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Marijuana and Memory Impairment: 
Effect on Free Recall and Recognition 

Memory 
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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(2) 99-103,  1977. - The effect of marijuana 
on memory was evaluated by presenting two groups of 17 male volunteers with lists of repeated or nonrepeated words 
following administration of a single marijuana cigarette containing 14 mg A 9-THC. An immediate free recall, final free 
recall and recognition memory test followed. Results indicated that marijuana significantly decreased immediate and final 
free recall but only slightly influenced recognition memory. Rate of acquisition on the repeated lists was the same for both 
groups. Long term retention of encoded information was not influenced by marijuana. The shape of the serial position 
curves departed slightly from those reported by other investigators in that some effects of the drug on the recency portion 
of the curve were noted. Both internal and external intrusions were elevated under marijuana. 
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D E S C R I P T I O N S  of  the  acute  i n t o x i c a t i o n  s y n d r o m e  
fol lowing mar i j uana  s m ok i ng  are filled wi th  accoun t s  of  
lapses in recall  abi l i ty  [ 1 9 ] .  Object ive  s u b s t a n t i a t i o n  of  
m e m o r y  defici ts  dur ing  mar i juana  i n t o x i c a t i o n  has  been  
r epo r t ed  by a var ie ty  of  inves t iga tors  e m p l o y i n g  free recall 
parad igms [1, 5, 7, 16] .  Based on the  dual  process  m e m o r y  
mode l  p roposed  by Shiff r in  and A t k i n s o n  [ 2 1 ] ,  a n u m b e r  
of  these  l a t t e r  inves t iga tors  have suggested t ha t  the  ma jo r  
ef fec t  of  mar i juana  on  the  m e m o r y  process  is to re tard  the  
passage of  i n f o r m a t i o n  f rom a shor t  t e rm to a long t e rm 
storage c o m p o n e n t .  This h y p o t h e s i s  is based main ly  on the 
f inding t ha t  the  ini t ia l  p o r t i o n  of  the  serial pos i t ion  curve 
for  free recall  (p r imacy  e f fec t )  is r educed  by  mar i juana  in 
compar i son  to p l acebo  while the  la te r  p o r t i o n  ( recency  
ef fec t )  remains  una l te red .  A serial pos i t ion  curve is 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 
pos i t ion  of  i n p u t  i tems.  Since the  beg inn ing  and end  of  the  
serial pos i t ion  curve r e spond  d i f fe ren t ia l ly  to a range of  
e x p e r i m e n t a l  man ipu l a t i ons ,  the  pos i t ions  are t h o u g h t  to 
r ep resen t  o u t p u t  f rom d i f fe ren t  s torage mechan i sms .  

One purpose  of  the p resen t  s tudy  is to assess the ef fec t  
of  mar i juana  on  repea ted  free recall of  same and  d i f fe ren t  
word lists. Repea ted  p r e s e n t a t i o n  and recall of  the same 
mater ia l  p rovides  for  the assessment  of  the effects  of  
mar i juana  on  m e m o r y  conso l ida t ion  while r epea ted  present -  
a t ion  and  recall  of  d i f fe ren t  lists would  ind ica te  the degree 
to which  pract ice  in recall ing would  in f luence  the  ef fec t  of  
the drug. 

A second purpose  was to evaluate  the e f fec t  of mari-  
j uana  on in t rus ion  errors.  In recall e x p e r i m e n t s  involving 
mar i juana  smoking ,  these usually consis t  of  the  in t ro-  
duc t ion  of  in t ra l is t  or ext ra l i s t  i n t rus ions  [ 5 , 1 6 ] ,  the 
i n t r o d u c t i o n  of  unre la ted ,  e x t r a n e o u s  mater ia l  dur ing the 
recall of  prose  [8 ,18]  or a h igh  inc idence  of  false a larms in 
recogn i t ion  m e m o r y  tasks [1 ] .  It is i m p o r t a n t  to k n o w  
w h e t h e r  these types  of  errors  c o n s t i t u t e  the ma jo r  source of  
recall  defici t  fo l lowing in tox ica t ion .  

The final purpose  of  the  present  e x p e r i m e n t  was to 
ascer ta in  h o w  well i n f o r m a t i o n  would be re ta ined  fo l lowing 
mar i juana  provid ing  ini t ial  recall had  occurred.  This was 
d e t e r m i n e d  by  calcula t ing the  p r o p o r t i o n  of i t ems  immedi -  
ately recalled t ha t  were available on a final free recall test.  

METHOD 

Subjects 

Thi r ty - fou r  male vo lun tee rs  be tween  the ages of 2 1 - 2 8  
pa r t i c ipa ted  in the s tudy.  All were cons idered  mode ra t e  
users of  mar i juana  ( 2 - 4  t imes per  week).  Prior to  the  
s tudy,  each subjec t  was screened for  m e n t a l  and physical  
hea l th  e m p l o y i n g  a b r ie f  in terview,  MMPI, a physical  
e x a m i n a t i o n  and a series of  l a b o r a t o r y  tests  inc luding  a liver 
func t ion  test ,  ur inalysis  and e lec t rocard iogram.  All subjec ts  
were paid for  the i r  pa r t i c ipa t ion .  
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Drug A d m i n i s t r a t i o n  

Mari juana c igaret tes  suppl ied by  NIDA were e m p l o y e d  
as smok ing  mater ials .  Subjec ts  s m o k e d  a single one gram 
mar i juana  (M) c igaret te  con ta in ing  1.4% zx~-THC (14 mg) 
or a p l acebo  (P) c igaret te  f rom which  all THC had  been 
exhaus ted .  A group of  four  to  five subjec ts  s m o k e d  
t oge the r  wi th  some receiving P and some M. Subjects  were 
a l lowed to smoke  in any m a n n e r  they  desired,  bu t  were 
i n s t ruc t ed  to f inish as m u c h  of  the  b u t t  as possible.  
Smoking  t o o k  a p p r o x i m a t e l y  10 rain and all tes t ing was 
c o m p l e t e d  in a quie t ,  c o m f o r t a b l e  room.  

Pulse ra te  measures  were t aken  before  smoking,  immedi -  
ately a f te r  smoking,  15 min,  50 min  and 115 rain fo l lowing 
smok ing  wi th  the  last measure  fo l lowing  the  c o m p l e t i o n  of 
test ing.  At  the  end  of  tes t ing  each  subjec t  ra ted  the  
in t ens i ty  of  this  h igh  ( p o t e n c y )  and its p leasan tness  on a 
0 - 1 0 0  p o i n t  scale. 

Design and  Procedure  

U p o n  arrival in the  l abo ra to ry ,  subjec ts  were r a n d o m l y  
assigned to a M or  P group.  They  were given a 10 rain rest  
per iod  and  t hen  prov ided  wi th  i n s t r uc t i ons  regarding the 
task they  were to pe r fo rm.  Smok ing  was s ubsequen t l y  
in i t ia ted .  Fo l lowing  smoking,  t w e n t y  word  lists con ta in ing  
15 words  each  were p re sen ted  aural ly  at  the rate of one 
word every three  seconds .  All words  were of  the  A or AA 
var ie ty  t aken  f rom the  Thornd ike -Lorge  n o r m s  [ 2 3 ] .  Af te r  
each list, two  rain were given to write d o w n  as m a n y  words  
as cou ld  be r e m e m b e r e d .  This  was the  i m m e d i a t e  free recall 
tes t  ( IFR) .  Af te r  p r e s e n t a t i o n  of list 10 and 20 a f inal  free 
recall ( F F R )  was i n s t i t u t e d  which  involved copy ing  d o w n  
all the  words  which  could  be r e m e m b e r e d  f rom the  pr ior  
t en  lists. At  the  end  of  the  s tudy  a de layed  recogn i t ion  
m e m o r y  test  was given. Subjec ts  were p re sen ted  wi th  a list 
of 510 words,  255 of  which  were seen before  and 255 
which  were used as lures. Subjects  were told to  circle the 
words  they  had  seen before .  In an e f fo r t  to  de t e rmine  the  
e f fec t  of  mar i juana  on same list acquis i t ion  a single list was 
r epea t ed  four  t imes  at  pos i t ions  1,6,11 and  16. Subjec t s  
were no t  to ld  t ha t  the  list would  be repea ted .  This  m e t h o d  
was i n t r o d u c e d  original ly by Hebb  [ i  1]. All e x p e r i m e n t a l  
p rocedure s  are ou t l ined  in Table  1. 

RESULTS 

Pulse Ra te  

M p r o d u c e d  a s ignif icant  overall  e leva t ion  in pulse rate in 
compar i son  to P, F (1 ,32 )  = 13.12,  p < 0 . 0 0 1 .  Pulse rate 
changed  over  successive measu remen t s ,  F (4 ,128 )  = 60 .80 ,  
p < 0 . 0 0 0 1 ,  and  drug c o n d i t i o n  i n t e r ac t ed  s ignif icant ly  wi th  
t ime  of  m e a s u r e m e n t ,  F ( 4 , 1 2 8 )  = 26 .58 ,  p < 0 . 0 0 0 1 .  
Newman-Keu l s  mul t ip le  compar i son  tests  ind ica ted  tha t  
pulse rate in the  M group was s ignif icant ly  e levated 
immed ia t e ly  and  f i f teen  m i n u t e s  a f te r  smoking ,  p < 0 . 0 1  (a 
rise to  a p p r o x i m a t e l y  102 BPM) bu t  began to r e tu rn  to near  
con t ro l  levels at  50 rain and was back  to con t r o l  levels at  
115 minu tes .  Pulse rate measures  in the  P c o n d i t i o n  
r ema ined  invar ian t  across successive measu remen t s .  These 
results  are cons i s t en t  wi th  those  of  o t h e r  inves t igators  
[ 6 , 14 ] .  

Potency  and Pleasantness Rat ings  

M smokers  ra ted  the i r  smoking  mater ia l  as s ignif icant ly  
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SCHEME OF EXPERIMENTAL PROCEDURES 

Elapsed time since 
completion of smoking 

(rain) 

Ten Minute Rest Period 

Instructions 

Pulse Rate Measure 

Drug or Placebo Administration 

1 Pulse Rate Measure 

15 Pulse Rate Measure 

20 IFR Lists (Lists 1-10) 

40 FFR Test 

50 Pulse Rate Measure 

70 IFR Lists (Lists 11-20) 

90 FFR Test 

100 Recognition Memory Test 

115 Pulse Rate 

more  p o t e n t  than  did subjects  in the P cond i t ion ,  F (1 ,32)  = 
25.76,  p < 0 . 0 0 1 .  P leasantness  rat ings likewise were elevated 
unde r  M, F (1 ,32)  = 9.14, p < 0 . 0 0 5 .  The mean  p o t e n c y  and 
p leasantness  rat ings for the  M cond i t i on  were 56.47 and 
58.23 and for  the  P c o n d i t i o n  18.35 and 31.59,  respective- 
ly. Po t ency  and  p leasantness  rat ings were highly cor re la ted  
wi th  each  o ther ,  r = .76, p < 0 . 0 0 0 1 .  Po t ency  ratings were 
s ignif icant ly  cor re la ted  wi th  pulse rate immedia t e ly ,  15 and 
20 min  af te r  smok ing  (r = .44; .56 and .55, all p < 0 . 0 0 9 ) .  

Recal l  Over Same  and D i f f e r e n t  Lists 

The mean  n u m b e r  of  words  recalled per  list over the 16 
n o n r e p e a t e d  lists was 7.94 for  the  P cond i t i on  and 5.99 
words  for  the  M cond i t ion .  This  d i f ference  was highly 
s ignif icant ,  F (1 ,32)  = 10.06, p < 0 . 0 0 4 .  However,  the num-  
ber  of  words  recalled per  list r emained  invar iant  over lists 
unde r  b o t h  P and M suggesting tha t  pract ice  effects  exer ted  
l i t t le  or no  in f luence  on  recall. The mean  n u m b e r  of  words  
recalled over successive b locks  of four  lists is presented  in 
Fig. 1 for  b o t h  P and M condi t ions .  

The mean  n u m b e r  of  words  recalled wi th  repeated  
p r e sen t a t i on  of the  same list increased s ignif icant ly  over 
trials, F (3 ,96)  = 25.52,  p < 0 . 0 0 0 1 ,  wi th  subjects  in the P 
c o n d i t i o n  displaying super ior  recall across lists, F ( 1 , 3 2 ) =  
10.25, p < 0 . 0 0 4 .  There was no  s ignif icant  in t e rac t ion  
be tween  drug cond i t ion  and list p r e sen t a t i on  ind ica t ing  t ha t  
rate of  list acquis i t ion  was no t  d i f ferent ia l ly  a f fec ted  by M. 

Serial Posi t ion Curves - I m m e d i a t e  and Delayed  Recal l  

The serial pos i t ion  curves which  reflect  n u m b e r  of words  
recalled as a f unc t i on  of inpu t  serial pos i t ion  are p resen ted  
in Fig. 2. A U-shaped serial pos i t ion  curve was found  for 
b o t h  t r e a t m e n t  cond i t i ons  fo l lowing immed ia t e  recall,  
F (4 ,128 )  = 84.39,  p < 0 . 0 0 0 1 ,  wi th  M p roduc ing  in fe r ior  
recall in compar i son  to P at  all serial pos i t ions ,  F ( 1 , 3 2 ) =  
10.08, p < 0 . 0 0 4 .  Drug cond i t i on  did no t  in te rac t  wi th  the 
shape of  the  serial pos i t ion  curve. 

In the  r ight  side of  Fig. 2 serial pos i t ion  curves for the 
F F R  test  are presented .  Recall on the F F R  test  is also 
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FIG. I. Mean number of words recalled over repeated (same) and 
nonrepeated (different) lists. Recall for the 16 nonrepeated lists is 

presented in blocks of four lists. 

p lo t t ed  as a f u n c t i o n  of  the ini t ia l  serial i n p u t  pos i t ion  of a 
word.  As in the  IF R  test ,  serial pos i t ion  curves deve loped  
for  b o t h  P and M groups,  F ( 4 , 1 2 8 ) =  84 .39 ,  p < 0 . 0 0 0 1 .  
However ,  no  d i f ferences  exis ted b e t w e e n  the  two groups  
wi th  regard to shape  of  the  curves. It should  be n o t e d  tha t  
t e rmina l  i t ems  in the  list were recalled more  poor ly  t h a n  
middle  i t ems  on  the F F R  test .  This p h e n o m e n o n  has  been  
t e rmed  the  negat ive  r ecency  ef fec t  and has  been  f r equen t ly  
r epo r t ed  [ 2 4 ] .  The d i f ference  be t w een  M and P in to ta l  
n u m b e r  of words  recalled on the  F F R  tests  was margina l ly  
s ignif icant ,  F (1 ,32 )  = 3.83,  p < 0 . 0 6 .  The P group also 
m a i n t a i n e d  its super io r i ty  on the  F F R  tests  fo l lowing  
repea ted  p r e s e n t a t i o n s  of  the  same list F (1 ,32 )  = 4.45,  
p < 0 . 0 4 .  

On the  ini t ial  free recall test ,  39 .70% of  the i t ems  
p resen ted  were recalled u n d e r  P while 30 .00% were recalled 
fo l lowing M. These values d ropped  to 12.8% and 9.3%, 
respect ively,  for  the  P and M c o n d i t i o n s  on the  F F R  recall  
test. 

Intrusions 

Two types  of  i n t rus ion  er rors  were ca lcula ted ,  in te rna l  
i n t rus ions  which  cons is ted  of the  i n t r o d u c t i o n  of  words  
dur ing  recall which  were c o n t a i n e d  in lists p r e sen t ed  pr ior  
to a given i m m e d i a t e  recall  tes t  and ex t e rna l  in t rus ions  
which  cons is ted  of  words  no t  c o n t a i n e d  on  any  of  the  word 
lists. 

There  was no  overall  d i f fe rence  in n u m b e r  of  i n t rus ion  
errors  made  u n d e r  M and  P, bu t  s igni f icant ly  more  ex t e rna l  
than  in te rna l  i n t ru s ions  were c o m m i t t e d ,  F ( 1 ,32 )  = 34 .67 ,  
p < 0 . 0 0 0 1 .  Drug c o n d i t i o n  in t e rac t ed  s igni f icant ly  wi th  
type  of  i n t rus ion  error ,  F ( 1 , 3 2 )  = 5.66, p < 0 . 0 2 .  While the 
n u m b e r  of  in t e rna l  i n t rus ions  made  u n d e r  P and  M did n o t  
differ,  Newman-Keu l s  mul t ip le  c o m p a r i s o n  tests  ind ica ted  
t ha t  s igni f icant ly  more  ex te rna l  i n t ru s ions  were m a d e  
fo l lowing M, p < 0 . 0 5 .  

Two o t h e r  types  of  i n t ru s ion  errors  were ca lcu la ted  for  
FFR.  These consis ted  of  ex t e rna l  i n t rus ions  and a n o t h e r  
type  of  in te rna l  i n t ru s ion  er ror  cons is t ing  of  i t ems  f rom the  
first b lock  of  ten lists t ha t  were recalled on the second  F F R  
test. The n u m b e r s  of  b o t h  of these  in t rus ion  errors  were 
e levated s ignif icant ly  in the  M c o n d i t i o n ,  17(1 ,32)= 5.73,  
p < 0 . 0 2 .  Unl ike  the  I FR  results ,  the  i n t e r ac t i on  b e t w e e n  
drug c o n d i t i o n  and  in t rus ion  type  was n o t  s ignif icant .  

Corre la t ions  were c o m p u t e d  be t w een  the  var ious in t ru-  
sion measures  and free recall  and  recogn i t ion .  Ex te rna l  
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FIG. 2. Mean number of words recalled for immediate free recall 
(IFR) and final free recall (FFR) as a function of serial input 

position of items on nonrepeated lists. 

i n t rus ions  dur ing  ini t ia l  recall,  f inal  recall,  and  in te rna l  
in t rus ions  dur ing  ini t ial  recall were all posi t ively cor re la ted  
(r = .51 to 72, p < 0 . 0 0 2  in all cases). The on ly  o t h e r  
s ignif icant  co r re l a t ion  involving in t rus ions  was b e t w e e n  
ini t ial  recall and  in te rna l  in t rus ions  (r = .36, p < 0 . 0 4 ) .  Ini t ial  
recall and  final  recall were h ighly  cor re la ted  (r = .88, 
p < 0 . 0 0 0 1 ) ,  and hi t  rates dur ing  recogn i t ion  m e m o r y  were 
s ignif icant ly  cor re la ted  wi th  b o t h  of  these free recall scores 
(r = . 3 5 - . 5 6 ,  p < 0 . 0 5  in all cases). Final ly,  hi ts  and false 
a larms dur ing  recogn i t ion  tes t ing  were s ignif icant ly  corre- 
la ted (r = .52, p < 0 . 0 0 0 5 ) .  

Retention o f  Recalled Items 

An a t t e m p t  was made  to de t e rmine  w h e t h e r  i tems 
recalled on the  IFR  tes t  would also be recalled on the F F R  
test.  An es t imate  of  the  n u m b e r  of  i t ems  re ta ined  fo l lowing 
the i r  i m m e d i a t e  recall was expressed  in t e rms  of  a condi-  
t iona l  p robab i l i t y  score which  was ca lcula ted  for each  
subject .  This score consis ted  of  the p r o p o r t i o n  of  i t ems  
recalled on the  F17R test  given cor rec t  recall on the  IFR tes t  
( R 2 / R 1 ) .  A second p robab i l i t y  score cons is t ing  of  the 
p r o p o r t i o n  of  i t ems  recalled on the r e t e n t i o n  test  given tha t  
recall did n o t  occur  on  the  IFR tes t  (R2 /N1) ,  was also 
calculated.  I t ems  on the  repea ted  lists were no t  inc luded  in 
this  analysis.  

An analysis of  var iance was p e r f o r m e d  wi th  drug 
c o n d i t i o n  and  p robab i l i t y  type  as ma in  effects.  No signifi- 
can t  d i f fe rences  were f o u n d  be tween  M and P groups  in the  
magn i tude  of  these two p robab i l i t y  scores. As expec ted ,  
R2/R1 was s ignif icant ly  h igher  t han  R2 /N1 ,  F ( 1 , 3 2 ) =  
256.88,  p < 0 . 0 0 0 1 ,  ind ica t ing  t h a t  if  an i t em was recalled 
on the IFR it was more  likely to be recalled on the F F R  
than  if  it was no t  recalled on the IFR.  However ,  the  R2 /R1  
p robab i l i t y  was qui te  low, 0 .26 for  the  P group and 0.23 
for  the  M group.  If a high p r o p o r t i o n  of  i t ems  recalled on 
the IFR  were being re ta ined ,  the R2 /R1  p robab i l i t y  score 
would  be closer to 1. The R2/N1 p robab i l i t y  scores were 
a p p r o x i m a t e l y  0.03 for  b o t h  groups  which  ind ica ted  t ha t  if  
an i t em was no t  recalled ini t ial ly it was very unl ike ly  to 
occur  on  the  F F R  test.  

R E C O G N I T I O N  M E M O R Y  

Recogn i t ion  m e m o r y  was ana lyzed  by  ca lcula t ing  the hi t  
rates  (cor rec t ly  iden t i fy ing  an i t em as old)  and false a larm 
rates  ( incor rec t ly  iden t i fy ing  a lure as old). The to ta l  
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n u m b e r  of  b o t h  of  these  types  of  r ecogn i t ion  errors  did no t  
d i f fer  for  P and  M; bu t  the  i n t e r ac t i on  of  drug c o n d i t i o n  
and e r ror  type  did reach  signif icance,  F (1 ,32 )  = 3.57,  
p < 0 . 0 6 .  U n d e r  b o t h  cond i t ions ,  h i t  rates were 39.6% and 
36.6%, respect ively.  However ,  Newman-Kue l s  tests  indi- 
ca ted t h a t  the  false a larm rate was s igni f icant ly  e levated  in 
the  M c o n d i t i o n  in c o m p a r i s o n  to P (21 .15% vs 11.70%), 
p < 0 . 0 5 .  

Since a r ecogn i t ion  m e m o r y  task involves r e spond ing  to 
each i t em  wi th  a yes or no  response ,  h i t  ra tes  can be 
art if icially in f la ted  i f  a subjec t  s imply r e sponds  yes to  m o s t  
i tems.  On the  o t h e r  hand ,  a subjec t  can be very conservat ive  
in his r e s p o n d i n g  and  r e spond  n o  to mos t  i t ems  t he r eby  
keeping  his false alarm rate  at zero. Usually a sub jec t  
emp loys  a bias in r e spond ing  which  falls s o m e w h e r e  
b e t w e e n  these  two ex t remes .  Thus ,  m e m o r y  s t r eng th  on  a 
r ecogn i t ion  m e m o r y  tes t  can be assessed only  by  tak ing  
response  bias i n to  accoun t .  Therefore ,  measures  of  sensitivi- 
ty, d ' ,  and  response  bias, ~, derived f rom signal de t ec t i on  
theo ry  [9] were employed .  The measure  d '  is an unb iased  
i nd i ca to r  of  m e m o r y  s t r eng th  and consis ts  of the  d i f fe rence  
in means  b e t w e e n  target  and lure d i s t r ibu t ions .  The  
measure  ~, is a measure  of  a sub jec t ' s  c r i te r ion  loca t ion  
which  lies on  an abscissa which  demarca te s  the  overlap 
be tween  ta rge t  and  lure d i s t r ibu t ions .  The  area to the  one 
side of  th is  value is the  p robab i l i t y  t h a t  an obse rva t ion  f rom 
the  lure d i s t r i bu t i on  will exceed  the  cr i ter ion value leading 
to a yes response.  The  area to the  o the r  side of  the  c r i t e r ion  
is the  p robab i l i t y  t h a t  an obse rva t ion  f rom the  target  
d i s t r ibu t ion  will exceed  the  c r i te r ion  value resul t ing  in a yes 
response.  

A pa rame t r i c  measure  of sensi t iv i ty ,  d 'e ,  [3] was 
ca lcu la ted  a long wi th  a n o n p a r a m e t r i c  measure  Ag [ 1 0 ] .  
Ne i the r  measure  was f o u n d  to corre la te  wi th  the  o t h e r  
ind ica t ing  t ha t  the  target  and  lure d i s t r ibu t ions  did no t  
fulfill  the  cri teria of  no rma l i ty .  There fore ,  the  nonpa ra -  
met r ic  measure  was sub jec ted  to f u r t h e r  analysis.  No 
s ignif icant  e f fec ts  for  drug c o n d i t i o n  were ob t a ined  for  
e i the r  the  measure  of sensi t ivi ty ,  Ag, or a n o n p a r a m e t r i c  
measure  of  bias, 9' [10] as d e t e r m i n e d  by the  Mann-  
Whi tney  U stat ist ic .  

DISCUSSION 

The  presen t  resul ts  indica te  t ha t  M in compar i son  to P 
r educed  b o t h  IFR  and F F R  of  verbal  mater ia l ,  wh ich  
c o n f i r m e d  the  resul ts  of  previous  studies.  The ef fec t  of  the  
drug on  IFR  was no t  a t t e n u a t e d  by  e i the r  prac t ice  on  
d i f fe ren t  lists or by r epe t i t i on  of  the same list. Recogn i t ion  
m e m o r y  was on ly  mildly a f fec ted  by  M. 

Pe r fo rmance  r ema ined  infer ior  fo l lowing i n t o x i c a t i o n  on 
all lists and  invar ian t  across n o n r e p e a t e d  lists for  b o t h  
groups  ind ica t ing  t ha t  wi th in  session pract ice  effects  did 
no t  occur.  Previous s tudies  e m p l o y i n g  a lcohol  have indi- 
ca ted tha t  pract ice  on  a task a t t e n u a t e d  the  e f fec t  t ha t  
a lcohol  subsequen t l y  had  on p e r f o r m a n c e  [ 2 2 ] .  Two M 
studies  have ob t a ined  divergent  resul ts  wi th  regard to 
pract ice  on  p s y c h o m o t o r  tests  pr ior  to M i n t o x i c a t i o n  
[2 ,20 ] .  It should  be n o t e d  t ha t  the  f o r m e r  s tudies  
e x a m i n e d  in t rasess ion  prac t ice  ef fec ts  while the  p resen t  
s tudy  assessed in tersess ion pract ice  effects .  However ,  the  
subjects  e m p l o y e d  in the  present  s tudy  all had  extens ive  
pract ice  on  m e m o r y  tasks especial ly free recall. W h e t h e r  
pract ice  be tween  sessions would a t t e n u a t e  M free recall 
defici ts  is still open  to ques t ion .  

The  serial pos i t ion  curves for b o t h  IFR and F F R  
co r re spond  reasonab ly  well wi th  those  r epo r t ed  by  o thers  
[ 1 ,5] ,  excep t  tha t  in our  s tudy  some reduc t ion  in recall in 
the  t e rmina l  po r t i ons  of the  word lists was no ted .  Darley 
and T ink lenbe rg  [5]  found  t ha t  the  recency  po r t i on  of 
the i r  serial pos i t ion  curve was una f fec t ed  by M while recall 
f rom the  init ial  and middle  po r t i ons  of  the  curve was 
lowered.  They  i n t e rp r e t ed  these results  to  mean  tha t  M 
reduced  the  passage of  i n f o r m a t i o n  f rom a shor t  te rm to 
long t e rm  storage c o m p o n e n t .  Retr ieval  appeared  no t  to be 
af fec ted  since mar i juana  admin i s t e red  fo l lowing list acqui- 
s i t ion did no t  al ter  list recall or shape of  the serial pos i t ion  
curve. A l t h o u g h  the serial pos i t ion  results  in the  present  
s tudy  co r re spond  fairly well to those  repor ted  by Darley 
and  T ink lenbe rg  [5] o the r  aspects  of our  data  do not  
suppo r t  the i r  conclus ions .  

First ,  the  recogn i t ion  resul ts  do no t  suppor t  the i r  data  
bu t  come  closer to those  r epor ted  by D o r n b u s h  [7 ] .  While 
false a larm rates  were elevated fo l lowing i n t o x i c a t i o n  and 
h i t  ra tes  mildly depressed,  b o t h  d'  and ~ values were 
essential ly equ iva len t  in b o t h  groups.  These f indings suggest 
tha t  m e m o r y  s t rength  as measured  by a recogni t ion  test  is 
similar in b o t h  groups.  Two fac tor  m e m o r y  theo ry  proposes  
tha t  r ecogn i t ion  m e m o r y  is a measure  of  s torage while 
recall is a measure  of b o t h  storage and  retr ieval  [ 1 5 ] .  
Accord ing  to Kin t sch  [13]  recogn i t ion  involves " c h e c k i n g  
the famil iar i ty  or response  s t r eng th  of  an i tem, but  recall 
involves an add i t iona l  process  of  search or re t r ieval" .  
Whereas,  defici ts  in recall and  recogn i t ion  could be inter-  
p re ted  as be ing  due to a storage p rob lem,  defici ts  in recall 
bu t  no t  r ecogn i t ion  could be i n t e rp r e t ed  as a retr ieval  
failure. However,  it shou ld  be n o t e d  tha t  h i t  rates on the  
r ecogn i t ion  test  were qui te  low, be tween  35 and 40%, 
mak ing  any final conc lus ions  conce rn ing  the  storage- 
retr ieval  d i c h o t o m y  tenous .  

A n o t h e r  f inding in the present  s tudy provides  some 
di f f icul ty  for the reduced  t ransfe r  exp l ana t i on  of the ef fec t  
of  M on m e m o r y .  A l though  recall was lowered on repea ted  
lists, the rate of  acquis i t ion  ( a m o u n t  of i n f o r m a t i o n  
i nco rpo ra t ed  in to  m e m o r y  on each trial)  did no t  d i f fer  for  
P and M groups.  A similar gain of i n f o r m a t i o n  occur red  on 
each trial. A divergence of the  two learning curves migh t  be 
expec ted  if  less i n f o r m a t i o n  was i nco rpo ra t ed  on each trial 
fo l lowing M. However ,  pa rame te r s  in f luenc ing  acquis i t ion  
fo l lowing M i n t o x i c a t i o n  need  fu r t he r  inves t iga t ion  since a 
previous  s tudy  r epo r t ed  some evidence for  infer ior  acqui-  
s i t ion  rate on  repea ted  lists in the  i n tox i ca t ed  s tate  ] 16].  

Long t e rm r e t e n t i o n  was reduced  fo l lowing i n tox i ca t i on  
bu t  was equal  when  a co r rec t ion  for init ial  recall levels was 
made.  This  was ref lec ted  in the cond i t i ona l  p robab i l i t y  
analysis  which  a long wi th  the repea ted  list results  suggests 
tha t  M does no t  increase the  rate of  fo rge t t ing  fo l lowing 
recall. 

A n u m b e r  of  d i f fe ren t  types  of  in t rus ion  errors  were 
e levated fo l lowing i n t o x i c a t i o n  which  is cons i s ten t  wi th  
previous  results.  A l t h o u g h  the d i f fe ren t  types  of i n t rus ion  
errors  were in te rcor re la ted ,  the cor re la t ion  be tween  the 
in t rus ions  and  various measures  of recall were qui te  low. It 
seems t h a t  in t rus ions  reflect  some nonspec i f ic  noise in the 
sys tem bu t  do no t  sys temat ica l ly  relate to the m e m o r y  
process. They  cons t i t u t e  a fac tor  which  appears  indepen-  
den t  of  recall. Whe the r  they  can be cons idered  a source of 
i n t e r f e rence  which can inf luence  recall is no t  ind ica ted  in 
the data.  

The f indings  t ha t  M reduces  recall of n o n r e p e a t e d  lists, 
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has little ef fect  on the amoun t  of  i n fo rma t ion  gained during 
repeated  p resen ta t ion  of  the same list and p roduces  only  
mild changes in recogni t ion  m e m o r y  are s o m e w h a t  diff icult  
to in terpre t .  M appears  to in terfere  wi th  initial encod ing  of  
i n fo rma t ion  in to  storage as measured by a single free recall 
trial by possibly a t t enua t ing  trace s t rength  of  an i tem or by 
in terfer ing with the fo rma t ion  of  associat ions be tween  
i tems in the list. However,  wi th  repe t i t ion  elaborat ive and 
coding opera t ions  which have to be pe r fo rmed  to set up a 
word for  later retrieval are reduced or at least modif ied .  
The fact  tha t  rate of i m p r o v e m e n t  in recall is similar for 
bo th  groups  fu r ther  suggests that  i tems f rom intervening 
lists do no t  displace repeated  i t ems  in memory .  Thus, one 
effect  o f  the drug is to interfere  with the initial fo rma t ion  
of  a m e m o r y  trace. 

Recogni t ion  m e m o r y  was only mildly af fec ted  by M in 
the p resen t  s tudy.  One fac tor  which  may de te rmine  the 
appearance  of  recogni t ion  deficits  in fol lowing M intoxica-  
t ion is whe the r  the recogni t ion  test  is p resen ted  subsequen t  
to a free recall test. It has been previously shown that  M 
produced  little e f fec t  on a recogni t ion  test  no t  p receeded  
by a free recall test  [17] .  Ano the r  factor  which  must  be 
cons idered  is the type of  lures emp loyed  in the recogni t ion  
test. If the lures are similar in some way to the target i tems, 
the d is t r ibut ion of  hit  and false alarm rates might  be 
d i f ferent  than when the lures emp loyed  are unlike the 
target i tems. 

Models of  m e m o r y  which might  encompass  these results 

have been p roposed  by Kintsch  [13] and Wickelgren [25] .  
The basic assumpt ion  of  these models  is that  i tems of  
in fo rma t ion  enter ing in to  m e m o r y  are not  s tored in an all 
or none  fashion,  but  are s tored at d i f ferent  s t rengths  or 
intensit ies.  This concep t  of  m e m o r y  trace s t rength  is similar 
to the Hullian no t ion  of  habi t  s t rength  [ 12]. Kintsch  [13] 
speaks of  familiari ty ra ther  than s t rength.  If an i tem is 
below some threshold  s t rength  for recall, repeat ing the 
i tem, or present ing  the i tem in the con tex t  of  a recogni t ion 
test  could increase its signal s t rength  so that  it can be 
r emembered .  When false alarm rates are elevated in a 
recogni t ion test fol lowing in toxica t ion ,  it may mean that  
lures overlap semantical ly or associatively with the to-be 
recognized i tems to the ex t en t  tha t  their  familiarity or 
s t rength  increases in memory .  This ef fect  might  be very 
p r o n o u n c e d  if a recall test  occurs  prior to the recogni t ion  
test  because recall may be partially d e p e n d e n t  on the 
fo rmat ion  of  in ter i tem associations which are based on 
p reexper imen ta l  exper iences .  Thus,  M could p roduce  a 
change in the false alarm rates by increasing the s t rength  of  
p reexper imen ta l  associat ions or by s t rengthening  the exist-  
ing associat ions be tween  lures and target i tems. 

In conclus ion,  describing the act ions of  marijuana on the 
m e m o r y  process  in te rms of  any single theory  of  m e m o r y  
may prove diff icult  at the present  t ime. An empirical  
analysis seems mos t  appropr ia te  with theories  of  m e m o r y  
serving as working models  ra ther  than exp lana tory  devices. 
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