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This research examined the role of contextual integration in memories of younger and older adults.

In 2 experiments, recall of a target picture to a context picture cue was better when sentences were

generated that integrated the picture pair and when the picture pairs were already related to each

other. Age differences were smallest when sentences were generated for semantic-ally related pairs.

Older adults generated the same type sentences as younger adults, although they generated fewer

integrations for unrelated pairs. In a 3rd experiment, younger adults could not differentiate between

younger- and older-generated sentences from Experiment 1, and the sentences did not differentially

affect recall performance. The results are discussed in terms of age differences in self-initiated

processing when using context.

Episodic memory performance is in part determined by the

availability and utility of contextual cues at the time of recall.

One earlier hypothesis suggested that older adults might use

contextual information less than younger adults, and this would

account for their poorer performance on episodic memory tasks

(Burke & Light, 1981; Craik & Simon, 1980). Subsequent re-

search findings on age differences in the effects of context on

memory, however, failed to provide clear support for such an

hypothesis. Some research has shown that the availability of

contextual cues equally benefited the memory performance of

younger and older adults (e.g., Cherry & Park, 1993; Earles,

Smith, & Park, 1994; Park, Cherry, Smith, & Lafronza, 1990;

Park, Puglisi, Smith, & Dudley, 1987; Zelinski & Light, 1988),

and some studies even found that older adults actually benefit

more from facilitative context than younger adults (i.e., context

that supports recall of the to-be-remembered information; e.g.,
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In their review of the aging and memory literature, Craik and

Jennings (1992) suggested that if the contextual information is

integrated with the target information, older adults can use context

similarly to younger adults. On the other hand, if contextual cues

and targets are not well integrated by preexisting associations,

then participants must generate the integrating relationships at

encoding and have them available at the time of recall in order

for the cues to be useful. Craik (1986) has suggested that such

a requirement of self-initiated processing should magnify age

differences on memory tasks. Integration of context to the to-be-

remembered information is an associative process that promotes

the recall of the target in the presence of the contextual cue.

One laboratory technique that can be used to examine mem-

ory in the presence of contextual cues is the paired-associate

procedure. The degree of self-initiated processing required in

integrating the contextual stimulus cue to the to-be-remembered

response target can be manipulated by varying the preexisting

relationship between stimulus cue and the response target. Using

picture stimuli, Park, Smith, et al. (1990) found large age differ-

ences in recall when contextual cues were unrelated to the target

items (e.g., cherry, ant; older performance = 36% of younger

performance), but much smaller age differences when contex-

tual cues were related to and thus integrated with the targets

(e.g., spider, ant; older performance = 70% of younger perfor-

mance). These results, therefore, support the hypothesis that

age differences are smaller if integration of context and target

is provided by the preexisting relationship between the items.

Our research is designed to examine more fully whether or

not integration is important in determining the degree of context

facilitation on memory performance in different aged adults. In

the first two experiments reported here, participants are pre-
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sented with pairs of simple pictures like the ones used by Park,

Smith, et al. (1990), with one picture being designated as the

to-be-remembered target. The degree of integration between

context cues and memory targets is manipulated in two ways.

First, as in the Park, Smith, et al. study, preexisting integration

is manipulated by varying the relationship between the items

themselves, in that half of the context-target pairs were concep-

tually related to each other and the other half were not. If the

context and target are already associatively related, less active

integration (i.e., self-initiated processing) is required. Instead,

the integration is, in part, automatically activated by the seman-

tic association between the items themselves. Jacoby and his

associates (Jacoby, Jennings, & Hay, 1996; Jennings & Jacoby,

1993) have shown large age differences in memory performance

when deliberate or self-initiated processing is measured, but

small age differences when memory is determined by familiarity

or automatic processing. Therefore, age differences should be

smaller when the items are related and larger when they are

unrelated to each other.

Second, half the participants in Experiment 1 and all the

participants in Experiment 2 are asked to generate sentences

that integrate the context cues with the to-be-remembered tar-

gets (self-initiated processing). It was predicted that recall

would be higher when the integrating relationship is actively

generated. Research on word recall has shown that when

younger and older adults actively generate to-be-remembered

words by filling in the words in a sentence frame or by complet-

ing word stems (e.g., bar-st—) rather than just passively reading

the words (e.g., bar-stool), memory performance for recalling

the target is improved in both groups (e.g., Mitchell, Hunt, &

Schmitt, 1986; Rabinowitz, 1989). Our research differs from

other studies of generation, however, because here no direction

is provided to generate a particular response as when using word

stems or sentence frames. In our studies, participants do not

generate an experimenter-determined, particular response, but

any response that they believe relates the context cue to the

memory target. They have to self-generate sentences with no

support or guidance other than the semantic meanings of the two

pictures. It remains to be determined whether such a procedure

provides integration relationships equally in both age groups.

Furthermore, even when self-generated integrations are pro-

duced, our research should show whether the integrations are

equally effective in improving target recall for younger and older

adults.

Several results are possible. First, by actively generating inte-

gration sentences, the age .differences seen without instructions

to integrate may be reduced. In other words, older adults may

not engage in self-initiated processing spontaneously, but may

be able to adequately process the items when directed to do so

by the experimenter. Such a result would be similar to that seen

when specific organizational instructions are used in cued recall

(HuUsch, 1974) or when imagery mediators are given in paired-

associate learning (Hulicka & Grossman, 1967).

Second, if the deliberate processing necessary to generate

sentences requires considerable extra effort on the part of the

older adults, there may actually be larger age differences with

the sentence-generating task. Craik and Jennings (1992) have

suggested that if an encoding task is helpful and supportive, but

only with the expenditure of considerable effort, younger adults

take advantage of the task, whereas older adults may not.

It may also be the case that older adults can generate integra-

tions as easily as younger adults, but that they are not as effective

in promoting recall of the target as those generated by younger

adults. In other words, younger and older adults may not differ

in their ability to perform the integration task, or in providing

self-generated integrations of contextual cue and target, but

rather in the nature of the integrations themselves and how

effective they are in promoting later recall. Early free-associa-

tion research indicated that younger and older adults differed in

the nature of associations they generated to words (Riegel,

1968). More recent work, however, has shown that younger and

older adults are similar in the types of free associations they

produce both to words (e.g., Burke & Peters, 1986; Lovelace &

Cooley, 1982) and to pictures (Puglisi, Park, & Smith, 1987).

Other research, however, has suggested that even though older

adults can generate very specific types of associations to words

representing objects as well as younger adults (i.e., controlled

associations), older adults are not as effective as younger adults

with some types of associations (e.g., characteristic feature of

the objects; Nebes & Brady, 1988).

Nebes and Andrews-Kulis (1976) actually had younger and

older adults generate sentences to pairs of words, a similar pro-

cedure to that used in the present experiment. They found no

differences in the length of the sentences generated and no differ-

ences in the grammatical constructions of sentences generated

by the different age groups. Grammatical construction, however,

did not predict later recall.

In the present study, rather than just relying on quantitative,

syntactic measures of the productions such as sentence length,

the nature of each integration was coded to determine if there

are semantic differences in the nature, or type, of the sentences

generated by younger and older adults. A further objective was

to determine if the different types of sentences lead to different

levels of later recall performance. If older adults generate differ-

ent types of sentences, and if the type of integrating sentence

influences later recall of the targets, then the age-related recall

differences may be due to the effectiveness of the integrations

produced by the different age groups.

Experiment 1

Method

Participants. Forty younger adults (mean age = 20.1 years) and 36

older adults (mean age = 68.7 years) participated in the experiment. The

younger adults were college students who participated to receive extra

credit in undergraduate psychology courses. The older adults were healthy,

active community-dwelling adults aged 60 years or older. They received

$10 for volunteering to participate in the experiment. The younger group

consisted of 64% men and the older group consisted of 56% men. The

average ratings of health for both groups were between good and excellent,

with mean ratings of 1.5 (SD = .06) for younger adults and 1.9 (SO =

.07) for older adults. The older adults also had marginally higher vocabu-

lary scores on the Gardner and Monge (1977) 30-point Word Familiarity

Survey. Furthermore, all participants had at least 20/30 corrected binocu-

lar vision as measured by a Snellen eye chart.

Design. Age (younger or older adults) and instructions (association

or integration) were between-subjects variables, and type of cue-target

relationship (related or unrelated) was a within-subject variable.
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Stimulus materials. Thirty-six pairs of pictures that were all line

drawings of simple, concrete objects were selected from those used in

earlier context studies in this laboratory and are described elsewhere
(Park, Smith, et al., 1990). Each pair represented two items from a
single conceptual category. One member of each pair was randomly

selected to be the target, and the other item was presented as a related
context cue for half the pairs presented in any list. The same target
pictures were used for all participants, but whether the stimulus cue was
related or unrelated to the target was counterbalanced across participants.

The related contextual cue was the other member of the related pair,
and the unrelated cue was a picture from another category with no
obvious relationship to the target that was selected from the picture pool
used by Park, Smith, et al. The target picture was drawn in heavier dark

lines and was surrounded by tiny dots. The participants therefore could
easily tell which picture was the target and which picture was the contex-
tual cue. The target and context pictures were presented side by side to

each other on a single slide with the target presented half of the time
on the left of the slide and half the time on the right.

Procedure. The instructions emphasized that the participants were
to remember the target that was printed in darker ink and surrounded
by small dots. The participants in the integration condition were also
told that they should generate a single sentence that integrated the target

with the context picture. Participants in the free-association condition
were told to name another word that went with each of the pictures
(free association to each picture).

Each participant then was administered a three-pair practice list to
insure that the instructions were followed. Following the recall of the
three practice targets, the participants were administered one of four
different 36-picture-pair lists. Each list had 18 related pairs and 18

unrelated pairs. Each target was paired with either an unrelated context
picture in one list or a related context picture in another list. The other

two lists were different random orders of the first two lists. Each pair
was presented for 10s. The sentences or free associations generated by
the participants in the integration condition were tape-recorded and later

transcribed. After the last pair was presented, each participant was told
to count backwards by 7 from 500 for 2 min. Then, the participants
were shown a random order of the context pictures, one at a time, and
asked to recall the target that was paired with the context cue. Finally,

demographic information, health status, and vocabulary were measured.
All participants were then debriefed as to the nature of the experiment.

Results and Discussion

Recall performance in Experiment 1 is presented in Table 1.

A three-factor analysis of variance (ANOVA) was conducted

with age group (younger and older) and instruction (integration

and free association) as between-subjects factors and cue-target

relationship (related and unrelated) as a within-subject factor.

All main effects were significant: hunger adults recalled more

targets than older adults, F(\, 68) = 48.17, p < .001; more

targets were recalled when integration sentences were generated,

F(l, 68) = 289.53, p < .001; and more targets were recalled

when the context was related to the target, F(l, 68) = 442.51,

p < .001. Furthermore, all interactions between the variables

were significant: age by instructions, F(l, 68) = 5.22,p < .03;

age by relationship, F( 1, 68) = 4.82, p < .04; instructions by

relationship, F( 1, 68) = 29.31, p < .001; and the triple interac-

tion between age, instructions, and relationship, F(l, 68) =

30.41, p < .001.

Simple effects analysis of the triple interaction indicated that

the interaction between age and instruction was significant with

the unrelated items, F(l, 34) = 20.24,p < .001, but not with

the related items, F( 1, 34) = 1.27, p = .26. With related items,

Table 1

Mean Recall Performance as a Function of Age, Encoding

Condition, and Context-Target Relationship

in Experiments 1 and 2

Context-target relationship

Unrelated Related

Instructions/age group M SD M SD

Free association (Experiment 1)
Younger 1.31 1.10 10.56 2.65
Older 0.06 .24 7.25 2.25

Integration (Experiment 1)"
Younger 14.17 3.04 16.63 1.22
Older 7.25 3.78 14.50 2.50

Integration (Experiment 2)
Younger 26.8 5.81 29.9 3.00
Older 16.3 7.38 26.8 6.95

" Context-target relationship was manipulated within subjects in Experi-
ment 1 and between subjects in Experiment 2.

generating integration sentences improved recall and did so sim-

ilarly in both age groups. When unrelated items were used,

however, the integration sentences helped the younger adults

significantly more than did the older adults.

The results of the experiment support the hypothesis that

context is useful to support the memory of older adults if the

context is integrated with the to-be-remembered targets

(Craik & Jennings, 1992; Park, Smith, et al., 1990). The recall

performance of both older and younger adults was improved

when integration was provided either through preexisting con-

ceptual relationships between the target and context (i.e., envi-

ronmental support) or when the participants supplied integra-

tions by generating sentences that related the target to the context

(i.e., self-initiated processing). Furthermore, the effects seem

additive given that the best level of recall for both groups oc-

curred when integrating sentence., were generated for semanti-

cally related target and context items.

The results also suggest that the older adults seem to rely

more heavily on the passive environmental support provided by

the related context-target pairs. Whereas the improvement in

recall of having related context-target pairs was found for both

age groups, this effect was apparently greater in the older adults.

Unfortunately, this conclusion is tenuous given the high level of

recall for the younger group when generating sentences for the

semantically related items and the low level of recall in the free-

association condition with the unrelated items. Clear ceiling

effects for the younger adults in the integration condition prevent

an unequivocal interpretation of the interaction between age and

context-target relationship. For this reason the interaction in

the integration condition between age and context-target rela-

tionship (unrelated vs. related) was replicated in Experiment 2.

To reduce ceiling effects, the number of unrelated and related

stimulus-target pairs for recall was increased to 36 from the 18

pairs used in each condition of Experiment 1 with the integration

instructions. In Experiment 2, participants received either 36

unrelated pairs or 36 related pairs. The relationship between

the target and the context, therefore, was manipulated between
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subjects rather than within subjects as in Experiment 1. In addi-

tion, the recall task in Experiment 2 was delayed 10 min to

reduce the overall level of performance.

A second objective of our research was to examine the nature

of the sentences generated by the two age groups to see if they

were somehow different. The results of the analysis on the nature

of the sentences generated in Experiment 1, however, will be

delayed until a replication of the interaction between age and

relationship when sentences are generated can be demonstrated.

Experiment 2

Method

Participants, Twenty-four additional younger adults (mean age —

20.5 years) and 24 older adults (mean age = 69.4 years) participated

in Experiment 2. The participants were screened in the same manner as

in Experiment 1. The younger adults were college students who partici-

pated to receive extra credit in undergraduate psychology courses. The

older adults were community-dwelling adults aged 60 years or older

who received $10 for volunteering to participate in the experiment. As

in Experiment 1, the ratings of health for both groups were between

good and excellent (younger, 1.4, SD = .10; older, 1.8, SD = .14). The

vocabulary measures also showed the groups tn be equivalent to the

participants used in Experiment 1.

Materials. The same 36 targets used in Experiment 1 were used in

Experiment 2, except that in any list all the pairings were either related

or unrelated. Four different 36-pair lists were used. All participants were

presented the same target items, but for half the participants, the target

was paired with a related item, and for the other half of the participants,

the target was paired with an unrelated item. Two different list orders

were used with half the participants getting each of the two orders.

Procedure. The procedures used in this experiment were identical

to those used for the integration condition in Experiment 1 with the

exception that all participants generated sentences to each context-target

pair and that a 10-tnin delay was added between presentation and recall.

During the delay participants filled out the demographic and health

questionnaires. The vocabulary test was administered after recall of the

pictures.

Results

The results of Experiment 2 are also presented in Table 1. A

2 X 2 factorial ANOV\ was conducted for the two between-

subjects variables: age and context-target relationship. The ef-

fects found in Experiment 1 were replicated. Again, the younger

adults recalled more target items than did the older adults, F( 1,

22) = 17.20, p < .01, and more items were recalled when the

target was semantically related to the context cue, F(l, 22) =

18.51, p < .01, and the interaction between age and context-

target relationship was replicated, F(l, 22) = 7.44, p < .01.

Whereas the older adults always recalled fewer targets than the

younger adults, the age difference after generating integrating

sentences in the related condition was not statistically significant

(p > .05). Again, older adults did not recall as many unrelated

targets as did younger adults, replicating the finding from

Experiment 1.

Discussion

Age differences were larger when the context and target were

unrelated to each other. Furthermore, the best level of perfor-

mance in the younger group was only 80%, and it is unlikely

that the interaction could be attributed to ceiling effects with

the related pairs as in Experiment 1.

Now that the replication of the interaction in me integration

condition has been demonstrated by the results of Experiment

2, we return to an analysis of possible age differences in the

nature of the generated sentences from Experiment 1.

First, several quantitative measures were examined. Separate

analyses showed that there were no age differences in either the

length of the generated sentences (average number of words in

a sentence), the number of elaborative phrases included in the

sentences, the repetitive use of identical sentence frames, or the

number of sentences based on the verb, to be. The failure to

find structural differences in the sentences as a function of age

replicates the earlier study by Nebes and Andrews-Kulis (1976).

In the present study, the only detected quantitative difference

was in the number of complete sentences generated to the entire

set of picture pairs by the different age groups (younger =

35.25, SD = 3.9; older = 30.25, SD = 4.5), F(l, 38) = 11.78,

p < .05.

The sentences were also coded qualitatively, according to the

nature of the relationship generated for the context and target

pictures. The sentences were coded solely on the basis of the

relationship between the two items, ignoring extra elaboration

if present in the sentence. The coding categories are listed in

Table 2. All sentences were coded through this scheme with an

interjudge reliability of over 90%.

The proportion of sentences generated for each integration

type in the two age groups is presented in Figure 1. ANOVAs

indicated that the older adults generated fewer action sentences

Table 2

Types of Integration Sentences Generated for Context—Target

Pairs and Examples

Integration types

Comparison
Object comparison: The target and cue are placed into a collective

category. ("The spider and ant are both bugs.")
Feature comparison: The target and cue are compared on some

feature such as size or color. ("The spider is bigger than the
ant.")

Action
Single action: The target and cue are involved in a single action

combining the items. ("The ant ate the cherry.")
Double action: Two actions are described for the two objects, but

they occur in the same context. ("The spider climbed the tree
while the ant watched.")

Other
Spatial relation: A spatial relation is used to relate the context to

the target. ("The ant is next to the cherry.")
Transformation: Some transformation is made to the meaning of

the object, such as a homophone, metaphor, etc. ("My 'ant'
Mary makes the best cherry pie.")

Distinct phrases: Two distinct actions are described, one for each
object and independent of each other. ("You can pick cherries
and ants live underground.")

Incomplete
Incomplete: Either no sentence is given or an incomplete or

incomprehensible response is made. ("Ants . . . uhtn . . . I
can't think of anything.")
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Comp. Act Inc. Comp. Act.
Integration Type Categories

Inc.

Figure 1. Proportion of sentence types generated as a function of adult
age and coded context-target relationship. Comp. = comparison; Act.
= action; Inc. = incomplete.

for both the unrelated, F( 1, 38) = 10.03, p < .01, and related,
F(l, 38) = 8.30, p < .01, context-target pairs. The only other
significant difference was found for incomplete responses with
the unrelated sentences; the older adults had significantly more
incomplete responses, F(l, 38) = 25.96, p < .01. Because no
age differences were found for the three different codes listed
in the Other condition (spatial relations, transformations, and
distinct phrases), they were not included in Figure 1.

With the exception of incomplete sentences, the age groups
differed little in the pattern of sentence types produced for the
related and unrelated items. As seen in Figure 1, both age groups
produced a greater number of comparison sentences for the
related items and a greater number of action sentences for the
unrelated items.

When generating sentences for the related items, the two age
groups performed similarly. The self-generated integrations
were effective in facilitating recall in both age groups, and in
both age groups equally. Also, the types of sentences generated
to the related pairs were similar in pattern in both age groups.
Thus, as shown earlier by Park, Smith, et al. (1990), older
adults can use contextual information if it can be integrated
with the target information.

When the context cue was unrelated to the target, however,
the older adults did not benefit as much as the younger adults
in the integration conditions. The largest age difference in recall
was found in both experiments when sentences were generated
for the unrelated items. This result supports Craik and Jen-
nings's (1992) conclusion that when a change in encoding con-
dition involves an expenditure of extra effort, such as would be
the case when trying to generate sentences involving unrelated
items, the younger adults benefit from this change more than
the older adults. This conclusion is further supported by the
analysis of the generated sentences for the unrelated pairs. When
older adults generated complete, meaningful sentences, the pat-

tern of sentence types was very similar to the ones generated
by the younger adults. Their sentences were also similar in
structure to the sentences generated by younger adults as evi-
denced by the various quantitative measures included in the
analyses. The only age difference found in the sentences was that
older adults failed to generate as many meaningful, complete
sentences for the unrelated pairs. They had more incomplete
sentences with these pairs. Even though the increased failure to
generate sentences resulted in a reduction in the number of
action sentences for the older adults, the action sentences still
predominated as the primary sentence type for unrelated pairs
in both age groups. In other words, the pattern of sentence types
did not differ between the age groups for the unrelated pairs,
except in the incomplete category.

Because the production of integrating sentences enhanced
recall, the greater failure to generate sentences for unrelated
pairs in the older group reduced their recall performance. In
fact, the probability of the older adults recalling an unrelated
item given an incomplete sentence (72 instances) was only
.18, whereas the probability of recalling an unrelated target
after generating an action sentence (149 instances) was .59.

In summary, the results of the first two experiments show
a quantitative age difference in the ability to self-produce
integration sentences for unrelated items. Older adults experi-
enced a greater number of integration failures when the target
and context were unrelated to each other. When integrations
were produced, however, or when integration was provided
through existing semantic relationships between the context
and target, older adults and younger adults both benefited by
the provision of context cues at the time of recall. There is
little evidence to support qualitative differences in the nature
of the integrations produced by younger and older adults.
Both younger and older adults tend to use action sentences
for unrelated context-target pairs and comparison sentences
for related pairs.

One obvious problem with the qualitative analysis, howevei;
is that the coding scheme was experimenter developed. Although
it served to satisfactorily code the different types of relationships
contained in the sentences, it may not have captured some subtle
difference between the different age groups' sentences that could
affect recall performance. Marshall et al., (1978) had younger
and older adults generate natural-language mediators to non-
sense syllable pairs (nonword letter trigrams, e.g., LAJ). Al-
though there were no detectable differences in the types of
mediators generated by the two age groups that could be deter-
mined by the experimenter (e.g., type of words, complexity of
words, etc.), another group of younger adults was able to pick
out the mediators generated by older adults at a level better than
chance. They also could learn a paired-associate task better
if it contained younger-generated mediators rather than older-
generated mediators.

To see if either prediction of recall or recall performance
itself could be influenced by the sentences generated by the
different aged adults in Experiment 1, a third experiment was
conducted, providing a performance-based test similar to that
of Marshall et al. (1978). If there were age-related differences
between sentences that were not captured by the coding scheme
developed in our research, these differences may differentially
control performance in a separate group of participants.
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Experiment 3

Method

Participants. One hundred thirty-seven undergraduate students par-

ticipated in this study for extra credit in their introductory psychology

classes. The average age of the group was 19.6 years. Half of the partici-

pants were presented younger-generated sentences, and the other half

were presented older-generated sentences. The participants assigned to

these two groups did not differ in average age, gender, rated health, or

vocabulary.

Stimulus materials. The same set of 36 picture pairs used in Experi-

ment 1 were used in this experiment. As in the other two experiments,

one picture of the pair was clearly identified as the target picture and

the other the context. Each picture pair was assigned two younger-

generated sentences and two older-generated sentences from Experiment

1. One sentence for each target was randomly selected from the sentences

generated by younger and older participants in Experiment 1. A second

sentence from each age group's pool of sentences was selected from

only those sentences that led to correct recall in Experiment 1.

Thus, two groups were used. One group received sentences that led

to correct recall in Experiment 1 by the individual generating the sentence

(N = 89). A second group received sentences that were randomly

selected from the younger- and older-generated sentences from Experi-

ment 1 (N = 48). The following rules were used to select and assign

the sentences. For the 89 participants in the first group, all selected

sentences were associated with correct recall of the target for the individ-

ual generating that sentence in Experiment 1. The younger-generated and

older-generated sentences for each pair were matched for sentence type.

For each pair of pictures, the sentence type most frequently used by

both younger and older adults was selected for that pair. For the 18

related items, 17 of the sentence types were comparisons, and the other

was an action type. For the unrelated items, the lists contained either

16 or 17 action sentences and one or two spatial relations depending on

which word was paired with an unrelated cue. For the 48 participants

in the second group, the sentences were randomly selected from the pool

of generated sentences but matched for the sentence type used for the

other group. In other words, the second group saw sentences without

regard to whether they led to correct recall in Experiment 1, but they

saw the same type sentences as did the other group whose sentences

had led to correct recall.

Procedure. The experiment was conducted in a group setting, with

eight groups consisting of from 12 to 25 persons. Two of the eight groups

saw one of four different lists (younger-generated, random; younger-

generated, correct recall; older-generated, random; older-generated, cor-

rect recall). All participants were instructed that they would see a series

of picture pairs for which other people had generated sentences to help

them remember the items. Participants were told that they were to rate

each sentence on a 10-point scale, indicating how likely it was that the

person whose sentence they were reading recalled the target word to the

cue target. This memorability rating procedure has been used previously

by Shaw and Craik (1989). A score of 10 would indicate that they were

sure the target had been recalled (100% sure), and a score of 0 would

mean that they were 100% sure the target had not been recalled. They

were not told that there would be a later memory test. Then the picture

pairs were projected one at a time at a 10-s rate on a screen in front of

the room. While each picture pair was being projected, participants read

a sentence generated for the picture pair from the earlier study that was

printed on a numbered sheet of paper in front of them. A cover sheet

was used to cover the sentences not read. They marked their ratings of

memorability on a line to the left of the sentence as the experimenter

called out the number of the pair. Half of the participants read sentences

generated by younger adults and the other half read sentences generated

by older adults. After all 36 picture pairs had been presented and each

sentence had been rated, the participants engaged in a 2-min subtraction

task (continuously subtracting 7s, starting with 500, and writing down

answers). Then the context picture was presented from each pair, and

the participants wrote down the name of the target picture that went

with each context cue. The experimenter called out the number of the

cue as it was presented. The cues were presented at an 8-s rate.

Results

As can be seen in Table 3, the participants in Experiment 3

did not make differential predictions about the memorability

of the pictures with the younger-generated and older-generated

sentences that led to correct recall in Experiment 1 (F < 1). The

participants did, however, predict that the related pairs would be

more memorable than the unrelated pairs, F(l, 87) = 28.64,

p < .001.

Furthermore, their predictions were correct. Recall of targets

after seeing either the younger-generated or the older-generated

sentences was at the same level, and this was true for both the

unrelated and related context-target pairs (F& < 1). As the

participants predicted, and as found in Experiments 1 and 2, the

related pairs were recalled better than the unrelated pairs, F( 1,

87) = 116.33, p < .01.

Identical results were found for the participants who received

a random selection of the younger-generated and older-generated

sentences, regardless of whether the sentence led to correct re-

call or not in the first experiment. Again, the only significant

differences were that memorability ratings, F(l, 46) = 15.48,

p < .01, and actual recall performance, F(l, 46) = 11.22, p <

.01, were better for the related than the unrelated context-target

pairs. Again, there were no differences between the younger-

generated and older-generated sentences.

A final analysis looked at the memorability ratings for the

sentences conditioned on whether the target was later recalled

during the memory test. There were no differences in the ratings

of the younger-generated and older-generated sentences for any

of the categories (related-recalled; related-not recalled; unre-

lated-recalled; or unrelated-not recalled), Fs < 1.

Table 3

Prediction of Recall Facilitation and Mean Recall

Performance for Young-Generated and Old-Generated

Sentences in Experiment 3

Mean prediction3

Condition

Younger
generated

M SD

Older
generated

M SD

Mean recall

Younger
generated

M SD

Older
generated

M SD

Sentences producing
correct recall

Related 6.11 1.27 6.01 1.07 14.24 2.71 13.91 2.94
Unrelated 5.40 1.36 5.06 1.26 10.91 3.68 11.00 4.47

Random sentences
Related 5.91 1.48 5.73 1.62 13.76 2.89 13.27 3.63
Unrelated 4.97 1.77 4.67 1.26 9.88 4.34 9.27 5.23

"Predictions made on a 10-point scale, with 10 meaning 100% certain
that the target would be recalled with the sentence.
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Discussion

The participants in this experiment were unable to differenti-

ate between the younger-generated and the older-generated sub-

set of sentences from Experiment 1 regardless of whether the

sentences were randomly selected or whether they were associ-

ated with correct recall in Experiment 1. Their predictions about

later recall and recall performance itself were the same regard-

less of which age group had generated the sentence. The partici-

pants, however, were able to discriminate memorability of re-

lated and unrelated context-target pairs, and these ratings corre-

sponded to later recall performance.

In an earlier study, Marshall et al. (1978) found that younger

adults could differentiate between natural language mediators

generated by younger and older adults for nonsense-syllable

pairs. In the present experiment, however, sentences generated

by younger and older adults did not produce performance differ-

ences in a separate group of younger adults.

General Discussion

The present results support the hypothesis suggested by Park,

Smith, et al. (1990), and reiterated by Craik and Jennings

(1992) and Smith (1996) in their reviews of the aging and

memory literature, that older adults can use contextual informa-

tion to help memory performance if that information is inte-

grated with the to-be-remembered items. The results also sug-

gest that older adults do well when the integration is automati-

cally activated by existing semantic context-target relationships

as with the related picture pairs in these experiments. This repli-

cates earlier studies of Park, Smith, et al. (1990) and Earles et

al. (1994) that found better recall and smaller age differences

in recall when cues were semantically related to the information

being remembered.

When deliberate processing is required, however, to relate or

integrate the context cue to the memory target, such as when

the integration sentences had to be generated for the unrelated

context-target pairs in the first two experiments, the older adults

did not show the same level of facilitation as did the younger

adults even though both groups did show overall facilitation.

The younger adults benefited from integration whether it was

passively activated or effortfully produced. Unfortunately, floor

and ceiling effects in Experiment 1 prevented a clear interpreta-

tion of the interactions. In Experiment 2, however, without ceil-

ing effects, the interaction was replicated for the integration

condition, \ounger adults showed similar levels of performance

for both the unrelated and related picture pairs after generating

integrating sentences. The older adults, however, did much better

with the related pairs. For the unrelated pairs, older adults have

greater problems in self-generating integrating relationships

themselves. When the relationship is automatically provided by

the semantic overlap of context cue and target as with the related

items, age differences are small as both age groups can take

advantage of the integration provided by the semantic relation-

ship. When the integrating relationship has to be self-generated,

as with the unrelated pairs, larger age differences are found with

much lower levels of recall in the older group. These findings

are in agreement with the process dissociation research of Ja-

coby and his colleagues (Jacoby et al., 1996; Jennings & Jacoby,

1993), who found age differences when a memory task depends

on deliberate processing but not when memory performance is

dependent on familiarity or automatic processing.

The results also demonstrated that the older adults' failure to

generate as many integrating sentences for unrelated items was

more important than differences in the type of sentences when

they were generated. When the integration sentences were classi-

fied as to type of relationship connecting the context cue to the

target, little evidence was found for differences in the nature of

the sentences generated by younger and older adults. The pri-

mary difference was that older adults failed to produce as many

integration sentences for the unrelated items, corresponding to

the larger age differences in recall for this category of items.

In Experiment 3, further evidence was provided that the sen-

tences generated by younger and older adults were equivalent

and not qualitatively different. Separate groups of younger adults

indicated that the younger and older sentences would be equally

effective for later recall, and when recall performance was actu-

ally compared, this was the case.

In summary, when context is integrated with to-be-remem-

bered information because of the semantic meaning of the items,

older adults are able to benefit from the relationship between

context cue and target just like younger adults. When the integra-

tion must be self-generated by the participant, however, older

adults do not seem to be able to take advantage of the context

as well as younger adults. Many cognitive aging researchers

have concluded that older adults are especially disadvantaged

on tasks that require a great deal of effortful processing. Sup-

porting the hypothesis by Craik and Jennings (1992), for exam-

ple, the older adults in our studies had problems when the delib-

erate processing required to integrate context was effortful as

when generating relationships for unrelated items. When the

integration is less effortful, however, as when the items were

already semantically related, older adults did benefit almost to

the extent of younger adults by the presence of the integration

between context and target. The analysis of sentence types (Fig-

ure 1) demonstrated that both younger and older adults can take

advantage of the preexisting relationships. This is shown by

the large proportion of comparison sentences generated for the

related items by both age groups. The comparison sentences

either explicitly acknowledge the preexisting relationship (ob-

ject comparison) or comment on some existing semantic feature

relating the two items together (feature comparison). On the

other hand, few comparison sentences were generated for the

unrelated items, but rather new and often novel interaction rela-

tionships had to be generated. This is evidenced by the large

proportion of action sentences integrating the unrelated items

on the basis of some created interaction between them, hunger

adults seemed to be able to generate these action sentences for

the unrelated pairs, but older adults had greater problems doing

so as evidenced by the significantly fewer action sentences and

the significantly higher number of incomplete integration sen-

tences for the unrelated items.

It is often difficult to determine whether the failure of older

adults to use context is due to a failure to encode the context

and its relationship to the target or whether the relationship

was encoded but not reconstructed at retrieval when recall is

attempted. By reporting their integrations at encoding in the

present research, at least some indication about age differences
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in the ability to define integrating relationships could be as-

sessed. The results showed that older adults often have problems

in producing integrating relationships between context and tar-

get for unrelated items, even when instructed to do so. Because

of this, recall performance was lower than the recall perfor-

mance of younger adults.
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