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Marijuana and Memory Impairment: the 
Effect of Retrieval Cues on Free Recall ' 
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MILLER, L., T. CORNETT, D. BRIGHTWELL, D. MCFARLAND, W. G. DREW AND A. WIKLER. Marijuana and 
memory impairment: the effect of retrieval cues on free recall. PHARMAC. BIOCHEM. BEHAV. 5(6)639-643 ,  1976. - 
In an attempt to ascertain the effect of retrieval cues on recall deficits which occur following intoxication with marijuana, 
40 male volunteers were presented with word lists following the smoking of a single one gram marijuana (0.94% zx9 -THC) 
or placebo cigarette and then were required to recall these words immediately after presentation. Recall occurred under a 
condition in which cues representative of to-be-remembered words were present or in an uncued condition. Results 
indicated that recall was depressed following marijuana administration under both cued and uncued conditions with cues 
being only mildly effective in reversing the recall deficit. There was no increase in the number of internal intrusions under 
marijuana, but the number of external intrusions was significantly elevated under the cued condition. 

Marijuana Retrieval cues Recall Intrusions 

E A R L Y  inves t igat ions  of  the  acute  effects  of mar i juana  on 
the  a l t e ra t ion  of  s ta tes  of  consc iousness  were rep le te  wi th  
descr ip t ions  of  t h o u g h t  d i s tu rbances ,  as well as pe rcep tua l  
and m o o d  changes  [3, 4, 16] .  One of  the  more  p r o m i n e n t  
cogni t ive d i s to r t ions  r epo r t ed  was a t r ans i to ry  m e m o r y  loss 
for recen t  events .  Recen t  s tudies  e m p l o y i n g  s m o k e d  mari-  
j uana  or orally ingested a g _ t e t r a h y d r o c a n n a b i n o l  (a9-THC)  
have c o n f i r m e d  these  original  obse rva t ions  [1, 6, 8, 9, 10, 
13, 14, 16] .  

Free recall  paradigms have usually been  e m p l o y e d  in 
these s tudies  [1, 8, 9, 10, 16] and  it has  been  f o u n d  t h a t  
i n f o r m a t i o n  p resen ted  dur ing  the  i n t o x i c a t i o n  per iod  is less 
easily recalled t han  i n f o r m a t i o n  p resen ted  fo l lowing pla- 
cebo.  Based on  the  dual  process  m e m o r y  mode l  of  Shif f r in  
A t k i n s o n  [ 1 9 ] ,  it has  been  suggested t ha t  the ma jo r  ef fec t  
of mar i juana  is to  re ta rd  the  passage of  i n f o r m a t i o n  f rom 
shor t  t e rm to long t e rm  storage.  This h y p o t h e s i s  is 
suppo r t ed  by the  f inding t h a t  the  serial pos i t ion  curve, a U 
shaped f u n c t i o n  re la t ing p r obab i l i t y  of  recall to  serial 
po ' ; i t ion of  inpu t  i tems, is d i f ferent ia l ly  a f fec ted  by  
mari juana.  The  percen tage  of  words recal led f rom the  early 
and midd le  po r t i ons  of  the  curve which  ref lect  o u t p u t  f rom 
long t e rm  and  shor t  t e rm storage m e c h a n i s m s  respect ively,  
is reduced.  On the  o the r  h a n d  recall of  the  mos t  recen t ly  
p resen ted  i t ems  is no t  in f luenced  by  mar i juana  [ 1, 8, 9, 
101p. 

A l t h o u g h  these  resul ts  are compel l ing ,  it shou ld  be n o t e d  
tha t  fai lure to  recall  an i t em dur ing  a free recall test  does  
no t  necessari ly  mean  t h a t  the  t race of  the  i t em is no  longer  

available in m e m o r y  storage,  bu t  may  s imply mean  t h a t  the  
i t em is no t  accessible [ 2 4 ] .  Access to s tored i n f o r m a t i o n  
may  be d e p e n d e n t  on  retr ieval  cues fo rmed  dur ing  list 
p r e s e n t a t i o n  and  ut i l ized dur ing  recall. This  hypo thes i s  has 
been c o n f i r m e d  in a series of  s tudies  by  Tulving and  
associates  [21,  22, 23, 24 ] ,  who  have shown tha t  when  
cues represen ta t ive  of  t o -be - r emembered  words  are pre- 
sen ted  pr ior  to  recall, a s ignif icant ly  grea ter  pe rcen tage  of  
words  are r e m e m b e r e d  t han  when  these  cues are n o t  
presented .  This suggests t ha t  in t rad i t iona l  free recall, more  
words  are ac tua l ly  available in m e m o r y  t han  are accessible.  

A recen t  s tudy  by Eich et al. [ 12] emp loy ing  mar i juana  
suppor t s  this  hypothes i s .  It was shown tha t  i n f o r m a t i o n  
made  inaccessible fo l lowing a change in drug s ta te  was 
recovered t h r o u g h  the  use of  retr ieval  cues. More speci- 
fically, a group p resen ted  wi th  a categor ized word list 
fo l lowing i n t o x i c a t i o n  recalled fewer  words four  hours  la ter  
under  p lacebo  (asymmet r ica l  d issocia t ion)  t han  did groups 
receiving mar i juana  or p lacebo  on  b o t h  occasions.  However,  
when  ca tegory  cues represen ta t ive  of  the  t o -be - r emembered  
words were p resen ted  pr ior  to recall,  this  t r ans fe r  defici t  
was a t t enua t ed .  

While the  Eich et al. [12]  results  suggest t ha t  retr ieval  
cues can reverse impai red  recall which  occurs  as a f unc t i on  
of drug s ta te  change,  it is no t  k n o w n  w h e t h e r  cues provided  
dur ing the  per iod  of  i n t o x i c a t i o n  would reverse m e m o r y  
defici ts  p roduced  by mar i juana .  Therefore ,  the purpose  of  
the p resen t  s tudy  is to  de t e rmine  w h e t h e r  mater ia l  learned 
fol lowing mar i juana  i n t o x i c a t i o n  might  be made  accessible 
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in m e m o r y  wi th  the  use of retr ieval  cues, even t h o u g h  it 
does no t  appear  to  be available. 

T A B L E  1 

SCHEME OF THE EXPERIMENTAL PROCEDURES 

METHOD 

Su b/e c ts 

F o r t y  male vo lun tee rs  who  were cons idered  mode ra t e  
smokers  of mar i juana  (2 4 t imes per  week) were recru i ted  
for  the  s tudy.  All Ss ranged in age f rom 2 1 - 2 8  years and  
each was paid $15 for  par t ic ipat ing.  Prior to  the  s tudy,  they  
were screened for  men ta l  and physical  hea l th  emp loy ing  a 
br ief  in terview,  MMPI, physical  examina t ion ,  and a series of 
l abora to ry  tests, inc luding a liver f unc t i on  test,  ur inalysis  
and e lec t rocard iogram.  All Ss were asked to refrain f rom 
smoking  mar i juana  for  four  days pr ior  to testing. 

Design and Procedures 

Upon  arrival in the  l abora to ry ,  Ss were assigned to a 
mar i juana  (M) or p lacebo  (P) cond i t ion .  The groups  were 
roughly equa ted  on  the  basis of  WAIS vocabu la ry  sub tes t  
scores. Prior to smoking  they  were told they  would be 
par t ic ipa t ing  in an e x p e r i m e n t  which  would test  the i r  
abi l i ty to  r e m e m b e r  words.  Taped  ins t ruc t ions  ind ica ted  
tha t  they  would hear  a series of  word lists wi th  one word 
p resen ted  every three  seconds.  Immed ia t e ly  fol lowing list 
p resen ta t ion ,  they  were requi red  to write down in any 
order  as many  words as they  could r emember .  A given list 
of words  was p resen ted  three  t imes. 

Two lists of  35 words  were drawn f rom T h o r n d i k e  and 
Lorge [20]  norms,  wi th  f requencies  of  occur rence  f rom 
1 0 - 4 0  per  mill ion.  An answer sheet  was p rov ided  wi th  the  
init ial  l e t te r  of  each word in the  list p r in t ed  in the  o rder  of 
p re sen ta t ion  at  the  top.  These le t ters  served as retr ieval  cues 
and have been  previously  shown  to be highly effect ive in 
this c o n t e x t  [ 11 ]. In the  cued cond i t ion ,  Ss were told t ha t  
these cues would be available dur ing  p r e s en t a t i on  of  the  
lists and  dur ing  the  r e t e n t i o n  test ,  and could be used in any  
way they  wished in order  to  help t h e m  organize  the i r  
t hough t s  for  recall. In the  u n c u e d  cond i t ion ,  the  same 
ins t ruc t ions  were given excep t  tha t  Ss were told t ha t  the  
retrieval cues would be r em oved  pr ior  to the  recall test. At  
least 5 m inu t e s  was al lowed for recall ing each list. Pr ior  to  
smoking,  Ss were given sample lists of 10 words each in 
b o t h  cued and u n c u e d  condi t ions .  Order  of  lists and cueing 
cond i t ion  were c o u n t e r b a l a n c e d  wi th in  M and P groups.  All 
expe r imen ta l  p rocedures  are l isted in Table 1. 

Drug administration. Mari juana cigaret tes  ob ta ined  f rom 
the Nat iona l  Ins t i tu t e  of Drug Abuse  were e m p l o y e d  in this  
s tudy.  Subjects  smoked  a single one gram cigaret te  con-  
ta ining 0.94% Ag-THC (9.4 mg) or a p lacebo  mar i juana  
cigaret te  f rom which  all THC had been  exhaus ted .  A 
s tandard ized  smoking  p rocedure  was employed .  Fol lowing 
p resen ta t ion  of the sample lists, each par t i c ipan t  was 
p resen ted  with a single cigaret te ,  i n s t ruc t ed  to inhale 
deeply,  ho ld  the  smoke  in his lungs for 10 15 sec, exhale  
and then  wait  30 45 sec before  taking the nex t  puff.  Puff  
inspi ra t ion  was supervised and t imed  by the  exper imen te r .  
Smoking  t ook  be tween  7 and 10 min and Ss were required 
to smoke  as m u c h  of the  c igaret te  as possible.  All tes t ing 
was u n d e r t a k e n  in a comfor t ab l e  room and was comple t ed  
in a single session. 

Pulse rate measures  were t aken  before  smoking,  at the 
end of  smoking,  15 min  af te r  smoking  and  at the  end of  the  
session. At  the  comple t i on  of test ing,  each S ra ted  the  

Elapsed Time 
Since Drug 
Administration 

1 min. 
15 min. 

20 min. 

40 min. 

45 min. 

50 min. 

Instructions 
Presentation of practice lists 
Pulse rate measure 
Drug or placebo administration 

Pulse rate measure 
Pulse rate measure 

Presentation and immediate recall of 
cued or uncued lists 

Presentation and immediate recall of 
second set of cued or uncued lists 

Potency and pleasantness ratings 

Pulse rate measure 

in tens i ty  of  his h igh and its p leasantness  on a 0 - 1 0 0  po in t  
scale. 

RESULTS 

Pulse Rate 

The mean  pulse rate for M and P groups  pr ior  to 
smoking  was 69.9 (_+ 12.63) and 68.8 (± 8.37)  beats  per  
minu te  respectively.  Pulse ra te  values immedia t e ly  af ter  
smoking,  15 rain af ter  smoking,  and at the  end of the  
session rose to a mean  of 99, 94.9 and 76.7 beats  per  
minu te  respect ively  for the  M group.  The co r re spond ing  
means  for P cont ro l s  were 73.4, 71.7 and 66.55 beats per  
minu te .  A dose x t ime analysis of variance ind ica ted  tha t  
mar i juana  s ignif icant ly  increased pulse ra te  over cont ro l  
values, F (1 ,38)  = 15.67, p < 0 . 0 0 8 ,  and tha t  this  increase 
was d e p e n d e n t  on  t ime  of  m e a s u r e m e n t ,  F ( 3 , 1 1 4 ) =  66.63,  
p < 0 . 0 0 0 1 ,  wi th  the  mos t  p r o m i n e n t  changes  occurr ing 
immedia te ly  and  15 min af ter  smoking.  This was ref lec ted  in 
the s ignif icant  dose x t ime in te rac t ion ,  F (3 ,114)  = 31.36,  
p < 0 . 0 0 0 1 .  Newman-Keuls  mul t ip le  compar i son  tests indi- 
cated tha t  pulse rate t aken  immedia t e ly  and 15 min  
fol lowing smoking  was s ignif icant ly elevated over con t ro l  
levels ( p < 0 . 0 1 ) .  The final pulse ra te  measure  was no t  
s ignif icant ly  elevated over baseline. The signif icant  increase 
in pulse rate is comparab le  to  tha t  f ound  by o the r  
invest igators  [7 ] .  The slight e levat ion in pulse rate in 
p lacebo  subjects  immedia te ly  fol lowing smoking  has been 
repor ted  elsewhere [5] and may  be a ref lec t ion  of  an 
emo t iona l  response as the S an t ic ipa tes  becoming  intoxi-  
cated. 

Potency and Pleasure Ratings 

M subjects  ra ted the i r  smoking  mater ia l  as being more  
po ten t ,  ( t  (38)  = 8.30 p < 0 . 0 0 0 1 ) ,  and the  exper ience  more  
pleasant  (t  (38)  = 3.16, p < 0 . 0 0 3 ) ,  t han  controls .  The mean  
rat ings for the  drug Ss were 67.5 (+ 18.20) and 65 (* 
19.33) for po t ency  and  p leasantness  respect ively,  while P 
cont ro l s  gave mean  values of 28 (+ 11.46) and 47 (+ 17.21). 
For  M Ss, po t ency  and pleasure rat ings were s ignif icant ly  
corre la ted  wi th  each o the r  (r (18)  = 0.60, p < 0 . 0 0 5 ) ,  bu t  
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nei ther  of  these variables was significantly correlated with 
total  recall of  words or changes in pulse rate at any t ime 
interval. In the P group, the correlat ion be tween  pleasure 
and po tency  ratings was not  significant. 

Cued vs Uncued Recall  

A three way analysis of  variance (cued versus uncued 
recall; M versus P; recall over successive lists) was per formed  
for number  of  recalled words. Significant main effects  were 
found for the drug variable with M producing inferior  recall 
in comparison to P, F(1,38) = 11.26, p<0 .002 ,  and the 
cued variable with cued recall being superior to uncued 
recall, F(1,38)  = 20.19, p<0 .0002 .  Also, recall improved 
significantly across list presentat ions,  F(2,76)  = 353.55, 
p<0 .0001 .  

Drug condi t ion  interacted with the cue variable pro- 
ducing marginal significance, F ( 1 , 3 8 ) =  3.79, p<0 .06 .  The 
mean number  of  words recalled across the three lists by 
each group were as follows: P cued 67.10 (-+ 19.6); P 
uncued 54.45 (+ 16 .9 ) ;M cued 46.35 (+ 15 .9 ) ;M uncued  
41.35(+ 15.8). Newman-Keuls  mult iple comparison tests 
indicated that  the difference be tween the cued and uncued  
means both reached significance, (p < 0.01) and (p < 0.05) 
respectively. Also the P group recalled significantly more 
words under  cued than uncued  condit ions,  (p < 0.05). This 
comparison did not  reach significance in the M group. The 
two-way interact ions of  drug condi t ion  and list presenta- 
tion and cue condi t ion  and list presentat ion were both  highly 
s i g n i f i c a n t ,  F(2 ,76)  = 5.29 and F(2,76)  = 5.30, both  
(p<0.007) .  These interact ions are presented in Fig. 1. Not  
only was recall higher fol lowing each list presentat ion under P 
in comparison to M and following cues in comparison to their 
absence, but  an analysis of  or thogonal  trends indicated that  
the linear slopes differed for P and M groups, F (1,38) = 
6.77, p<  0.01, and for the cued and uncued condi t ion,  F 
(1,38) = 6.39, p< 0.02. Rate of  list acquisi t ion was more 
p ronounced  in the P and cued condit ions.  

Al though the triple in teract ion of  drug, cue and list 
condi t ion  did not  reach significance, an examina t ion  of the 
cell means compris ing this in teract ion suggested that  a 
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FIG. 1. Mean number of words recalled over three word list 
presentations as a function of drug and cueing conditions. 
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FIG. 2. Mean number of words recalled over three word list 
presentations under cued and uncued recall conditions for marijuana 

and placebo groups. 

positive cueing effect  was present in the P group on each of  
the three list presentat ions while the M group appeared to 
display a cueing advantage on the second and third list 
presentat ions only. This can be seen in Fig. 2. A cue x trial 
analysis of  variance run separately for P and M groups 
conf i rmed these observations for the P group, a significant 
cueing effect  was noted,  F ( I , 19 )  = 24.49, p < 0 . 0 0 0 2 .  The 
main effect  for lists was also significant, F ( 2 , 3 8 ) =  232.18,  
p<0 .0001 ,  but  the cue x trial in teract ion was not.  For  the 
M group the cue effect  did not  reach significance, but the 
effect for trials did, F(2 ,38)  = 131.37, p<0 .0001 .  Of 
particular interest  was the significant cue X list in teract ion,  
F(2,38)  = 5.00, p<0 .01 ,  which indicated that  cues were 
effective only on the last two lists. Multiple comparison 
tests indicated that  the P group per formed significantly 
better  under  the cued condi t ion  on each of  the three lists 
(p<0 .05 ;  p < 0 . 0 0 1 ;  p<0 .001) .  On the other  hand the M 
group displayed superior per formance  on the second and 
third lists only (p<0.01 ; p < 0 . 0 1 ) .  

In trusions 

The number  of intralist and extralist intrusions for M 
and P groups was calculated. A 2 x 2 analysis of variance 
(cued versus uncued;  M versus P) was per formed on the 
number  of  extralist  intrusions. Al though no significant 
main effects were found,  the cue × drug condi t ion  
interact ion did reach marginal significance, F ( 1 , 3 8 ) =  3.74, 
p<0 .06 .  Multiple comparison tests revealed that the M 
group made significantly more intrusion errors in the cued 
condi t ion in comparison to the P group, (p<0.05) .  No 
other  comparisons were significant. A similar analysis for 
intralist intrusions revealed no significant main effect  or 
interactions.  There was no significant correlat ion be tween 
numbers of  either type of  intrusions and total  recall in 
either group. 

DISCUSSION 

The present results indicate that recall of word lists was 
greatly reduced fol lowing in toxica t ion  with M in compari-  
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son to P. Retr ieval  cues were effect ive in making  more  
i n fo rma t ion  accessible t han  appeared  to be available in b o t h  
groups. However,  cue p re sen t a t i on  was not  effect ive in 
increasing the recall of  the  M group to a level com- 
mensura te  with  the pe r f o r m ance  of the  P group.  In fact,  the 
P group displayed a greater  cued recall advantage  when  
compared  to the  M group.  Also, the  absence of cues and 
in tox i ca t i on  p roduced  an infer ior  rate of  list acquis i t ion  in 
con t ras t  to the  presence  of  cues and P. 

These f indings differ  somewha t  wi th  those  r epo r t ed  by  
E i c h e t  al. [ 1 2 ] .  In tha t  s tudy,  the  use of retr ieval  cues 
e l iminated  asymmet r ica l  d issociat ion p roduced  by M. Thus.  
while cueing may a t t e n u a t e  drug s tate  change deficits,  the  
r educ t ion  in recall dur ing the  per iod of i n tox i ca t i on  is no t  
e l iminated  t h r o u g h  the use of  cues. 

However,  the type  of retr ieval  cue emp loyed  is a variable 
which should  be taken  in to  accoun t  in evaluat ing the  
effect iveness  of retrieval cues. The ca tegory  cues employed  
by Eich e t  al. might  be more  powerfu l  retr ieval  cues than  
initial le t ters  of words. A more  p o t e n t  retr ieval  cue might  
allow par t ia l ly  learned i tems to be recalled. By part ial  
learning it is m e a n t  tha t  i tems of  i n f o r m a t i o n  are no t  s tored 
in an all- or none  fashion;  ra ther ,  i tems are s tored at d i f ferent  
s t rengths  or intensi t ies .  If recall of an i tem is d e p e n d e n t  on 
it achieving some th resho ld  level or s t rength ,  a more  p o t e n t  
retrieval cue would  be t t e r  benef i t  recall. Thus,  the  signal 
s t rength  of a t o - be - r em em ber ed  i tem fol lowing cueing 
would be increased al lowing recall to occur  [25 ] .  While this  
hypo thes i s  has in tu i t ive  appeal,  there  is no  way to ascertain 
in advance  whe the r  a given cue is more  p o t e n t  than  
another .  Cue p o t e n c y  is de t e rmined  by w h e t h e r  a retrieval 
cue effect ively increases cued recall over  uncued  recall. In 
the present  s tudy,  first l e t te r  cues were qui te  powerful  as 
retrieval cues in the  P group,  bu t  no t  s t rong enough  to 
e l iminate  the  recall i m p a i r m e n t  in the  M group.  Other  results  
f rom our  l abora to ry  also indica te  tha t  cues consis t ing of  
q u e s t i o n s  c o n c e r n i n g  a passage of prose do not  
e l iminate  the defici ts  p roduced  in the free recall of this 
mater ial  ( unpub l i shed  observat ions) .  

Previous studies conce rn ing  the effects  of M on free 
recall have suggested tha t  the  mechan i sm by which  the  drug 
acts is to reduce  the  t ransfe r  of i n f o r m a t i on  f rom shor t  
t e rm to long te rm storage. On the o the r  hand ,  the  recall of  
i n fo rma t ion  learned pr ior  to drug admin i s t r a t ion  is no t  
affected suggesting tha t  retr ieval  processes are left  i n t ac t  [ 1, 
8, 10].  In the present  s tudy,  two h y p o t h e s e s  might  be 
emp loyed  to a cc oun t  for the overall  defici t  in recall 
p roduced  by M as well as the  greater  cueing advantage  
fol lowing placebo.  

The discussion of  the first hypo thes i s  overlaps with the 
previous discussion concern ing  s t rength  of i tems in storage. 
With the  p re sen t a t i on  of cues and mul t ip le  free recall trials, 
the trace of a word can be s t reng thened .  The  to-be- 
r e m e m b e r e d  word could be elici ted as a impl ic i t  associative 
response to a cue, the cue act ing to s t r eng then  an originally 
subl iminal  trace. For  example ,  in r e m e m b e r i n g  the word 
chair,  the implici t  associa t ion made  to the word might  be 
table. Table s t reng thens  the m e m o r y  t race for chair.  M 
might  act to re tard  the  f o r m a t i o n  of impl ic i t  associative 
responses  and hence  d imin ish  trace s t rength .  This would 
generally accoun t  for lower cued recall, less of a repe t i t ion  
effect ,  and slower acquis i t ion  dur ing in tox ica t ion .  But,  this  

hypo thes i s  appears  to  be more  descr ipt ive t han  exp lana to ry  
and might  be diff icul t  to test. F u r t h e r m o r e  impl ic i t  
associative responses  are more  likely to be made  when  o the r  
words serve as cues r a the r  t han  let ters.  

A second hypo thes i s  which might  c o n t r i b u t e  to an 
unde r s t and ing  of the  present  results  has been descr ibed by 
Tulving and associates [ 2 2 , 2 4 ] .  They  have suggested t ha t  in 
free recall, s torage per  se is no t  the issue; ra ther ,  form of 
storage or accessibil i ty is the i m p o r t a n t  variable.  If the  
mater ia l  to-be- learned consists  of i tems present  in an 
individual ' s  lexicon,  the  p rob l em of  storage is c i r cumven ted  
and r e m e m b e r i n g  depends  on the  effect iveness  of  retrieval 
cues at the  t ime of test. What  is s tored consis ts  of ancil lary 
i n f o r m a t i o n  a b o u t  the t o -be - r emembered  i tems which 
segregates t h e m  f rom the rest  of an individual ' s  vocabulary .  
Cueing and mul t i t r ia l  free recall also have been shown to 
increase an individual ' s  capaci ty  for  organizing mater ia l  for  
recall [18 ,221.  This  occurs  mainly  t h rough  the  fo rma t ion  
of i n t e r i t em associat ions  which  usually results  in clusters  of 
i tems being emi t t ed  together .  This process occurs  for bo th  
cued and uncued  recall excep t  tha t  in the lat ter ,  cues are 
self genera ted  and are based on p reexpe r imen ta l  associa- 
t ions [18 ] .  Cued recall provides  more  s t ruc ture ,  and 
indeed,  on ques t ioning ,  our  P subjects  ind ica ted  they were 
be t t e r  able to cluster  i tems wi th  the use of cues. An 
e x a m i n a t i o n  of some individual  records suppor t ed  this 
c o n t e n t i o n ,  a l though  the overall  pe r fo rmance  of a n u m b e r  
of M Ss was too  low to get any adequa te  measure  of 
clustering.  However,  it is suggested tha t  in t e r fe rence  with 
this mechan i sm may be a n o t h e r  way in which  M a t t enua t e s  
recall. 

Previous studies have [8,10]  r epo r t ed  a s ignif icant  
increase in the  n u m b e r  of extra l is t  in t rus ions  fol lowing 
in tox i ca t i on  employ ing  free recall me thods .  The present  
s tudy also n o t e d  this p h e n o m e n o n ,  bu t  the  increase in 
in t rus ion  errors occur red  mainly  in the  cued ra ther  than  
uncued  condi t ion .  In teres t ingly ,  there  was no  significant  
cor re la t ion  be tween  n u m b e r  of ex terna l  in t rus ions  made 
and to ta l  n u m b e r  of words recalled. Darley and T ink lenberg  
[8~ repor ted  a similar finding. This suggests tha t  defici ts  in 
recall fo l lowing in tox ica t ion  may not  be direct ly related to 
in t rus ions  occurr ing at the  t ime of response.  A l though  
Dornbush  [10] has suggested tha t  the  in tox ica t ed  subject  
lowers his cr i ter ion of acceptab i l i ty ,  the re  by increasing false 
alarm rates, the present  data  suggest tha t  recall is reduced  
dur ing the per iod of i n tox i ca t i on  over and above the 
n u m b e r  of in t rus ion  errors  made.  

It can be argued tha t  defici ts  in recall fol lowing 
in tox ica t ion  can be a ref lec t ion  of an a l tered mot iva t iona l  
state. Indeed,  some Ss suggested t ha t  they had  dif f icul ty  
"ge t t ing  in to  the task" .  However,  no S refused to pe r fo rm 
the task and the  results  of  o the r  s tudies  suggest tha t  
mot iv ia t iona t  d i f ferences  be tween  in tox ica t ed  subjects  and 
cont ro l s  are no t  especially demons t r ab l e  [21. Also, Darley 
and T ink lenbe rg  [8] have suggested t ha t  if m o t i v a t i o n  to 
pe r fo rm u n d e r  M were reduced,  then  the  defici t  would 
show up on recall tests  in which encod ing  t ook  place under  
P and recall occur red  in the in tox ica t ed  state.  Studies ci ted 
in the i n t r o d u c t i o n  have shown tha t  no  de t r imen ta l  
pe r fo rmance  is found  unde r  this cond i t ion .  

In conclus ion,  the results  of this  s tudy suggest tha t  M 
produced  a p r o f o u n d  defici t  in free recall which  is only  
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partially reversed through the use of retrieval cues. The 
exact manner  in which marijuana af fec ted  recall in this 
s tudy canno t  be elucidated.  However,  it was suggested that  

a d iminut ion  in s t rength  of  m e m o r y  traces and /o r  inter- 
ference with organizat ional  ability could be induced by M 
leading to an impa i rment  in free recall. 
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