in the  acquis- 
i t ion  of  hear t - ra te  con t r o l  are no t  ye t  well u n d e r s t o o d .  

Hear t - ra te  (HR)  data  were r ecorded  b ipo la r ly  using 
B e c k m a n  B iopo t en t i a l  Skin Elec t rodes  a t t ached  to the  sub- 
j ec t ' s  r ib cage. The  e l ec t roca rd iog raph  signal was amplif ied 
by  a Grass Model  7 po lyg raph  and  the  ampl i f ied  signal was 
c o n n e c t e d  to an analog i n p u t  of  a Hewle t t  Packard  2 1 1 4 A  
digital c o m p u t e r .  T he  c o m p u t e r  was used on-l ine to  per- 
fo rm several ope ra t ions :  to  d e t e r m i n e  HR;  to provide  HR 
feedback  to the  sub jec t ;  and  to record  the  n u m b e r  of  hear t  
rate i n t e r b e a t  intervals  ( IBI ' s )  wh ich  m e t  cr i ter ion.  

F e e d b a c k  was p resen ted  via a digital  r e a d o u t  device 
p laced ho r i zon ta l l y  on  a table  in f ron t  of  the  subject .  The  
i l lumina ted  digit was u p d a t e d  at the  end of  each  hea r t  bea t  
interval .  HR f eedback  was m e a n  c o n t i n g e n t ,  i.e., based on  
the  m e a n  IBI of  a 50-bea t  basel ine  per iod  wh ich  p receeded  
each con t ro l  trial.  Thus ,  sub jec t s  were a lways  t ry ing  to con-  
t rol  HR w i t h  re fe rence  to r ecen t ly  d e t e r m i n e d  baselines.  
Mean basel ine  IBI plus or minus  20 msec intervals  were 
es tab l i shed  for  the  digits be low and  above  4 such t h a t  HR 
increases (IBI decreases)  f rom the  basel ine  level caused 
h igher  digits to  be i l lumina ted  and  HR decreases  (IBI in- 
creases) caused lower  digits to  be i l lumina ted .  The  range of  
possible  digits was f rom 1 to 7 wh ich  r ep resen ted  an  IBI 
range of  140 msec.  

This  f eedback  sys tem provided  subjec ts  w i th  a s t ra ight-  
fo rward  task. On  HR increase  tr ials  subjects  were to keep a 
n u m b e r  h igher  t h a n  4 i l lumina ted  and on  decrease  trials the  
objec t  was to keep n u m b e r s  lower  t h a n  4 i l lumina ted .  

Procedure 

F o r t y  subjec ts  were assigned r a n d o m l y  to 1 of  4 g roups  
of  10 subjec ts  each. T he  subjec t s  were asked no t  to  eat  
a n y t h i n g  for  two  hours  pr ior  to  r epor t ing  to the  l abo ra to ry .  
T h e y  were also asked no t  to  d r ink  any  a lcohol ic  beverages  
for  24 hr  pr ior  to  repor t ing .  One  g roup  (A-A) had  a lcohol  
dur ing  b o t h  e x p e r i m e n t a l  sessions. A second g roup  (A-N) 
had  a lcohol  in the  first session bu t  no t  in the  second.  The  
th i rd  g roup  (N-A) did no t  have a lcohol  in the  first session 
b u t  did have it in the  second  session. The  f o u r t h  g roup  
(N-N) did no t  have a lcohol  in e i the r  session. No sub jec t  
knew in advance  of  e i the r  session w h e t h e r  or  no t  he  was to 
have a lcohol  in t h a t  session. 

The  subjec ts  w h o  received a lcohol  were given a dosage of  
1.40 g of  a lcohol  per  kg of  b o d y  weight  d i lu ted  2:1 in 
orange  juice.  Abso lu t e  a lcohol  (Gold  Shield 200  p roof )  was 
used in order  to  al low for  precise dosage con t ro l .  The  sub- 
jects  were a l lowed one  hr  to  ingest  the  a lcohol  wh ich  was 
admin i s t e r ed  in equal  po r t i ons  every 10 min.  

Five to 10 rain fo l lowing the  c o m p l e t i o n  of  a lcohol  in- 
take  (or  5 to  10 min  af te r  the i r  arrival for  subjec ts  no t  
having  a lcohol ) ,  subjec ts  began  work  on  one  of  the  3 tasks. 
The  o rde r  of  task c o m p l e t i o n  was r a n d o m i z e d  wi th  the  
e x c e p t i o n  t ha t  all subjec ts  c o m p l e t e d  the  HR task e i the r  
first or last in a session, never  second.  This  was necessary  
because  the  HR task t o o k  a p p r o x i m a t e l y  the  same a m o u n t  
of  t ime  as the  o the r  two  tasks c o m b i n e d .  

The  i n s t ruc t i ons  for  the  pai red-associa ted ,  MD and HR 
con t ro l  tasks were tape  r ecorded  and  p layed  for  each sub- 
j ec t  i m m e d i a t e l y  p r io r  to  the  respect ive  tasks. 

The  p rocedu re  for  a typ ica l  subjec t  in Session I ran as 
fol lows.  Af te r  having f in ished c o n s u m i n g  his a lcohol  he was 
seated at a tab le  and  the  pai red-associa tes  task was com- 
p le ted .  Fo l lowing  a few m i n u t e s  rest ,  he was seated at  a 
d i f fe ren t  table  above  which  was suspended  a large mi r ro r  
in to  wh ich  he was to look  while car ry ing  ou t  the  MD task. 
A c lo th  screen p r e v e n t e d  the  subjec t  f rom di rec t ly  observ- 
ing his hands .  Five trials were given on  this  task. Af te r  
comple t i ng  the  pai red-associa te  and  MD tasks (which  t o o k  
35 to 40 rain),  the  subjec t  was given a Brea tha lyze r  test  to  
d e t e r m i n e  the  pe rcen t  a lcohol  in his b lood .  D o n i n g a n  [9] 
discusses this  p rocedure ,  its re l iabi l i ty ,  and val idi ty  in 
detail .  

F ina l ly ,  the  subjec t  was escor ted  to a n o t h e r  room and  
seated in a c o m f o r t a b l e  recl ining chair.  The  e lec t rodes  were 
t hen  a t t a ched  to his rib cage and a 5 min  a d a p t a t i o n  per iod  
was begun.  HR basel ines  were d e t e r m i n e d  on  the  basis of  
50 hea r t -bea t  per iods  while  con t ro l  trials were 75 bea ts  
long. The  order  of  increase and  decrease  trials was r andom-  
ly d e t e r m i n e d  and inc luded  9 increase  and  9 decrease trials 
for  a to t a l  of  18 con t ro l  trials in each  session. A new base- 
l ine was f o u n d  b e t w e e n  each trial. 

Fo r ty -e igh t  hr  a f te r  the i r  first session subjec ts  r e tu rned  
to the  l a b o r a t o r y  and repea ted  all of  the  tasks in the  same 
order  t h a t  t hey  had c o m p l e t e d  t h e m  in the  first session. 
One  d i f fe rence  which  occur red  in Session II was on  the  
pai red-associa te  task. On  this  task the  first tr ial  in Session lI 
was a tes t  tr ial  and no t  a t r a in ing  trial  as in Session I. 

RESULTS 

F o r t y  m i n u t e s  a f te r  inges t ion ,  the  4 g roups  t ha t  received 
a lcohol  did no t  d i f fer  s igni f icant ly  in b lood-a l coho l  level. 
Th ree  of  the  means  were 0 .15% and one  was 0.16%. With  
these  b lood  a lcohol  levels sub jec t s  were visibly i n tox i ca t ed  
in t ha t  there  was some slurr ing of  speech,  gross m o t o r  
i m p a i r m e n t ,  and  verbal  repor t s  of  feeling qui te  d runk .  

Scores for  the  MD task were o b t a i n e d  by  b o t h  the  exper-  
i m e n t e r  and an i n d e p e n d e n t  ra ter  by  c o u n t i n g  the  n u m b e r  
of  t imes  a sub jec t  e i the r  t o u c h e d  or wen t  ou ts ide  of  the  
lines of  the  s tar  and  adding to this  c o u n t  the  t ime ( in 
seconds)  t aken  to comple t e  each trial  [ 1 9 ] .  It is i m p o r t a n t  
to  no te  tha t ,  in general ,  the  n u m b e r  of  seconds  and  n u m b e r  
of  errors  were of  the  same order  of  m a g n i t u d e  per  trial  
across subjects .  The  scores for  the  5 trials in each session 
were t hen  s u m m e d  to yield an over-all score for  each ses- 
sion. P r o d u c t - m o m e n t  cor re la t ions  b e t w e e n  the  er ror  scores 
ind ica ted  t ha t  the  i n t e r r a t e r  rel iabi l i ty of  this  scoring 
m e t h o d  was 0.93 for  Session I and 0.95 for Session II. 
Having es tab l i shed  t ha t  the  MD scores were rel iable,  the  
scores ob t a ined  by  the  i n d e p e n d e n t  ra ter  were used in sub- 
s equen t  analyses.  

MD scores were sub jec ted  to a square - roo t  t r ans fo rma-  
t ion  in order  to  br ing t h e m  in to  c o n f o r m i t y  wi th  the  h o m o -  



W 

0----0 A-A 
C OA-N 
0 0 N - A  

H N - N  

Z 

~ 5 0 , 0  

~o25.0 
n.- 

~ 20.0 

P, 
,,, J5.o 

ALCOHOL-INDUCED STATE-DEPENDENT LEARNING 295 

I I 

I n" 
SESSION 

FIG. 1. Mean MD scores as a function of alcohol condition and 
experimental session. 

geneity assumption of the analysis of variance method. 
These data were subsequently analyzed in a 2 × 2 × 2 
(Alcohol Condition at Original Learning x Alcohol Condi- 
tion at Relearning × Sessions) ANOVA. The 8 means ob- 
tained from this analysis are presented in Fig. 1. Groups 
A-N and A-A performed significantly more poorly, F(1,36) 
= 30.49, p<0.001,  than groups N-A and N-N during original 
learning (Session 1), but not during relearning (Session II). 
A significant second-order interaction which would have 
indicated state-dependence did not obtain, F(1,36) = 1.88, 
p>0.10. 

Since, unlike MD performance, all subjects were taken to 
the same learning criterion on the paired-associated task, 
errors to criterion in Session II for this task were analyzed 
in a 2 × 2 (Alcohol Condition at Original Learning x Alco- 
hol Condition at Relearning) ANOVA. Mean Session II 
errors for the groups were: A-A = 3.3; A-N = 6.5; N-A = 
8.1; N-N = 6.3. The interaction effect was nearly signifi- 
cant, F(1,36) = 3.40, p = 0.07, with groups A-N and N-A 
tending to make more errors during relearning than groups 
A-A and N-N. A comparison between groups N-N and N-A 
indicated a non-significant difference (t = 1.35; df = 36; 
0.10<p<0.05;  one-tailed) while a comparison between 
groups A-A and A-N did yield a reliable difference (t = 
2.40; df= 36; p<0.025 ; one-tailed). 

An ANOVA was carried out on the IBI data in order to 
determine whether subjects were able to significantly 
change their HRs. This analysis indicated that while sub- 
jects were able to significantly, F(1,36) = 126.40, p<0.001, 

increase and decrease their HRs, the magnitude of the 
changes was not dependent upon the number of training 
trials which subjects had experienced. 

The consistency with which subjects were able to pro- 
duce HR changes was evaluated with an ANOVA on the 
number of heart beats in the correct direction (i.e., at least 
20 msec faster or slower than the baseline mean). This 
analysis revealed that the consistent production of HR 
changes was not a function of training. 

DISCUSSION 

With respect to verbal learning, the present data seem 
generally consistent with previous research in this area. Of 
particular interest, however, is the finding that even with 
the high dosage of alcohol used in the present study, the 
degree of observed dissociation was greater for group A-N 
than for group N-A. This phenomenon, known as asymmet- 
rical dissociation, has been observed previously with both 
animals [1", 3, 6, 7, 15] and man 11,17]. Overton [16] 
pointed out that the significance of asymmetrical dissocia- 
tion is not yet clear. He speculated that a summation of 
dissociative and other drug effects may be responsible for 
apparent asymmetrical dissociation but he cautioned that 
the parameters involved have not been carefully investi- 
gated. Further research is needed to determine whether 
asymmetrical dissociation is a real phenomenon or an arti- 
fact resulting from a combination of drug effects, task 
demands, or multifactorial interaction effects. 

The data from the MD task showed no indication of 
SDL. This finding, along with the relatively weak dissocia- 
tion observed in the paired-associated data, provide empiri- 
cal support for the suggestion [ 11,22] that learning tasks 
on which there occurs considerable overlearning are less 
susceptible to drug-induced dissociation. This result further 
reaffirms the contention that the choice of appropriate 
learning tasks is essential to the furtherance of knowledge 
about SDL. The identification of characteristics of tasks 
which are more or less susceptible to dissociation should 
considerably enhance the possibility of testing alternative 
theoretical accounts [14, 16, 18] of SDL. 

The failure to demonstrate a learning curve (defined as 
an increase in the number of beats in the correct direction 
as a function of the number of training trials) for the heart 
rate control tasks makes an interpretation of the results in 
terms of a dissociation hypothesis untenable. This finding, 
while disappointing, is not particularly surprising in view of 
the lack of conclusive evidence that human subjects 
actually learn to control their HRs. Much of the evidence to 
date seems to indicate that subjects adopt a particular 
strategy e.g., muscle tension, respiratory changes, or mental 
imagery, to alter HR and then use this strategy with greater 
or lesser success independent of the number of training 
trials they have received. 

In conclusion, two points concerning the relevance of 
the present study to future research on SDL need to be 
made. The first concerns the hypothesized continuous 
nature of dissociation of learning is at least a partial func- 
tion of the dosage of the particular drug being used. In the 
present study subjects were given a very high dosage of 
alcohol in a very short time yet the dissociative effects of 
the alcohol on verbal learning were not pronounced. It 
therefore seems essential that future parametric studies of 
the continuity issue be carried out using learning tasks, per- 
formance criteria, and experimental designs which are 
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e x t r e m e l y  sensi t ive to  the  dissociat ive p roper i t e s  of  the  
drug  of  in te res t .  

The  second  p o i n t  to  be made  conce rns  the  s ta tus  of  
cu r r en t l y  exis t ing theo re t i ca l  e x p l a n a t i o n s  of  SDL and  the  
fu tu re  of  research in this  area. A l t h o u g h  several theore t i ca l  
mode l s  of  SDL have been  of fe red  [14,  16, 18] the  evidence  
re la ted  to these  mode l s  has  b e e n  equivocal  a t  bes t .  The  
basic processes  u n d e r l y i n g  SDL are n o t  well  u n d e r s t o o d ,  
no r  is it unequ ivoca l l y  clear which  drugs, dosages,  tasks,  
and  sub jec t  p o p u l a t i o n s  i n t e r ac t  to  p roduce  dissocia t ion.  
F u t u r e  research  shou ld  p roceed  a long at least  two  genera l  
pa ths .  Firs t ,  m o r e  research  shou ld  be devo ted  to the  f u r t h e r  
e x a m i n a t i o n  of  p o t e n t i a l  basic d e t e r m i n a n t s  of  d issocia t ion .  

With  respect  to  a lcohol ,  Beard [2]  has r epo r t ed  some pre- 
l iminary  ev idence  which  ind ica tes  t ha t  a lcohol  al ters  b o t h  
the  intra-  and  ext ra-ce l lu lar  e lec t ro ly t ic  ba lances  in the  
bra in ,  thus  leading to  a l te red  firing po t en t i a l s  in the  affect-  
ed neurons .  This  t ype  of  ev idence  could  easily bear  u p o n  
the  exp lo r a t i on  of  d i ssoc ia t ion  at the  physiological  level. 
Second ,  research shou ld  c o n t i n u e  in the  d i rec t ion  of  a 
f u r t he r  e l abo ra t i on  of  the  k inds  of  agents ,  dosages of  these  
agents ,  tasks,  and  subjec t  popu l a t i ons  wh ich  in te rac t  to  
p r o d u c e  d issocia t ion .  Research  along these  l ines should  
yield more  i n f o r m a t i o n  a b o u t  b o t h  the  effects  of  var ious  
chemica l  agents  on  learn ing  and  on  the  basic m e c h a n i s m s  
unde r ly ing  the  p h e n o m e n o n  of  d issocia t ion .  
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