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MILLER, L., T. CORNETT AND D. McFARLAND. Mari/uana: an analysis of storage and retrieval deficits in memory 
with the technique of restricted reminding. PHARMAC. BIOCHEM. BEHAV. 8(4) 327-332 ,  1978. - A simple word list 
learning technique which has previously been shown to be useful clinically in evaluating disordered memory in organic 
patients, was employed to assess the effects of marijuana on storage and retrieval processes in memory. Twelve male 
subjects were administered marijuana and placebo in two separate sessions separated by a one week interval. Each subject 
served as his own drug control. Fifteen min after smoking a 500 mg marijuana cigarette containing 2.1% Ag_THC or a 
placebo cigarette, each subject was presented with a 30-item word list and then required to recall it in writing. Half of the 
subjects in the first session recalled one list while the other half recalled a second similarly constructed list. The lists were 
reversed during the second session. Following the initial recall test, only those words not recalled were presented again. 
Presentation of a given word continued only until an item was recalled once. There were 12 recall trials. This method 
termed restricted reminding allows for the simultaneous evaluation of storage and retrieval without confounding due to 
continuous presentation. The critical data were the number of items recalled without presentation following initial recall. 
Results indicated that marijuana produced a slower rate of acquisition of items into storage in comparison to placebo 
although the same number of items were eventually stored under both conditions. The drug appeared to exert its most 
deleterious effect on the retrieval of information from long term storage. 

Marijuana Free recall Restricted reminding Storage Retrieval 

A N U M B E R  of  inves t iga tors  have c o n c e n t r a t e d  o n  assessing 
the  ef fec ts  o f  mar i juana  on  var ious  aspects  of  the  m e m o r y  
process  [1, 7, 8, 9, 10, 11, 12, 13, 14] .  This  area o f  s t u d y  
has been  amenab le  to  e x p l o r a t i o n  largely because  of  the  
work of  cogni t ive  psychologis t s  w ho  have deve loped  mode ls  
of  m e m o r y  which  are h ighly  quan t i f i ab le .  Based on  the  
m e m o r y  mode l  p roposed  by  Shif f r in  and  A t k i n s o n  [ 1 5 ] ,  
three  s tudies  have p roposed  t h a t  ma r i j uana  exer t s  its 
de le te r ious  ac t ion  on  m e m o r y  by  inh ib i t i ng  the  passage o f  
i n f o r m a t i o n  f rom shor t  t e rm to long t e rm storage.  Once 
i n f o r m a t i o n  passes in to  long t e rm  m e m o r y ,  mar i juana- reca l l  
defici ts  are no t  no ted .  This  suggests t h a t  the  drug affects  
s torage r a the r  t h a n  ret r ieval  processes  [ 1 , 9 ] .  However ,  
a n o t h e r  s t udy  by  the  p resen t  au t ho r s  ind ica ted  t h a t  recall  
of  prose  mate r ia l  l earned  in a drug or  non-drugged  s ta te  was 
r educed  fo l lowing  i n t o x i c a t i o n  24 hr  la te r  [ 1 3 ] .  Thus ,  in 
some ins tances  re t r ieval  processes  m ay  be in f luenced  by  
mar i juana .  K l o n o f f  et al. [10]  also have suggested t ha t  
o u t p u t  f rom m e m o r y  is i n f luenced  by  mar i juana ,  while the  
acquis i t ion  process  is lef t  largely in tac t .  

Conc lus ions  regarding the  e f fec t  o f  mar i juana  on  
m e m o r y  have been  based largely on  free recall  verbal  
learning studies.  In a free recall  paradigm,  lists of  i t ems  are 
r epea ted ly  p re sen ted  wi th  recall  occur r ing  a f t e r  each 
p resen ta t ion .  Buschke  [3,4]  has argued t ha t  evaluat ing  
d i sordered  m e m o r y  in this  fash ion  obscures  the  analysis  o f  
retr ieval  of  i n f o r m a t i o n  f rom long t e rm  m e m o r y  because  of  
i n t e r f e rence  p roduced  by  the  i m m e d i a t e  recall  of  i t ems  
which  were r ecen t ly  p resen ted .  Storage and  ret r ieval  
processes  c a n n o t  be eva lua ted  w h e n  all i tems are p resen ted  
before  every recall  a t t e m p t ,  because  i m m e d i a t e  recall  of  an 
i t ems  does no t  d e m o n s t r a t e  tha t  the  i t em resided in long 
t e rm  m e m o r y .  Accord ing  to Buschke  [3]  an i t em can be 
cons idered  to be in long t e rm m e m o r y  only  w h e n  it is 
recalled w i t h o u t  repea ted  p re sen ta t ion .  

In an  e f fo r t  to  evaluate  the  ef fec t  of  mar i juana  on  
s torage,  r e t e n t i o n  and  ret r ieval  processes  s imul t aneous ly ,  
the  p resen t  s tudy  ut i l ized the  t e c h n i q u e  of  res t r ic ted  
r emind ing  p roposed  by  Buschke  [ 3 , 4 ] .  With t h i s t e c h n i q u e  
an indiv idual  is asked to  recall  a list of  words  tha t  have jus t  
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been  p resen ted  to h im.  Fo l lowing  this  ini t ia l  p r e s e n t a t i o n  
and  recall,  on ly  those  words  no t  recal led are p resen ted  on  
the  fo l lowing  trial. P re sen ta t ions  c o n t i n u e  un t i l  each  word 
has been  recal led at  least  once  and  once  a word is recalled,  
it is never  p re sen ted  again. However ,  an S a t t e m p t s  to  recall  
all the  words  in the  list on  each trial. 

Encod ing  of  a word  is said to have t a k e n  place w h e n  a 
word is recal led p rov id ing  t h a t  it has no t  been  p resen ted  on  
the  prev ious  trial, and  is assumed to have occur red  o n  or  
be fore  its first recall  even t h o u g h  there  is n o  evidence  o f  
this  process  un t i l  t he  word  is s p o n t a n e o u s l y  recalled a 
second t ime.  Long t e rm  storage (LTS)  represen ts  the  
cumula t ive  n u m b e r  of  encoded  i t ems  on  a given trial,  while 
retr ieval  consis ts  of  the  n u m b e r  of  words  recalled o n  each 
tr ial  t h a t  are cons idered  to be in LTS. 

METHO D 

Subjects 

Twelve male  vo lun tee r s  w h o  were expe r i enced  users o f  
mar i j uana  served as sub jec t s  in this  e x p e r i m e n t .  All were 
cons idered  l ight  to m o d e r a t e  smokers  of  mar i j uana  wi th  use 
vary ing  f rom 2 - 4  t imes  per  week to a few t imes  per  m o n t h .  
All ranged in age f rom 21 to 30 years  and  each  was paid for  
par t ic ipa t ing .  Pr ior  to  the  s tudy ,  all sub jec t s  were sc reened  
for  m e n t a l  and  phys ica l  hea l th  e m p l o y i n g  a b r ie f  in terview,  
MMPI, phys ica l  e x a m i n a t i o n  and  a series o f  l a b o r a t o r y  tests  
inc lud ing  a liver f u n c t i o n  test ,  ur inalysis  and  electro-  
card iogram.  All were asked to  re f ra in  f rom smok ing  
mar i juana  for  four  days pr io r  to  tes t ing  which  t o o k  place 
o n  two  separa te  occas ions  separa ted  by  a week.  Half  o f  the  
subjec ts  were adm i n i s t e r ed  mar i j uana  in the  first t es t ing  
session fo l lowed by p lacebo  in the  second  session,  while  the  
reverse occur red  for  the  o t h e r  half .  

Procedure 

U p o n  arrival in the  l abo ra to ry ,  subjec ts  were assigned 
r a n d o m l y  to  a mar i juana  (M) or p lacebo  (P) cond i t ion .  
Prior  to  smok ing  they  were to ld  t ha t  t hey  would  be 
pa r t i c ipa t ing  in an  e x p e r i m e n t  which  would  tes t  the i r  
abi l i ty  to  r e m e m b e r  words .  F i f t een  rain a f te r  s m ok ing  the  

e x p e r i m e n t e r  read a list of  words  30 i t ems  in l eng th  to a 
subjec t  at  the  rate of  one  word every 3 sec. As soon  as the  
en t i re  list was p resen ted ,  the  subjec t  was requi red  to wri te  
d o w n  all the  wor lds  t ha t  he could  r e m e m b e r .  Fo l lowing  
each  recall  test ,  the  e x p e r i m e n t e r  checked  the  wr i t t en  
responses  for  the i r  accuracy.  Only  those  words  no t  recalled 
were r epea ted  to the  subjec t  on  the  nex t  trial. List 
p r e sen t a t i ons  c o n t i n u e d  unt i l  each word was recalled at 
least once  so t ha t  by  Trials 5 to 6, words  were  no  longer 
be ing  presen ted .  Recall  tes t ing  c o n t i n u e d  for  12 trials. All 
subjec ts  were run  indiv idual ly  and  tes t ing  was comple t ed  in 
a quiet  c o m f o r t a b l e  room.  A scheme of  e x p e r i m e n t a l  
p rocedures  is p resen ted  in Table  1. 

Drug Administration 

Mari juana cigaret tes  o b t a i n e d  f rom the  Nat iona l  
Ins t i tu t e  on  Drug Abuse  were e m p l o y e d  in this  s tudy.  
Subjects  s m o k e d  a single 500 mg cigaret te  con ta in ing  2.1% 
z , 9 _ T H C  or a p lacebo  c igaret te  f rom which  all THC had 
been  ex t r ac t ed .  They  were a l lowed to smoke  in any  m a n n e r  
they  desired bu t  were in s t ruc t ed  to c o n s u m e  as m u c h  of  the  
b u t t  as possible.  Smoking  t o o k  b e t w e e n  7 and 10 rain. 
Pulse rate measures  were t aken  before  smoking ,  at  the  end  
of  smoking ,  15 rain a f te r  smok ing  and  at the  end  of  the  
session. At  the  c o m p l e t i o n  of  tes t ing,  each subjec t  ra ted the  
in tens i ty  o f  his h igh ( p o t e n c y )  and  its p leasantness  on  a 
0 - 1 0 0  po in t  scale. 

Stimulus Materials 

The s t imulus  mater ia ls  consis ted  of  two  similarly con- 
s t ruc ted  30- i tem word lists cons is t ing  o f  c o m m o n  objects .  
The  words  were d rawn  f rom the  Thornd ike -Lorge  no rms  
[16]  and  had  a f r equency  of  occu r rence  in the  English 
language of  100 or  more  per  mil l ion words.  

RESULTS 

Pulse Rate 

A signif icant  overal l  increase in pulse rate occur red  
fo l lowing  i n t o x i c a t i o n  wi th  M in compar i son  to P, F(1,1 l )  

T A B L E  1 

SCHEME OF THE EXPERIMENTAL PROCEDURES 

Elapsed Time Since 

Completion of Smoking 

1 rain 

15 min 

20 min 

60 min 

65 min 

Ten Min Rest Period 
Instructions 
presentation of practice list 
pulse rate measure 
drug or placebo administration 
pulse rate measure 
pulse rate measure 
presentation of word list and recall trials 
potency and pleasantness ratings 
pulse rate measure 
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= 25.71, p < 0 . 0 0 0 6 .  Pulse rate changed over  successive 
measurements ,  F(3 ,33)  = 60.54,  p < 0 . 0 0 0 1 .  Newman-Keuls  
mult iple  compar ison  tests indicated that  pulse rate was 
significantly elevated immedia te ly  (p<0 .01 )  and 15 min 
(p<0 .01)  fol lowing smoking (a rise to approx imate ly  90 
beats per min). At 65 min,  pulse rate values began to return 
to baseline. Fo l lowing  P, pulse rate remained unchanged 
across successive measurements .  These results confirm 
previous studies finding an elevat ion in pulse rate fol lowing 
in tox ica t ion  with M [ 5 ]. 

Potency and Pleasantness Ratings 

Smoking materials containing the active zx 9 - T H C  were 
rated as being more po ten t  than P, F(1 ,11)  = 24.56,  
p<0 .0007 .  The exper ience was also rated as being more 
pleasant fol lowing M smoking,  F(1,11)  = 9.71, p<0 .01 .  The 
mean po tency  and pleasantness ratings for the M condi t ion  
were 63.33 and 63.91 and for the P condi t ion  23.33 and 
31.00, respectively.  

Restricted Reminding 

Figure 1 shows the recall per formance  of  the 12 subjects 
under  both  M and P. Fol lowing M in toxica t ion ,  it t o o k  
significantly more trials (4.58 + 0.80 vs 3.75 -+ 0.75) to 
initially recall all i tems at least once,  t [11] = 3.55, 
p<0 .005 .  When an i tem is spontaneous ly  recalled wi thou t  
being presented again fol lowing initial recall, it is assumed 
to have been encoded  in long term storage (LTS) on or  
before the trial on which it was presented.  Thus, an i tem 
recalled fol lowing presenta t ion  on a given trial is not  
considered to be in LTS until  it is recalled again on a 
subsequent  trial. The LTS curve represents the cumulat ive 
number  of  i tems encoded  on each trial. A drug condi t ion  × 
recall trials analysis of  variance indicated that  an equivalent  
number  o f  i tems (approximate ly  23/30  words) were stored 
under  both  M and P. Recall  increased over  trials, F(1 ,121)  = 
194.22, p<0 .0001  and drug condi t ion  interacted sig- 
nif icantly with trials, F(11,121)  = 5.47, p < 0 . 0 0 0 1 .  Even 
though per formance  was infer ior  under  M on all recall 
trials, Newman-Keuls  tests indicated that  none  o f  the 
comparisons reached significance. 

The total  number  of  i tems retrieved f rom LTS increased 
under  both  t rea tment  condi t ions  even though word pre- 
sentat ions comple te ly  ceased after  trial 6, F ( 1 0 , 1 1 0 ) =  
94.16, p<0 .0001 .  A greater number  o f  i tems retained in 
storage were retrieved fol lowing P in comparison to M, 
F(1,11)  = 5.70, p<0 .03 .  The in teract ion o f  drug condi t ion  
and recall trials was also significant, F(10 ,110)  --- 3.26, 
p<0 .001 .  Newman-Keuls  tests indicated that  on trials 3 - 8 ,  
M produced significantly infer ior  retrieval in compar ison  to 
P (p<0.05  for all trials) but  by Trial 9, the differences were 
nonsignif icant  a l though the P condi t ion  retained its 
superiori ty.  A subsequent  analysis indicated that  when 
retrieval was expressed as a percentage of  number  o f  i tems 
in LTS, the retrieval deficits remained as p ronounced  as in 
the former  analysis. 

The characterist ic which most  distinguished per formance  
under  M in contrast  to P was the inconsis tency with which 
words were recalled under  drug. That is, M produced 
significantly more m e m o r y  lapses or  recall failures during 
the retrieval of  i tems f rom LTS. For  example,  under  M, an 
encoded  word might  be retrieved on a given trial fol lowing 
which a 3 to 4 trial lapse in recall would occur  before the 
word would be recalled again. Since i tems were spon- 
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FIG. 1. Analysis of free recall by restricted reminding for P and M 
conditions: Initial recall, LTS, retrieval from LTS, cumulative recall 

failures, and number of items not recovered from LTS. 

taneously recalled af ter  many recall failures, it cannot  be 
concluded that the in toxicated subject lost in format ion  
f rom storage when he failed to retrieve. In fact, overall 
storage during in toxica t ion  was as good as under  P, albeit 
slower. These retrieval lapses or  recall failures are expressed 
graphically in the cumulat ive recall failure curves in Fig. 1. 
A drug condi t ion  × recall trials analysis of  variance 
indicated that fol lowing M significantly more recall failures 
occurred,  F(1,11) = 20.52, p<0 .001 .  Nei ther  the trials 
effect  nor  the drug condi t ion  × trials in teract ion reached 
significance. 

Al though,  most  i tems in LTS were eventual ly retrieved, 
some were not.  While this number  was quite  low in both  
groups, in the M condi t ion,  significantly more i tems were 
not  recovered in compar ison to the P condi t ion  (3.25 -+ 
0.31 vs 1.41 -+ 0.28), F(1,11) = 6.45, p<0 .03 .  The number  
of  i tems not  recovered increased over  trials, F(10,110)  = 
14.29, p<0 .0001 ) .  The interact ion of  drug condi t ion  and 
recall trials also reached significance, F(10.110)  = 2.67, 
p<0 .007 .  Newman-Keuls  tests indicated that  on trials 5 - 6  
and 8 - 1 2  more i tems were lost f rom LTS during the period 
of  in toxica t ion  (p<0.05  for all comparisons).  

The consis tency with which an individual retrieves 
in format ion  f rom LTS can be determined by analyzing two 
retrieval components ,  initial list consistent  retrieval ( ILCR) 
and addi t ional  list learning (AL). ILCR refers to those i tems 
retrieved from LTS consistently from the trial on which 
recall first took  place. Thus, if an i tem was recalled for the 
first t ime on a given trial, and then recalled on all 
subsequent  trials it was said to be consistent ly retrieved. AL 
refers to those i tems which were consistent ly recalled 
eventual ly after having been recalled inconsis tent ly  for a 
number  of  preceding trials. It can be seen f rom Fig. 2 that a 
greater p ropor t ion  of  total  recall was due to ILCR in the P 
condi t ion  in comparison to the M condi t ion  F = (1,11) = 
6.94, p<0 .02) .  ILCR increased over trials, F(10,110)  = 
2.06, p<0 .03 ) .  Newman-Keuls  mult iple comparison tests 
indicate that  ILCR was similar in both  groups on Trial 2 
but  that the P group obtained superiori ty by Trial 3 with 
per formance  remaining superior  th roughou t  acquisi t ion 
(p<0 .05  for all o ther  trials). AL was marginally superior in 
the M condi t ion,  F(1,11) = 4.16, p < 0 . 0 6  and increased over 
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FIG. 2. Analysis of free recall by restricted reminding for P and M 
conditions: total recall, additional list learning, initial fist consistent 

retrieval, random storage, random retrieval. 

tr ials in b o t h  t r e a t m e n t  cond i t ions ,  F ( 1 0 , 1 1 0 )  = 45 .26 ,  
p < 0 . 0 0 0 1 .  The  drug c o n d i t i o n  by  trials i n t e r ac t i on  also 
r eached  s ignif icance,  F ( 1 0 , 1 1 0 )  = 4 .26,  p < 0 . 0 0 0 1 .  On the  
last four  acqu i s i t ion  trials AL was super ior  in the  M 
c o n d i t i o n  ( p < 0 . 0 1  in all cases). This  super io r i ty  occur red  
because  more  i t ems  were available in r a n d o m  storage u n d e r  
drug, F (1 ,11 )  = 7.12,  p < 0 . 0 2 .  R a n d o m  storage consis ts  of  
those  i t ems  in LTS t h a t  are no t  yet  cons i s t en t ly  retr ieved.  
R a n d o m  storage changed  over  trials, F ( 1 0 , 1 1 0 ) =  15.03,  
p < 0 . 0 0 0 1 ,  wi th  drug c o n d i t i o n  in t e rac t ing  wi th  trials,  
F ( 1 0 , 1 1 0 )  = 2.09,  p < 0 . 0 3 .  Ini t ial ly,  r a n d o m  storage in- 
creased at a fas ter  ra te  for  i n t ox i ca t ed  subjec ts  b u t  the  
d i f fe rence  b e t w e e n  M and P cond i t i ons  in n u m b e - o f  i t ems  
available in the  r a n d o m  store decreased as recall  trials 
con t inued .  Newman- K eu l s  tes ts  ind ica ted  t ha t  more  i t ems  
were in r a n d o m  storage on  Trials 3 - 7  in the  M c o n d i t i o n  
( p < 0 . 0 5  o n  Trials 4 and  7 and  p < 0 . 0 1  on  Trials 3, 5 and  6). 
This  means  t ha t  i t ems  in r a n d o m  storage were even tua l ly  
b e c o m i n g  cons i s t en t ly  recalled in the  M cond i t i on  (as 
re f lec ted  in the  AL curve).  

No d i f fe rences  exis ted  b e t w e e n  the  P and  M cond i t i ons  
wi th  regard to r a n d o m  retr ieval  which  consis ts  of  i t ems  
re t r ieved  f rom r a n d o m  storage.  R a n d o m  ret r ieval  changed  
over  trials wi th  the  n u m b e r  of  i t ems  re t r ieved f rom r a n d o m  
storage decl in ing wi th  r epea ted  recall,  F ( 1 0 , 1 1 0 )  = 10.54,  
p < 0 . 0 0 0 1 .  The  i n t e r ac t i on  of  drug c o n d i t i o n  and recall 
tr ials did no t  reach  signif icance.  Buschke  [3] has s h o w n  
t h a t  the  p robab i l i t y  of  re t r ieving an i t em f rom LTS does 
no t  increase  pr ior  to  the  onse t  of  cons i s t en t  retr ieval .  

One in te res t ing  aspect  of  these  data  conce rns  the  
i n t ru s ion  er ror  rates  u n d e r  the  drug cond i t i on .  In t rus ion  
errors  cons is t  of  the  i n t r o d u c t i o n  of  extra l is t  words  dur ing  
recall. In Fig. 3 in t rus ions  are expressed  in two  ways (1)  
t o t a l  i n t ru s ions  - wh ich  cons is ted  of  the  to ta l  n u m b e r  of  
i n t rus ions  made  and  inc lude  a given word as an i n t ru s ion  
e r ror  each  t ime  it was repea ted .  Fo r  example ,  a subjec t  
could i n t r o d u c e  an  extra l is t  word and  repea t  it on  
consecu t ive  trials. On each  of  those  trials it was c o u n t e d  as 
a separate  error .  (2)  Cumula t ive  in t rus ions  - wh ich  
consis ted  o f  the  n u m b e r  of  d i f fe ren t  in t rus ions  which  were 
emi t t ed .  It can be seen t h a t  M elevated the  to ta l  n u m b e r  o f  
in t rus ions ,  F (1 ,11)  = 15.62,  p < 0 . 0 0 3  and  tha t  i n t rus ions  
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FIG. 3. Total number of intrusion errors and cumulative intrusion 

errors for P and M conditions. 

increased over  trials,  F ( l l , 1 2 1 )  = 6.53,  p < 0 . 0 0 0 1 .  The 
in t e r ac t i on  of  drug cond i t i on  and  recall trials was sig- 
n i f icant ,  F ( 1 1 , 1 2 1 )  = 4 .04,  p < 0 . 0 0 0 1 .  The  to ta l  n u m b e r  of  
ex t e rna l  in t rus ions  r emained  relat ively cons t an t  f rom trial 
to  tr ial  in the  P c o n d i t i o n  but  showed  a gradual  increase 
over  trials u n d e r  M. Newman-Keuls  tests  ind ica ted  t ha t  
i n t rus ion  errors  increased s ignif icant ly  on  trials 3 - 1 2  
( p < 0 . 0 5  on  Trials 3 - 4  and p < 0 . 0 1  on  Trials 5 - 1 2 ) .  The 
n u m b e r  o f  d i f fe ren t  in t rus ions  increased fo l lowing in tox-  
icat ion,  F (1 .11 )  = 17.62,  p < 0 . 0 0 2  and  over  trials for  b o t h  
t r e a t m e n t  cond i t ions ,  F ( l l , 1 2 1 ) =  15.29,  p < 0 . 0 0 0 1 .  The 
drug c o n d i t i o n  x trials i n t e rac t ion  was also s ignif icant ,  
F ( 1 1 , 1 2 1 )  = 10.35,  p < 0 . 0 0 0 1 .  Newman-Keuls  tests  
ind ica ted  t ha t  the  n u m b e r  of  d i f fe ren t  i n t rus ion  errors  were 
s ignif icant ly  elevated on  Trials 4 - 1 2  ( p < 0 . 0 5  for  all trials).  

DISCUSSION 

The  presen t  s tudy  e m p l o y e d  the  t e c h n i q u e  of  res t r ic ted  
r emind ing  to evaluate  the  ef fec t  of  M on  storage and 
ret r ieval  processes  in m e m o r y .  Unl ike  the  usual  free recall 
parad igm,  word p r e sen t a t i ons  were l imi ted  to p r e sen t a t i on  
unt i l  recall  occur red  once.  Recall  w i t h o u t  p r e sen t a t i on  a f te r  
an ini t ia l  recall  was cons idered  to be an  es t imate  of  retr ieval  
f rom long t e rm storage on  each trial  while s torage was 
d e t e r m i n e d  by  calcula t ing the  n u m b e r  of  i tems ever recalled 
fo l lowing  the  t e r m i n a t i o n  of  p resen ta t ion .  

Unde r  b o t h  M and P, a b o u t  75% of  the  i tems p resen ted  
were b o t h  s tored and  eventua l ly  retr ieved.  The s p o n t a n e o u s  
recovery of  i t ems  a f te r  retr ieval  fai lure ind ica ted  tha t  i t ems  
were s tored  jus t  a b o u t  as well fo l lowing M as u n d e r  P. The 
d is t inguishing  charac ter i s t ics  which  d i f fe ren t i a ted  M and P 
cond i t ions  were the  i n t e r m i t t e n t  lapses in retr ieval  which  
occur red  dur ing  the  i n tox i ca t ed  s tate  and the  highly 
cons i s ten t  recall  in the  P s ta te  f rom the  ini t ial  recall on. 

Buschke  [3] has suggested t ha t  retr ieval  of  i n f o r m a t i o n  
f rom LTS can be ana lyzed  best  by pos tu la t ing  a two  stage 
learning model .  The  first stage t e rmed  i tem learning is 
charac te r ized  by  incons i s t en t  retr ieval  while the  second 
stage, list learning,  is charac te r i zed  by cons i s ten t  retrieval.  
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When an i tem of  in format ion  is consis tent ly  retr ieved it is 
considered to have been learned as part of  a list or 
integrated with the retrieval o f  o ther  i tems in the list. List 
learning involves retrieving a larger and larger group of  
i tems wi thout  retrieval failure. I tems are retained in storage 
under  M (as indicated by random storage) and are available 
for subsequent  retrieval but  are not  as effect ively  processed 
and integrated with o ther  i tems as occurs in the non-drug 
state. 

Previous studies have suggested that  M affects storage 
rather than retrieval processes in m e m o r y  [1, 8, 9] .  
However,  the present s tudy also suggested that  retrieval 
from long term storage is reduced by M. The apparent  
discrepancy in the results o f  previous studies and this one 
may be part ly a t t r ibutable  to methodolog ica l  and theo- 
retical considerat ions  rather than to empir ical  differences.  
Previous studies have in terpre ted  the m e m o r y  deficit  found 
under  M in terms of  two factor  m e m o r y  theory.  It has been 
suggested that  the major effect  o f  the drug is to retard the 
passage o f  in format ion  from short  term to long term 
storage. This hypothesis  is based on the finding that  the 
serial posi t ion curve, a U shaped func t ion  relating 
probabi l i ty  of  recall to serial posi t ion o f  input  i tems, is 
differential ly affected by M. The percentage o f  words 
recalled f rom the early and middle por t ions  of  the curve, 
which reflect  ou tpu t  f rom long term and short term 
components ,  respectively,  is reduced fol lowing intox-  
ication. The most  recent ly  presented i tems are not  affected 
suggesting that  in format ion  does enter  the sensory store. 

However ,  in a recent  s tudy in our  labora tory  [13] on 
prose recall, the obta ined  serial posi t ion curves fol lowing M 
in toxica t ion ,  did not  direct ly correspond with those found 
in previous studies [1, 8, 9] in that  the recency por t ion  o f  
the curve was reduced by the drug. This finding as well as 
the results of  the present  s tudy may necessitate an 
al ternative explanat ion  of  the effects  of  M on memory .  

According to Bushke [3 ] ,  in format ion  is always encoded  
within a given contex t .  In format ion  about  the target word 
and its relationship to o ther  words in the semantic  system 
provides a basis of  organizat ion (i.e., list learning). That  is, 
the learner imposes s tructure on in format ion  to be recalled 
by employing  his own idiosyncrat ic  basis of  organizat ion.  
Effective encoding of  in format ion  for consis tent  retrieval 
requires an individual to change retrieval strategies rapidly 
and to use semantical ly related in format ion  from 
permanent  storage. M may affect  this process. This con- 
cept ion of  m e m o r y  is similar to the levels of  processing 
approach proposed by Craik and Tulving [6 ] .  They 
hypothes ize  that differences in level o f  the initial processing 

o f  to-be-remembered material  results in different  m e m o r y  
codes. Superficial  processing induces an acoustic or  
phonet ic  m e m o r y  trace which is t ransi tory or  fades rapidly,  
while " d e p t h "  processing results in a semantical ly  encoded  
m e m o r y  trace which is more enduring.  Therefore ,  viewing 
the effect  o f  M on m e m o r y  in terms of  its actions on an 
individual 's  abil i ty to integrate a given i tem of  in format ion  
with respect to present and past m e m o r y  structure,  may be 
more fruitful  than an in terpre ta t ion  in terms of  storage - 
retrieval distinctions.  

Intrusion errors were elevated and increased over  trials in 
the M condi t ion  in compar ison to P. This phenomena  has 
been replicated in two studies in our  laboratory  [ 12,14] and 
appears to be a robust  effect .  Yet,  the mechanism by which 
M produces  intrusions as well as what these errors represent  
have been difficult  to determine,  especially since there 
appears to be no systematic  relat ionship be tween number  
o f  intrusion errors made and recall deficits [ 14] 

One possible explanat ion for the increase in intrusions 
fo l lowing in toxica t ion  can be found in the gen- 
erat ion-recogni t ion model  of  memory  proposed by 
Anderson and Bower  [2] .  This model  posits that level of  
recall is a jo in t  funct ion  o f  the effectiveness of  self- 
generated response probes during retrieval which are tested 
for list membership  and the degree of  integrat ion of  
m e m o r y  traces against which the probes are tested. During 
in toxica t ion ,  intrusion errors were characterized in two 
ways: (1 ) sub jec t s  would commi t  an intrusion and then 
encode the error and repeat it on the major i ty  of  recall 
trials and (2) subjects would commi t  an error and then drop 
the i tem from recall and in t roduce  another .  The former  
type of  error may again reflect  poor  integrat ion of  m e m o r y  
traces; that  is, input  i tems are not  easily different iated f rom 
other  i tems in memory  fol lowing in toxica t ion  because the 
m e m o r y  trace may be disintegrating at a rapid rate. This 
may result in the encoding of  ext raneous  word f rom long 
term memory .  Those intrusions that are commi t t ed  but not  
encoded may be self-generated response probes which are 
easily rejected in the non- in toxica ted  state but  because of  
poor  integrat ion of  input  i tems in the drug state,  may gain 
some temporary  response strength. 

In summary,  these results suggest that  fol lowing intox- 
ication with M in comparison to P the same amount  of  
informat ion  can be eventual ly stored provided repeated 
recall a t t empts  are allowed. However,  in toxica t ion  results in 
poorer  retrieval which is characterized by lapses in recall. 
These lapses may reflect a reduced capacity for integrating 
material  in m e m o r y  for recall. 

REFERENCES 

1. Abel, E. L. Marihuana and memory: Acquisition or retrieval? 7. Darley, C. F. and J. R. Tinklenberg. Marihuana and memory. 
Science 173: 1038-1040, 1971. 

2. Anderson, J. R. and G. H. Bower. Recognition and retrieval 
processes in free recall. PsychoL Rev. 79: 97-123,  1972. 

3. Buschke, H. Retrieval in verbal learning. Trans. N. Y. Acad. ScL 
36: 721-729, 1974. 

4. Buschke, H. and P. A. Fuld. Evaluating storage, retention and 
retrieval in disordered memory and learning. Neurology 24: 
1019-1025, 1974. 

5. Clark, S. C. Marihuana and the cardiovascular system. Pharmac. 
Biochem. Behav. 3: 299-306, 1975. 

6. Craik, F. I. M. and E. Tulving. Depth of processing and the 
retention of words in episodic memory. J. exp. Psychol. 104: 
268-294, 1975. 

In: Marijuana: Effects on Human Behavior, edited by L. L. 
Miller. 

8. Darley, C. F., J. R. Tinklenberg, W.T. Roth, L. E. Hollister 
and R.C. Atkinson. Influence of marihuana on storage and 
retrieval processes in memory. Memory Cognition 1 : 196-200, 
1973. 

9. Dornbush, R. L. Marijuana and memory: effects of smoking 
on storage. Ann. N.Y. Acad. ScL U.S.A. 234: 94-100, 1974. 

10. Klonoff, H., M. Low and A. Marcus. Neuropsychological 
effects of marijuana. Can. J. PsychoL 108: 150-157, 1973. 

11. Miller, L. L. Marijuana and behavior: human and infrahuman 
comparisons. In: Marijuana: Effects on Human Behavior, 
edited by L. L. Miller. New York: Academic Press, 1974. 



332 MILLER,  CO RNETT AND M C F A R L A N D  

12. 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: 
639-643,  1976. 

13. Miller, L. L., T. L. Cornett, D. R. Brightwell, D. J. McFarland, 
W.G. Drew and A. Wikler. Marijuana: effects on storage and 
retrieval of prose material. Psychopharmacology 51 : 311-316, 
1977. 

14. Miller, L. L., D. McFarland, T. L. Cornett and D. Brightwell. 
Marijuana and memory impairment: effect on free recall and 
recognition memory. Pharmac. Biochem. Behav. 7: 99-103,  
1977. 

15. Shiffrin, R. M. and R. C. Atkinson. Storage and retrieval 
processes in long term memory. Psychol. Rev. 76: 179-193, 
1969. 

16. Thorndike, E. L. and I. Lorge. The Teachers Word Book o f  
30,000 Words. New York: Columbia University Press, 1944. 


