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Further Evidence for a Negative Recency Effect in Free Recall 1 

FERGUS I. M. CRAIK,  JOHN M. GARDINER, AND MICHAEL J. WATKINS 

Birkbeck College, University of London, London, England 

The results of a previous experiment had indicated that the final words in a free-recall 
list were retrieved least well in a second recall session. This "negative recency effect" was 
found to hold for reminiscence items and, to some extent, for prior list intrusions in recall. 
Two further experiments showed that words retrieved in free recall were subsequently 
recognized less well if they had been presented late in their original input list. There was 
some evidence that a pattern of primacy and negative recency also held for the recognition 
of words not retrieved in free recall. It was concluded that terminal words in a free-recall list, 
although best recalled immediately, are thereafter least available in memory. 

The phenomenon of  negative recency in free 
recall was reported by Craik (1970). In that  
study, 10 lists of  words were presented to Ss 
for immediate free recall (IFR).  After recall 
of  the 10th list, Ss were given a "final recall" 
trial in which they were asked to write down, 
in any order, all the words they could remem- 
ber f rom the 10 lists. When words recalled in 
this final session were allocated to their origi- 
nal input positions, the resulting serial 
position curve showed a primacy effect, a fiat 
middle portion, and a reliable negative recency 
effect. By contrast, the serial position curve in 
I F R  took the classic form of a primacy effect, 
a fiat middle portion, and a large recency effect. 
For  words presented at the beginning and in 
the middle of  the list, there was some forget- 
ting between I F R  and final recall. The terminal 
words are of  especial interest, however, since 
they showed the best recall in I F R  (the 
recency effect) but were recalled least well in 
absolute terms in the final recall session (the 
negative recency effect). It was argued that 
the finding of  a negative recency effect in final 
recall is of  theoretical importance since it 
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makes "one-process" theories of  memory  
difficult to maintain. At  a more  descriptive 
level, the finding implies either that  words 
which are immediately recalled f rom the end 
of  a list are not "transferred" f rom some short- 
term store (STS) to a more permanent  long- 
term store (LTS) (Atkinson & Shiffrin, 1968; 
Waugh  & Norman,  1965) or that  S has not 
"manufac tured"  adequate retrieval cues for 
these terminal words (Tulving, 1968). What-  
ever the nature o f  the mechanism, it seems 
reasonable to say that if words are not re- 
hearsed, they are not adequately registered in 
LTS. 

The present paper provides further evidence 
for the negative recency effect. It is shown that 
the phenomenon holds for reminiscence items 
and, to some extent, for prior list intrusions 
in recall, and that the effect is still present when 
a recognition test is substituted for the final 
recall test. 

EXPERIMENT I 

The data presented here represent further 
analyses o f  Craik 's  (1970) study. In that ex- 
periment, 20 Ss were given ten 15-word lists 
for IFR.  Words  were presented at a 2-sec 
rate, and Ss were given 60 sec for free recall 
on each trial. Each S attended four sessions 
(on different days) to perform the experiment 
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under the four combinations of  auditory or 
visual presentation with spoken or written 
recall. Thus the pooled data, considered here, 
comprise 800 subject lists. After the 10 im- 
mediate recall trials, S was given 5 rain to 
write down as many words as he could from 
the lists he had just received. 

Reminiscence Items 

Occasionally S would recall a word in the 
final recall session which he had failed to 
recall immediately after presentation of the 
list. Such reminiscence items were rather rare 
in the present experiment (211 cases out of 
12,000 words presented), but it is still of 
interest to examine their input serial positions. 
If an item's availability in LTS is accurately 
reflected by the serial position curve reported 
earl ier--that  is, a primacy effect, a flat middle 
portion, and a negative recency effect--pre- 
sumably reminiscence items should follow 
the same pattern. The reminiscence items were 
thus allocated to their original input positions 
and expressed as a proportion of the number 
of unrecalled words at that serial position. 
Figure 1 thus shows the conditional prob- 
ability of an item being recalled in the final 
recall session given that it was not retrieved in 
IFR. Since the numbers involved in the calcu- 
lation were small, the serial position curve was 
smoothed by representing each point as the 
average of that point, the preceding point, and 
the succeeding point. This was done for all 
points except the first and last which are the 
original scores. Since the shape of the serial 
position curve is the main point of this paper, 
all curves were treated in a similar fashion. 
Any statistical calculations were, of  course, 
carried out on the original scores. 

Figure 1 shows that reminiscence items fol- 
low the pattern described previously. The first 
two words are more likely, and the last three 
words less likely, to occur as reminiscence 
items than are words from the middle of  the 
list. The general trend of decreasing likelihood 
of reminiscence with serial position was 
assessed by correlating the conditional prob- 
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F[o. 1. Conditional probabilities of reminiscence 
items in final recall, and of two types of prior list intru- 
sion in free recall, as a function of input serial posi- 
tion. 

ability scores with input serial position. This 
procedure gave Spearman's rho(13)=-0.67,  
p < .01. It is thus concluded that the trend is 
reliable. 

Prior List Intrusions 

Welford (1968) cited an unpublished free- 
recall study by D. A. Kassum who found that 
intrusions from previously presented lists 
arose largely from words occupying early 
input serial positions. Intrusions rarely arose 
from words presented in terminal serial posi- 
tions. Welford concluded that these results 
showed differential registration of words in 
LTS: the initial words in a presentation list 
are likely to "capture the translation mecha- 
nism and block the entry of  subsequent 
items." His interpretation is thus essentially 
one of poor transfer of later words from STS 
to LTS. From Kassum's  results and from 
Craik's (1970) results, it was expected that 
prior list intrusions (PLI's) would also show 
the pattern of primacy and negative recency. 

The PLI 's  fall into two categories--items 
which had been recalled in their correct list 
and those which had not. These categories 
might represent somewhat different psycho- 
logical processes. Accordingly, PLI 's  were 
divided into these two classes and allocated 
to their original input positions. The resulting 
PLI  frequencies were expressed as a propor- 
tion of the pool of  words from which they 
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were drawn--that  is, the total number of 
words recalled at each serial position in the 
first case, and the total not recalled in the 
second, respectively. Figure 1 thus shows the 
conditional probability of a PLI given (a) that 
the word had been recalled previously, and 
(b) that the word had not been retrieved in 
IFR. 

Figure 1 shows that PLI's from nonrecalled 
words followed the predicted pattern of pri- 
macy, flat middle portion, and negative 
recency. When the tendency for these PLI's 
to arise from initial items was assessed by 
correlating the conditional probability with 
input position, using Spearman's technique, 
rho(13) was found to be -0.76, p < .001. The 
PLI's from previously recalled words, how- 
ever, showed a primacy effect but no negative 
recency; a similar correlation on this class of 
PLI was not significant, rho(13)=-0.22, 
p > .05. 

One further analysis was carried out on the 
PLI data. Craik (1970) found that words re- 
trieved originally from primary memory 
(PM) were less likely to be retrieved in the 
final recall session, A word was categorized 
as a PM item provided that no more than six 
items (further stimuli or responses) had inter- 
vened between its presentation and recall 
(Tulving & Colotla, 1970). It was expected that 
PM items would show a smaller conditional 
probability of recurrence as PLI's than would 
SM items. The overall conditional prob- 
ability of PLI's from PM items was 0.015, and 
the corresponding conditional probability 
from SM items was 0.016. These probabilities 
were not significantly different by the sign test. 

The failure to find a difference in the condi- 
tional probabilities is somewhat surprising, 
in view of Craik's (1970) results for correct 
items and Kassum's results for PLI's. Since 
the total number of PLFs was small in the 
present experiment (180 cases out of 12,000 
words presented), it is possible that random 
factors in the data obscured the effect. 
Accordingly, the data from a previous free- 
recall study (Craik, 1968; Expt. II) were ex- 

amined since that study had yielded a greater 
number of PLI's. In Craik's (1968) experi- 
ment, the conditional probability of a PLI 
from PM items was 0.021, and the correspond- 
ing conditional probability from SM items 
was 0.056. Out of 20 Ss, 16 showed a higher 
SM conditional probability, three showed a 
higher PM probability and there was one tie; 
the 16/3 split in favor of SM items is significant 
by the sign test, p < .01. 

Although not clear, there is thus some evi- 
dence to suggest that PLI's are most likely to 
arise from items presented early in their input 
list and least likely to arise from items pre- 
sented late. 

EXPERIMENT II 

Although Craik (1970) found that terminal 
words in free-recall lists were retrieved least 
well in the final recall session, it is possible that 
the terminal words were as well registered in 
LTS as earlier items but were not retrieved due 
to less effective retrieval cues (TuNing, 1968). 
A simple way of testing whether the terminal 
words were as available in memory but less 
accessible than words presented earlier would 
be to follow several free-recall lists by a recog- 
nition test. The presence of a negative recency 
effect under recognition conditions would 
suggest that terminal words in free-recall lists 
are poorly registered in LTS. 

Procedure 
Twenty student Ss were presented with ten 15-word 

lists for IFR. The words were drawn from a pool of 230 
common, two-syllable concrete nouns. Ten sets of lists 
were constructed from the same pool and each set was 
used for two Ss. The lists were presented orally at a 
1-sec rate, and after each list S had 60 sec for written 
recall. The Ss were tested individually. 

After the 10 recall trials, S's response protocols were 
examined, and words were categorized as retrieved 
from PM, retrieved from SM, or not recalled (NR). 
Retrieval from PM was again defined as any case 
where no more than six words intervened between 
a word's presentation and recall. For each S, an aver- 
age of three PM items, three SM items and two NR 
items were selected randomly from each list, to give a 
total of 80 words. These 80 words were then allocated 
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at random to positions in a prepared recognition sheet 6.o- 
containing the 80 unused items from the common ~z 
word pool as distractors. Preparation of the recogni- 

e: 5 . 0 -  tion test took 15 min on average. 
For the recognition test, the 160 words were pre- 

z 
sented orally at a 4-sec rate. The S was informed that 
half the words would be "old" and that he had to rate ,7 4.o 
each word on a 6-point confidence scale ranging from 

u 
"certain word is old" (6) to "certain word is new" (1). z 

< 3 " 0  

Results 

Several analyses of  Ss' responses were 
carried out. First, the rating scale responses 
were collapsed from 6 to 2 points (either "old"  
or "new") and percentage recognition scores 
compared for the different classes of words. 
Recognition scores were: SM items, 95.8%; 
PM items, 83.0%; N R  items, 57.4%; and dis- 
tractors (that is, false positives), 30.6%. 
Wilcoxon matched-pairs signed-ranks tests 
showed that these sets of percentages were all 
reliably different from each other at the 
p < .001 level. 

A signal detection analysis yielded a similar 
result. Mean d' scores were as follows: SM 
items, d ' = 2 . 6 0 ;  PM items, d ' =  1.76; NR 
items, d ' =  0.72. An analysis of variance on 
the d' scores showed that these classes of 
words were recognized with different effective- 
ness, F(2, 38 )=  80.89, p < .001. Again, all 
comparisons between the means gave reliable 
differences (p < .001) using Scheff6's test. 

Finally, the "old"  words in the recognition 
test were allocated to their original serial 
positions in the free-recall presentation list. 
Figure 2 shows the mean confidence ratings, 
given at recognition, both for items recalled 
and for items which were not recalled in IFR. 
The data were again smoothed in the manner 
described in Experiment I. The figure also 
shows the mean confidence rating given to 
"new" items in the recognition test. 

For the recalled items, the ratings for the 
first 10 input positions are each based on an 
average of 44 observations, and the ratings 
for the last five positions are each based on an 
average of 134 observations. Figure 2 shows 
no primacy effect but a marked negative 
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Fie. 2. Recognition performance as a function of 
input serial position in free recall. 

recency effect for the recalled items. The lack of 
primacy may be due to a ceiling effect. The 
general tendency for recognition performance 
to drop with serial position was again assessed 
by correlating the two variables. This pro- 
cedure yielded Spearman's rho(13)---0.90, 
p < .001. 

For the nonrecalled (NR) items, the first 12 
serial positions are each based on an average 
of 39 observations, but over the last three posi- 
tions there were only six observations in all. 
Tbis was due to the fact that N R  items were 
much rarer at these terminal positions. The 
last point on the N R  curve thus represents the 
pooled observations from the last three posi- 
tions. A Spearman rank-order correlation 
between mean confidence rating and serial 
position yielded rho(ll)=-0.31, p > . 0 5 .  

Discussion 

The present experiment provides good evi- 
dence that the subsequent recognition of 
words retrieved in free recall is poorer for those 
words recalled from terminal serial positions. 
Graphically, the recognition serial position 
curve for N R  items shows a primacy effect 
and a slight negative recency effect although 
the tendency for recognition performance to 
fall with serial position is not statistically reli- 
able. Since the number of observations for the 
final serial positions was small in the case of  
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N R  items, the results o f  a fur ther  exper iment  
using the same general  p rocedure  were ex- 

amined.  

EXPERIMENT I I I  

This exper iment  was one o f  a series explor-  
ing the re la t ionships  between i tems recalled in 
I F R  and in a "final recal l"  session. In outline, 
the exper iment  consisted of  10 I F R  trials 
fol lowed by a final recall tr ial  and  then by a 
recogni t ion test. In the present  context ,  the 
interest  is in the subsequent  recogni t ion of  
words  retr ieved in one, both,  or  neither of  the 

recall sessions. 

Procedure 
Twenty student Ss were presented with ten 20-word 

lists for IFR. A pool of 200 common, two-syllable 
concrete nouns was used to construct the lists. Each S 
received a different set of lists, randomly constructed 
from the pool. The lists were presented orally at a 2-sac 
rate, and after each list S had 60 sac for spoken recall. 
Approximately 3-4 rain after recall of the 10th list, 
S was given 10 rain to write down all the words he could 
remember from the 10 lists. The Ss were tested 
individually. 

Immediately after the "final recall" trial, S was given 
a recognition test in which 200 words were presented : 
100 words, randomly selected, from the 200 IFR 
words plus a further 100 distractor words. The 200 
words for recognition were presented orally at a 3-sac 
rate. The S rated his confidence that each word was 
"'old" on a 5-point scale ranging from "certain old" 
(5) to "certain new" (1). 

Results 

W o r d s  recalled in the "final recal l"  session 
were recognized extremely well. The mean 
confidence rat ing for  words  recalled bo th  in 
I F R  and final recall was 4.93, and the mean 
confidence rat ing for  words  recalled in final 
recall  but  not  in I F R  (reminiscence items) 
was also 4.93. Due to ceiling effects, it  is thus 
not  possible  to plot  meaningful  serial pos i t ion  
curves for  these two classes of  items. 

Figure  3 shows the recogni t ion serial posi-  
t ion curves for  words  recalled in I F R  but  no t  
in final recall  and  for  words  which were no t  
recal led in either session. F o r  the recalled 
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FIG. 3. Recognition performance as a function of 
input serial position in free recall. 

i tems, the ratings for the first 15 input  pos i t ions  
are each b a s e d  on an average of  12 observa-  
t ions and the rat ings for  the last  5 posi t ions 
are each based on an average o f  44 observa-  
tions. The figure shows tha t  recalled i tems 
exhibit  a s t rong negative recency effect. A 
corre la t ion between input  serial pos i t ion  and 
mean confidence rat ing gave rho(18) = -0 .67 ,  

p < .01. 
F o r  the N R  items, the first 18 serial pos i t ions  

are each based on an average of  50 observa-  
t ions bu t  again there were ra ther  few observa-  
t ions for  the last two serial posit ions.  The 24 
observat ions  f rom these two posi t ions  were 
poo led  to give a more  rel iable value for  the  
end of  the curve. Graphica l ly ,  the curve for  
the N R  items shows a slight p r imacy  effect 
but  is thereaf ter  essentially flat. A corre la t ion  
between mean  confidence rat ing and serial 
pos i t ion  yielded rho(17)=-0.52, p < . 0 5 .  
A l though  the last  po in t  in the N R  curve shown 
in Figure  3 has the lowest  value, i t  should be 
po in ted  out  tha t  the significant corre la t ion  
p robab ly  owes more  to the p r imacy  effect than  
to the negative recency effect. 

Discussion 

This exper iment  thus confirms the finding 
f rom Exper iment  I I  that  the recogni t ion o f  
words  previously  recal led in I F R  is poore r  for  
the later  input  posi t ions.  The presence o f  nega- 
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tive recency in the serial position curves for 
NR items is more equivocal and must await 
further data for clarification. 

In general, the results of Experiments II 
and III support the notion that terminal 
words in free-recall lists are least well regis- 
tered in LTS. The presence of negative 
recency using a recognition test strongly 
suggests that terminal words are less available 
in LTS; it is unlikely that they are simply less 
accessible. 

GENERAL DISCUSSION 

Before discussing the theoretical significance 
of  the results, it should be pointed out that 
whereas the negative recency effect in Craik's 
original paper was an absolute effect (that is, 
terminal words were least well retrieved in final 
recall), the present paper has dealt with condi- 
tional probabilities (given that an item was 
recalled or not recalled in IFR, what was its 
subsequent probability of recall or recogni- 
tion). Although negative recency, defined in 
this way, is not such a striking phenomenon, 
the interpretation of the effect remains essen- 
tially the same. 

The results reported in this paper are in line 
with the conclusion that the last words in a 
free-recall list, although best recalled immedi- 
ately, are thereafter least available in memory. 
This apparent paradox is resolved if two 
memory processes, PM and SM, are postu- 
lated. The PM process may be thought of as a 
highly accessible, limited capacity store 
(Atkinson & Shiffrin, 1968) or as the depend- 
ence of S on effective, but transient, acoustic 
or temporal retrieval cues (Tulving, 1968). 
The essence of SM involvement seems to be 
the integration of new material with the body 
of past learning; whether this integration is 
described as "transfer to LTS" (Atkinson & 
Shiffrin, 1968) or as "construction of semantic 
retrieval cues" (Tulving, 1968) would seem to 
be largely a matter of individual taste. 

The present results, together with those of 
Craik (1970), demonstrate that retrieval of a 

word in immediate recall does not by itself 
guarantee SM registration. For  adequate 
registration to occur it is apparently necessary 
to process a word for some time. In the case of 
terminal words, which are typically output 
first, this processing time is shorter and regis- 
tration is correspondingly poorer. The pro- 
cessing time in question is presumably 
occupied by rehearsal which, after Waugh and 
Norman (1965), may be thought of as per- 
forming two functions: maintaining informa- 
tion (or acoustic retrieval cues) in PM and 
transferring information (or generating se- 
mantic retrieval cues) in SM. 

Finally, the relevance of the negative recency 
effect to two other sets of studies should be 
pointed out. First, Glanzer and Cunitz (1966) 
showed that 30 sec of interpolated activity 
before free recall removed the recency effect. 
More importantly in the present context. 
however, their resulting serial position curve 
showed no negative recency effect. Two com- 
ments are offered on this apparent discrepancy 
with the present results. First, in the Glanzer 
and Cunitz study, Ss knew that they still had 
to recall the words after the delay so they 
would probably attempt to rehearse each word 
as it was presented. This contrasts with the 
present technique in which Ss output terminal 
words, thereby fulfilling the main require- 
ment of the task. The second comment is 
that, in the delayed recall situation, when the 
interpolated task is very demanding, a slight 
negative recency effect does occur for the last 
word (Glanzer, Gianutsos, & Dubin, 1969; 
Experiments 2, 3, and 5). 

The second finding, pertinent to the nega- 
tive recency effect, is that of retrograde inter- 
ference in free recall reported by Tulving 
(1969). He found that when a high-priority 
item, such as a famous name, was inserted 
into a free-recall list with the instructions that 
S must remember the name and recall it first, 
the word immediately preceding the high- 
priority item was recalled less well than the 
corresponding word in a control list. Tulving 
explained the finding in terms of poorer 
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consol ida t ion  o f  the i tem preceding a high- 
p r io r i ty  event. A l though  the t ime charac-  
teristics of  the negative recency effect are 
somewhat  different f rom the re t rograde  inter-  
ference effect, it  seems l ikely tha t  the two 
effects are manifes ta t ions  of  the same basic 
phenomenon .  In  the case of  the negative 
recency effect, this implies tha t  the process o f  
regis t ra t ion in SM cont inues for  a few seconds 
after the word  has been presented  and that  
the process  is t e rmina ted  when the word  is 
recalled. 
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