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Three experiments examined adult age differences in memory for new associations between 
unrelated words. On the indirect (word-stem completion) test, age differences appeared under 
the less-than-optimal study conditions of Experiments 1 and 3 but not under the self-paced study 
conditions of Experiment 2. In contrast, all experiments revealed significant age-related deficits 
on the direct tests, even those (word-stem cued recall) in which the cue was identical to those 
provided on the indirect test. The findings show that although age-related deficits in memory for 
new associations are particularly pronounced on tests requiring conscious recollection, age 
differences are not limited to such tests. Age deficits on both direct and indirect tests are related 
to the precision of elaborations produced during study. Similarities and differences between 
normal aging and amnesia are discussed, as are functional dissociations between direct and 
indirect measures. 

Memory deficits are among the most notable characteristics 
of  normal aging. Complaints of  failing memory appear when 
samples of  older people are interviewed (e.g., Zelinski, Gi- 
lewski, & Thompson, 1980) and in scholars' autobiographical 
accounts of  aging (e.g., Cowley, 1982; Hebb, 1978; Skinner, 
1983). That memory deficits do accompany aging has been 
documented in many laboratory studies (see the reviews by 
Hultsch & Dixon, 1990; Light, 1990) and even in a recent 
large-scale survey study that overcomes many of  the sampling 
problems inherent in laboratory research (Herzog & Rodgers, 
1989). Nonetheless, the exact nature and causes of  age-related 
memory deficits are unclear, as is the extent to which these 
deficits in normal aging are similar to the memory pathology 
seen in amnesia (e.g., Light & Burke, 1988). 

This article examines what is spared and what is lost in 
normal aging by comparing memory for new associations on 
direct versus indirect tests of  memory. Direct tests are those 
in which the subject is asked to make an introspective judg- 
ment about learning or remembering some past event; these 
include the typical tests of  recall and recognition. In contrast, 
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on indirect tests, the subject is not asked to recollect a past 
event; instead, memory is inferred from some other aspect of  
performance (e.g., Johnson & Hasher, 1987; Richardson- 
Klavehn & Bjork, 1988). For example, when people name 
words that had been presented in an earlier list more quickly 
than words that were not in the list, such priming provides 
indirect evidence of  memory for the words, even in the 
absence of  conscious recollection (i.e., direct memory) of  the 
list. Direct and indirect tests are also referred to as explicit 
and implicit tests, respectively (e.g., Howard, 1988b; Light & 
Burke, 1988; Schacter, 1987). 

The distinction between direct and indirect measures is 
prominent in contemporary theory and research (cf. Johnson 
& Hasher, 1987; Richardson-Klavehn & Bjork, 1988; Schac- 
ter, 1987) because it requires a reexamination of  almost all 
generalizations about memory. Direct and indirect tests are 
often influenced differently by the same experimental vari- 
ables (e.g., Schacter, 1987), are sometimes stochastically in- 
dependent of  each other (e.g., Eich, 1984; Tulving, 1985) and 
are affected differently by pathology, such as amnesia (e.g., 
Schacter, 1985). 

Recent studies of  normal aging have revealed a pattern in 
aging similar to that seen in amnesia; the age deficits that are 
obtained so consistently on direct tests are reduced or elimi- 
nated when indirect tests are used (cf. the reviews by Howard, 
1988b; Howard, in press; Light, 1988). This pattern raises the 
possibility that the memory deficits of  normal aging are seen 
only when conscious recollection is required. It is potentially 
important, however, that most previous research on aging in 
which indirect tests have been included has focused only on 
memory for the occurrence of  preexisting representations 
(e.g., for the occurrence of  well-known words or for well- 
known associations among words such as dog and cat) and 
did not investigate memory for newly formed associations 
(e.g., between previously unrelated words). Following Graf 
and Schacter (1985), we refer to these as item and associative 
memory, respectively. 
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Studies of college students and amnesics have shown that 
when indirect tests are used, there are important dissociations 
between item and associative memory. First, although indirect 
tests almost always reveal unimpaired item memory in am- 
nesic individuals (e.g., Schacter, 1987; Shimamura, 1986), 
such tests reveal that associative memory is absent or notably 
impaired in some severely amnesic patients, including those 
suffering from KorsakolTs and Alzheimer's disease (Cermak, 
Bleich, & Blackford, 1988; Knopman & Nissen, 1987; Schac- 
ter, 1985; Schacter & Graf, 1986b; Shimamura & Squire, 
1989). If  the memory deficits in amnesia and normal aging 
are similar, this same pattern might occur in aging as well. 

In addition, when indirect tests are used, there is some 
evidence that the establishment of associative, but not of item 
memory requires that the subject attend to the stimulus (Eich, 
1984; Nissen & Bullemer, 1987) and encode some meaningful 
relation between the words to be associated (Graf &Schacter, 
1985; Schacter & Graf, 1986a). Aging is characterized by 
deficits in attention (see the review by Plude & Hoyer, 1985), 
and in the degree of semantic elaboration in which people 
engage spontaneously (see reviews by Craik & Rabinowitz, 
1984; Kausler, 1985; Pooh, 1985). These latter deficits might 
lead to age differences on indirect tests of associative memory, 
even though there is age constancy on indirect tests of item 
memory. 

The few studies of aging that have used indirect measures 
of associative memory have yielded mixed results. Some have 
shown no age differences on indirect tests (Balota & Duchek, 
1989; Howard, Heisey, & Shaw, 1986, Experiment 1; Howard 
& Howard, 1989; Moscovitch, Winocur, & McLachlan, 1986; 
Rabinowitz, 1986). However, one experiment (Howard et al., 
1986, Experiment 2) showed that although older people per- 
formed just as well as younger people on indirect tests for 
new associations studied twice, there was a significant differ- 
ence favoring the young for new associations studied only 
once. And in two other experiments focusing on Korsakoff's 
disease patients, age-matched controls of a mean age of ap- 
proximately 60 years failed to show associative memory on 
an indirect test (Cermak et al., 1988). 

It is difficult to compare results across these studies, because 
they used different methods. In addition, there are limits 
within each study. For example, in some studies (e.g., Balota 
& Duchek, 1989; Moscovitch et al., 1986), the older partici- 
pants were given a longer time to study the material than the 
younger ones, so it is unclear whether age differences would 
have emerged had study time been held constant. Several 
studies (e.g., Balota & Duchek, 1989; Howard et al., 1986; 
Rabinowitz, 1986) used an item recognition procedure which 
makes it possible to test associative memory by means of the 
indirect test only for those items that the subject recognized 
as having occurred earlier; thus, whether age differences would 
emerge for associations among unrecognized items cannot be 
assessed in these studies. 

The experiments reported here use the word-stem comple- 
tion procedure introduced by Graf and Schacter (1985, 1987; 
Schacter & Graf, 1986a, 1989). In all three experiments, 
younger and older adults encountered pairs of  unrelated 
nouns (e.g., queen-stairs and author-project) during a study 
period. Later they were given both indirect and direct tests to 
tap memory for new associations between the words that had 

been paired together. For the indirect test, they were shown 
pairs consisting of a word plus a word stem and were asked 
to complete the word stem with the first word that came to 
mind; the dependent variable is the proportion of trims on 
which people completed the word stem to form the earlier 
studied word (i.e., the target word). On same-context tests, a 
word stem was paired with the noun with which it had been 
studied (e.g., queen-sta , author-pro ) whereas 
in different-context tests the word stem was paired with a 
different studied noun (e.g., queen-pro , author-sta 

). Higher word-stem completions on same-context 
trials than on different-context trials provide indirect evidence 
of memory for the former pairing, and so this context effect 
provides the indirect measure of memory for new associations. 

Participants were also given at least one of two direct tests 
of memory for the pairs. The first was stimulus-cued recall in 
which nouns from the studied materials were presented (e.g., 
queen-, author-), and participants were asked to recall the 
noun with which each had been paired during the initial 
study. Finally, each subject was given a word-stem cued recall 
task, in which the stimulus and the word stems from study 
were presented (e.g., queen-sta ~ ,  author-pro ~ ) ,  
and subjects were asked to complete each noun to form the 
studied pair. We included the latter word-stem cued recall test 
(introduced by Schacter & Graft 1986a) to have a direct test 
in which the cues provided at retrieval are identical to those 
in the indirect test. This makes it possible to determine 
whether any differences in results between the direct and 
indirect tests are due to the retrieval cue as opposed to the 
test instructions. 

The major difference among the three experiments reported 
here is in the study conditions under which the new pairs 
were presented, with the conditions being more optimal in 
some experiments (e.g., Experiment 2) than others (e.g., Ex- 
periment 1). We expected to find age differences in memory 
for new associations on the direct tests in all three experi- 
ments. Our main purpose was to determine whether any age 
differences on the indirect test of associative memory would 
emerge. 

Exper iment  1 

The study conditions in this experiment were different from 
any that Graf and Schacter have used in their previous studies 
of associative memory. People were shown and listened to 
simple sentences containing unrelated nouns. Subjects of both 
age groups were given 8 s to make an expansion of each 
sentence. These conditions encourage people to engage in 
semantic processing of the to-be-associated nouns, but they 
are less than optimal in that there is a limited time allowed 
to study each pair, the to-be-associated nouns are not high- 
lighted in any way, and the expansion task might lead partic- 
ipants to focus more on the words in the continuation than 
those in the presented sentence. 

M e t h o d  

Subjects. There were 20 younger and 20 older participants. Each 
was paid for completing the hour-long session. The younger partiei- 
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pants were all Georgetown University students or employees ranging 
in age from 18 to 25 years (M ffi 20.50, SD -- 1.67) who responded 
to notices posted on campus. The older participants were recruited 
through newspaper advertisements and reported themselves to be in 
good physical and mental health. They ranged in age from 65 to 81 
years (M--  69.60, SD = 4.30). On average, the older participants had 
completed significantly more years of education (M = 16.70, SD ffi 
2.27, range 12 to 20 years) than the younger participants (M = 14.85, 
SD -- 1.22, range 13 to 18 years), t(38) ffi 3.20, p < .01, hut the groups 
were similar in Wechsler Adult Intelligence Scale (WAIS) Vocabulary 
score (Weschler, 1981; younger M -- 60.65, SD -- 9.21, 
range 33 to 69; older M -- 63.75, SD -- 9.14, range 38 to 74), t(38) = 
1.07, p > .10. As is typical, the younger group earned significantly 
higher WAIS Digit Symbol substitution scores (M = 75.60, SD = 
7.70, range 58 to 85) than the older group (M ffi 52.55, SD ffi 11.80, 
range 31 to 73), t(38) -- 7.32, p < .0001. 

Design. The only between-subjects variable was age. For the 
word-stem completion test, there were four within-subjects condi- 
tions, representing the combination of two levels of presentation 
(presented vs. not presented during the earlier study phase) and two 
levels of context (tested in the same context vs. a different context 
from study). Consider, for example, subjects presented with the 
following two sentences during the presentation phase: The queen fell  
down the stairs, and The author dismissed the project. For such 
subjects, presented-same-context test pairs would be queen-sta 
or author-pro- . Presented-different-context test pairs would 
be queen-pro- ~ or author-sta ~ (in which words from the 
study sentences are re-paired). For other subjects, who had not been 
presented with either of these sentences during study, these same test 
pairs would serve as not-presented-same-context tests and not-pre- 
sented-different-context tests, respectively. In this way, the not-pre- 
sented-same-context and not-presented-different-context tests pro- 
vide baseline levels of completion for their respective presented 
counterparts. 

On the recall tests, only presented items were tested and (for the 
word-stem-cued test) they were always tested in the same context 
(i.e., pairing) as study. However, because the recall tests always 
followed the word-stem completion tests, the context in which a pair 
had occurred during completion testing might influence its recall, so 
this context condition was also included in analyses of the recall tests. 

Materials. Forty target words and 40 stimulus words were se- 
lected based on the following criteria. First, the words were of medium 
frequency according to the norms established by Kucera and Francis 
(1967); target words had a mean frequency of 61.8, and stimulus 
words had a mean frequency of 50.2. Second, the initial three letters 
(i.e., stem) of the word were unique of all words included in the sets 
of stimulus and target words. Third, each stem in the target word set 
had at least seven other common completions, according to the 
alphabetical list in Kucera and Francis (1967). Fourth, target words 
were between 5 and 10 letters in length (M = 6.7), and stimulus 
words were from 4 to 10 letters long (M = 5.8). 

These stimulus and target words were used to construct 40 critical 
sentences, each containing one stimulus word in the subject and an 
unrelated target word in the predicate. No other nouns appeared in 
the sentences. Each sentence was then typed in uppercase letters 
centered on an index card. The critical nouns were not highlighted 
in any way. 

For counterbalancing purposes, the resulting 40 sentences were 
divided into four sets of 10 sentences each. Because the sentences 
differed in ease of comprehension (e.g., The queen fell  down the stairs 
vs. The medium was under pressure), we attempted to equate the 
four sentence sets on comprehensibility; we asked three research 
assistants to rate each sentence on a comprehension scale ranging 
from very easy (1) to (5) very difficult. The mean comprehension 
rating across all sentences was 2.1, with individual sentences yielding 
mean ratings ranging from 1.0 to 3.6. 

Study and test lists were arranged so that across participants in a 
given age group, each of the above four sentence sets was tested 
equally often in the four within-subjects conditions of the word-stem 
completion test (e.g., same context-presented, same context-not 
presented, different context-presented, different context-not pre- 
sented). This required construction of four different study (i.e., pres- 
entation) lists, with each list containing 20 critical sentences (half of 
which would later be tested as same context-presented and half as 
different context-presented), plus an additional 10 filler sentences. 
The latter fillers were constructed to be similar to the critical sen- 
tences, and half were placed at the beginning and half at the end of 
each list to provide practice and to avoid primacy and recency effects. 
The remaining 20 cfiteal sentences were arranged in random order 
in the study lists. The resulting four presentation lists were recorded 
on tape with 8-s pauses between items. 

To construct the word-stem completion test lists, the 40 target 
word stems from the critical sentences were arranged in random order 
with the constraint that no two from the same within-subjects con- 
dition could occur consecutively. We also inserted five new fillers at 
the beginning of the list (for warm-up) and five randomly throughout 
the list, in the hope of further masking the memory nature of this 
test. We used this same random order of target stems to construct 
two different completion test lists by pairing the stems with the 
appropriate stimulus items (i.e., same or different context) to fulfill 
the requirements of counterbalancing. The resulting test lists were 
typed in uppercase letters on response sheets. 

We constructed four different stimulus-cued recall test lists to 
correspond to the four different study lists, each containing the 20 
critical stimulus words from the sentences presented during study. 
These were arranged in random order and typed in uppercase on a 
response sheet. 

We also constructed four different word-stem-cued recall test lists 
that were identical to their stimulus cued-recall counterparts, except 
that the stimuli were randomized differently and each stimulus word 
was paired with the target word stem with which it had occurred in 
the study sentences. 

Procedure. Each participant was tested individually. After com- 
pleting a consent form and a brief questionnaire, the presentation 
(study) phase began. Participants were told to listen and to read 
(silently) a series of sentences, and after each to make a logical 
expansion of the sentence. Any type of expansion was acceptable (i.e., 
an added phrase joined by a conjunction or an entirely new sentence 
using elements of the sentence). A total of 30 sentences (20 critical 
ones) were presented by means of tape recorder. As each sentence 
was played, the experimenter held the index card with the correspond- 
ing sentence at eye level in front of the subject. The subject then 
stated an expansion aloud, although there was no requirement to 
repeat the sentence itself. If the subject was unable to make an 
expansion before the next sentence was read aloud, then no expansion 
was recorded for that sentence, and the subject was instructed to 
continue with the next. (For the 17 younger and 15 older subjects for 
whom we were able to retrieve these data, this event occurred on 
only 5% of the trials for both groups). The first three expansions were 
made by the experimenter to illustrate the procedure. Participants 
were not informed that their memory for these sentences would later 
be tested; they were told only that they would be completing a number 
of unrelated tasks and that one of our purposes was to collect data 
that would help us choose stimuli for future experiments. 

Next, there were two filler tasks: the WAIS Digit Symbol substi- 
tution test followed by a name completion task adopted from Graf 
and Schacter (1985). The latter consisted of fragmented names of 11 
famous people from politics and entertainment (e.g., R L 
G_N). Participants were given as much time as they wished to 
complete these names; most took fewer than 10 min. In addition to 
acting as a filler, this task was used to induce an appropriate response 
set for the word-stem completion test. 
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There then followed three memory tests on the earlier sentences. 
The first was a word-stem completion test, to provide an indirect 
measure of memory. For this, the participant was given a piece of 
paper that contained a list of 50 pairs (40 critical) each consisting of 
a stimulus word and a three-letter word stem. Participants were 
instructed to read the first word of each pair and then complete the 
following stem with the first word that came to mind. They were told 
that the word that they produced need not be related to the stimulus 
word but that the stimulus word might help them think of a contin- 
uation for the stem. If the subject thought of a proper name first, 
then the subject was told to think of an alternate completion. If no 
completion came to mind fight away, the subject was instructed to 
"move on to the next pair and try again later." Participants were 
given as long as they wished to complete the test. 

There then followed an interview, during which subjects were asked 
whether they had read the first word of each pair before completing 
the fragment. A total of 3 younger and 1 older participants replied 
that they had not, and they were replaced prior to data analysis. This 
interview also contained a question concerning awareness, namely, 
"Did you notice that some of the word pairs were from the sentences 
that you rated?" This was followed by a question designed to deter- 
mine intentionality, that is, whether subjects had made the word 
completion test into a direct memory test; we asked, "Did you try to 
think of the other word that occurred in the sentence?" 

Two direct tests of memory followed. For the first, the stimulus- 
cued recall test, the 20 critical stimulus nouns from the presented 
sentences were shown on a piece of paper. For the immediately 
following word-stem-cued recall test, the same 20 stimulus nouns 
were presented again, but this time they were paired with the word 
stem with which they had been studied. In both of these tests, 
participants were asked to provide the word that had occurred with 
the stimulus word in the sentences that they had studied earlier. 
People were given as much time as they wished to complete each test, 
with guessing strongly encouraged (though not required) on both 
direct tests. Finally, participants completed the WAIS Vocabulary 
test. 

Results 

Indirect test: Word-stem completion. For each condition 
in the word-stem completion test, we calculated the propor- 
tion of  word stems (of 10 possible) that each participant 
completed with the target word. The means and standard 
deviations for each age group are shown in the left columns 
of  Table 1. These completion scores were submitted to a 2 x 
2 x 2 (Age x Context x Presentation) mixed-design analysis 
of  variance (ANOVA), with age the only between-subjects 
variable. The analysis yielded significant effects of  age, F(1, 
38) = 6.41, p < .02, context, F(1, 38) = 23.77, p < .0001, and 
presentation, F(1, 38) ffi 17.47, p < .0002, as well as Context 
x Presentation, F(1, 38) = 7.0I, p < .02, and Age x Context 
x Presentation interactions, F(1, 38) = 11.74, p < .002. 

The significant triple interaction indicates that the age 
groups differ from each other On the indirect memory tests. 
Examination of  Table 1 suggests that the triple interaction is 
due to the low completion rate of  the older group in the same- 
context-presented condition, which would indicate that the 
older participants are showing less associative memory than 
the younger ones on this indirect test. 

To determine the nature of  the age difference more pre- 
cisely, we used the completion scores to calculate a context 
effect score for each subject, using the following formula: 

(SCP - DCP) - (SCNP - DCNP), where SCP is proportion 
completed on same-context-presented trials, DCP is that on 
different-context-presented trials, SCNP is that on same- 
context-not-presented trials, and DCNP that on different 
context-not-presented trials. We used this formula because 
different item pairs were used on same-context as opposed to 
different-context trials. (For example, queen-stairs was always 
a same context pair, where2~ author-stairs was always a 
different-context pair.) Therefore, subtracting different-con- 
text from same-context completion on not-presented trials 
yields an estimate of  the magnitude of  any baseline differences 
in completion rates for tlu~e two sets. Subtracting this baseline 
difference from that between same-context and different- 
context items on presented trials yields a difference score that 
reflects the influence of  having experienced the earlier pairing. 
The resulting mean context effect score for the younger group 
was 0.19 and that for the older glvup was -0.03. This score 
is significantly different from zero for the younger partici- 
pants, t(19) ffi 3.71, p < .001, but not for the older, t(19) ffi 
.68, p > .  10. Furthermore, there is a significant age difference 
in the magnitude of  this context effect, t(38) ffi 3.42, p < .002. 

Thus, there is an age difference in the indirect measure o f  
associative memory in this experiment, and the younger 
participants revealed a context effect, but the older partici- 
pants did not. This age difference is unlikely to be the result 
of  intentional retrieval. In the interview, all subjects indicated 
that they responded with the first word that came to mind 
and that they did not engage in conscious attempts to recollect 
the earlier word from the sentence. However, the interview 
did reveal age differences in what Bowers and Schacter (1990) 
have called awareness, that is, in the extent to which partici- 
pants noticed during the completion test that some of  the 
words in the list had been presented earlier during study. 
Whereas 84% of our younger participants reported such 
awareness, only 35% of  the older group did so. Bowers and 
Schacter have found that only young people who are aware 
show a context effect. Their finding raises the possibility that 
the age differences in the context effect might be due to these 
age differences in awareness. That this was not the case 
became clear, however, when we examined the completion 
data for only those subjects who reported awareness. The 
pattern of  findings for this aware group was identical to that 
for the full groups; for the young aware group (n = 17), the 
mean context effect o f  0.19 was significantly different from 
zero, t(16) = 3.05, p < .01, but for the older aware group (n 
ffi 7), the mean context effect o f -0 .01  was not, t(6) ffi 0.35. 

Direct test: Stimulus-cued recall. For each participant, we 
calculated the proportion of  target items produced on the 
stimulus-cued recall test, and we did so separately for those 
items that had occurred in the same-context condition during 
the preceding word-stem completion test versus those that 
had been tested in the different-context condition. The means 
and standard deviations for each of  these conditions for each 
age group are reported in the third column of  Table 1. These 
data were submitted to a 2 x 2 (Age x Context) mixed-design 
ANOVA, with context the within-subjects variable. This 
yielded main effects of  age, F(1, 38) = 14.31, p < .0005, and 
context, F(I,  38) = 12.03, p < .002, as well as a significant 
interaction, F(1, 38) = 17.98, p < .0001. As the table shows, 
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Table 1 
Mean Proportion of  Target Words Produced in Experiments I and 2, by Age, Context, and 
Presentation Condition, on the Word-Stem Completion, Stimulus-Cued Recall, and Word- 
Stem-Cued Recall Tasks 

Word-stem completion Recall 

Not Stimulus Word-stem 
Presented presented cued cued 

Age Context M SD M SD M SD M SD 

Experiment 1 
Younger Same 0.33 0.20 0.14 0.11 0.49 0.27 0.64 0.20 

Different 0.14 0.09 0.14 0.09 0.34 0.28 0.60 0.22 
Older Same 0.18 0.13 0.14 0.10 0.13 0.18 0.38 0.19 

Different 0.14 0.07 0.07 0.06 0.14 0.21 0.40 0.20 

Experiment 2 
Younger Same 0.34 0.20 0.14 0.15 0.84 0.11 0.90 0.08 

Different 0.17 0.13 0.10 0.09 0.80 0.15 0.89 0.17 
Older Same 0.30 0.19 0.13 0.11 0.48 0.28 0.62 0.26 

Different 0.16 0.11 0.08 0.10 0.38 0.28 0.70 0.21 

the younger group recalled significantly more than the older 
group, and, in addition, the younger group, but not the older, 
did better on words that had been tested in the same-context 
than the different-context condition during the earlier word- 
stem completion test. 

Are the age differences in stimulus-cued recall due only to 
age differences in willingness to guess? Despite the fact that 
we had encouraged guessing on this task, almost all partici- 
pants left some items blank. The younger participants left 
significantly fewer blanks than the older ones, with means of  
6.75 (SD = 5.19) and 12.55 (SD = 7.10) omissions, respec- 
tively, t(38) = 2.95, p < .006. In an attempt to correct for age 
differences in cautiousness, we divided each participant's 
number of  correct responses by that person's total number o f  
actual responses (i.e., minus omissions) to determine the 
proportion of  actual responses that were correct. This propor- 
tion was significantly higher for the younger participants (M 
= .60, SD = .28) than for the older ones (M = .37, SD = .33), 
t(34) = 2.26, p < .05. Thus, even when this conditional 
measure of  accuracy is used, the younger participants have an 
advantage, and the observed age differences are not due only 
to cautiousness. 

Direct test: Word-stem-cued recall. The mean proportion 
correct on the word-stem-cued recall task is shown in the 
fight-most column of  Table 1. In this test, all word stems 
were paired with the stimuli with which they had occurred 
during study, so as in the case of  stimulus-cued recall, the 
context variable refers to the condition under which the item 
had been tested in the word-stem completion task. These data 
were submitted to exactly the same analyses as the stimulus- 
cued data. In the overall 2 x 2 (Age x Context) analysis, the 
only effect to approach significance was that due to age, F(1, 
38) = 14.60, p < .0005. As Table 1 makes clear, adding the 
word stems to the recall cue improved recall dramatically for 
both ages, but the overall age difference in recall remains. 

Omissions were less frequent on this recall task than on the 
previous one but they still occurred often. Here, however, the 
age groups did not differ significantly in the number of  

omissions (younger M = 2.45, SD = 4.05; older M = 1.50, 
SD = 2.66), t(38) = 0.88, p > .30. Further, as had been the 
case for stimulus-cued recall, when we calculated the propor- 
tion correct of  the actual responses produced by each partic- 
ipant, the younger group (M --- .72, SD = .17) was more 
accurate than the older one (M -- .43, SD = .20), t(38) = 
4.78, p < .0001. 

Discussion. The most important finding is that there were 
age differences in memory for new associations between 
words, not only on direct measures of  the sort that typically 
yield age deficits, but also on an indirect test. For the younger 
group, the mean context effect (which provides an indirect 
test of  associative memory) was 0.19. This is in the range that 
Schacter and Graf  have found (ef. Bowers & Schacter, 1990; 
Graf & Schacter, 1985; Graf & Schacter, 1987; Schacter& 
Graf, 1986a; Schacter & Graf, 1989). For their experiments 
in which study conditions are most similar to ours, their 
context effects range from approximately 0.14 to 0.30, and 
are more typically near the low end of  this range. 

Thus, the study conditions in the present experiment, 
though not identical to any used by Graf and Schacter, were 
adequate to yield substantial priming of  new associations in 
young people. Nonetheless, our older participants failed to 
reveal any associative priming at all, yielding a mean context 
effect o f - 0 . 0 3 ;  word stems tested with stimulus nouns from 
the same context (i.e., sentence) in which they had been 
studied were no more likely to be completed with target words 
than those tested in a different context. Further, it is clear 
that this age difference in the indirect measure of  associative 
memory is not due to age differences in awareness, because 
when only aware subjects of  both ages were considered, the 
age difference remained intact. 

Thus, the present experiment illustrates that under certain 
study conditions that are adequate for young people to dem- 
onstrate associative memory on an indirect test, older people 
fail to do so. This finding is consistent with those of  Howard 
et al. (t986, Experiment 2) and Cermak et al. (1988). As 
discussed above, however, some earlier research using priming 
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of  item recognition as the indirect test (e.g., Balota & Duchek, 
1989; Howard, Heisey, & Shaw, 1986, Experiment 1; Rabi- 
nowitz, 1986) indicates that under more optimal study con- 
ditions, age equivalence in indirect measures of  associative 
memory occurs even in the presence of  substantial age differ- 
ences on a direct test of  memory for the same material. To 
determine whether this pattern would occur using the word- 
stem completion task, we conducted a second experiment 
identical to the first, except that more optimal study condi- 
tions were used. 

E x p e r i m e n t  2 

The study conditions in the present experiment differed 
from those in the first in two ways. First, rather than asking 
subjects to expand upon sentences in which the critical words 
were embedded, we presented them with the critical word 
pairs and asked them to make a sentence relating the two and 
then to judge how difficult it had been to do so (the study 
task introduced by Graf  & Schacter, 1985). This task forces 
people to focus on the critical words more than did the 
expansion task used in the first experiment. Second, the study 
task was self-paced, in that participants could take as long as 
they wished to make their sentences and judgments. 

M e t h o d  

Subjects. An additional 20 younger and 20 older participams 
were recruited from the same sources as Experiment l, but no 
individual participated in both experiments. The younger group 
ranged in age from 18 to 24 years (M = 21.00, SD = 1.41) and the 
older group ranged in age from 62 through 75 years (M -- 68.70, 
SD = 3.40). The groups were similar both in years of education 
completed (M = 15.20, SD = 1.40, range 12 to 19; older M = 16.00, 
SD = 2.71, range 12 to 20), t(38) = 1.17, p > .10, and in WAIS 
Vocabulary score (younger M -- 60.70, SD = 12.12, range 22 to 72; 
older M = 64.45, SD = 8.06, range 44 to 73), t(38) = 1.15, p > .10. 
The younger group earned significantly higher Digit Symbol scores 
(M = 70.75, SD = 8.98, range 52 to 90) than the older group (M = 
52.40, SD -- 8.93, range 39 to 71), t(38) = 6.48, p < .0001. 

Design. The design was identical to that in Experiment 1. 
Materials. The materials were identical to Experiment 1, except 

that one stimulus word, one target word, and one filler item were 
changed to overcome problems (e.g., overlap in stems) discovered 
while conducting Experiment 1. 

Procedure. The procedure was identical to that used in Experi- 
ment 1, except for the presentation phase. Here we adopted the 
elaboration task used by Graf and Schacter (1985, Experiment 1). 
Participants were instructed to create their own sentences from critical 
word pairs provided on index cards. Each word pair was shown on 
an index card, printed in uppercase letters, and the subject was given 
as much time as needed to create a sentence and then to rate on a 
scale from 1 to 5 how difficult it had been to relate the two words. 
As in Experiment 1, participants were not warned that their memory 
for the words would later be tested. 

Resul ts  

lndirect test: Word-stem completion. The completion pro- 
portions for this experiment are shown in Table 1. These were 
submitted to a 2 x 2 x 2 (Age x Context x Presentation) 

mixed-design ANOVA with age the only between-subjects 
variable. As in Experiment 1, this analysis yielded main effects 
of  context, F(1, 38) = 21.32, p < .0001, and presentation, 
F( I ,  38) = 22.57, p < .0001, as well as an interaction of  
Context x Presentation, F(1, 38) = 7.52, p < .01. Unlike 
Experiment 1, however, no main  effects or  interactions with 
age even approached significance (all Fs  less than 1), indicat- 
ing that in this experiment performance on the indirect test 
is the same for both age groups. Further confirmation of  this 
age similarity comes from t tests (df= 38) comparing younger 
completion rates with older ones for each of  the four within- 
subjects conditions; none o f  these t tests approached signifi- 
cance (p  > .50 in all cases). Also in contrast to Experiment 1, 
in this experiment, the mean context effect scores do not 
reveal a significant age difference, t(38) = 0.45. In this exper- 
iment, the older group's mean context effect score of  0.09 is 
significantly different from zero, t(19) = 2.13, p < .05, and 
the younger group's mean score of  0.13 is marginally so, t(l 9) 
= 1.89, p < .10. When the data from both age groups are 
combined, which is appropriate given the lack of  significant 
main effects or  interactions caused by age in this experiment, 
the context effect of  0.11 is significantly different from zero, 
t(39) = 2.77, p < .009. In summary, in this study the age 
groups show equivalent associative memory on the indirect 
measure. 

In this experiment, unlike the first, the great majori ty o f  
both the younger (90%) and the older participants (80%) 
reported that during the completion test they had been aware 
that some of  the items had appeared during the earlier sen- 
tence generation phase (though again they reported that they 
had not engaged in intentional retrieval). As had been the 
case in Experiment I, when only the data from the aware 
subjects of  both ages were examined, the pattern of  results 
was the same as that for the whole group. The context effect 
for the young aware participants was 0.14 (vs. 0.13 for the 
full group), and for the older aware participants it was 0.07 
(vs. 0.09 for the full group). In fact, when the data from the 
aware subjects on lywere  submitted to the same ANOVA as 
had been applied to the full groups, the pattern of  significance 
levels was identical. There were main effects caused by 
context, F ( I ,  32) = 22.99, p < .0001, and presentation, 
F(1, 32) = 21.11, p < .0001, and a significant Context x 
Presentation interaction, F(1, 32) = 5.65, p < .05. The critical 
triple interaction involving age yielded an F less than 1. 

Direct test: Stimulus-cued recall. The proportion correct 
on the stimulus-cued recall task is shown in the third column 
of  Table 1. These data were submitted to a 2 x 2 (Age x 
Context) mixed-design ANOVA, with context the within- 
subjects variable. This analysis yielded main effects of  age, 
F(1, 38) = 38.40, p < .0001, and context, F ( I ,  38) = 7.61, 
p < .009, but  the interaction did not approach  significance, 
p > .10. These results are similar to those of  Experiment 1 in 
revealing an age difference, but  in contrast to the earlier 
results, the context in which an item had been tested on word 
completion influenced recall for both age groups. 

As had been the case in Experiment 1, the younger subjects 
left significantly fewer blanks, that is, omissions, than the 
older subjects ( M  = 2.30, SD = 1.95, and M = 7.25, SD = 
6.04, for the younger and older groups, respectively), t(38) = 
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3.49, p < .002. But also as in Experiment 1, the age difference 
in accuracy of recall remains even when the proportion correct 
of actual responses is calculated (younger M = 0.93, SD = 
0.09, older M = 0.69, SD = 0.21), t(37) = 4.65, p < .0001. 

Direct test: Word-stem-cued recall. The proportion correct 
on the word-stem-cued recall task is shown in the far right 
column of Table 1. When these data were submitted to a 2 x 
2 (Age x Context) mixed-design ANOVA, the only effect to 
approach significance was that of age, F(I, 38) = 21.86, p < 
.0001. Thus, even when the word stem is added to the recall 
cue, age differences continue to be observed on the direct 
measure. 

As we had found in Experiment 1, the age differences in 
the accuracy of word-stem-cued recall cannot be attributed to 
cautiousness. The younger subjects (M = 0.70, SD = 1.34) 
did leave significantly fewer blanks than the older subjects 
(M = 2.70, SD -- 4.03), t(38) = 2.11, p < .05. But even when 
we calculated the proportion correct of actual responses, a 
significant age difference favoring the younger participants 
remained (younger M = 0.93, SD -- 0.07, older M = 0.77, 
SO = 0.16), t(38) = 4.06, p < .0004. 

Discussion 

The most important finding is that after the subject-paced 
study conditions used in this experiment, older participants 
showed indirect associative memory (as assessed by the con- 
text effect on the word-stem completion task), which was 
equivalent to that of young participants. In contrast, there 
were significant age differences favoring the young people on 
both direct tests of memory for the same associations. 

Comparison of the results of Experiments 1 and 2, which 
differed only in the study conditions, suggests that age-related 
deficits in associative memory appear on direct tests regardless 
of study conditions. However, whether age deficits will appear 
on indirect tests of memory for new associations de- 
pends upon the conditions under which the new pairs are 
encountered. 

Experiment  3 

The main goals of this experiment were to place further 
constraints on the conditions under which age differences 
occur on indirect tests of associative memory, and, second- 
arily, to determine whether any such age deficits are related 
to the quality of the elaborations that people produce during 
study. 

Graf and Schacter (1985, 1989; Schacter& Graf, 1986a) 
have found that college students show a context effect only if 
they encode a meaningful relation between the words during 
the study phase; however, having formed a minimal such 
relation, further increases in the degree of elaboration do not 
lead to a greater context effect. We hypothesized that younger 
people were able to accomplish this minimal degree of elab- 
oration under the study conditions in both Experiments 1 
and 2; hence, they showed context effects in both. In contrast, 
the older people were unable to accomplish the minimal 
degree of elaboration required under the conditions of Exper- 

iment 1, though they were able to do so in Experiment 2. In 
fact, during the presentation phase, the older people were 
visibly nervous under the 8-s presentation rate of Experiment 
1, though not under the self-paced presentations of Experi- 
ment 2. This suggests that the general slowing known to 
accompany aging (e.g., Salthouse, 1985), and evident here in 
the group differences in Digit Symbol substitution scores, 
made it difficult for the older participants who were given 
time constraints to complete the minimal degree of elabora- 
tion that is necessary to yield a context effect. 

To test these ideas, in the present experiment we gave 
people 15 s to generate a sentence relating each pair of words, 
and we recorded, and then later coded, the quality of the 
elaborations produced. Thus, the study task was similar to 
that in Experiment 2 (in which no age deficits appeared on 
the indirect test), except that we imposed a time constraint. 
This time constraint was generous; pilot testing indicated that 
participants of both ages were almost always able to complete 
an elaboration in that amount of time. Our goal was to see 
whether age differences in the indirect test would emerge 
under these conditions and whether they would be related to 
the quality of the elaborations produced. 

Neither the literature on indirect memory for new associa- 
tions nor that on aging offers a well-established method for 
coding the quality of elaborations. We decided to code their 
precision, as defined by Stein and his colleagues (Stein & 
Bransford, 1979; Stein, Brantford, Franks, Owings, Vye, & 
McGraw, 1982; Stein, Littlefield, Bransford, & Persampieri, 
1984). Precise elaborations are defined as those that clarify 
the significance or relevance of the relation between the 
concepts that are to be paired. Stein and his colleagues have 
demonstrated that among children and young people, the 
precision of elaborations is an excellent predictor of subse- 
quent stimulus-cued recall and recognition of new asso- 
ciations, a better predictor than any other measure they 
considered. 

Further, Rankin and Collins (1985, 1986) have found that 
older adults are less likely than younger to generate such 
precise elaborations spontaneously and that the stimulus-cued 
recall of older people benefits just as much as that of younger 
when precise elaborations are used. Nonetheless, even when 
both younger and older people produced precise elaborations, 
age differences in cued recall remained. In the present exper- 
iment, we hoped to extend these earlier observations to inves- 
tigate the relation between precision of elaborations on the 
one hand, and indirect memory and word-stem-cued direct 
memory on the other (earlier analyses having been limited to 
stimulus-cued direct recall tests) and to determine whether 
any age differences in such elaborations might help to account 
for age differences in direct or indirect measures of memory. 

The design of the present experiment differed in several 
ways from that of the first two. Here, rather than retesting the 
same items for the direct and indirect tests, a given item was 
tested only once for each subject, either on the completion 
test or the recall test. Rather than merely encouraging people 
to guess during recall testing, we required that they do so, and 
we eliminated the stimulus-cued recall test. Finally, in this 
experiment, the recall test was structured identically to that 
of the completion test, in that it, too, contained same-context, 
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different-context, and  not-presented items; the direct and  
indirect tests differed only  in the instructions. 

Methods 

Subjects. The participants were 24 younger adults, ranging in age 
from 18 to 22 years (M = 20.21, SD -- 1.32), and 24 older adults 
between 62 and 84 years of age (M = 72.92, SD = 5.66). These 
participants were drawn from the same sources as the first two 
experiments, but  they had not participated in either. The older 
participants had completed significantly more years of education 
(M = 17.17, SD = 2.43, range 12 to 20) than the younger participants 
(M = 14.50, SD = 1.32, range 12 to 17), t(46) = 4.73, p < .0001. The 
older participants also had higher WAIS Vocabulary scores (M = 
64.96, SD -- 6.92, range 40 to 73) than the younger (M --- 58.00, SD 
= 7.68, range 44 to 71), t(46) = 3.12, p < .01. As had been the case 
in the first two experiments, the WAIS Digit Symbol substitution 
scores were higher for the younger participants (M = 71.63, SD = 
10.09, range 55 to 90) than for the older (M --- 51.08, SD = 10.59, 
range 26 to 82), t(46) = 6.92, p < .0001. 

Design. The only between-subjects variable was age. There were 
two within-subjects variables, type of test (completion and cued recall) 
and test context (same context, different context, and not presented). 
In contrast to the design used in Experiments 1 and 2, a given word 
fragment was tested only once for each subject, appearing either on 
the completion test or on the recall test. 

Materials. We chose 48 critical stimulus-target pairs in which 
the stimulus and target were unrelated to each other. Most of these 
pairs had been used in the previous two experiments, and all met the 
same criteria as those outlined in the Materials section of Experiment 
t. In this experiment, the critical stimulus words had a mean fre- 
quency of 51.58 and target words had a mean frequency of 73.00. 
The mean length of the critical stimulus words was 5.90 letters and 
that of the critical target words was 7.53 letters. In addition, 40 filler 
pairs were constructed following the above criteria, 8 to be used in 
the study lists and 32 for the test lists. 

Counterbalancing was undertaken to ensure that, across partici- 
pants of a given age, each critical stimulus-target pair was tested 
equally often in each of the six within-subjects conditions, that is, the 
factorial combination of three types of test context (same context, 
different context, and not presented) by two test types (word-stem 
completion and word-stem cued recall). Further, for a given partici- 
pant, no word pair was tested in more than one of these conditions. 

To accomplish this counterbalancing, the 48 critical pairs were 
divided into six sets of 8 pairs each. Two test lists were then con- 
strutted by assigning the pairs from three of these sets to one of the 
test lists, and the pairs from the remaining three sets to the other test 
list. We also placed three filler pairs at the beginning of each test list, 
and distributed 13 additional filler pairs randomly throughout. With 
the exception of the three filler pairs in the primacy position of each 
test list, the remaining critical and t'filer pairs were distributed ran- 
domly throughout each list. The result of this counterbalancing was 
two 40-item test lists, each containing 16 t'filer pairs and 24 critical 
pairs. As a result of the counterbalancing applied to the study lists 
(described below), 8 of these critical pairs in each list were tested in 
the same-context condition, 8 in the different-context condition, and 
8 in the not-presented condition. For the test lists, each pair consisted 
of a stimulus item and a three-letter word stem of the target item, all 
typed in uppercase letters on a test sheet. All participants saw these 
same two test lists, but half of the participants received a given list 
with the completion instructions (indirect test), whereas the other half 
of the participants received that same list with the word-stem-cued 
recall instructions (direct test). 

To accomphsh counterbalancing, three different study lists were 
required, differing from each other in how the six subsets of critical 
pairs were assigned to conditions. Within each age group, an equal 
number of participants received each of the three study lists. Each 
study list consisted of a total of 40 pairs, including 8 filler pairs (5 at 
the beginning of the list and 3 at the end) plus 32 critical pairs in 
random order, 16 of which would later be tested in the same-context 
condition and the other 16 of which would later be tested in the 
different-context condition. If a given subset was to serve in the 
different-context test condition, then the stimulus nouns and target 
nouns were randomly re-paired within that set for the study list, 
adhering to the stipulation that the stimulus and target words be 
unrelated. For example, if the actual stimulus-target pairs to appear 
on the test were league-industry and motion-steel, they were re- 
paired to become league-steel and motion-industry during study. 
The 16 pairs that would later be tested as not-presented items did not 
appear in the study list. 

Procedure. The order of administration of tests was identical to 
that of the previous two experiments, as were the details of testing, 
with the following exceptions. 

For the presentation (study) phase, participants were given a deck 
of 40 index cards with a stimulus-target word pair typed in capital 
letters in the center of each card. Participants were instructed that 
they would have 15 s to read the pair aloud and to produce a sentence 
that "meaningfully relate[d] the two words, in the order shown." A 
tape recorder provided a warning tone at l0 s, and the verbal cue, 
"next pair," at the end of 15 s. Each subject held the cards, and read 
the pair and reported a sentence aloud (which the experimenter 
transcribed). Thus, this study phase was identical to that of Experi- 
ment 2, except that the presentation of the word pairs was paced by 
the experimenter, instead of being self-paced, and the participants 
were not required to perform the rating task. We omitted the latter 
rating, because pilot testing suggested that the older participants were 
more comfortable if they could devote the full 15 s to producing the 
sentences. As in both of the previous experiments, the participants 
were not told that their memory for the words would later be tested. 

For the filler tasks, we replaced the name completion task used in 
the previous two experiments with a city completion task, which was 
adapted from Schacter and Oraf (1986a, p. 435). The participant was 
given a sheet with 14 capitalized letters, each of which preceded a 
blank, and was asked to write down the frost city name that came to 
mind for each of the 14 letters. Participants were given as much time 
to complete this task as they wished, and most took less than 10 rain. 

The procedure for the word-stem completion test was the same as 
in the previous two experiments, as was the interview. 

The word-stem-cued recall test, which always occurred after word- 
stem completion, was administered exactly as in the previous two 
experiments, with two exceptions. In keeping with the present design, 
participants were informed that some word stems would appear in 
the same context in which they had been studied, some would be 
paired with different stimulus words, and some would not have been 
presented at all and so would be unfamiliar to them. The second 
change was that participants were required to fill in an answer for 
each item, even when they had to guess to do so. 

Codingtheprecisionofelaborations. After testing was completed, 
three independent judges, including one of the authors (CMB) and 
two undergraduate assistants, coded the precision of the elaborations 
that had been produced during study of items that were later tested 
in the same-context condition. To train the coders, each read the 
articles by Stein and colleagues describing the distinction between 
precise and imprecise elaborations, and each coder also studied the 
examples of precise and imprecise elaborations included in the ap- 
pendix of Stein et al. (1982). Then, after discussing coding of a few 
examples drawn from the present experiments, each coder rated each 
elaboration as either precise or imprecise. The raters worked inde- 
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pendently and, during coding, were blind to the age of the subject 
and to whether the item had been recalled or completed later. 
Interrater agreement was modest; all three raters agreed on 67% (234 
of 349 sentences) of the elaborations produced by the younger people 
and on 58% (209 of 361 sentences) of those produced by the older 
people. These agreement rates are well above the 25% that would be 
expected by chance, but still far from perfect, reflecting the difficulty 
of applying this coding scheme to the stimuli used here. In the Results 
section, an elaboration is counted as having been precise or imprecise 
only if all three judges rated it as such. For example, for the stimulus 
pair mold-chest, an elaboration rated as imprecise by all three coders 
was "There was a lot of mold in his chest," whereas an elaboration 
rated as precise by all three was "mold in the chest was due to 
dampness in the basement." 

Results  

Indirect test: Word-stem completion. The mean propor- 
tions of  word stems completed with target items during the 
word-stem completion test for this experiment are shown in 
the top half of  Table 2. 

When these data were submitted to a 2 x 3 (Age x Condi- 
tion) mixed-design ANOVA with age being the between- 
subjects variable, there were main effects of  age, F(I,  46) -- 
8.77, p < .005, and of  condition, F(I,  46) = 18.49, p < .0001. 
More important, there was also a significant interaction, F(I,  
46) --- 3.23, p < .05. Table 2 suggests that this interaction 
reflects a larger context effect (i.e., the difference between 
same-context and different-context completions), and hence 
greater associative learning by the indirect measure, for the 
younger participants (mean context effect = 0.15) than the 
older ones (mean context effect = 0.07). In fact, a comparison 
of  the magnitude of  the context effect for the younger versus 
the older group failed to reach significance, t(46) = 1.34, p < 
• 19, but other aspects of  these data suggest that there are age 
differences in the sensitivity to context. One such kind of  
evidence comes from the results of  t tests comparing the 
younger participants with older ones for each condition. These 
showed that on not-presented (baseline) trials, the groups were 
virtually identical, t(46) = 0.20, that on different-context 

Table 2 
Mean Proportion of  Target Words Produced in Experiment 
3 by Age and Condition, on the Word-Stem Completion and 
Word-Stem-Cued Recall Tasks 

Younger Older 

Condition M SD M SD p 

Word-stem completion 
Same context 0.35 0.23 0.20 0.16 <.01 
Different context 0.20 0.16 0.13 0.10 <. 10 
Not presented 0.10 0.08 0.09 .I0 ns 

Word-stem-cued recall 
Same context 0.66 0.20 0.36 0.21 <.001 
Different context 0.27 0.17 0.24 0.13 ns 
Not presented 0.10 0.09 0.09 0.10 ns 

Note. The p levels refer to whether there is a significant age differ- 
enee and ale based on two-tailed independent t tests with 46 degrees 
of freedom, ns ffi not significant. 

trials, the younger participants made only marginally more 
completions than the older, t(46) --- 1.75, p < .09, and that on 
same-context trials younger participants made significantly 
more completions than older ones, t(46) - 2.69, p < .01. 
Consistent with this pattern is the finding that the context 
effect is significantly greater than zero for the younger partic- 
ipants, t(23) = 3.02, p < .01, but not for the older, t(23) = 
1.64, p < .  12. 

As in the earlier experiments, we examined whether the 
pattern of  indirect memory scores would change if only aware 
subjects were examined. In this experiment, 88% of  the 
younger participants and 50% of the older ones were aware. 
Once again, analyses of  this subset of  aware subjects led to 
the same pattern of  context effects as had the total sample. 
For the 21 younger aware subjects, the context effect was 0.16 
(as opposed to 0.15 for the total group) and for the 12 older 
aware subjects, the context effect was 0.10 (as opposed to 0.07 
for the full older group). As had been the case when all the 
subjects were examined, these context effects were signifi- 
cantly different from zero for the younger aware participants, 
t(20) = 2.84, p < .01, but not for the older, t(11) = 1.24, 
p > .20. 

Direct test: Word-stem-cued recall. The proportions of  
targets produced on the recall test are shown in the bottom 
of Table 2. When these data were submitted to a 2 x 3 (Age 
x Condition) mixed-design ANOVA with age being the be- 
tween-subjects variable, there was a main effect of  age, 
F(I,  46) = 14.22, p < .0005, and of  condition, F(I,  46) = 
95.62, p < .0001, as well as an Age x Condition interaction, 
F(1, 46) = 13.77, p < .0001. As the table reveals, this inter- 
action is due to the fact that the young participants recalled 
more words than the older participants only on same-context 
tests, t(46) = 4.96, p < .0001. For the age comparison, the t 
values for the different-context and not-presented conditions 
were less than one. 

The context effect in the recall test can be viewed as a direct 
test of  associative memory. This context effect is significantly 
greater than zero for both the younger participants, t(23) = 
9.13, p < .0001, and the older, t(23) ffi 3.43, p < .01, but the 
magnitude of  the effect is significantly greater for the younger 
group, t(46) = 4.91, p < .0001. Thus, both groups show 
evidence of  associative memory in that they are better able to 
recall a target word when presented with its earlier partner 
than with a different studied word, but the younger people 
are much more effective at doing so. In fact, their recall in 
the same-context condition was more than double that in the 
different-context condition, whereas the older group im- 
proved by only 50%. Thus, as had been the case in Experi- 
ments 1 and 2, this direct test reveals large differences in 
associative memory favoring the young people. 

Precision of elaborations. For each participant, the preci- 
sion of  elaborations was coded only for those 16 pairs that 
would later be tested in the same-context condition (8 tested 
on the completion test and 8 on the recall test). It is clear that 
the 15-s study time in the present study was adequate to 
permit subjects of  both ages to produce an elaboration; on 
average, the younger people did so for 14.75 and the older for 
15.17 of  the 16 possible pairs, t(46) = 1.12, p > .25. However, 
in keeping with the earlier findings of  Rankin and Collins 
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(1985, 1986), more of  these elaborations were precise for the 
younger participants than for the older ones. The mean 
number of  elaborations judged to be precise was 8.58 (out of  
16) for the younger and 6.37 for the older participants, 
t(46) -- 2.74, p < .009. The mean number of  imprecise 
elaborations was marginally greater for the older group (M -- 
2.33) than for the younger (M = 1.17), t(46) = 1.90, p < .07. 

To examine the relation between precision of  elaboration 
and the direct and indirect memory measures, we did item 
analyses in which we classified each item as having received 
either a precise or an imprecise elaboration (eliminating from 
consideration those items on which the coders had disagreed). 
We had originally hoped to submit these data to an ANOVA, 
but because some subjects produced no elaborations at all of  
a given type, this would have resulted in many missing cells. 
Therefore, we collapsed across subjects within each age group 
and tallied the proportion of  items receiving each type of  
elaboration that were later completed or recalled. These pro- 
portions, which are shown in Table 3, indicate that both recall 
and completion are related to the precision of  elaboration for 
the older group, but not for the younger. For the indirect 
measure, older participants completed 24% of items that had 
received precise elaborations and only 9% of those that had 
received imprecise elaborations, a significant difference, z -- 
2.97, p < .01. For the direct measure, older participants 
recalled 49% of  items that had received precise elaborations 
and 17% of those receiving imprecise elaborations, z = 5.32, 
p < .0001. In contrast, neither of  these comparisons between 
items receiving precise versus imprecise elaborations ap- 
proached significance for the younger group; for completions, 
z = 0.64, and for recall, z = 0.17. 

If  the age groups are equated on precision of  elaboration 
by considering completion and recall only for those items 
receiving precise elaborations, do age differences on the mem- 
ory tests disappear? Table 3 suggests that the answer is "per- 
haps" for the indirect completion test, but a clear "no" for 
the direct recall test. When only those pairs that had received 
precise elaborations were considered, the magnitude of  the 
age difference in the proportion of  same-context target com- 
pletions was reduced (younger proportion of  .33 vs. older of  
.24) and only marginally significant, z = 1.84, p < .07. In 
contrast, word-stem-cued recall of  items that had received 

Table 3 
Proportion of Target Words Produced in Experiment 3 for 
Same-Context Tests Only, on the Completion and Cued 
Recall Tasks for Pairs That Had Received Precise Versus 
Imprecise Elaborations During Presentation 

Younger Older 
Type of 

elaboration n Proportion n Proportion 

Word-stem completion 
Precise 97 0.33 71 0.24 
Imprecise 14 0.29 33 0.09 

Word-stem-cued recall 
Precise 108 0.68 84 0.49 
Imprecise 15 0.67 24 0.17 

Note. The n refers to the number of elaborations of each type on 
which the proportion is based. 

precise elaborations was significantly higher for the younger 
participants (0.68) than for the older ones (0.49), z = 3.85. 
This latter result extends the work of  Rankin and Collins 
(1985, 1986) who had obtained the same pattern in studies of  
stimulus-cued recall. 

A similar picture emerges if these data are examined by 
calculating a completion score and a recall score for each 
subject, based on those items that the subject had elaborated 
precisely, and then conducting independent t tests comparing 
these subject scores (eliminating subjects who made no precise 
elaborations). For this analysis, there is no significant age 
difference in same-context completion, t(44) = 1.16, p > .10, 
but there is a significant age deficit in same-context word- 
stem-cued recall, t(44) = 2.93, p < .01. 

Genera l  Discussion 

In summary, on an indirect measure of memory for new 
associations, we found age deficits under some study condi- 
tions (Experiments 1 and 3), but not under others (Experi- 
ment 2). In contrast, in all three experiments, there were 
age differences on direct tests of  memory for these same 
associations. 

Age Differences on Direct Tests of  Memory for New 
Associations 

The present findings concerning associative memory join 
earlier studies comparing direct and indirect tests of  item 
memory (e.g., Light & Singh, 1987) in showing that aging is 
accompanied by a deficit in the ability to engage in conscious 
recollection. 

The only way in which our direct tests differed from our 
indirect ones is in the inclusion of  the instruction to recollect. 
In particular, the fact that we obtained consistent age differ- 
ences on the direct, but not the indirect tests, cannot be 
attributed either to the quality of  the retrieval cues provided 
in the two tests or to age differences in cautiousness. The 
retrieval cues on the word-stem-cued direct test were identical 
to those on the indirect test in all three experiments (each cue 
consisting of  a word and a word stem, e.g., queen-sta ). 
Further, the present findings join recent studies of  nonverbal 
sequential pattern learning (Howard & Howard, 1989, 1990) 
in establishing that age differences on direct tests are not due 
simply to an unwillingness on the part of  older subjects to 
guess on direct tests. For example, in the present Experiment 
3, people were required to write a response for every item on 
the word-stem-cued recall test, and yet substantial age differ- 
ences in accuracy occurred. 

Although our results show that older people are poorer than 
young people on tasks requiring conscious recollection, it is 
clear that older people do make use of  instructions to recollect. 
In all three experiments, both younger and older people 
produced more target completions on same-context tests on 
the word-stem-cued recall (direct) test than on the word-stem 
completion (indirect) test. Thus, when given instructions to 
try to recollect the earlier pairing, both age groups were able 
to retrieve more targets than they had when asked simply to 
"complete the stem to form the first word that comes to 
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mind." However, the younger group gained more advantage 
than the older one from the instruction to recollect, a point 
that can be seen most dearly in Experiment 2. Here, the age 
groups did not differ significantly in the proportion of targets 
produced on the same context completion test (means of .34 
and .30 for the younger and older groups, respectively). In 
the subsequent word-stem-cued recall test on the same words, 
however, the younger group leaped to a mean proportion of 
targets produced of .90, whereas the older increased to only 
.62. One task for future work is to provide a theoretical 
explanation for this age deficit in conscious recollection. 

Age Differences and Similarities on Indirect Tests of 
Memory for New Associations 

The present finding that there are age differences on the 
indirect measure of associative memory under some condi- 
tions, but not others, may be compared with the few earlier 
studies of the priming of new associations. (See Howard, 
1988a and 1988b for more extensive comparisons of previous 
findings). In most earlier studies that, like our Experiment 2, 
allowed self-paced study (Balota & Duchek, 1989; Howard et 
al., 1986, Experiment 2; Moscovitch et al., 1986) or more 
than one study opportunity (Howard et al., 1986, Experiment 
1) of the to-be-associated pairs, there were no age differences 
on the indirect measures of associative memory, just as we 
found in our present Experiment 2. (The exception to this 
statement is the Cermak et al., 1988, study, which used a 
procedure that is virtually identical to our Experiment 2 and 
yet revealed no context effect at all for either older or younger 
participants.) In contrast, the only earlier study to show age 
differences on the indirect measure of associative priming was 
Howard et al.'s (1986) Experiment 1, in the condition in which 
participants were given a single 15-s-long opportunity to study 
each pair. These latter study conditions were similar to those 
in our present Experiment 3, which also yielded an age 
difference on the indirect measure. 

It is not yet possible to specify exactly what study conditions 
are necessary to yield age differences in associative priming, 
but the fact that we found age differences in our Experiment 
3, in which people had fully 15 s to form elaborations (which 
proved adequate for virtually everyone to do so), indicates 
that age differences on the indirect measure of associative 
memory occur even under what would appear to be generous 
study conditions. Our analyses also make clear that the age 
differences on the indirect measure are not due either to age 
differences in the extent to which people of different ages are 
making the indirect test into a direct one by engaging in 
intentional retrieval or to age differences in awareness (as 
defined by Bowers & Schacter, 1990). In all three of our 
experiments, almost all subjects reported that they wrote 
down the first word that came to mind and that they did not 
try to recall the word with which the stimulus had been paired. 
Furthermore, the younger people were more likely than the 
older ones to report that during completion testing they 
became aware that some of the words had been seen earlier. 
However, even when only the aware subjects were considered, 
the pattern of age differences on the indirect test remained 
the same. 

Why do age differences in associative priming appear under 
less than optimal study conditions, but not under optimal, 
self-paced ones? Schacter and Graf (1986a) have shown that, 
among college students, a context effect occurs only if the 
subject is able to establish a meaningful relation between the 
to-be-associated words. Our data suggest the hypothesis that 
younger people establish such a relation (and, hence, form a 
new association) quickly and readily, even under less than 
optimal study conditions, but that older people, on average, 
need more optimal conditions to do so. That older people 
need such optimal conditions is likely related to the cognitive 
slowing (e.g., Salthouse, 1985), the decreased working mem- 
ory capacity (e.g., Light & Anderson, 1985), or the attentional 
deficits (e.g., Plude & Hoyer, 1985) that occur in the course 
of normal aging. 

Our analyses of the precision of elaborations lend some 
support to the above argument. Under the 15-s-per-pair study 
conditions of Experiment 3, older people produced fewer 
precise elaborations than younger people, and within the older 
group, pairs receiving precise elaborations showed better 
memory than those receiving imprecise elaborations on both 
the direct and indirect tests. Further, when only precise elab- 
orations were examined, the age difference on the indirect 
test was reduced (though still in the direction of favoring the 
younger group) and no longer reliable. In contrast, the age 
difference on the direct test was substantial and statistically 
reliable even for the set receiving precise elaborations. Of 
course, these analyses must be interpreted with caution, in 
part because the relatively low reliability of coding precision 
forced us to omit many items (i.e., those on which the coders 
disagreed). Not only does this lower our confidence in the 
adequacy of our coding of the elaborations, but it also de- 
creases the power of the comparisons. 

Furthermore, it is likely that our coding of the precision of 
the elaboration produced by the subject does not capture all 
of the elaboration in which the subject engaged, particularly 
for the young subjects. Evidence for this comes from the fact 
that, for the younger group, the degree of precision of elabo- 
ration for individual items did not predict memory accuracy 
on either the direct or the indirect tests. And although the age 
groups showed approximately equivalent word-stem comple- 
tion for items that had received precise elaborations, when 
items receiving imprecise elaborations are considered, the 
younger people show higher word completion than the older 
(Table 3). One interpretation of these patterns is that the 
younger people often spoke an elaboration (which we coded) 
and then continued to engage in mental elaboration during 
the relatively generous 15-s second study time. 

Despite these caveats, our findings suggest the working 
hypothesis that under time constraints (even generous ones) 
older people are less likely than younger people to produce 
elaborations of high quality, and it is this difference that leads 
to age deficits in associative priming. 

Normal Aging and Amnesia 

To what extent are the patterns of savings and loss observed 
here in normal aging similar to those that accompany memory 
impairment (such as amnesia) in younger people? One simi- 
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larity is that both memory-impaired young people and normal 
aged people have deficits in direct tasks that require conscious 
recollection; our aged subjects, like amnesia patients, showed 
consistent deficits on direct tests of associative memory when 
compared with younger subjects, even when the recall cue 
contained the first three letters of the to-be-recalled word. 

But what of memory for new associations as assessed by 
means of indirect tests? Patients suffering from moderate to 
severe cases of amnesia are not similar to our aged subjects 
in this regard; such patients fail to show any context effect on 
indirect tests of the sort used here, even after study conditions 
considerably more optimal (e.g., two unpaced presentations 
of each new pair) than those used in our Experiment 2 (e.g., 
Cermak et al., 1988; Sehacter & Graf, 1986b; Shimamura & 
Squire, 1989). And, unlike our aged subjects, some amnesia 
patients fail to benefit at all from instructions to engage in 
conscious recollection (e.g., Schacter & Graf, 1986b). 

On the surface, at least, our normal-aged participants' 
performance on indirect tests of associative memory is more 
similar to that seen in mildly impaired amnesia patients. Such 
patients, though poorer than controls on direct tests, are like 
our aged participants in revealing intact associative memory 
on indirect tests in experiments using optimal study condi- 
tions similar to those of our Experiment 2 (e.g., Graf & 
Schacter, 1985; Mutter, Howard, Howard, & Wiggs, 1990). 
However, because studies to date have always tested amnesia 
patients only after such optimal study conditions, we do not 
know whether they, like the normal aged, would show deficits 
in associative memory on indirect tests following experimen- 
ter-paced study conditions such as those in our Experiments 
1 and 3. The present results suggest that testing mildly im- 
paired amnesia patients under such conditions would yield 
important information about similarities between aging and 
amnesia. 

Conditions for Associative Priming 

Leaving aside considerations of aging and amnesia, our 
data from young participants broaden the range of conditions 
under which priming of new associations is known to occur. 
The study task in our Experiment 1 was different from any 
used in previous research, in that we asked subjects to provide 
completions to sentences containing critical words, which 
were not highlighted in any way. This completion task re- 
quires less focusing on the critical words themselves than the 
usual procedures used, as witnessed by the poor performance 
of our young participants on the stimulus-cued recall test. A 
second way in which our procedure differed from almost all 
previous studies using this paradigm is that we used incidental 
rather than intentional study conditions in all three experi- 
ments; people were not warned that there would be a later 
memory test. Despite both of these variations, the young 
people in our experiments showed context effects on the 
indirect test comparable to those reported in the literature 
(e.g., Graf & Schacter, 1985, 1987; Schacter & Graf, 1986a, 
1989). This finding contradicts the results of Cermak et al. 
(1988, Experiment 2) who found that context effects occurred 
among their college student subjects only when intentional 
study instructions were used. The reasons for the discrepancy 

are unclear because the study conditions in Experiment 2 
appear to be virtually identical to those of Cermak et al. In 
any event, all of the experiments reported here demonstrate 
that context effects can occur even under incidental learning 
instructions. 

Functional Dissociations 

Findings of functional independence between direct and 
indirect measures have been important in the continuing 
debate about whether these measures reflect the operation of 
separate memory systems (cf. Roediger, Weldon, & Challis, 
1989; Schacter, 1987, 1990; Tulving, 1985). Our findings here 
offer additional evidence for functional independence be- 
tween direct and indirect measures of associative memory, in 
that the two types of tests were influenced differently by 
independent and attribute variables. First, our Experiment 2 
shows that under some conditions, age has dissociative effects, 
such that age differences appear on direct but not indirect 
measures. Second, when the data from young people are 
compared across the three experiments, it is clear that the 
change in study conditions had dissociative effects on direct 
versus indirect measures. The young people showed almost 
identical same-context completion scores in all three experi- 
ments (proportions of .33, .34, and .35 in Experiments 1 
through 3, respectively), but their same-context word-stem- 
cued recall scores varied across experiments (proportions of 
.64, .90, and .66 in Experiments 1 through 3, respectively). 
This is consistent with Schacter and Graf's (1986a) earlier 
findings that degree of elaboration (once a minimal level is 
reached) affects direct but not indirect measures of associative 
memory. 

Conclusion 

One often-noted characteristic of normal aging is that it is 
accompanied by an apparent decline in the ease with which 
new associations are learned, as immortalized in the "old- 
dogs-and-new-tricks" cliche. Such conclusions are usually 
based on performance on direct tests of associative memory. 
Our results indicate that at least some of the age deficits 
observed in these tasks are due to the nature of the tests; 
under some conditions (Experiment 2), age differences in 
memory for new associations disappear entirely when indirect 
rather than direct tests are used. Under less than optimal 
study conditions (Experiments I and 3), however, age deficits 
in memory for new associations are observed even on indirect 
tests. Our results are consistent with the hypothesis that under 
less than optimal study conditions, particularly those involv- 
ing time constraints, older participants are less likely than 
younger ones to accomplish the minimal degree of semantic 
elaboration that is necessary to result in associative priming. 
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