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Spreading Activation in Episodic Memory:
Further Evidence for Age Independence

David A. Balota and Janet M. Duchcek

Washingron University, St. Louts, Missouri, U/ .5.A.

Sevenly-lwo young (mean age = 25 years) and 72 old adults (mean age=71
years) partcipated an an expenment thal addressed the influence of episodic
and semantic prime activation on speeded episodic recognition judgements, On
each test block, subjects studied two paragraphs at their own pace 1o achieve a
designated level of episodic recogmition performance. Following the study
period, subjects were presented a senes ol prime—targel trials for speeded
episodic recognition. The primes were either (a) episodically related to the
target, (b) semantically related 1o the target, (c) episodically and semantically
related to the target, or (d) eprsodically and semantically unrelated to the
target. The stimulus ansel asynchrony (SOA) between the primes and tarpets
was cither 200 msec, 600 msec, or 1000 msee 1o address age-related changes in
the rate at which these different prime types influenced performance. The
results indicated that, compared to young adults, the old adults (a) studied the
paragraphs for a longer period of time, (b) responded to the targets more
slowly, and {c) were less accurate in thewr episodic recognition decisions.
Although there were these main effects of age, the young and old adults were
influenced in & similar fashion by the different prime-target relationships and
by the interactive mfluences of the prime—target relationships and SOA.
Correlational analyses indicated that the pattern of priming eflects was as
similar across the two age groups as across two pscudo-groups that were
maltched on the age dimension. These results were viewed as further support for
the notion that the charactenstics of the spreading activation mechanism as
reflected by prime—targel manipulations are relatively stable across young and
old adults,

Animportanl finding in memory research is that older adults—those past the
age of 60—exhibit memory deficits across a wide variely ol tasks (see reviews
by Craik, 1977, Burke & Light. 1981). Although this deficit is clearly
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documented., there s litte dagreement on an underlying theoretical account
The goal of the present study 15 not to present a formal model of this inge-
related memory deficit but, rather, to address the utility of an important
theoretical construct, spreading activation, in accounting for this memaory
delicit,

According (o the spreading activation Mramework. memory s organzed
Vid representalions | nodes) that are interconnected by assocntive pitthwarys,
When one ol these memaory representalions becomes activated, cither via
mternal thought or stimulus presentation, activanon spreads along the
associative pathways to related areas of the memory network, This extra
activation makes these related areas more available lor subsequent process-
ing. In this way, spreading activation has been viewed as the main driving
force of the processing system and keeps the system attuned 1o task-relevant
information (e.g. Anderson, 1983a, 1983b).

The present research addresses spreading activation in an episodically
defined memory structure. This research follows closely the study-test
paradigm used by Ratelill and McKoon (1981). In this paradigm subjects
study a paragraph such as the one displayed in the top portion of Fipure |.
As shown, this paragraph consists of five sentences in which the object of the
predicate in each sentence is the subject of the next sentence. If one assumes a
simple network representation, then this paragraph nught be represented as
in the bottom portion of Figure | (see Anderson, 1983a: Rarcliff & McKoon,
1981). Here one can see a propositional representation for the sentences in

Exsmple Study Paragraph

51) The umbrella protects the carpet, (N1 v na2)
S2) The carpet is under the workman. (N2 ¥ N3)
S3) The workmen moves the rug. (N3 V b

S4) The rug impresses the guest. (NL V NS)

55 The guest hears the doorbell. (N5 V NG )

Memory Representation

31 52 33 sS4 59

N1 ¥ N2 L) N3 Y N4 ¥ NS v NG&

FIG. 1. An example iudy paragraph and its corresponding  memory representalion
(N=noun, V =verb, S=subject, P=predicate, R =reclation, A =argument)
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which each sentence involves both a subject and a predicate, the latter of
which can be further broken down into a relaton and an argument.
Maoreover, one can see that there s a termimal node available for each of the
content words in cach sentence (eg.. N1 V1, N2, cte.) which converge on a
sentence node (e 51,52, ete)

Once o memory representation s assumed, it s possible 1o address the
charactenstics of the mechamismis) that are vsed to retrieve information
from that network. This can be achieved through an episodic priming
procedure. On each trial, a4 prime 1s followed by a tarpget word that may or
may not have occurred in the studied paragraph. The influence of the prime
on the speed and accuracy in making an episodic recopmtion decision about
the target can be used to reflect the orgamization of the memory network and
the charactensues ol the retnieval mechamism(s). The major assumption 1s
that if the prime s a word from the studied paragraph. then it will activate its
underlying memory representation, and activation will spread from that
representation throughout the paragraph structure, Thus, the target's
memory representation should be preactivated via the presentation ol a
prime [rom the same memory structure, thereby decreasing response latency.,

There 15 already some evidence available regarding age-related differences
in episodic activation (Howard, 1985, Howard, Heisey, & Shaw, 1986;
Rabinowitz, 1986). Although the data from these studies overall suggest that
both young and old adults benefit from episodically related primes, there are
a number of age-related differences that have been observed. First, Howard
and colleagues found an age-related deficit in the amount of facilitation when
subjects were given only one study pernod, but this deficit was eliminated
when subjects were given two study peniods. Second, they found evidence
that backward pnming from an object to a subject within a senlence was
substantially lower for old adults than forward priming, whereas, [or young
adults, there was no appreciable difference between these types of priming.
Third, they found that old adults were insensitive to the distinction between
within and berween propositional representations, whereas young adults
produced larger priming effects for within propositional pairs compared to
between propositional pairs.

The present study included a number of changes [rom the past studies,
which should provide further information concerning episodic priming in
young and old adults: (1) Tn the present study, subjects did not make an
episodic decision concerning the status of the prime item. In all of the
previous studies addressing age-related changes in episodic priming, along
with many of the studies addressing episodic pnming in young adults (e.g.
McKoon & Ratcliff, 1979; McKoon., Ratcliff, & Dell, 1985), subjects
responded to bhoth primes and targets in a type of running episodic
recognition test. Thus, in these studies, episodic priming effects typically
reflect target trials in which the subject responded “yes™ to the word on the



B52 BALOTA AND DUCHEK

previous rial (i.e. the prime). In the present study, subjects were not required
to make an episodic decision concerning the prime item, and therefore any
miluence of the prime should be a4 better refllection of acuvation from the
prime Lo the target rather than processes ted Lo the decision concerming the
episodic nature of the prime (2) Becanse subjects did nol respond W the
prime m the present study. we were able to manipulate the stimulus onset
asynchrony (SOA) between the prime and target to address any age-related
changes in the build-up ol activation across time This has yet 1o be directly
controlled in the past ageing studies. (3) The present study involved an
uniimited free-study paradigm, with continuous leedback throughout the
experiment. This procedure was used because it seemed important to address
any age-related differences in the activation retricval patterns from memory
networks that subjects studied sufficiently (o reach a designated level of
performance,

We shall now turn to a briel description ol the specific prime-tarpet
manipulatons,

Studied Targets

Age, S04, and Distance. Twa tmportant issues addressed in the present
study are whether there are age-related changes in (1) the rate of build-up of
acuvation and/or (2) the influence of “distance” within the memaory netwaork
that the activation must traverse. The influence of prime-target distance was
addressed by comparing performance on a target word (e.g. CARPET) when
it was primed by either a near prime (e.g. workman) or a more distant prime
(e.8. guest—see Figure 1). The rate at which the activation builds up for these
two conditions was addressed by comparing performance at 200-, 600-, and
1000-msec prime tarpet SOAs. At SOAs ranging between 50 and 350 msec,
Rateliff and McK oon { 1981) found that activation began at the same time for
the near and far conditions but eventually reached higher levels of activation
for the near condition than the far condition (see their Experiment 2). A
major question raised in the present study is whether old and young adults’
activation patterns will be influenced in a similar fashion by distance across a
wider range of SOAs, 1e. 200 to 1000 msec.

These comparisons are a natural extension of a recent study by Balota and
Duchek (1988). They addressed whether there were age-related changes in
the rale of activation build-up for both strong and weak related prime—target
pairs in a semantic priming pronunciation experiment, They found that
activation buill up at a similar rate and was influenced in a similar fashion by
distance (strength) within the semantic network for voung and older adults.'

‘Howard, Shaw. and Heiscy (1986) reported cvidence that is somewhat different from the
Balota wnd Duchck (1988) results. They found. at & | 50-msec prime largel SOA, a significant
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Thus, the present episodic distance manipulation is a clear counterpart Lo the
Balata and Duchek semantic distance study

Sewmante Actovation and Episodic Recoomition. The present study also
Allords o number of compansons addressmg the impact of different combi-
mations of epsodie and semantic information on specded episodic recogni-
et These conditions should provide information concer ning age-related
chinges in sensitvity 1o episodic and/or semantic activalion on episodic
recognition performance. Thus, as shown in Table |, there are conditions
that tnvolve all possible combimations of semantic and episodic activation
from the prime Lo the target

Consider. Tor example, the semantically related wnd cpisodically related
condition (SR&ER). As shown in Table |, study paragraphs included two
content words that were semantwcally related, e gorug-CARPET. Thus, when
the prime word rug 1s presented, it should produce both episodic activation
for CARPET and semantc activation for the concept underlying CARPET,
Inorder to 1solate the impact of episodic activation from semantic activation,
there s the semantically related  and episodically unrelated condition
(SR&ELV). Here, the prime buzzer is semantically related to the larget
DOARBELL, but this prime did not occur in the studied paragraph. Finally,
in order to isolate the impact of semantic activation. the SR&EU condition
will be compared 1o the SU&EU condition in which the prime wis neither
semantically nor episodically related 1o the target, e.p. nu-DOORBELL.

Non-Studied Target Conditions

The present episodic priming conditions also provide comparisons concern-
ing non-studied targets. In [act, it is necessary Lo have similar prime
conditions for non-studied targets to address directly how activation is
influencing retrieval processes. For example, if only the studied targets
included conditions with semantically related primes, then subjects could
base their episodic decisions on the presence of a semantic relationship

34-msec priming effect for younger adults and a non-significant 9 msec priming cifect for the
older adults. Although the interaction betwesn prime relatedness and age did not reach
significance, the age-relsted difference in the pallerning of means was different from the
additivily reported by Balota and Duchek. One possible reason for this difference is that the
Howard et al. study involved a lexical decision task and the Balota and Duchek study involved a
pronunciation lask. Possibly, some of the priming effect found for the young adults at the 150-
mee S0A was due to & pust-access checking for relationship between the prime and larget. If
this is correcl, then it is quite interesting that this checking process is stawed sufticiently in the
older adulis that it does not influence performance at the | 50-msec SOA. [n any case, thees is
increasing evidenee that the lexical decision task involves posl-access decizion mechanisms that
could compromise one's interpretation of spreading activation effects (e.g. Balola & Lorch,
1986, Seidenberg, Waters, Sanders, & Langer, 1984).
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TABLE 1
Prime-Target Conditions tor Studied Targets and Corresponding
Activation Patterns for an Example Study Paragraph

Example Study Paragraph

The umbreila pratects the carpar
The carpel is under the warkman
The workman moves the ruy

The rug impresses the guast

The guest hears the doaorbell,

Cernclivrin Frime Taeped Ko Aet Epiv Aer
SULER (Mear) workmun CARPET U + 4
ar
guest DBOORBELL
SU&EHR (Far) puest CARPE] 0 +

uy

workman DOORBELL

SR&ER rug CARPET i I-
SREEL burzer DOORBELL + i)
SULEU il CARPET (i i
or
lion DOORBELL
NEUTHRAL AXAXX DOGRBELL 0 0
ar
blank DOGRBELL
EXXEX CARPET 0 0
or
blank CARPET

S refers to semantic informaltion.
E refers 1o episodic infarmation,
L refers 1o unrelated,

B refers 1o refated.

between the target and the prime. Hence, the subject could respond “‘yes”
whenever a prime—target relationship was found. In fact. this strategy would
have been elfective in the Rabinowitz (1986) study. Such a search for a
relationship between a prime and target could be quile independent of the
aclivation processes from the prime to the targel (see Balota & Lorch, 1986;
Neely, 1986).

The prime conditions for the non-studied targets are displayed in Table 2.
First, it should be noted that there are two major non-studied target
conditions: (1) In the unrelated non-studied targel conditions, displayed in
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TABLE 7
Frime. Target! Conditions for Non-Studied Targels and Cormesponding
Activahon Patterns for an Example Study Paragraph

Exampie Study Paragraph

The umbrella protects the carpet
The carpet is under the workman
The warkman moves the ruyg.
The rug impresses the guest

The gquest hears the doarbell

Clandivion Prime Tarper Sem et Epis Acy

Cinrelinted Nons Sivwdied Darget

SUSER workman TIGER i 1
or
puesl TIGER
SH&ELEL hen TIGER * 0
SU&ED nul TIGER 1] ]
or
burrer* TIGER
NELUTRAL XXXLX TIGER 0 0
or
bBlank THiER

Reliuted Nan-Studied Targer

SUEER workman HOST 0 +
SR&ER Buest HOST . +
SUEEU nut HOST {} )
ar
huzzer=® HOST
NEUTRAL EAXXX HOST v} 0
ar
blank HOST

= Actually, the prime word fuzzer ix indirectly episodically related. 10 1s related (o a word (e.g.
doorhell ) in 1he studied paragraph, However, preliminary analyses indicated that this indirect
episodac relationship did not influence performance. compared Lo the totally unrclated prime
condition {e.g. when mef was presented as the pnme). Therelore, in order 1o oblain more stable
cxtimates for the SU&EL condition. both pnmes were considered SU&ELL

the top half of Table 2, the target is semantucally unrelated to all of the
content words in the studied paragraph. (2) In the refared non-studied tarpet
conditions, displayed in the bottom half of Table 2. the target is semantically
related 1o one word in the studied paragraph.
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For the purpose ol brevity, we will note only a few of the issues addressed
by the prime conditions for the non-studied targets. (1) Consider the prime
condiion nowhich the prime stem s from the studied paragraph and
unrelated to the non-studied target (c.p. warkman TIGER). This condition
should provide imformation about the impact of episodic activation on
rejecting i non-studied target. (2) Consider the prime condition 1n which the
prime item is semantically relited to the non-studied target but unrelated to
the memory structure (e.g. fon TIGER). This conditon should provide
information aboul the impact of semantic activislion on rejecting a non-
studied target. (3) Consider the condiion i which the prime item is related
to the non-studied target and related to the memory structure (e.p. guest—
HOST). Here the subject will be receiving two sources of activation on trials
i which the correct response is to reject the non-studied target.

Meutral Baselines

Asshawnin Tables | and 2, there were two different neutral baselines (xxxxx
and  blank). These baselines were included 10 measure both facilita-
tuon and inhibiton effects (cf. Neely & Durgunoglu, 1985). However, as
described below, the neutral baselines produced an intriguing pattern of
more ibibition for the old adults compared 1o the young adults, Because of
this unexpected age-related difference in processing neutral baselines, the
major comparnisons of interest will be made across the non-neutral conditions
displayed in Tables 1 and 2.

Design

On each of 24 test blocks per testing session, subjects studied two paragraphs
of the structure displayed in Figure |. After studving the paragraphs, subjects
received 8 prime-target trials, reflecting the various conditions displayed in
Tables 1 and 2. Each subject participated in two lesting sessions that were
separated by 24 to 72 hours. Subjects received the same set of study
paragraphs on both days of testing. The second testing was included to
increase the power of the design. The design included the following factors;
Age (Young vs. Old), Targer Status (Studied vs. Non-Studied Target), SOA
(200 msec, 600 msec, 1000 msec) and Prime Lype.

Method

Subjects.  Seveniy-two old adults (26 males and 46 females) and 72
young adults (26 males and 46 lemales) participated in the experiment. The
mean age for the old adults was 70.9 years and ranged between 65 and 80
years (50 =3.81), and the mean age for the young adults was 24.5 years and
ranged between |8 and 36 years (S2=5.28). The old adults had a slightly
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lower education level (mean=13.8 years) compared 1o the young adults
(mean =149 years). However. the old adults scored shiehtly  higher
{mean =29.6) on the WAIS vocabuluary subsection, Items 21-40), compared
lo the young adults (mean =28 9). Cmly the difference 1o age reached
simlicance

Al of the old adults were recruited from the cominumty. For the younyg,
Adults, 36 (13 males and 23 females) were students at Washington University,
and 36 (13 males and 23 females) were non-students recrutted from the
community This was necessary to ensure thal any observed age-related
dilferences were not due to the fact that young adults were students and old
adults were non-students. The non-students were older (mean age=285
years, range 20-36 years) than the students (mean ape = 20.6 years, ranpe 18-
32 yeurs), had slightly more education (mean =155 vears) than the students
(mean = 145 years) and scored slightly higher on the WAIS vocabulary
subtest (mean=29.1) than the students (mean=25.6). Only the age dil-
ference reached significance (p=0.01). In addition, although the young
students responded on average 187 msee faster than the young non-students,
this factor did not participate in any interactions in preliminary analyses and
will therefore be ignored in the results and discussion seClOns,

Appararus.  The experiment was controlled by an Apple lle microcom-
puter equipped with a Mountain Hardware clock. Stimulus presentation was
synchronized (o the raster scanner pulse. The 1" and *0" keys on the Apple
keyboard were used for the subjects’ responses.

Materials.  Before presenting the details of list construction, one should
note that, as shown in Tables | and 2, there were two different studied targets
(c.e. CARPET and DOORBELL) and two different non-studied largets (e.g.
TIGER and HOST) per test paragraph. One might be concerned that the
comparisons of interest might include influences due to different target items/
condition. However, the only comparison that is reported in the results that
did not include complete counterbalancing of target words across conditions
was the impact of semantic relatedness lor the studied targets. Moreover
these two studied targets were approximately matched on length in letters
(mean=5.33 and 5.48), syllables (mean=1.7 and 1.5), and Kuéera and
Francis (1967) printed word frequency (mean=350 and 51 per million
occurrences). Likewise, the two non-studied targets were approximately
matched on length in letters (mean=5.2 and 5.3), syllables (mean= 1.5 and
1.6), and word frequency (mean=64 and 46 per million occurrences).
Finally, as described below, (a) no prime or target was repealed for a given
subject within a testing session, and (b) each item and condition was
completely counterbalanced across Age. SOA, and Day of lesling.

There werce 48 test paragraphs and 4 practice paragraphs constructed such
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that there were no obvious semantie relationships across paragraphs. ln cach
paragraph there were two semantically related words that were based on the
malerials used by Balota and Duchek (1988). OF the 48 test paragraphs, 24
were designated as semantically related near puragraphs and 24 as far
parapraphs. In the 24 semantically related near puragraphs the first related
word occurred as the object of Sentence | and the subject of Sentence 2, and
the second related word occurred as the object of Sentence 3 and the subject
ol Sentence 4. In the 24 semantically related fur paragraphs, the lirst related
word occurred as the object of Sentence 1 and the subject of Sentence 2, and
the second related word occurred as the object of Sentence 5. In contrast to
the semantically related near paragraph displayed in Tables | and 2, the
following 1s an example of a semanucally related far paragraph.

The man polishes the kife,
The knife cuts the wire
The wire supports the shell.
The shell contains the hats.
The hats cover the fork.

Because preliminary analyses did not yicld any systemauc effects of or
interactions with this semantic distance lactor, this factor will be ignored in
the results and discussion sections.

In addition to the construction ol the paragraphs, it was necessary Lo
select five further words to complete the prime target conditions. These were
(1) the semantically related and episodically unrelated prime for the studied
target (e.g. buzzer in Table 1), (2) the related non-studied target (e.g. HOST
in Table 2), (3) the unrelated non-studied target (¢.g. TIGER in Table 2), (4)
the semantically related prime for the non-studied target (e.g. fion in Table 2),
and (5) the semantically and episodically unrelated prime for both the
studied and non-studied targets (nur in both Tables | and 2).

Alter the matenals were constructed, the selection of prime-targel pairs
for a given subject occurred in the following fashion. First, for each
paragraph, prime-target pairs were assigned to eight different test quad-
ruples. Each test quadruple consisted of two studied target conditions and
two non-studied target conditions. The only constraint on the assignment of
prime—targel pairs Lo a given test quadruple was that no word was repeated
within a test quadruple. In producing a given list, test quadruples were
rotated across both paragraphs and subjects. For example, if a subject
received test quadruple 1 for paragraph 1, then for paragraph 2, that subject
would receive test quadruple 2. Likewise, if a given test quadruple was
designated lest quadruple | for subject n, then [or subject n+ [ that test
quadruple would be designated test quadruple 2.

With this list construction procedure, for each subject x SOA cell there
were 8 observations for each of the non-studicd target conditions. For the
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studied target conditions there were (a) 12 observatons for both the
SU&ER near conditions and the SU&ER far conditions; (b) 8 observations
for the SR&ER and the SR&EU prime conditions; (¢) 7 observations for the
SU&EU condition, (d) 9 observations for the neutral condition that involved
the tarpet that was semantically related to o word from the paragraph (c.g.
VA -CARPET), and (¢) 8 observations for the neutral condinon that
mvolved the target that was semantically unrelated to any other word (rom
the paragraph (e.g. xxv v -DO0ORBELL).

Aller lists were constructed for a given subject, the paragraphs and the
prime-target pairs within a given test block were randomly ordered anew for
each subject and test block.

Procedure. On cach tnal 2 paragraphs were presented for study, fol-
lowed by 8 prime-target trials, four from each paragraph. The first para-
graph was presented on lines 2-6 and the second paragraph was presented on
lines 11 15 The subjects were told that when they felt they had sufficiently
studied the paragraphs to achieve an accuracy level of 85 to 90% correct on
the recognition test, they should press the 1" key on the keyboard to begin
the recognition test. They were told that on each trial of the recognition test
two words would be presented. They should read the first word silently to
themselves and make their recognition decision anly on the sccond word,
independent of whether the first word appeared in one ol the two studied
paragraphs. If the second word appeared in one of the paragraphs, they were
Lo press the 0" button, and if the second word did not oceur in either of the
paragraphs, they were to press the “1™ button. The instructions emphasized
that subjects should attempt to muimimize their study time and responsc
latency, while keeping their accuracy between 85 and 90% correct.

Subjects were given feedback to monitor their performance, After cach
block of eight recognitian test trials they received feedback regarding their
study time and accuracy for the previous block of trials. If on the previous
black of trials they made 3 or more errors (62.5% correct or less), then the
following message was presented: “You made too many ERRORS on the
last block and so you may wish to increase vour study lime on the next two
paragraphs.” If on the previous block of trials the subject made no errors,
then the following message was presented: “You are performing near
perfectly at recognizing the words. You may wish to decrease your study time
slightly.™ In addition to these messages, on each trial subjects received
feedback regarding their average study time across blocks and average
accuracy across blocks. Also, the following message was presented after each
block: “"Remember, piease keep studying the paragraphs at a rate which
keeps your overall accuracy between 85 and 90% correct.”

The exact sequence of events on each prime-targel recognilion trial was as
follows: () a row of three asterisks scparated by blank spaces in the centre of
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the sereen for 300 msee: (b) a blank screen for 300 msec: (c) a warning tone
tor 150 msec; {d) a blank screen for 300 msec. (¢) the lower-case prime in the
centre of the sereen for erther 200 msec. 600 msee. or 1000 msec: (f) the prime
crased. and the upper-case target at the same location s the prime, () the
subject’s keypress of either the 717 oF =07 button: (h) if the subject was
correct, a 2-see antertrial interval: f the subject  was incorrect.  an
"ERRORM™ messupe i the centre of the screen Tor 750 msec, lollowed by
the message “Please type ina | or 0 to continue” | (1) on error trials, the
subject’s keypress followed by the 2-sec intertrial interval

Subjects were seated approxumately 60cm from the CRT. After the
tnstructions, the subjects received two practice blacks, The experimenter
remained in the room during the practice blocks to ensure that the subject
fully understood the task, There was a briel break period after the second
practice block, during which the experimenter left the room, along with a
break period after the 26th block of trials. Subjects were informed that they
could also tuke breaks whencver the feedback information was presented,

All testing sessions lasted between | hour and 15 minutes and | hour and
45 minutes. Each subject participated in two different lesting sessions that
were separated by | to 3 days. The mean interval between lesting sessions was
kept constant across age groups al |.§ days. The complete set of 52
paragraphs was presented on both days, and the procedure was precisely the
same on the second day as on the first day, The only difference was that on
the second day subjects received a different test quadruple for ecach of the
studied paragraphs.

Results and Discussion

Each subject’s overall mean response latency and standard deviation was
calculated separately for each day of lesting. Any response latency exceeding
3 standard deviations above or below the subject’s mean for a given day or
below 175 msec was treated as an outlier. The young adults produced 3.1%
outliers, and the old adults produced 3.9% outliers. From the remaining
correcl responses, a mean response latency was calculated for each subject by
condilion cell. Also, a mean percentage correct was calculated based on the
correct responses that were not outliers.

As a way of organizing the results, global analyses on age-related changes
in performance will be presented first. These will be followed by analyses that
focus on performance as a function of prime condition. All significant effects
have p values less than 0.05°

“The error terms from the unalyses of varance that are reported are based on variablility
ucross subjects. It should be noted, however, that becuuse ilems were counterbalanced across
subjects. this error term also includes vanability aeross items. In order lo furiher address
generality across ilems, we re-computed the ANOV As with Livi as a factor. This factor had eight
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Global Analyses on Performance

Stwedv-tiie, Avewracy. and Age. The old adulis studied the [agraphs
for i significantly Tonger period of time (40 3 sec) than the voung adulis
(1% Ssec) However, the old adults” accuracy (88%%5) was still sienthiciantly
lower than the young adults” (92%) (Note that these eares do not include
outhers, because we are here mterested i the actual feedback that the
subjects received. Qutliers were removed after all dat were collected, ) Thus,
the old adults were indeed using extra study tme 1o merease their overall
dccuracy o an acceptable level, e, between 85% and 90% correct. Althouph
the old adulis had free study und did increase therr study time, they still did
not reach the same level of accuracy exhibited by the young adults.

Newtral Baselines for Young and Old Adulis.  As noted, the neutral
baseline condition (vvxvy) was orgginally included 1o measure lacilitation
and inhibition effects. However, a preliminary analysis of the daty indicated
that all of the non-neutral pnime conditions produced larger lacilitation
effects, compared 1o this neutral baseline, for the old adults than for the
young adults {also sce Chiarello, Church, & Hover, 1985). Moreaver, the
differences among the various non-neutral prime conditions were not any
larger for the old adults compared to the young adults. Thus, it appeared that
the vxvxx prnime was producing an age-specilic inhibition effect.

In an altempt to address the possibility that old adults were being
disrupted by the non-lexical nature of the yvxxyx prime, after the first 30
subjects had participated in each age group, the neutral xxxxx prime was
switched to the word biank. Table 3 presents the data for studied and non-
studied largets as a function of the Type of Neutral Prime (i.e. xxxxx vs.
blank), Non-Neutral vs. Neutral Prime, and Age.

An ANOVA on the response latency data yielded two noteworthy
effects. (1) An interaction between Age and Neutral vs. Non-Neutral prime,
F(1, 140)=32.87, MSe=40,910, indicated that old adults produced a much
larger dilference between non-neutral and ncutral primes than young adults,
99 msec vs. 22 msec, respectively. (2) There was a significant three-way
interaction between Age, xxxxx vs. blank, and Neutral vs. Non-Neutral
Prime, F(I, 140) =532, MSe=40,910. As shown in Table 3, this interaction
indicated that the age-related difference decreased when the word blank was

levels that referred to Lhe consistent quadruple assignment across subjects for the study
paragraphs. The results of these ANOVAs indicated that List did not parucipate in any
significant interactions with prime condition or age. In lact, the only significant efects that
included List were main effects in {a) the ANOVA on the near vs. far episodically related primes
and (b} the ANOVA on Relared Non-Studied targets (both ps <0.05). Because List did not
participate in any significant interactions with the variables of interest, it appears that the nuaju
eflects reported also generalize across tlems.
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TABLE 3
Mean Response Latency (msec) and Percent Correct as 3 Functicn o
Age, Studied vs Non Studied Target. Newtral vs. Mon-Neuteal Prime.
and blank vs sxxxx

Newrral Proenne Nopr=-Nevreal e g TIifferaetee
myer Ve PN e ey b
Srwelived Taegrets
Yo
XXX KR 718 b 643 Bin 25 |4
blank K12 878 186 %78 26 0.0
Old
E¥NHR | 154 5300 1224 i) N | 18 -4
bilank 1225 £0.2 a7 i 3% =12
Man: Studicd Targets
Yo
EXNAXK 167 B0 T48 TN L] - 21
lank L] R4 HH4 B9 17 - .3
(I
NANKX [ 502 822 1467 6.5 130 —4.3
hlank 405 871 1331 BR.2 T8 - [.1

used as the neutral prime compared to when xxxxx was used as the neutral
prime. Thus, at least part of the age-specific inhibition produced by the
neutral prime does appear to be related to the lexical status of the neutral
prime.

Because of this age-related difference in processing neutral primes, the
non-neutral prime condilions will be directly compared instead of comparing
these conditions Lo their corresponding neutral baselines. As Jonides and
Mack (1984) and de Groot, Thomassen, and Hudson (1982) have argued,
one can be easily misled by the use of an inappropriate neutral baseline.

Age-Related Differences and Response Biases. As shown in Table 3,
response latencies were considerably faster to studied targets (998 msec)
compared to non-studied targets (1137 msec). F(1, 140)=109.42,
MSe=165,033. However, this umpact on response latency was compromised
by less accurate perforinance for studied targets (84.3%), compared (o non-
studied targets (86.1%), F(l. 140)=2599, MSe=0045. Thus. there is
evidence for a bias to respond “yes” in the data. More importantly, an
interaction between Age and Studied vs. Non-Studied Target, K1,
140)=23.36, MSe= 165,053, indicated that the young adults produced a
smaller bias in response latency (76 msec) than the old adults (200 msec). The
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interaction between Ape and Studied vs. Nonsstudicd target did not reach
sigmheance [A1, 140)=278, MSe=0.045, p<0.10] in the accuracy data.
Thus. it appears that both young and old adults had a bias to respond “yes"
ancd that this bias was stronger lor old adults, at least as reflected by the
response latency data. Rabinowitz (1986) reported o similar age-related
pitiern in an emsodic priming experiment

Analyses Focusing on Age-Related [Differences Across
Prime Conditions

In the following sections, the data are presented separately to emphasize
thearencally motvated comparnsons across the prime conditions. In each
section, a deseniption of the data presented in tables will be followed by the
results from the appropriate mixed-factor ANOVAs, Any sigmificant mean
compansons based on the error term [rom the Age » SOA = Prime condition
interaction will be indicated by asterisks in the tables.

Studied Targets

!, Spreading Activation, Rate and Distance. A major goal of the present
study was to address whether there are age-related differences in the rate al
which activation spreads within an episodic memory structure. Table 4
displays the mean response latency and percentage correct as a function of
Ape. SOA, and distance between the prime and target within the episodic
memory network, As one can see, the near condition produced overall faster

Mean Response Latency (msec) and Percent Correct as @ Function of
MNear and Far Episodically Related Pnmas, 504 (msec), and Age

Near Far Far-Near
SA nrEes Yo Msec o T Y
Vowng Adulls
2 T48 99 159 870 il —2.9*
M) T30 Q0.3 T63 H89 i — 1.4
LK) 743 L Th3 a9.7 22 +1.3
Meun 740 9.5 762 Be.5 27 — 1.0
(el Aelufix
2K [ 193 Ra.7 1211 Rl 0 1% =T
M) (174 H5:5 1219 438 q5* .
1 {HH) 195 Ei 3 1 24} 8315 3 +0.2

Meun F187 $5.2 1210 518 23 — 1.4
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response latencies than the far condition, {1, 142)=7.70, MSe=27.500 In
addition, the main ceffect of distance on the accuracy data approached
stpnificance, M1, 142)=299, MSe=0.021, p<0.10, More importantly,
netther the interaction between Age and [hstance nor the interaction
between Ape. Distance, and SOA approached significance for either the
response laleney or the accuraey data (all Fs<100)

As shown mm Tuable 4, the dilferences between the near and far conditians
were remarkably sinmulur across age proups. As mdicated by the asterisks,
planned comparisons indicated that the only SOA o produce a sigmbicant
distance effect in the response lateney data was the 600-msec SOA, and s
SOA produced significant elfects for both the young and old adults.
Muareover, similar comparisons for the accuracy data mdicated that only Lhe
200-msec SOA produced a significant effect, and again this was the case [or
hath age groups.

2. Semantic and Episodic Activation for Stwdied Targets, A second issue
addressed 15 whether young and old adults differentially use semantic and
episodic iformation to make recognition decisions about a studied arget.
Table 5 displays the mean response latency and accuracy for the SU&EU, the
SR&EU, and the SR&ER conditions as a function of Age and SOA, and
Table 6 displays the differences across these conditions.

The data displayed in Table 6 can be summarized as follows: (1) As shown
in Column |, the presence of a semantic relatonship for episadically

TABLES
Mean Response Latency (msec) and Percent Corract for the Studied
Targets as a Function of Semantic and Episocic Prime-Target
Relationship, SOA (msac), and Aga

NUgEU SRELEU SREER
S A e % FTnTas Y S o
Yeawsg Aeulis
200 41 AO.6 166 a0.4 721 26.1
] T34 90,1 719 a6 3 Hhih 261
L300 T44 A9.R 730 g5.1 H74 29.46
Meun 740 H0R 732 840 694 T4
Ol Aclults
200 1158 K47 1215 T3 [15% B2.6
) 1100 84.4 1143 753 L2l T9.5
[ (K3 1200 54 5 1200 7713 129 BT

Mezin 1153 B4 5 1186 152 1135 RO
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TABLE &
Mean Didlerences in Besponse Latency (msec) and Percent Correct for
the Studied Targets as a Funchon al Semannc and Episodic
Prime- Targel Relanonstup. SOA (msec). and Age

WEEITT NREET N kBT NRERR SRELU -XREER
LT | Hisi'i P o TN %o
Yreenrasr oledvafty
] 15 &4 7 Ml + 45 5" 59
(SLRIH] | & S (] d8* + 18 il +0.2
VAT 14 {4, 7" je BT Syt - 4,5*
sMueins I 5 40 F 14 4% ~34
el Adhiies
Rt L I + 1207 i + 20 ) - 6.0
[EILN] 13 + 5 W X + 4 9" 22 4.1
[ MM il +7.2 i b + 1.3 A =34
Means - 33 +4.4 I8 + 1.6 51 54

unrelated prime-target pairs actually disrupts recogmution ol the target. This
disruption primarily occurs at the shorter SOAs and 1s stronger in the
accuracy data than in the response latency data. (2) As shown in Column 2,
the presence of hoth a semantic and episodic prnime-target relationship
produces considerable facilitation in the response latency data compared Lo
the absence of both types of information. [t should be noted, however, that
this pattern is compromised by the accuracy data. There is some evidence of a
speed—accuracy tradeoll in this column. (3) As shown in Column 3, the
presence of an episodic relationship for prime—targel pairs that are semanti-
cally related produces considerable facilitation in both accuracy and res-
ponse latency. (4) The above patterns occur for both the young and the old
adults.

The ANOVA on the response latency data vielded a significant effect of
prime condition, F(2,284)=11.04. MSe=46.571. and a significant SOA x
Prime Condition interaction, F(4, 568)=2.53, MSe=38.214. Meither the
Age x Prime Condition [F(2.284)=1.59, MSe=46,571, p=0.20] nor the
Age x SOA = Prime Condition mleractions (#-<1.00) approached signifi-
cance. The ANOVA on the accuracy data wielded precisely the same
pattern—that is, there was a significant main cffect of Prime Condition,
F(2.284) = 2986, MSe=0042, and a significant interaction between SOA
and Prime Condition. F(4.586)=251, MSe=0.034. Again, neither '*:
Age * Prime Condition [F(2.284) =145, MSe=0.042, p>0.20] nor the Age-
% SOA * Prime Condition interactions (F< 1.00) approached significance.
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Non- Studied Targets

3 Unrelated Non-Studied Targeis Fable 7 displays the mean response
Litency and pereentage correct for the SU&EU, SR&EU, and SU&LER Prime
Conditions as a function of Age and SOA for the non-studied targets that
were unrelated o any words m the studied paragraph, Table 8 displays the
differences across the Prime Conditions.

The data in Table 8 can be summarized as Tollows: (1) As shown in
Column 1, the presence ol a prime-target semantic relationship for episodi-
cally unrelated prime-target pairs produces disruption in both response
latency and accuracy. This disruption 15 somewhat larger in accuracy at the
600- and 1000-msec SOAs. Note that such a disruption was also found for
the studied targets described above. (2) As shown in Column 2, the episodic
activation produced by a prime from the studied paragraph had relatively
little impact on performance for the non-studied unrelated targets. (3) As
shown i Column 3, there was considerable disruption produced by the
presence of semantic activation due to a prime target semantic relationship,
compared to episodic activation due to a prime from the studied parapgraph.
his disruptive effect occurred only at the 600- and 1000-msec SOAs. (4) The
yvoung and old adults again showed similar effiects across conditions.

The results of the ANOVA on the mean response latency yielded a
significant main effect of Prime Condition, F(2, 284)=12.87, MSe=138,879;
however, the interaction between SOA and Prime Condition did not reach

TABLE 7
tean Response Latency (msec) and Percant Coreact for the Unrafarad
Mon-Studied Targets as a Function of Semantic and Episodic Prime-
Target Relationship, SOA (msec), and Aga

SULEU SYR&EEU SU&LER
04 msec % nisec uy mgac Ya
Young Adults
200 196 953 g32 922 700 91.9
GO0 T99 96.2 824 1.8 774 953
1000 Hi4 LS. 861 88.7 176 a5.2
Mean g03 931 239 Sk 6 T80 94 5
e Adulis
200 1353 92 8 1370 0.1 1369 91.0
GO0 [332 94.5 1393 BT 4 1327 94,1
1000 1341 @38 1355 87.4 1326 93.4

Mean 1342 937 1374 8R.3 1341 928
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TABLE S
Mean Dhfferences in Hesponse Latency (msec) and Percent Correct for
the Unrelated Mon-Studed Targels as a Funchon of Semantic and
Episodic Pnme- Target Refatonship, 50A (msec), and Age

SUGEL SRAET YUREL! N-&ER SRAETT SO bR
Wi IR o TTRTR " PR L
Feasrerge o efiidtn
2] — 3" + 1. 1* f 424 47 -7
R 25 i 54° 1 LYy 4)= Jq 5
L] o i +510" B — .4 k5* - 5*
Meun i +4.5 Ll v il 44 F 9
el Aedielis
2000 17 127 Iy FIH I R
(K] = iy " + 71" 5 + ()4 s b 0,7
[ (R0 - 14 b4t 15 LRI 14 hi)*
Mean - 32 +54 | + 0.4 14 - 4.5

sipmilicance |F(2, 284) = 1.06, MSe= 37,980). More importantly, neither the
Age % Prime Condition, nor the Age < SOA = Prime Condition interactions
approached significance (both Fs-<1.05). The ANOVA on the percentage
correct data yielded a significant effect of Prune Condition, F(2, 284) = 30.96,
MSe=0020, and a significant SOA = Prnime Condition interaction,
F14,568)=3.77, MSe=0.018. Again, neither the Age © Prime Condition nor
the Apex SOA x Prime Condition interactions approached significance
(both Fs< 1.00).

4. Related Non-Studied Targets. Table 9 displays the mean response
latency and percentage correct data for the SU&EU, SR&ER, and the
SU&ER prime conditions for non-studied targets that were related to words
in the studied paragraphs. Table 10 displays the differences across the prime
conditions.

The data in Table 10 can be summarized as follows. (1) As shown in
Column |, the presence of both a semantic and episodic relationship between
the prime and non-studied target produced considerable facilitation in
response latency and accuracy compared to a condition in which neither
relationship was available. This effect appeared Lo be larger, especially in
responsce latency, al the 600-msec and 1000-msec SOAs. Note that such
facilitation was also found for the studied targets described above. (2) As
shown in Column 2, the presence of anly episodic activation from the prime
produced only a small amount of facihtation in accuracy at the 1000-msec
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TABLE 3
Mean Response Latancy (msec) and Parcent Correct lor the
MNon-Studied Refared Targets as a Function of Semantic and Episodic
Prime-Targel Relatonship. 5004 (msec), and Age

SOLERT SRLIR RYEN Y
Y| HEAC e IR e AT A
Voo Aaliafra
20K Rl BS54 iy w5 Had Hiq
(M) wiT 85.1 THY Y1R Bl e
IERHIA] 478 #4.6 754 91 .4 542 L
Mean w72 5.0 97 91 K53 L |
Cifed A efulix
21K 1456 78.5 1452 K10 1440 78.8
i |455 RO | 3736 £9.4 [449 all
| Q0 1428 s0.0 | 302 R4 B3 7.3
Mean | 446 9.6 | 360 883 1432 R4

SOA. (3) As shown in Column 3, the presence of a semantic relationship
between the prime and target produced considerable facilitation above and
beyond that produced by only an episodic relationship. This effect primarily
nccurred at the 600-msec and 1000-mscc SOAs in response latency and at the

TABLE 10
Mean Differences in Response Latency (msec) and Percent Carrect for
the Aefated Mon-Studied Targets as a Function of Samantic and
Episodic Prime-Target Relatianship. SOA (msec), and Age

SUSEU-SREER SULEL-SULER SREER-SUEER
S A msee A e Yo mIee %
Yeung Adults
200 43 —51" 5 —1i6 — 35 +1.5
1) HEe -3 14 —1.2 —T4r + 65"
1000 Q4= — 68" 36 =F3 — 54 +3.5
Muean 73 - &.35 ] =20 — 56 4.5
CMed Addwlix
200 4 —B.5* 16 0.3 2 + 3.2+
Glt) 129 — Q.7 & ={0.9 — 123" i
[THK) 126" — 8= X2 [ by — 104" + [.1

Meun iy - K7 15 - 18 - 72 +549
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00-msee and H00-msec SOAs in accuracy. (4) The results again are overall
similar for the young and old adults.

The ANOVA on 1he response latency data yielded asignificant mam cflect
of Prime Condition. F{2. 284)= 2548, MSe=61.418, and u significant
SOA * Prime Condition interaction, F4, 586)= 509 MSe=44.185 Neither
the mleraction between Age and Pome Condition nor the mleraction
between Ave. SOA and Prime Condition approached signiicance (both
Fs<1.36). The ANOVA an the accuracy dala again yielded a significant
main effect of Prime Condition, F(2, 284) = 39.74, MSe=0.033 The interac
nen between SOA and Prime Condinon approached sigmihcance, F{4,
568)=2.15 MSe=0031, p=0.07. Netther the Age = Prime Condition nor
the Age * SOA = Prime Condition interaction approached sigmificance (bath
Fs< 1.00)

Related versus Unrelated Non-Studicd Targets,  Although there was
considerable consistency across age groups in the impact ol prime informa-
tion, it is still possible that the young and old adults responded differently 1o
related and unrelated non-studied targets, independent of the prime informa-
tion. In order to address this possibiity, a mean response lalency and
accuracy was calculated for each subject for the related non-studied targets
and the unrelated non-studied targets, collapsed across prime condition. The
results from an ANOVA on the response latency data yielded a significant
effect of Target Condition, FUI1, 142)=73.10, MSe= 19,128, and a significant
Ape x Target Condition interaction, F{l, 142)=4.69, MSe= 19,128 The
results from an ANOVA on the accuracy data yielded the precise same
pattern. There was a sigmficant main effect of Target Condition, (I,
142) =299 21, MSe=0.010, and a significant Age x Target Condition inter-
action, F(1, 142)=10.01, MSe=0.010. The Age » Target Condition interac-
tion indicated that old adults were disrupted more by a related non-studied
target, compared to an unrelated non-studied target in response latency
(71 msec) and in accuracy (9.6%), than the young adulls (43 msec and 6.7%,
respectively). Thus, although young and old adults were influcnced by the
primes in a very similar fashion, there was an age-related difference m their
ability to reject a target word that was semantically related to a word 1n the
studied paragraph.

Similarity in the Patterning of Means Across Age
Groups

The present results clearly indicate that response latency and accuracy were
modulated by the prime-target manipulations. In most cases, Prime Con-
dition alsa interacted with SOA. Thus, the present mampulations clearly
influenced performance. However, in none ol these analyses did Age interact
wilh either Prime Condition or Prime Condition and SOA.
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In order to further address the degree of simulanty in the patterning of
means across the age groups, a simple correlation was calculated across the
age groups for the 31 means displayed in Tables 4, 5, 7, and 9. The
correlations in response latency. r=0.932. p<0.0001. and in accuracy,
r=0933, p=00001. were extremely high. These results highlight the lact
that young and old adults were influenced by SOA and Prime Condition in a
similar fashion

In addition (o the above correlations, a lurther attempt was made 1o
evaluate the degree of simlanty across the age groups. I young and old
adults were performing in a sumilar Fashion as 4 function of prime condition
and 1ts interactive effects with SOA, then one might expect a sinilar size
correlation across two dillerent groups ol subjects that were equated on the
ape dunension as one linds across the two different age groups. In order 1o
evaluate this hypothesis, two age-matched pseudo-groups were produced,
Each pseudo-group imcluded 36 voung adults and 36 old adults. In this way,
the two pscudo-groups were matched on the age dimension, A mean
response latency and percentage correct was calculated across the 72 subjects
within each pseudo-group for each of the conditions displayed in Tables 4, 5,
7, and 9. Correlations were then computed across the two age-matched
pseudo-groups for both the response latency and the accuracy data. The
results indicated that the correlation in response latency was slightly higher
for the age-matched pseudo-groups, r=0973, than the correlation between
age groups (as noted above, r=0.932), but the correlation in accuracy was
slightly lower for the age-matched psuedo-groups, r=0.923, than the correla-
tion between age groups (as noted above, r=0.933). A Fisher's Z test of the
differences between these correlations indicated that neither the difference for
response latency nor that for accuracy reached significance. These results
could be viewed as indicating that the degree of similarity in priming effects
between age proups was as great as the degree of similarity within age groups.

GENERAL DISCUSSION

The major goal of the present study was Lo address age-related changes in the
characteristics of spreading activation in an episodically instantiated
memaory network. [n order to achieve this goal. a primed episodic recognition
test was used that provided data concerning a wide variety of prime-targel
conditions. The results were quite clear. Although the old adults responded
more slowly and less accurately than the young adults, there was consider-
able consistency in the overall pattern of priming effects.

Distance and Rate of Build-up of Activation

The major focus in the present results was the impact of prime—target
distance in the episodic network and its relationship to prime-target SOA.
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(1) With respect to age-related differences in the impact of distance, the
present results clearly indicated that both old and young adults benefited in a
similar fashion from aear compared 1o far episodically related prime target
patirs. (2) With respect Lo the influence ol prime-target SOA on the distance
effect, the resulls were agam guite clear. At the 200-msec SOA there was an
impitel of distance on accuracy for both the younge and the old adults, and at
the 600-msec SOA there was an impact on response latency By the longest
1000-msee SOA, 1t appeared that the activation reached asymptote at a
sirmlar level Tor both near and far prime-targel pairs.

The influence of distance and its relationship to prime-target SOA ts quite
important becavse it suppests that two characterisucs ol spreading activation
(1.c. the impact of distance and 1s rate of build-up) are age-independent. In
this regard. these results extend the research by Balota and Duchek (1988). In
the Balota and Duchek study. ape had additive effects with both SOA and
prime- target strength (distance) in a semantic pniming pranunciation study,
and now the present study provides evidence that age has additive effects
with both SOA and prime-targel strength (distance) inan episodic priming,
recognition fest

Semantic and Episodic Activation for Studied and
Non-Studied Targets

In addition to the above priming conditions, the present study provided data
concerning a wide variely of prime conditions. Not only do these conditions
provide data concerning age-related changes in priming cficcts, but they also
provide important data concerning primed episodic recognition perform-
ance, For brevity, we will highlight only the major patlerns.

(1) The presence of an irrelevant semantic prime-target relationship both
slowed response latency and increased error rates in recognition performance
for borh studied and non-studied targets, compared to an episodically and
semantically unrelated baseline (see Column I, Table 6 , and Column I,
Table 8). Thus, it appears that subjects had difliculty ignoring wrrelevant
semantic activation in making their episodic “yes"” and “no" decisions. 1t is
again worth noting that in the present study prime-target semantic relation-
ships occurred for berh studied and non-studied targets, and therefore any
semantic aclivation was truly irrelevant Lo the episadic recognition decision.

(2) The presence of only episodic activation from a prime that occurred in
the studied paragraph produced little facilitation, compared o an episodi-
cally and semantically unrelated baseline. For the non-studied targets, there
was little facilitation for either the unrelated non-studied targets (see Column
2. Table 8) or the related non-studied targets (see Column 2, Table 10). In
addition, if one compares the performance m the episodically related ncar
and lar condilions (see Columns | and 2, Table 4) with performance in the
episodically and semantically unrelated baseline (see Column |, Table 5), one
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can see that, i anything, there was sheht evidence of inhibition (28 msee) for
the episodically related conditons. This s intriguing because it sugpgests that
there as relatively hitle episodic prming under the Tollowing conditions: (a)
the same primes occur dor both studied and non-studied targets, (b) one uses
aosemanbically and eprsodically unrelited word as o baschne, and (©) subjects
do not respond to the prone ttem As wath the impact ol semantc activalion,
b1 posstble that the activation produced by the presence ol an item Trom the
studied paragraph overall distracts attention. possibly 1 a Stroop (1935)
fashion. from making the episodic recognition decision, This mightl overnide
any benefit from episodic spreading activation, OF course, the evidence lor
“distance’ effect noted earlier suggests that episodic spreading activation
was playing some role in performance.

(3) Interestingly. when the prime target semantic relationship was coup-
led with episodic activation from a prime that occurred in the studied
paragraph, there was considerable lacilitation in both response latency and
accuracy compared to the semanucally and epsodically unrelated baseline
{see Column 2, Table 6, and Column |, Tahle 10). This effect, at least in
response latency, was much larger at the 600- and 1000-msec SOAs. Hence, it
appears that subjects benefited from a prime that guided memory search to
the appropnate episodic memory structure when this search was coupled
with a pre-cxisting semantic relatonship between the prime and targer.
Morcover, the interaction with SOA suggests that the beneht of these two
sources ol activauon takes some tme to build up

In sum, the results suggest that under the present priming conditions, the
presence of only semantic information can inhibit performance, and the
presence of only episodic information has relatively little impact on perform-
ance, compared to baselines that involve neither source of aclivalion.
However, when these two sources are coupled together, there is considerable
benefit on performance. These synergistic effects of multiple sources of
activation are quile mtriguing because they suggest that only when both
sources converge will they override the disruption produced by “irrelevant™
sources of activation. Such superadditive effects are quite intnguing and have
been reported elsewhere in the word recognition and comprehension litera-
ture (c.g. Balota & Rayner, 1983; Balota, Pollatsek, & Rayner, 1985,
McClelland & O'Regan, 1981; Reder, 1983). Finally, and most importantly,
the present research indicates that both young and old adults are influenced
in a similar fashion from these sources of activation.

Age-Related Differences in Target Processing

Although there was considerable age constancy in the influence of the primes
across Lhe SOAs, old adults responded, an average, 585 msec slower than the
young adults. Part of this slowdown is probably due to simple slowdowns in
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cncoding and oulput processes (see .o Balota & Duchek. 1988: Strayer.
Wickens, & Braune, 1987). However. differences in encoding and output
processes cannot account for such o large difference, as ape-related dil-
terences i lexical decrsion performance o sk that mvalves simlar encoding
and outpul processes. are only ol the order ol 143 msec—see e Burke.
White, and Diaz (1987) 1 1s more likely that a Large part of the age-related
mereise o response latency was due to processes mvolving the conscious
decision regarding the episodic status ol the target. In support of the notion
that there were age-related differences in target processing, there was
consistent evidence of Age * Target-type interactions. For example, there
was a significant Age x Related vs. Unrelated Non-Studied Target interac
tion in both the response latency and accuracy data. Older adults, compared
to younger adults, were relatively slower and less accurate in responding to
related non-studied targets than unrelated non-studied targets, In addition,
there were age-related differences in performance on studied and non-studhed
targets. There were larger differences between these two classes of items lor
older adults than younger adults, thereby repheating Howard et al. (1986) in
accuracy, and Rabinowitz (1986) in both response latency and accuracy.
Thus, although the influence of the prime type was relatively constant across
age groups, the influence of target type was modulated by age.

Il the large age differences were due to the processes involved in the
conscious episodic recognition decisions, then what processes were being
modulated by the primes? Because, in the present study, (a) the same primes
occurred for borh studied and non-studied targers and (b) subjects did not
directly respond to the prime ttems, it 1s unlikely that subjects relicd on the
prime information in any conscious way Lo bias their decisions. It is more
likely that the impact of the primes on accuracy and response latency was 4
reflection of activation processes from the prime to the target that could have
influenced the perceptual recognition of the target and/or possibly have
modulated the familiaritv value of the target (see Atkinson & Juola, 1974).
Such an impact might be considered a more stimulus driven/automatic
aspect of this task compared Lo the actual conscious decisions regarding the
target word’'s eprsodic status.

Thus, we are arguing that the episodic decisions concerning the largels
were more attention-demanding than the peripheral impact of the primes. In
this sense, the present results support the argument that older adults will
show larger decrements in aspects of performance that are more self-directed
and attention-demanding (see also Craik. 1977; Craik & Byrd, 1982; Hasher
& Zacks, 1979; Howard. [986; Rabinowitz, 1986). A recent study by Craik,
Byrd, and Swanson (1987) further exemplifies this approach. These
researchers addressed age-related differences across a variety of tasks. They
found clear evidence that tasks that demand a considerable amount of self-
iniiated processing (e.g. ree recall) produce larger age-related differences
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cncoding and output processes (see c.p Balota & Duchek. 1988 Strayer.
Wickens, & Braune, 1987), However. diflerences in encoding and output
processes cannat account for such a large difference, as age-related dil-
ferences in lexicul decision performance. o task that mvolves simular encoding
and outpul processes. are only ol the order ol 143 msec—see e.g. Burke.
White, and Diaz (1937) TCs more likely that a large part of the age-related
morease o response latency was due to processes mvolving the conscious
deciston regarding the episodic status ol the targel. In support of the notion
that there were ape-related differences i targel processing, there was
consistent evidence of Age > Target-type interactions. For example, there
was a significant Age x Related vs. Unrelated Non-Studied Target interac-
tion in both the response latency and accuracy data. Older adults, compared
to younger adults, were relatively slower and less accurate in responding to
related non-studied targets than unrelated non-studied targets. In addition,
there were age-related differences in performance on studied and non-studied
targets. There were larger differences between these two classes of items lor
older adults than younger adults, thereby repheating Howard et al. (1986) in
accuracy, and Rabimowitz (1986) in both response latency and accuracy.
Thus, although the influence of the prime type was relatively constant across
age groups, the influence of target type was modulated by age.

II" the large age differences were due 1o the processes involved in the
conscious episodic recognition decisions, then what processes were being
modulated by the primes? Because, in the present study, (a) the same primes
occurred for horh studied and non-studied targets and (b) subjects did not
directly respond to the prime items, it s unlikely that subjects relied on the
prime information in any conscious way Lo bias their decisions. It is more
likely that the impact of the primes on accuracy and response latency was a
reflection of activation processes from the prime to the target that could have
influenced the perceptual recognition of the target and/or possibly have
modulated the familiaritv value of the tarpet (see Atkinson & Juola, 1974).
Such an mmpact might be considered a more sumulus driven/automatic
aspect of this task compared to the actual conscious decisions regarding the
target word's episodic slatus.

Thus, we are arguing that the episodic decisions concerning Lhe targels
were more attention-demanding than the peripheral impact of the primes. [n
this sense, the present results support the argument that older adults will
show larger decrements in aspects of performance that are more self-directed
and attention-demanding (see also Craik, 1977; Craik & Byrd, 1982; Hasher
& Zacks. 1979; Howard. 1986; Rabinowitz, 1986). A recent study by Craik,
Byrd, and Swanson (1987) further exemplifies this approach. These
researchers addressed age-related differences across a variety of tasks. They
found clear evidence that tasks that demand a considerable amount of self-
mitiated processing (e.g. free recall) produce larger age-related differences
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compared to lasks that are relatvely more sumulus-driven (e.g. word-
pencration). With respect 1o the present results, it is suggested that the
decision regarding’the episodic status of the targel demands niore conscious
controlled self-imtiated processing than the relatively penpheral influence of
the prime. As noted, the present results provided considerable evidence for
Ajgpe ® Tarpet-Type interactions, but no evidence of Age x Prime-Type iler-
dclions.

Conclusion

The major aim in the present study was to address age-related changes in the
characteristics ol spreading actuvation mm an episodic priming task. The
present results provided no evidence of age-related changes in the activation
process. Thus, these results, along with the Balota and Duchek (1988) results,
cast doubt on the notion that changes in the influence of network distance or
the rate of activation build-up across time arc underlying the observed age-
related deficits in cognitive performance. In thus Light, these results provide
further support for the growing consensus that the theoretical mechanism of
spreading activation remains stable across age (sec also Bowles & Poon,
1985; Burke, et al., 1987; Cerella & Fozard, 1984, Chiarello et al., 1985;
Howard et al., 1986; Howard, McAndrews, & Lasaga, 1981, Rabinowitz,
1986).

There may, indeed, be an inherent difficulty in working within activation
frameworks to account for age-related changes. The major paradigm (the
priming task) used to address charactenistics of activation processes appears
to involve rather stimulus-driven components of the processing system.
These are precisely the components that appear rather stable across age.
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