
According to dual-process models of memory, there 
are two processes, recollection and familiarity, that un-
derlie recall and recognition (e.g., Atkinson & Juola, 
1974; Diller, Nobel, & Shiffrin, 2001; Mandler, 1980; see 
Yonelinas, 2002, for a review). Although models differ 
somewhat in their construal of these, recollection is gen-
erally described as a conscious, attention-demanding pro-
cess, with a slow rise time. Recollection entails conscious 
retrieval of specific episodic information, including per-
ceptual details, the source of the information, temporal 
or spatial information, and emotions that accompany the 
events. Familiarity, on the other hand, is usually conceptu-
alized as an unconscious, relatively automatic process that 
is recruited more rapidly.

On the dual-process account, word (item) recognition is 
based largely on familiarity when lures and targets are dis-
similar. However, when lures are very similar, as is the case 
when singular and plural nouns (e.g., kernel) are studied 
and test lures are plurality-reversed nouns (e.g., kernels), 

differentiation between targets and lures on the basis of 
familiarity is difficult unless recollection is invoked (e.g., 
Arndt & Reder, 2002; Curran, 2000; Hintzman, Curran, 
& Oppy, 1992; Malmberg, Holden, & Shiffrin, 2004; 
Norman, 2002; Rotello, Macmillan, & Van Tassel, 2000; 
Sheffert & Shiffrin, 2003). That is, participants can use a 
recall-to-reject strategy, recollecting studied items when 
confronted with familiar plurality-reversed lures; such 
recollection is diagnostic that plurality-reversed lures are 
new items and permits their rejection. Postulating a  recall-
to-reject strategy or some other recall-like process is 
needed to explain why old/new discrimination with highly 
similar lures often shows little or no improvement over a 
wide range of presentation frequencies at the same time 
that judged frequency is sensitive to number of repetitions. 
This phenomenon has been dubbed registration without 
learning by Hintzman et al. (1992). Single- process mod-
els have considerable difficulty in accounting for such ef-
fects, because they lack mechanisms for predicting that 
false alarms to dissimilar lures decrease with repetition of 
targets at study, whereas false alarms to similar lures do 
not (see Malmberg, Holden, & Shiffrin, 2004, for a dis-
cussion). In the research reported here, we examined the 
joint effects of aging, repetition, and response deadline on 
recognition in the plurality discrimination task.

There is a fair amount of consensus that familiarity-
based mechanisms are relatively preserved in old age, 
whereas recollection is more adversely affected. We will 
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begin by briefly reviewing evidence from research on 
repetition effects that supports this view (for more com-
plete summaries, see Light, Prull, La Voie, & Healy, 2000; 
 Yonelinas, 2002; but see also Healy, Light, & Chung, 
2005, for suggestions of age-related differences in famil-
iarity). Jacoby (1999) investigated the influence of both 
repetition and response pressure in the context of aging. 
Participants saw a list in which some words appeared one, 
two, or three times and then heard a second list of words. 
At test, they were asked to respond old only to words 
that they had heard previously. When young adults were 
given long response deadlines, false alarms to previously 
studied words decreased with repetition. Ironically, false 
alarms to previously studied words increased with repeti-
tion for older adults, even with quite long deadlines. Thus, 
for the young adults, exclusion of seen words improved 
as a function of repetition, but the opposite was true for 
the older adults, in accord with an age-related deficit in 
the use of recollection to oppose the enhanced familiar-
ity produced by repetition. Interestingly, the young adults 
also showed an increase in false alarms with repetition 
when forced to respond quickly; this finding accords well 
with the view that recollection has a longer rise time than 
does familiarity.

Similar ironic effects of repetition for older adults and 
for young adults tested with short response deadlines 
have been found for the Deese/Roediger– McDermott task 
(Benjamin, 2001; Budson, Daffner, Desikan, & Schacter, 
2000; Kensinger & Schacter, 1999; Watson, McDermott, 
& Balota, 2004), as well as for the false-fame paradigm 
(Bartlett, Strater, & Fulton, 1991), for recognition of 
compound words (Jones & Jacoby, 2001), and for asso-
ciative recognition (Light, Patterson, Chung, & Healy, 
2004). Light et al. (2004) utilized a paradigm previously 
employed by Kelley and Wixted (2001), in which young 
adults studied lists of word pairs. Half of the pairs were 
presented once (weak pairs), and half were presented four 
times (strong pairs). After study, the participants received 
a recognition test that included strong and weak intact 
pairs (both words studied together), strong and weak rear-
ranged pairs (both words studied, but with different part-
ners), and new pairs. Kelley and Wixted found that with 
repetition of pairs at study, the young adults’ hits to intact 
pairs increased, whereas their false alarms to rearranged 
pairs remained constant. In our study, hit rates increased 
with repetition for both young and older adults. We also 
found constancy of false alarm rates for weak and strong 
pairs (or even a reduction in false alarms for strong pairs), 
when the young adults did not need to respond quickly. 
However, the young adults tested with short response 
deadlines and the older adults tested with or without 
response deadlines had higher rates of false alarms for 
strong than for weak rearranged pairs.

Outcomes such as these are easily explained by the as-
sumption that familiarity is less effectively opposed by 
recollection in older adults and in young adults pressured 
to respond quickly. In the present study, we asked whether 
these findings could be generalized to item recognition 
in the plurality discrimination task. In Experiment 1, sin-

gular and plural nouns were presented once (weak items) 
or five times (strong items), and the participants were 
tested under both short- and long-deadline conditions. 
We predicted that without pressure to respond quickly, 
young adults would show the pattern of results observed 
in the several paradigms summarized above: higher hit 
rates for strong than for weak same-plurality nouns, but 
either no effect of repetition on false alarms to  plurality-
reversed lures or a decline in false alarms for strong 
 plurality- reversed lures. We also predicted that young 
adults would show an increase in false alarms to plurality-
reversed lures when tested with a short response deadline 
(Hintzman & Curran, 1994; Hintzman et al., 1992). Older 
adults, in contrast, should show ironic effects of repeti-
tion, manifested as higher rates of false alarms to strong 
than to weak  plurality-reversed lures in both short- and 
long-deadline conditions. To preview our findings, this 
was what we found. In Experiment 2, responding was 
self-paced. The question of interest was whether giving 
older adults unlimited time to respond would encourage 
recruitment of recollection to oppose familiarity, yielding 
a pattern of results like that for young adults in the long-
deadline condition in Experiment 1.

EXPERIMENT 1

Method
Participants. The young adults (27 women, 3 men) were stu-

dents recruited from the Claremont colleges. The older adults (20 
women, 8 men) resided in the Claremont area. All the participants 
were paid $40 for participation. The mean ages of the two groups 
were 19.43 years (SD � 1.68, range � 18–26) and 68.29 years 
(SD � 5.99, range � 60–80), respectively. Additional background 
information for these participants is given in Table 1. As is typically 
the case, reading and computation spans were higher in the young 
than in the older adults, although only the difference in reading span 
was significant in Experiment 1. Older adults often have higher vo-
cabulary scores than do young adults, and the advantage here was 
also to the older adults, although the difference was not statistically 
significant. The data of 1 additional young adult were excluded 
because of a very high false alarm rate on new lures in the long-
deadline condition. The data from 23 additional older adults were 
also excluded. Thirteen did not meet a criterion of 50% for reaction 
times within the response window in each deadline condition of the 
speeded recognition task, 6 did not complete the experiment, 3 fell 
below criterion on one or more auxiliary tasks (described below), 
and the data of 1 were lost due to equipment failure. Analyses in-
cluding the data from those participants who were excluded because 
they did not respond frequently enough within the response window 
or performed poorly on the auxiliary tasks led to conclusions con-
sistent with those reported here.

Materials. We selected 240 low-frequency nouns and their plural 
forms from the MRC Psycholinguistic Database (Coltheart, 1981) 
to serve as experimental items. These words met three criteria. First, 
the plural version of each noun could be created by adding s. Second, 
the dominant meaning of each item was the same in its singular and 
plural forms. Third, the singular and plural forms were similar in 
frequency, with singular and plural nouns having mean frequencies 
of 2.12 and 1.87 per million, respectively. No word was longer than 
12 letters. The words were assigned randomly to lists for each pair 
of participants (1 young and 1 old). In each study list, each of 10 
singular and 10 plural nouns was presented once (weak items), and 
each of 10 singular and 10 plural nouns was presented five times 
(strong items); in addition, there were 2 buffer words at the begin-



MEMORY FOR PLURALITY IN YOUNG AND OLDER ADULTS    337

ning of each study list and 2 at the end, so each study list contained 
a total of 124 words. Within a study list, the words in the strong 
condition were spaced so that each word occurred once in each fifth 
of the list and repetition of the same word was never consecutive. 
Furthermore, no more than 2 singular words or plural words were 
presented consecutively.

The experimental design called for three types of test items: same 
plurality (old), plurality reversed (changed), and new. The old words 
were presented on the study and test lists in the same form (e.g., 
singular on the study list and singular on the test list). The changed 
words had their plurality reversed between study and test (e.g., sin-
gular on the study list and plural on the test list). The new words 
were presented only on the test list. Each 60-word test list contained 
20 same items (10 weak and 10 strong), 20 changed items (10 weak 
and 10 strong), and 20 new words (10 singular and 10 plural). No 
more than 2 words of each word type (singular or plural, old or new) 
appeared consecutively on a test list.

Design and Procedure. In each of two 2-h sessions separated 
by a maximum of 7 days, the participants began by practicing use 
of the 6-point confidence rating scale that would be used later for 
the recognition test (1 � sure new to 6 � sure old ). Two practice 
study–test blocks and two experimental study–test blocks followed. 
For the practice blocks, the long deadline always preceded the short 
deadline. For the experimental blocks, the order of deadline condi-
tions was counterbalanced across participants for each age group 
and was different in each session. For all practice and experimental 
study lists, presentation rate was 2 sec per word, with the test follow-
ing immediately after list study. For each test item, the participants 
indicated their confidence that the word was old.

In the first session, the participants read two pages of detailed 
instructions about the main task. The instructions clearly described 
the three types of test words that they would experience. In par-
ticular, people were told that the test item types were old words, 
changed words, and new words, that they should respond old to old 
words and new to both changed and new words, that some words on 
a study list would be repeated several times within that list, and that 
words appeared only on a single study–test block. Finally, they were 
instructed to wait for the response cue and then to respond as quickly 
as possible at test. They next completed two practice blocks (long 
and short deadlines) and two experimental blocks. In the second 
session, the participants again completed the training, reviewed the 
detailed instructions for the experimental task, and completed two 
practice and two experimental blocks.

In the short-deadline condition, the participants saw a focal cue 
(�����) for 500 msec, followed by presentation of a test word. A 
response cue (*****) appeared 400 msec after presentation of each 
test word. At that time, the participants had 600 msec to respond. 
Thus, a total of 1,000 msec elapsed from item presentation until 
the response deadline lapsed. A beep followed, which signaled a 
1,000-msec intertrial interval (blank screen). In the long- deadline 

condition, the response cue did not appear until after the test word 
had been presented for 2,400 msec. Again, the participants had 
600 msec to respond (3,000-msec total response time). If the partici-
pants responded before the response cue, they were reminded to wait 
for that cue before pressing a key. If the participants did not respond 
in time, a beep signaled the end of the response window.

A small battery of secondary measures was also administered to 
characterize the samples of young and older participants. Speed and 
executive function were assessed with the Trail Making Test (Parts 
A and B; Reitan, 1992). Verbal fluency was measured with the Word 
Fluency Test (Benton & Hamsher, 1976). A locally developed letter 
identification task in which the participants circled as many letter As 
as they could in 3 min was used as a measure of perceptual–motor 
speed. Finally, working memory was assessed with computational 
span and reading span tasks (Salthouse, 1992). These tasks were 
interspersed with the word recognition study–test blocks in order 
to reduce interference between lists. The last task for both groups in 
the second session was a 25-item version of the Nelson and Denny 
(1961) vocabulary test.

Results
We began by examining the percentage of responses 

that fell within the long- and short-deadline response win-
dows for the young and older adults. The young adults 
made .92 of all responses within the response window for 
both short and long deadlines, whereas the older adults 
had .82 and .86 of their responses within the response 
window for the two deadlines. A 2 (age) � 2 (deadline) 
ANOVA indicated that main effects of both age and dead-
line were significant [F(1,56) � 43.01, p � .001, η2 � 
.43, and F(1,56) � 5.06, p � .05, η2 � .08, respectively]. 
The interaction between these variables was marginally 
significant [F(1,56) � 3.27, p � .08; η2 � .06]. Given 
these effects, we carried out parallel analyses on all the re-
sponses, as well as on just those responses that fell within 
the designated time windows. Conclusions drawn from 
these analyses were identical, so to conserve space we will 
report only the analyses of on-time responses. An α of .05 
was used for all the analyses.

Responses of 4, 5, or 6 for studied nouns were treated as 
hits, whereas responses of 4, 5, or 6 to plurality- reversed 
and new lures were treated as false alarms (see Figure 1). 
Separate 2 (age: young vs. older) � 2 (deadline: short vs. 
long) � 2 (strength: one vs. five repetitions) ANOVAs 
were carried out for hits and false alarms on  plurality-
reversed nouns. Overall, there were more hits in the long- 

Table 1
Means for Young and Older Participants on Selected Measures 

(With Standard Deviations) 

Experiment 1 Experiment 2 

Young Old Young Old

Measure  M  SD  M  SD  M  SD  M  SD

Years of education 13.23 1.25 15.75** 2.63 13.93 1.51 14.10 2.70
Subjective health ratinga 8.37 1.07 8.04 1.17 8.33 1.50 7.69 1.53
Word fluencyb 14.74 3.63 13.92 3.21 15.02 3.17 13.29 3.93
Vocabularyc 17.63 3.62 18.96 3.75 16.48 3.14 17.21 3.83
Reading spand 3.20 1.19 2.46* 1.11 3.48 1.38 2.45** 1.18
Computation spand 3.17 1.09 2.64 0.95 3.31 1.39 2.62* 1.15
a1 � poor; 10 � excellent. bMean number of words generated beginning with the letters C, 
F, and L in 60 sec. cMaximum � 25. dMaximum � 7. *p � .05. **p � .01.
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(M � .76) than in the short- (M � .69) deadline condition 
[F(1,56) � 12.35, p � .001; η2 � .18]. Hits increased with 
strength [F(1,56) � 267.93, p � .001; η2 � .83]. Across 
age groups, there were more hits for strong words (M � 
.88) than for weak words (M � .57). Neither the main ef-
fect of age [F(1,56) � 1.23, p � .27; η2 � .02] nor any of 
the interactions between factors (all Fs � 1.54) reached 
significance. Overall, the false alarm rate on changed 
lures was higher for the older adults (M � .53) than for the 
young adults (M � .39) [F(1,56) � 9.88, p � .01; η2 � 
.15]. There were more false alarms at the short deadline 
(M � .50) than at the long deadline (M � .42) [F(1,56) � 
22.70, p � .001; η2 � .29]. False alarms increased with 
strength (Ms � .40 and .52) [F(1,56) � 33.71, p � .001; 
η2 � .38]. These main effects were qualified by significant 
two-way interactions of strength with age [F(1,56) � 7.68, 
p � .01; η2 � .12] and strength with deadline [F(1,56) � 
18.80, p � .001; η2 � .25].

Although the three-way interactions of age, deadline, 
and strength were not significant for either hits or false 
alarms on changed lures (both Fs � 1), our a priori hy-
potheses dictated that separate analyses be carried out to 
examine the joint effects of deadline and strength for each 
age group. For hits, the young adults had significant main 
effects of both deadline and strength [F(1,29) � 15.36, 
p � .001, η2 � .35, and F(1,29) � 137.38, p � .001, η2 � 
.83, respectively]. The young adults had more hits at the 
long deadline (M � .78) than at the short deadline (M � 
.69) and more hits on strong words (M � .88) than on 
weak words (M � .59). The young adults made more false 
alarms on changed lures in the short- (M � .43) than in 
the long- (M � .35) deadline condition [F(1,29) � 11.48, 
p � .01; η2 � .28], and their false alarms increased with 
strength (Ms � .36 and .42) [F(1,29) � 4.47, p � .05; 
η2 � .13]. These main effects were qualified by a signifi-
cant interaction between deadline and strength [F(1,29) � 

11.88, p � .01; η2 � .29]. False alarms increased with rep-
etition at the short deadline (Ms � .36 and .50) [t(29) � 
�4.28, p � .001], but not at the long deadline (Ms � .36 
and .34) [t(29) � 0.40, p � .69].

The same analyses were carried out for the older adults, 
who also had more hits on strong items (M � .88) than on 
weak items (M � .55) [F(1,27) � 130.44, p � .001; η2 � 
.83] and more false alarms in the short- (M � .57) than in 
the long- (M � .48) deadline condition [F(1,27) � 11.19, 
p � .01; η2 � .29]. There were also more false alarms 
on strong lures (M � .61) than on weak lures (M � .44) 
[F(1,27) � 38.29, p � .001; η2 � .59]. However, these 
main effects were qualified by a significant interaction 
[F(1,27) � 7.48, p � .01; η2 � .22]. There were more 
false alarms on strong changed items at both deadlines, 
but, not surprisingly, the effect of strength was greater at 
the short deadline [t(27) � �7.27, p � .001] than at the 
long deadline [t(27) � �2.36, p � .05]. At the short dead-
line, the false alarm rates were .69 and .45 for strong and 
weak changed lures, respectively, and at the long deadline, 
the corresponding values were .53 and .43.

A two (age) � 2 (deadline) ANOVA on new lures re-
vealed that the older adults made more false alarms (M � 
.13) than did the young adults (M � .08) on this class of 
items [F(1,56) � 4.83, p � .05; η2 � .08]. In addition, 
there were more false alarms in the short- (M � .13) than 
in the long- (M � .08) deadline condition [F(1,56) � 
7.90, p � .01; η2 � .12]. The interaction between these 
two factors was not significant [F(1,56) � 1.13, p � .29; 
η2 � .02]. To investigate whether the significance of age 
differences in hits and false alarms on changed lures was 
due merely to age differences in false alarm rates on new 
lures, the hit rate and the false alarm rate for changed 
items were corrected by subtracting out the false alarms 
to new items for the appropriate cell, and the analyses re-
ported above were repeated for the corrected measures. 
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Figure 1. Mean proportions of old responses (�SE) as a function of age, item type, repeti-
tion, and response deadline in Experiment 1.
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For hits, there was now an age effect; the young adults 
(M � .66) had significantly more hits than did the older 
adults (M � .58) [F(1,56) � 5.47, p � .05; η2 � .09]. In 
the analyses of the young adults’ hits and false alarms on 
plurality-reversed lures, correcting for baseline guessing 
by subtracting out new lure false alarm rates and repeat-
ing the ANOVAs yielded identical results. Correcting the 
older adults’ hits and false alarms on changed items to 
plurality-reversed lures and repeating the ANOVAs made 
the main effect of deadline for hits significant, with more 
hits in the long- (M � .63) than in the short- (M � .53) 
deadline condition [F(1,27) � 7.51, p � .01; η2 � .22]; 
the main effect of deadline for false alarms to plurality-
reversed lures was not significant in the analysis of cor-
rected scores [F(1,27) � 1.04, p � .32; η2 � .04]. The 
critical finding of higher false alarms by the older adults 
on changed lures for strong items at both deadlines was, 
of course, unaffected by this correction, which does not 
alter the pattern or magnitude of the within-participants 
effects.

Discussion
The results of Experiment 1 are easily summarized. 

Both the young and the older adults exhibited higher hit 
rates for strong than for weak same-plurality test items, 
regardless of deadline. The young adults tested at the 
shorter deadline and the older adults tested at both dead-
lines had higher false alarms for plurality-reversed lures 
whose complements were studied five times than for 
those presented once, but no strength effect was seen for 
 plurality-reversed lures when the young adults were tested 
at the longer deadline. These outcomes are consistent with 
earlier work in which the plurality discrimination task was 
used (e.g., Hintzman & Curran, 1994; Hintzman et al., 
1992), as well as with predictions made by dual-process 
models of memory. Our results also are relevant for ques-
tions of registration without learning. The increase in false 
alarms that we observed for repeated nouns at short dead-
lines shows that repetitions are registered without appeal-
ing to judgments of frequency, and our study thus extends 
the range of manipulations that can be used to investigate 
registration without learning.1

Further implications of these findings will be discussed 
in conjunction with those of Experiment 2.

EXPERIMENT 2

In Experiment 1, the young adults showed changes with 
deadline in the effects of repetition on false alarms for 
plurality-reversed lures. It could be argued that the older 
adults’ performance might have been equivalent to that 
of the young adults shifted by some temporal offset and 
that we simply did not include a deadline condition for 
the older adults that was sufficiently long to demonstrate 
this. The primary goal of Experiment 2 was to investigate 
the question of whether removing time constraints alto-
gether would eliminate age differences in strength effects 
for false alarms to plurality-reversed lures, as might be 
expected if the age differences in effects of repetition ob-

served in Experiment 1 were simply the result of an inju-
dicious selection of deadline conditions.

Method
Participants. The young adults (22 women, 7 men) were students 

from the Claremont colleges. The older adults (23 women, 6 men) 
resided in the Claremont area. Mean ages for the two groups were 
20.24 years (SD � 2.23, range � 18–29) and 69.07 years (SD � 
5.12, range � 60–80), respectively. The participants were paid $20 
for participation in one session lasting about 2 h. Additional back-
ground information for these participants is given in Table 1. The 
older adults had lower reading and computation spans than did the 
younger adults, although as in Experiment 1, an age difference in 
vocabulary was not found. Data from an additional 1 young and 
4 older adults were excluded from analysis. The young adult had 
unusually low performance on our vocabulary test. Two older adults 
did not complete the plurality discrimination task; 1 made an exces-
sive number of false alarms to new items, and 1 was an outlier on 
one of the secondary tasks.

Materials. The words used in Experiment 1 were also used in 
Experiment 2. For practice, the participants studied 20 words, 10 
presented once (weak nouns), and 10 presented five times (strong 
nouns). Following study, the participants received a confidence-
rated recognition test that consisted of 10 same words (5 weak and 
5 strong), 10 plurality-reversed words (5 weak and 5 strong), and 10 
new words. After the practice session, the participants studied two 
lists of 44 words. Twenty of the words were presented once (weak 
items), 20 were presented five times (strong items), and 4 served as 
buffers (2 at each end of the list). After each study list, the partici-
pants received a recognition test that consisted of 20 same words (10 
weak, 10 strong), 20 plurality-reversed words (10 weak, 10 strong), 
and 20 new words.

Procedure. The procedure in Experiment 2 was identical to that 
in Experiment 1, except that responses were self-paced and testing 
required only one session that lasted for about 2 h.

Results and Discussion
Hits increased with repetition for both the young and 

the older adults (see Figure 2). False alarms on  plurality-
reversed lures decreased with repetition for the young 
adults. However, the older adults had numerically higher 
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false alarms on strong than on weak plurality-reversed 
lures. Separate ANOVAs that confirmed these visual im-
pressions were performed on hits to same-plurality words, 
false alarms to plurality-reversed lures, and false alarms 
to new words.

A 2 (age: young vs. older) � 2 (strength: one vs. five 
repetitions) ANOVA conducted on hits yielded signifi-
cant main effects of strength [F(1,56) � 221.84, p � .001; 
η2 � .80] and age [F(1,56) � 10.31, p � .01; η2 � .16]. 
Across age groups, there were more hits for strong words 
(M � .92) than for weak words (M � .64). For the young 
adults, the mean hit rates were .71 and .95, for weak and 
strong words, respectively. For the older adults, these 
means were .58 and .89, respectively.

A 2 (age) � 2 (strength) ANOVA on false alarms to 
plurality-reversed nouns revealed a significant main ef-
fect of age [F(1,56) � 18.37, p � .001; η2 � .25]. The 
older adults made more false alarms on changed words 
(M � .41) than did the young adults (M � .22). However, 
this main effect must be interpreted in the context of an 
interaction between age and strength [F(1,62) � 5.44, 
p � .05; η2 � .09]. The young adults had significantly 
fewer false alarms on plurality-reversed nouns studied 
five times (M � .19) than on those studied once (M � 
.26) [t(28) � 2.55, p � .05]. The older adults, however, 
had more false alarms on plurality-reversed nouns studied 
five times (M � .43) than on those studied once (M � 
.38), although this difference was not significant [t(28) � 
�1.07, p � .29].

Finally, the older adults made somewhat more false 
alarms to new lures (M � .10) than did the young adults 
(M � .06) [t(56) � �1.94, p � .06]. Correcting the hit 
rates and false alarm rates on plurality-reversed lures by 
subtracting out the new item false alarm rate yielded the 
same effects as those already described: The young adults 
had a dual benefit of repetition in increased hit rates and 
reduced false alarm rates on plurality-reversed nouns, 
whereas the older adults had only the single benefit of 
repetition on hit rates.

GENERAL DISCUSSION

The questions addressed by the experiments reported 
here were whether young and older adults would benefit 
equally from increased study opportunities in the plurality 
discrimination task and whether the effects of repetitions 
would be moderated by imposition of a response deadline 
at test. In Experiment 1, both the young and the older adults 
endorsed previously studied nouns at a higher rate when 
these were presented five times rather than just once, and 
this was true for both long and short response deadlines. 
However, the young adults had different patterns of false 
alarms on plurality-reversed lures at long and short dead-
lines: an increase with greater study frequency of alter-
nate forms at the short deadlines and no effect of strength 
at the longer deadline. The older adults had higher false 
alarms on plurality-reversed lures studied more often in 
their alternate forms at both deadlines. In Experiment 2, 
without time pressure to respond, hit rates for previously 

studied nouns demonstrated a strength effect for both the 
young and the older adults. The young adults had lower 
false alarms on plurality-reversed lures whose alternate 
forms were studied five times, rather than once. The 
older adults continued to have higher false alarm rates for 
strong than for weak plurality-reversed lures, but without 
time pressure to respond, this effect was not significant. 
These results are readily explained by dual-process theo-
ries of recognition. Repetition of nouns at study increases 
item familiarity, and this process is relatively unaffected 
by normal aging. Recollection, too, is enhanced by repeti-
tion and works to oppose familiarity in young adults given 
adequate time to respond at test. Both aging and time pres-
sure reduce recollection, so that the familiarity of strong 
plurality-reversed lures is not countered by retrieval of 
plurality information for studied items.2

The young adult findings are generally consistent with 
those observed with the plurality discrimination para-
digm elsewhere (e.g., Hintzman & Curran, 1994; Hintz-
man et al., 1992). The decline in the young adults’ false 
alarms on strong plurality-reversed lures when time pres-
sure to respond on the test was eliminated, suggestive of 
registration with learning (Malmberg, Holden, & Shiffrin, 
2004), may, however, seem unexpected, because some 
studies have shown little or no benefit of repetition for 
false alarms in this paradigm over a wide range of fre-
quencies. Still, some studies have reported declining false 
alarms for lures whose alternates were studied more often 
(e.g., compare Experiments 2, 3, and 4 in Hintzman et al., 
1992). When participants are instructed to remember 
noun plurality, old/new discrimination may improve with 
repetition, although the benefit appears to be confined 
to the first few presentations. Thus, Hintzman and Cur-
ran (1995) found a decrease in false alarms for  plurality-
 reversed nouns whose complements had been studied 
three times, but this did not extend to nouns studied eight 
times. It is possible that our procedures, which alerted 
people to the importance of noun plurality, contributed to 
our findings for the young adults in Experiment 2.

Our results suggest that there is a gradient of response 
pressure, moving from the short- and long-deadline con-
ditions in Experiment 1 to the no-deadline condition in 
Experiment 2, that is consistent with the recruitment of 
 recall-to-reject processes over time in young adults. We 
are, however, somewhat loathe to overemphasize this 
finding, because we observed a different set of outcomes 
in an associative recognition study. That is, young adults 
in Light et al. (2004) had fewer false alarms for strong 
than for weak rearranged lures when tested under a long-
deadline condition but similar levels of false alarms for 
these lures when no response deadline was imposed. It 
is unclear at this time whether these differences across 
experiments and across paradigms merely reflect noise or 
whether they reflect differing underlying processes; we 
therefore believe that it is premature to draw strong con-
clusions about these aspects of our findings.

What are novel and, we believe, of theoretical im-
port here are our observations with respect to aging in 
the plurality discrimination task. As was noted earlier, in 
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the Deese/Roediger–McDermott paradigm, young adults 
show dual benefits of repetition in correct identification 
of previously studied words and in false alarms to strongly 
associated targets, regardless of whether repetition is var-
ied within a single list followed by a test or whether mul-
tiple study–test cycles are used (Benjamin, 2001; Budson 
et al., 2000; Kensinger & Schacter, 1999; Watson et al., 
2004). In contrast, older adults have shown an increase in 
false alarms to target lures (Benjamin, 2001), no change in 
false alarm rates to target lures with multiple presentations 
(Kensinger & Schacter, 1999; Watson et al., 2004), or a 
fluctuating false alarm rate to target lures over study–test 
cycles (Budson et al., 2000). Associative recognition stud-
ies (Light et al., 2004) also suggest that older adults are 
more likely to produce conjunction errors on rearranged 
lures than are young adults and not to benefit from re-
peated study of list pairs. Our findings of parallel effects in 
the plurality discrimination task suggest that it may prove 
more fruitful from a theoretical vantage to treat all of these 
phenomena as instances of reduced ability to differentiate 
between highly similar events even after many experiences 
with the study materials. Doing so highlights the fact that 
elevated rates of false alarms on similar lures can occur in 
older adults in a variety of paradigms involving associa-
tive recognition and memory not only for lists of strongly 
associated or phonologically related words (Sommers & 
Huff, 2003; Watson, Balota, & Sergent-Marshall, 2001) 
in the Deese/Roediger– McDermott paradigm, but also 
for lists of words that are ostensibly unrelated, when rec-
ognition of those words requires differentiation between 
old words and highly similar lures. Endorsement of target 
items as old in the Deese/Roediger–McDermott paradigm 
is generally treated as false memory or as evidence for the 
existence of memory illusions, to which older adults are 
seen as more susceptible. Noting commonalities across 
paradigms helps to focus attention on issues of whether 
there are common underlying mechanisms that produce 
the phenotypically similar results observed when recog-
nition test lures are similar to studied targets in any of a 
number of different ways (see, e.g., Norman & O’Reilly, 
2003).

We have interpreted our findings in terms of dual-
 process models of recognition memory, and as we have 
already noted, these have also been invoked to explain the 
influences of repetition, deadline, and aging in associative 
recognition (e.g., Cleary, Curran, & Greene, 2001; Jones 
& Jacoby, 2001; Kelley & Wixted, 2001; Light et al., 
2004), as well as in the Deese/Roediger–McDermott para-
digm (e.g., Benjamin, 2001; Kensinger & Schacter, 1999; 
Seamon et al., 2002; Watson et al., 2004). Alternative 
 single-process models for plurality discrimination have 
also been proposed by Malmberg, Holden, and Shiffrin 
(2004). One of these models assumes a two-step retrieval 
and decision process. In the first step, the plurality of the 
test item is not considered when the test item is matched 
to items in memory, because plurality is not diagnostic 
of whether the item is old or new. Only items exceeding 
a criterial level of familiarity are considered in a second 
step in which plurality of the test item is matched to po-

tential list items in memory.3 Poor discrimination between 
studied targets and similar lures could arise because short 
response deadlines compromise formation of a specific 
memory probe or limit execution of the second phase of 
the retrieval and decision process. Aging effects could also 
be attributed to truncation of the retrieval and decision 
process on at least some proportion of test trials because 
utilization of specific test probes is effortful (Shiffrin & 
Steyvers, 1997). Two-step models of associative recogni-
tion that consider item familiarity in the initial step and as-
sociative familiarity in a second step may also be capable 
of explaining age, repetition, and deadline effects in that 
task (Light et al., 2004) and could, in principle, be applied 
to the Deese/Roediger–McDermott paradigm as well, but 
the details of such models have not, to our knowledge, 
been worked out, and doing so is beyond the scope of this 
article.

It is also possible that, instead of or in addition to less 
effective retrieval, deficits in encoding plurality could 
lead to less complete or less accurate memory traces in 
older adults. Malmberg, Zeelenberg, and Shiffrin (2004) 
have recently demonstrated that some phenomena thought 
to require recollection can be explained in terms of encod-
ing deficits. Naveh-Benjamin and his colleagues (Naveh-
Benjamin, 2000; Naveh-Benjamin, Hussain, Guez, & Bar-
On, 2003) have argued that older adults have a deficit in 
remembering associative information even when matched 
in performance with young adults on item memory. One 
way of thinking about the present results is that in the con-
text of experiments such as this one, participants encode 
each study word as a singular noun, along with a tag that 
represents the presence or absence of a plural morpheme, 
rendering the recognition test functionally equivalent to 
a source memory test. Within such a framework, older 
adults’ increased confusion of studied nouns with their 
plurality-reversed complements could be interpreted as 
a failure to encode or to retrieve information needed for 
source identification and could be construed as a problem 
in binding morphemes representing nouns with the plu-
ral morpheme. Such a conceptualization would be most 
compatible with a lexical-semantic system in which only 
the singular forms of nouns are stored and pluralization 
takes place via rule application; there is currently debate 
about whether this is the case or whether both singular and 
plural forms are stored in a connectionist network (e.g., 
Marchman, Plunkett, & Goodman, 1997). From the latter 
perspective, our findings would suggest that older adults 
have impaired encoding of the details of experienced epi-
sodes, leading to a deficit in item memory that is most 
easily detected when test lures must be differentiated from 
highly similar studied items (see also Gallo & Roediger, 
2003).4

It remains for us to explain, from an encoding view-
point, why older adults do not have a dual benefit of rep-
etition, whereas young adults do. Let us assume that on 
each trial, the amount of information stored or its accuracy 
is greater for young than for older adults (e.g., Malmberg, 
Zeelenberg, & Shiffrin, 2004; see Li, 2002, for a neuro-
cognitive model). Let us assume further that each presen-
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tation of a noun after the first results not only in registra-
tion of that event, but also in a reminder of the previous 
study trial(s) for that event (Hintzman, 2004). If recursive 
reminding is an effortful recollective process, rather than 
a simple matching operation, it would not be surprising 
if older adults store less new information about repeated 
episodes on later presentations than do young adults or if 
their later encodings tend to perpetuate faulty memories, 
rather than correcting storage errors. Failure to use recur-
sive reminding or more error-prone initial encoding, fol-
lowed by failure to correct repetitions on later occasions, 
could also explain why young, but not older, adults show a 
benefit from spaced repetitions on an exclusion task (Ben-
jamin & Craik, 2001). Although impoverished encoding 
may contribute to the effects we observed in older adults, 
it is unlikely that an encoding account can handle all of 
our results without additional machinery. Finding that rep-
etition has different effects at long and short deadlines in 
young adults, for instance, is hard to reconcile with any 
model that considers only encoding and does not include 
dynamic processes operative at retrieval (Jones & Jacoby, 
2001).

Our data do not permit us to resolve questions about the 
locus of the different ways in which repetition and dead-
line affect performance in young and older adults on the 
plurality discrimination task. They do, however, suggest 
some potentially useful ways to investigate the contribu-
tions of encoding and retrieval processes in this task.
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NOTES

1. We are grateful to Kenneth Malmberg for noting this point.
2. Both Rotello et al. (2000) and Arndt and Reder (2002) have re-

ported fairly linear receiver operating characteristics (ROCs) relating 
hits on same-plurality nouns to false alarms on reversed-plurality nouns 
in probability space. Such ROCs have been taken as evidence for pure 
threshold models of recognition. We examined the functions relating 
hits to false alarms for plurality-reversed lures for each combination 
of age, repetition, and deadline in our two experiments. In every case, 

the r2 for the linear function in p-space was at least .91, and a linear 
function described the data better than did a quadratic for 11 of 12 con-
ditions. Calculation of y- and upper x-intercepts revealed that, in gen-
eral, these behaved in a way that would be predicted if the young adults 
had better recall-to-accept and better recall-to-reject than did the older 
adults; repetition produced sensible changes in these (higher y- and lower 
x-intercepts), and short deadlines also yielded lower y- and higher upper 
x-intercepts. All of this is compatible with a pure high-threshold model 
of recognition in the plurality discrimination task. Unfortunately, in 11 
of 12 cases, the fit of the ROC was improved by adding a quadratic com-
ponent, consistent with dual-process models that include a familiarity 
process. Our findings should, therefore, not be interpreted as ruling out a 
role for familiarity in this task, but without explicit modeling of the data 
(a task beyond the scope of the present project), we cannot comment on 
this issue in more detail.

3. This model did not capture all aspects of the data in Malmberg, 
Holden, and Shiffrin’s (2004) study (e.g., an initial increase in false 
alarms to plurality-reversed lures with repetition, followed by a flatten-
ing of the function relating repetition to false alarms for these similar 
lures). Because we included only two levels of repetition in our study, 
we cannot comment on this issue, except to note that the relationship be-
tween repetition and false alarms to similar lures varied with age group 
and deadline.

4. Whether such models can actually accommodate the present results 
is uncertain, and predictions depend on specific assumptions about cog-
nitive architecture and encoding processes. For instance, in the source of 
activation confusion (SAC) model (Reder et al., 2000), memory consists 
of word nodes, context nodes, and links between them. Encoding leads to 
formation of an associative link between a word node and a context node. 
If singular and plural words are represented by separate nodes, repetitions 
might strengthen associations between only the node corresponding to 
the studied word and its associative link with a context node or between 
both singular and plural word nodes and their associations to context. In 
the former case, it is unclear why similar targets and dissimilar targets 
should lead to different false alarm rates (because neither should be af-
fected by repeated presentations). In the latter case, it is unclear how 
participants could discriminate between similar distractors and studied 
targets. Our experiments suggest that even older adults benefit from 
repeated presentations (inasmuch as the difference in old judgments for 
studied words and similar lures increases with presentation frequency). 
Such findings might be accommodated within the SAC model by argu-
ing that older adults sometimes encode the wrong plurality on a given 
presentation or that, for this age group, repetitions increase the strength 
of both singular and plural word nodes and/or their associations with 
context. Additional theoretical machinery, however, would be needed 
to explain why young adults show different patterns of false alarms for 
repeated items when tested with and without time pressure.

(Manuscript received June 10, 2004;
revision accepted for publication March 4, 2005.)



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


