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We test the prediction that recent processing of a word will decrease the probability of a tip-
of-the-tongue state (TOT) to a general knowledge question and that semantic processing will be
superior to phonological processing in improving correct recall, but not in reducing TOTs. In
Experiment 1, pronunciation of answers in an ostensibly unrelated prior task increased young
and older adults’ correct answers to general knowledge questions and decreased TOTs uniformly
across age, although older adults produced more TOTs. In Experiments 2 and 3, semantic prior
processing increased correct responses to the questions, but did not reduce TOTs more than
phonological processing. These results support the Transmission Deficit model in which weak-
ened connections between lexical and phonological nodes cause TOTs. The explanation of aging
effects on priming and word retrieval integrates processing and memory systems approaches.
q 1996 Academic Press, Inc.

The tip-of-the-tongue (TOT) state is a dra- processing on TOTs using a speech produc-
matic instance of retrieval failure in which one tion model of TOTs and an experimental
is unable to produce a word although abso- method derived from a basic memory para-
lutely certain that the word is known (see digm, namely, repetition priming.
Brown, 1991, for a review). Virtually all natu- The goal of the research is to test predic-
rally occurring TOTs are eventually resolved, tions concerning the locus of the TOT deficit
confirming that the TOT word is in memory, by examining the effect of different types of
although temporarily inaccessible (Burke, prior processing on TOTs in both young and
MacKay, Worthley, & Wade, 1991). The older adults. Repetition priming effects show
starting point for the present research was a little variation with age, especially relative to
previous finding that TOT targets are low-fre- the consistent age decrement found in explicit
quency words or words that have not been memory tasks (Howard, 1991; Light, 1991;
used for some time. Recency of use influences Mitchell, 1993). The first two experiments test
retrieval processes in speech production ac- both young and older adults to determine
cording to the Transmission Deficit model of whether this age constancy in repetition prim-
TOTs (Burke et al., 1991). Thus, TOTs repre- ing holds for TOTs which increase quite dra-
sent an intersection of speech and memory matically in old age.
research: We investigate the effect of recent

The Transmission Deficit model proposes
that TOTs are caused by insufficient transmis-

This research was supported by Grant R01 AG08835 sion of priming top-down from a lexical repre-
to the second author from the National Institute on Aging sentation in memory to corresponding phono-
and a Howard Hughes Medical Institute grant to both

logical representations during an attempt toauthors. Portions of this research were reported at the
produce the word (Burke et al., 1991;meeting of the Psychonomic Society in San Francisco,

November 1991. We thank Don MacKay, Larry Jacoby, MacKay & Burke, 1990). Recency of prior
Douglas Nelson, Lori James, and an anonymous reviewer processing is one factor postulated to affect
for helpful comments on a draft of this article. Address the rate of transmission of priming; connec-
reprints requests to Deborah Burke, Department of Psy-

tions among representations weaken over timechology, Pomona College, Claremont, CA 91711. E-mail:
dburke@pomona.edu. when a word is not used, and the strength of

5860749-596X/96 $18.00
Copyright q 1996 by Academic Press, Inc.
All rights of reproduction in any form reserved.

AID JML 2439 / a001$$$141 07-03-96 11:35:25 jmla AP: JML



587TIP OF THE TONGUE, PRIMING, AND AGING

connections determines transmission rate (see cessing on memory performance depends on
the amount of overlap between the mental op-MacKay, 1987). Recent use of a target word

reduces the probability of TOT by increasing erations involved in the prior experience and
those involved in the test (Morris, Brans-the transmission of priming between lexical

and phonological nodes. In Experiment 1, we ford, & Franks, 1977; Tulving, 1983; Tulv-
ing & Thomson, 1973). Roediger and his col-test the hypothesis that TOTs are reduced by

recent processing of target words and in Ex- leagues have explained dissociations in the ef-
fects of variables on implicit and explicitperiments 2 and 3 the hypothesis that phono-

logical but not semantic processing is critical memory performance as a consequence of the
different retrieval operations involved in thebecause the locus of TOTs is in phonological

retrieval processes. By identifying the extent two types of memory tasks (e.g., Roediger &
Srinivas, 1993; Roediger, Weldon, & Challis,to which semantic and phonological prior pro-

cessing aids word retrieval, we also hope to 1989; Srinivas & Roediger, 1990; Weldon,
1991). Explicit memory tasks are consideredshed some light on the mechanisms of repeti-

tion priming. primarily conceptually driven because perfor-
mance is improved by prior semantic pro-RECENT PRIOR EXPERIENCE: REPETITION
cessing, indicating a dependence on encodingPRIMING EFFECTS
of meaning. Implicit memory tasks are consid-

Recent processing of a word increases the
ered primarily data-driven because perfor-

accuracy and speed of its perception or pro-
mance is improved by perceptual similarity

duction even without awareness of a relation
between the prior experience and the test.

between the prior experience and the facilita-
However, memory tasks do not depend ex-

tion of performance (see e.g., Richardson-
clusively on one type of processing (e.g., Bas-

Klavehn & Bjork, 1988; Roediger, 1990;
sili, Smith, & MacLeod, 1989; Blaxton, 1989;

Schacter, 1987). Improved performance as a
Weldon, 1991; Weldon & Jackson-Barrett,

result of recent exposure to a word is seen in
1993). Roediger has suggested that data-

perception tasks such as lexical decision (e.g.,
driven versus conceptually driven represents

Scarborough, Cortese, & Scarborough, 1977)
a continuum and that implicit memory tasks

and word identification (e.g., Jacoby & Dallas,
vary in the extent to which they depend on

1981) and on production tasks such as
the two types of processes. Consistent with

word fragment completion (e.g., Tulving,
this, implicit memory tasks vary in the effect

Schacter, & Stark, 1982; Weldon, 1991), pic-
of type of prior processing (Roediger, Srini-

ture naming (Wheeldon & Monsell, 1992),
vas, & Weldon, 1989). For example, Blaxton

and general knowledge questions (e.g., Blax-
(1989) reported that performance on general

ton, 1989; Hamann, 1990; Kelley & Lindsay,
knowledge questions benefited more from

1993).
prior semantic than surface level processing,

The general knowledge questions used in
suggesting a greater conceptually driven com-

repetition priming studies are typically the
ponent in this task. Fragment completion per-

same type of questions used to induce TOTs in
formance benefited more from surface rather

the laboratory. Previously, however, the focus
than semantic level processing, suggesting a

has been on the increase in number of correct
greater data-driven component.

responses with prior processing of the target,
The success of this approach depends on

and incorrect responses, in particular TOTs,
the ability to identify the different mental op-

have not been evaluated. Thus the effect of
erations involved in a particular memory task

repetition priming on TOTs is unknown.
(Graf & Ryan, 1990). The means of identi-

TYPE OF PRIOR PROCESSING AND fying component operations in previous stud-
REPETITION PRIMING EFFECTS ies has been primarily empirical, for example,

by determining the effect of different types ofThe transfer appropriate processing princi-
ple postulates that the effect of prior pro- processing on task performance (e.g., Roe-
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588 RASTLE AND BURKE

diger et al., 1989). Types of processing effects, vates the most primed node in a syntactic class
causing retrieval of the information it repre-however, have not been consistent in some

tasks. For example, repetition priming in sents (MacKay, 1982, 1987). This activation
mechanism differs from priming which is sub-‘‘data-driven’’ fragment completion and per-

ceptual identification tasks was stronger with threshold excitation that prepares a node for
activation and is similar in some respects tosemantic than with physical prior processing

(Challis & Brodbeck, 1992; Thapar & Greene, spreading activation in other models. The
strength of connections between nodes deter-1994). The conceptually driven versus data-

driven dichotomy also neglects the role of mines the rate and amount of priming trans-
mitted between them and thus is an importantother processes, such as phonological encod-

ing, which are not inherently either conceptual determinant of what information in memory
becomes available. Connections betweenor dependent on the physical form of the stim-

ulus. nodes become stronger or more efficient with
use, increasing the rate and amount of primingIn the present study, we use transfer appro-

priate processing principles for interpreting transmitted across connections between fre-
quently activated nodes (MacKay, 1982,the effects of type of prior processing, but we

use a theoretical basis for identifying mental 1987).
Word retrieval in response to a generaloperations involved in our task of answering

general knowledge questions. The identity of knowledge question starts with activation of
semantic nodes representing features of mean-these operations is the basis for predictions

concerning the effect of type of prior pro- ing corresponding to the question. These se-
mantic nodes transmit priming across connec-cessing on correct word retrieval and TOTs.

In order to clarify the basis for the predictions, tions to lexical nodes and the lexical node
receiving the greatest amount of priming willwe next describe briefly the underlying model

of word retrieval. be activated. Activation of the lexical node
gives access to further semantic information

TRANSMISSION DEFICIT MODEL OF TOTS about the word and a feeling of knowing, but
production of the word requires activation ofThe Transmission Deficit model of TOTs

was developed from the Node Structure The- phonological nodes at the lowest (feature)
level. TOTs occur when the lexical node forory (NST), an interactive activation model of

language perception and production devel- the TOT target becomes activated, but at least
some phonological information remains inac-oped by MacKay (1982, 1987). Word mean-

ings are represented in a semantic system and cessible (unactivated) because of a transmis-
sion deficit from the lexical node to the con-word sounds are represented in a phonological

system. Each lexical node is unique to a spe- nected phonological nodes (see Fig. 1).
Three factors influence transmission defi-cific word and is connected to phonological

nodes and semantic nodes which specify the cits within the model because they affect the
strength of connections and thus the transmis-words’ phonology and meaning. A portion of

the representation of the word palindrome is sion of priming: recency and frequency of ac-
tivation and aging of the subject. These factorsillustrated in Fig. 1. The hierarchically orga-

nized nodes which represent syllables, phono- explain empirical findings on TOTs, for exam-
ple, that TOT targets are very low in normedlogical compounds, and features for palin-

drome and the semantic nodes which represent frequency of occurrence and that TOTs in-
crease in old age while the availability of par-aspects of the word’s meaning are also shared

with other words with these components. For tial information during a TOT decreases
(Burke et al., 1991; Cohen & Faulkner, 1986).example, lexical nodes for palindrome and

palisade both are connected to the stressed Transmission deficits in the phonological
system are counteracted by activation of pho-syllable pal.

Within the NST, a special mechanism acti- nological nodes which strengthens connec-

AID JML 2439 / a001$$$142 07-03-96 11:35:25 jmla AP: JML



589TIP OF THE TONGUE, PRIMING, AND AGING

FIG. 1. A sample of nodes representing palindrome in the semantic and phonological systems. Many
nodes necessary for producing this word have been left out to simplify the figure.

tions. This leads to the prediction, tested in targets and those that were names of acquain-
tances involved people who were very famil-Experiment 1, that pronunciation of a target

word will reduce the likelihood of a subse- iar, but who had not been contacted recently.
Time since last contact with these people wasquent TOT experience. In Experiments 2 and

3, we manipulate the nature of prior pro- longer for 65- to 75-year-old adults (M Å 4.0
years) than for 18- to 21-year-olds (M Å .27cessing and examine the effect on TOTs. Be-

cause weak phonological connections cause years), but in both cases the names had not
been used for several months or more. TheseTOTs, phonological processing of a word

should reduce the likelihood of TOT and se- data suggest that nonrecent production of a
word may increase its vulnerability to a TOTmantic processing should be irrelevant.
state, and that age-related increases in TOTs

EXPERIMENT 1 may be related to changes in recency of pro-
duction of names over the life span.In their analysis of the corpus of words in-

volved in naturally occurring TOTs, Burke et In Experiment 1, subjects were required to
answer general knowledge questions follow-al. (1991) found a relation between recent tar-

get production and probability of TOT. Proper ing an ostensibly unrelated pronounciation
task involving answers to half of the subse-names accounted for about 68% of all TOT
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590 RASTLE AND BURKE

quent questions. Based on previous studies, Vocabulary on the 50-item Primary Mental
Abilities (PMA) subtest was significantlywe predict that prior processing will increase

correct answers (e.g., Blaxton, 1989), and higher for older (M Å 48.23) than young
adults (M Å 45.70), t(58) Å 03.52, as wasbased on the Transmission Deficit model, we

predict a reduction in TOTs as well. educational level (M Å 16.93 and 13.97, re-
spectively), t(58) Å 05.59. There was no ageAnother goal of the study is to investigate

the role of prior processing in the potent ef- difference in rating of health on a 7-point Lik-
ert scale (1, poor; 7, excellent). (All resultsfects of two variables on TOTs: subject age

and word class (proper names). Proper names reported as significant in this paper attained
at least p õ .05).of familiar people are more difficult to retrieve

than other types of biographical information Materials and design. We selected from
previous studies 90 general knowledge ques-and are especially susceptible to TOTs (see

Cohen & Burke, 1993). One possible explana- tions that were answerable with single, low-
frequency words and that induced TOTs intion is that long periods of nonuse are more

common for proper names than other words, both young and older adults (Burke & Laver,
1990; Burke et al., 1991). Common nouns an-as when a friend moves away or a public fig-

ure retires. In this case, the difference in fre- swered 70 of the questions (e.g., What is the
name for a mixture of dried spices and flowersquency of TOTs between proper names and

other words will be reduced in our recency used for perfuming a room? What is the name
of the nylon fabric that has two pieces thatcondition, which equates the interval since

prior processing. stick to each other and is used as a fastener?)
and proper nouns answered the remaining 20Recency may also contribute to the aging

effect on TOTs. Older adults report more questions (e.g., What is the name of the strait
between Alaska and Siberia? What is the lastTOTs than young adults both in the laboratory

and in everyday life, especially for proper name of the man who assassinated Robert
Kennedy?). There were more common thannames and acquaintance names that have not

been used recently (Burke et al., 1991; Co- proper nouns because proper names seemed
more noticeable in the prior processing taskhen & Faulkner, 1986; Maylor, 1990b).

Greater age makes possible very long intervals and thus more likely to call attention to the
relation between this task and the generalsince the last use of a particular word. If an

age difference in recency of use is the critical knowledge questions. (Answers: POT-
POURRI, VELCRO, BERING, SIRHAN).variable underlying age-related increases in

TOTs, the age difference in TOTs will be re- The questions were divided into two lists
of 45 questions each: Ten questions were an-duced in the prior processing condition. In

contrast, if the age difference is caused only swered by proper nouns and 35 questions were
answered by common nouns. For each subject,by age-linked transmission deficits, there will

be equivalent effects of prior processing one list was used for the pronunciation rating
task and general knowledge task (recency con-across age.
dition), and the other list was used for the

Method general knowledge task alone (baseline condi-
tion). The assignment of lists to either the re-Subjects. Thirty undergraduates between

the ages of 18 and 22 (M Å 19.5 years, SD cency or baseline condition was counterbal-
anced across subjects within each age group.Å 1.28) and 30 older adults between the ages

of 64 and 82 (M Å 70.6 years, SD Å 4.78) The answer sheet for the general knowledge
questions consisted of seven columns. Sub-participated in the experiment. Young adults

were undergraduates at the Claremont Col- jects choose one of the first three columns:
Column one (‘‘Know’’) was for writing theleges and older adults lived independently in

the Los Angeles area. All subjects were paid answer to the question, column two (‘‘Don’t
Know’’) was checked if they did not knowfor their participation.
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591TIP OF THE TONGUE, PRIMING, AND AGING

the answer to the question, and column three those trials on which subjects responded
Know and wrote the incorrect answer or no(‘‘TOT’’) was checked in the case of a TOT.

If subjects checked TOT, they wrote partial answer. The analysis of TOT responses ex-
cluded incorrect TOTs where the subject wasphonological information (number of sylla-

bles, first letter(s)), if available, in the fourth attempting to recall a word other than the cor-
rect answer. Incorrect TOTs made up 4.37 andand fifth columns, respectively. In column six,

subjects wrote the correct answer to the ques- 4.67% of responses in the recency condition
tion after the experimenter read it aloud. Sub- for young and older adults, respectively, and
jects who checked TOT were instructed to 6.89 and 6.22% in the baseline condition, re-
write ‘‘yes’’ or ‘‘no’’ in column seven, de- spectively; they were not included in subse-
pending on whether or not the correct answer quent analyses. The proportion of Know and
read by the experimenter was the word they TOT responses were calculated for each sub-
were trying to recall. ject and analyzed in separate ANOVAs, each

Procedure. Subjects were tested individu- with age group, condition (recency versus
ally or in small groups of two to four. After baseline) and word type (common versus
completing a demographic questionnaire re- proper noun) as variables. All analyses were
questing information about age, sex, health on proportions, unless noted otherwise, and
status, and education level, subjects were M’s are displayed as percentages.
given, in this order, the pronunciation rating As shown in Fig. 2 (left), there were sig-
task, a vocabulary test, and the general knowl- nificantly more Know responses for older than
edge task. young adults, F(1,58) Å 6.90, MSE Å .0721,

In the pronunciation task, subjects viewed and more Know responses occurred in the re-
45 words presented via overhead projector, cency condition than in the baseline condition,
one at a time in random order. Subjects read F(1,58) Å 74.90, MSE Å .0128. Subjects also
each word aloud as it appeared and rated the knew a greater proportion of common nouns
difficulty of its pronunciation on a 7-point (M Å 44.50%) than proper nouns (M Å
Likert scale on the answer sheet. Each word 36.75%), F(1,58) Å 12.80, MSE Å .0279.
remained on the screen for 5 s. After the pro- There were no significant interactions.
nunciation task, subjects were given 10 min There were significantly more TOT re-
to complete the PMA vocabulary test. sponses for older than young adults, F(1,58)

In the general knowledge task, subjects Å 17.53, MSE Å .0253, and more TOTs oc-
heard 90 questions in random order. Half of curred in the baseline condition than in the
the questions were answered by the words pre- recency condition, F(1,58) Å 26.13, MSE Å
sented in the pronunciation task, and half by .0072 (see Fig. 2 (right)). There was a greater
words not presented in the experiment. For proportion of TOT responses for proper than
each question, subjects checked the appro- common nouns, F(1,58) Å 24.06, MSE Å
priate column of the answer sheet. Subjects .0067. As seen in Fig. 3, there was a signifi-
were instructed to check TOT only if they cant age group by word type interaction,
were confident that they knew the word and F(1,58) Å 8.37, MSE Å .0067, because the
it was on the verge of coming back to them. age difference in TOTs was twice as big for
Ten seconds after presenting the question, the proper names as for common nouns. Recency
experimenter read the correct answer to the did not interact with either age group or word
question. Subjects who reported a TOT state type.
were asked to indicate whether or not the cor- TOTs can occur only when a word is not
rect answer was the word they were trying to immediately recalled and thus variables that
recall. increased Know responses (e.g., old age, re-
Results cency, common names) reduced the oppor-

tunity for TOTs. We adjusted for differencesThe analysis of Know responses included
only correctly recalled answers and excluded in opportunity for TOT by calculating TOTs
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592 RASTLE AND BURKE

FIG. 2. Percentage of Know and TOT responses as a function of age and prior processing condition in
Experiment 1.

as a proportion of unsuccessful retrievals, .0485 and more for the baseline than the
recency condition, F(1,58) Å 13.98, MSE Åthat is, the number of trials minus the num-

ber of correct Know responses (Brown, .0124 (for the baseline and recency condi-
tions, young adults’ M s Å 10.8 and 6.8%1991; Burke et al., 1991). This allowed us

to determine, for example, if the reduction and older adults’ Ms Å 26.1 and 20.4%, re-
spectively). Again, there is no evidence thatin absolute number of TOTs in the recency

condition was because there was less oppor- the recency effect differed by age, F(1,58)
Å .26. There were more TOTs for propertunity for TOTs in this condition. The AN-

OVA on these data, however, yielded the than common names F(1,58) Å 12.91, MSE
Å .0166, with a significant age by word typesame pattern of significant effects as above.

There were relatively more TOTs for older interaction, F(1,58) Å 5.90, MSE Å .0166
(for common names and proper names,than young adults, F(1,58) Å 28.74, MSE Å

FIG. 3. Percentage of TOT responses for proper versus common names for each age group in Experiment 1.
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593TIP OF THE TONGUE, PRIMING, AND AGING

young adults’ M ’s Å 8.1 and 10.0% and a word are suffering a transmission deficit and
a portion of the remaining phonological nodesolder adults M ’s Å 19.3 and 29.3%).

The mean number of correct phonological become activated, providing the basis for par-
tial recall. Thus the age difference in partialcharacteristics reported in a TOT state was

calculated separately by age group and re- information is consistent with age-linked
transmission deficits that decrease the avail-cency condition. We excluded 4 older subjects

and 10 young subjects who did not report at ability of partial phonological information in
old age by reducing the transmission of prim-least one TOT in both conditions. Older adults

reported fewer characteristics per TOT than ing within the phonological system. Inasmuch
as prior processing reduced TOTs by strength-did young adults, F(1,44) Å 43.69, MSE Å

.2920, (M Å .09 and .83, respectively). There ening connections among phonological nodes,
it is surprising that there was no effect on thewas no effect of recency condition F(1,44) Å

.07, and no interactions. availability of phonological information when
TOTs persisted. One possible explanation is

Discussion that prior processing strengthened primarily
the connections from lexical nodes to the firstPrior processing of target words reduced

the frequency of TOT states by almost 50% level of phonological nodes, and these connec-
tions are the locus of TOTs, whereas lowerfor both young and older adults. This effect

was not because prior processing reduced the level connections are critical for partial infor-
mation. We return to this issue under Generalopportunity for TOTs by increasing correct

recall: Prior processing also reduced the pro- Discussion (below).
Proper names produced more TOTs thanportion of trials without correct recall that

were TOTs. These findings are consistent with common nouns and the age difference in
TOTs was more pronounced for proper names.the hypothesis that TOT states are more likely

for words that have not been produced re- We found no evidence that the special diffi-
culty of proper names was related to recencycently and support the Transmission Deficit

model in which recent production of a word of use because the difference in TOTs for
common and proper nouns was comparable instrengthens connections between lexical and

phonological nodes, thus reducing the proba- the recency and baseline conditions. It has also
been proposed that the difficulty in retrievingbility of a TOT.

Can the age-related increase in TOTs be proper names reflects fundamental differences
in the semantic representation of common andexplained by age differences in recency of

use? There was no evidence for this hypothe- proper names, and in view of the present find-
ings, this may be a more viable approach (seesis in the absence of an age by recency interac-

tion in the analysis of TOTs, either with TOTs Burke et al., 1991; Cohen, 1990; Cohen &
Burke, 1993).as a proportion of all trials or as a proportion

of trials without correct recall. If the age dif- As in previous research, prior processing
increased correct recall of a word (Know re-ference in TOTs was because older adults pos-

sess a greater number of nonrecently used sponses) in answer to a general knowledge
question (e.g., Blaxton, 1989). This facilia-words in their lexicons than young adults, then

recent processing should have at least nar- tory effect was age constant, which is consis-
tent with evidence suggesting that repetitionrowed the age difference, but it did not.

Consistent with previous findings, young priming effects show little decline with age
(Howard, 1991; Light, 1991; Mitchell, 1993).adults reported considerably more partial pho-

nological information during TOTs than older In the next experiment we isolate conceptual
and perceptual processes involved in theadults (Burke et al., 1991; Maylor, 1990a). In

the Transmission Deficit model, partial pho- priming effect and age differences may
emerge in conceptual priming. It has beennological information is retrieved when only

some of the phonological nodes for producing suggested that there are age-related declines
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in conceptual processes involved in word re- while prior semantic processing will be irrele-
trieval (Craik & Jennings, 1992). Moreover, vant to the frequency of TOTs because it does
age-related deficits in conceptually driven not affect phonological retrieval operations.
priming would be consistent with transfer ap- In Experiment 2, we evaluated the effects
propriate processing explanations of im- of prior semantic and phonological processing
plicit–explicit memory dissociations such as on correct answers and TOTs to general
those found in old age: Deficits in conceptual knowledge questions. Subjects in the recency
processes produce explicit memory declines, group performed three processing tasks before
whereas intact data-driven processes pre- the test, namely, rating the pleasantness, num-
serve implicit memory. ber of syllables, or number of capital letters in

a visually presented target word. PleasantnessEXPERIMENT 2
rating requires greater conceptual processing

General knowledge questions have been than the other two tasks and thus is expected
categorized as a primarily conceptually driven to improve recall the most by strengthening
task because correct recall increases more fol- connections between lexical and semantic
lowing processing that directs attention to se- nodes. If older adults have deficits in concep-
mantic features rather than to physical features tual encoding during word retrieval (e.g.,
of the target (Blaxton, 1989; Hamann, 1990; Craik & Jennings, 1992), then the pleasant-
Roediger et al., 1989). For example, Hamann ness task should induce less conceptual pro-
(1990) found that correct answers to general cessing in older than younger adults, and thus
knowledge questions increased more after an a smaller improvement in correct responses.
orienting task requiring a like–dislike rating

Because reading familiar words is an auto-
of the target than after a judgment about vow-

matic process (e.g., Stroop, 1935), and be-
els in common with a previous word. Within

cause even silent reading involves phonologi-
the transfer appropriate processing frame-

cal encoding (e.g., Daneman & Stainton,work, this is because the overlap in processes
1991), we assumed that phonological pro-is greater between the like–dislike orienting
cessing would occur in all three tasks. Thus,task and the test than between the vowel ori-
we predicted that all three types of processingenting task and test.
would reduce TOTs relative to a baselineIn the NST model, phonological processes
group that received no task prior to the ques-are critical for word retrieval in tasks such
tions. Prior conceptual processing is not pre-as general knowledge questions. Activation of
dicted to reduce the likelihood of TOT anysemantic propositions leads to activation of a
more than the other two tasks because TOTlexical node and the knowledge that a word
is a consequence of weak phonological con-is known; priming spreads from the lexical
nections to the lexical node, not weak seman-node and usually produces activation of the
tic connections. These connections would beappropriate phonological nodes followed by a
unaffected by conceptual processing. On thecorrect response. If, however, activated se-
other hand, however, if either explicit phono-mantic propositions transmit insufficient
logical processing or conceptual processingpriming for activation of a lexical node, a
reduces TOTs, than the syllable and concep-Don’t Know response will be produced. If
tual task will yield fewer TOTs than the casethere is sufficient semantic priming to activate
task.the correct lexical node, but there is a deficit

A third group of young and older subjectsin phonological activation, a TOT response
received the three processing tasks, but waswill be produced. Thus, TOTs provide a
tested on explicit cued recall. Explicit recallmeans of isolating phonological processes
has consistently been shown to vary with typewithin a conceptually driven task. Applying
of prior processing and thus this group pro-transfer appropriate processing logic, prior

phonological processing will reduce TOTs vided a check on the effectiveness of our prior
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processing manipulation in the event that it vided into three lists of 30 questions each:
eight questions were answered by properhad no effect on implicit recall.
nouns and 22 questions were answered by

Method common nouns. For each subject in the
Knowledge-Recency and Explicit MemoryDesign. Young and older adults were ran-

domly assigned to one of three groups: groups, each of the three lists was matched
with one of the three incidental tasks, withKnowledge-Recency, Knowledge-Baseline,

or Explicit Memory. For the first two groups, assignment of lists to task counterbalanced
over subjects.the test was general knowledge questions and

for the third group the test was cued episodic In the Explicit Memory condition, young
subjects received 90 three-letter stems andrecall. In the Knowledge-Recency and Ex-

plicit Memory groups, prior judgments about older adults received 90 four-letter stems. For
target words of only four letters, both youngpleasantness, syllables, or case were varied

within subjects. The 90 words in this orienting and older adults received three-letter word
stems. The longer stems for older adults weretask were answers to the 90 general knowl-

edge questions presented later to the Knowl- necessary to avoid floor effects revealed in
pilot tests with three-letter stems.edge groups, and to the 90 word stems pre-

sented later for cued-recall to the Explicit The answer sheet for the orienting task re-
quired subjects to rate pleasantness, syllables,Memory group. In the Knowledge Baseline

group, the general knowledge questions were or number of capital letters on a 5-point Likert
scale for each of 90 words. The answer sheetpresented with no preceding task.

Subjects. Fifty-four undergraduates of the for the Knowledge groups was similar to the
one used in Experiment 1. However, subjectsClaremont Colleges between the ages of 17

and 24 (M Å 19.6 years, SD Å 1.38) and 55 were not required to write partial phonological
information after reporting a TOT.older adults from the Los Angeles area be-

tween the ages of 64 and 79 (MÅ 70.84 years, Procedure. Subjects were tested individu-
ally or in small groups of two or three. First,SD Å 3.87) participated in the experiment. In

each age group, there were 24 subjects in the they completed the demographic question-
naire used in Experiment 1. Next, subjects inKnowledge-Recency group, 12 subjects in the

Explicit Memory group, and 18 young and 19 the Knowledge-Recency and Explicit Memory
groups viewed 90 words presented via over-old subjects in the Knowledge-Baseline

group. Older adults were paid for their partici- head projector, one at a time and in random
order. Each word appeared with one of threepation and younger adults either were paid or

received credit for a course requirement. instructions. When the word was preceded by
the ‘‘Pleasantness’’ instruction, subjects con-Older adults scored higher than young

adults on the Nelson–Denny 25-item multiple sidered the meaning of the word and rated its
pleasantness on a 5-point Likert scale. Whenchoice vocabulary test (M’s Å 20.98 and

17.63, respectively), t(106) Å 05.81, and had the target word was preceded by the ‘‘Sylla-
bles’’ instruction, subjects decided how manyhigher education levels (M’s Å 16.60 and

13.85 years, respectively), t(107) Å 07.22. syllables, between one and five, were in the
word. When the word was preceded by theThere was no age difference in rating of

health. instruction ‘‘Case,’’ subjects counted the
number of capital letters, between one andMaterials. Ninety general knowledge ques-

tions answered with single, low frequency five, in the word. Each word was presented
for approximately 5 s. After the orienting task,words were selected from the same sources as

in Experiment 1. Sixty-six of these questions subjects were given 10 min to complete the
Nelson–Denny vocabulary test.were answered with common nouns, and 24

questions were answered with proper names Subjects in the Knowledge-Recency condi-
tion were then asked 90 general knowledgeof people or places. The questions were di-

AID JML 2439 / a001$$$143 07-03-96 11:35:25 jmla AP: JML



596 RASTLE AND BURKE

questions, in random order, whose answers the correct answer (all F’s õ 1.0). We added
proper versus common nouns as a variable towere the words presented in the orienting task.

All instructions and procedures for the general determine whether TOTs were affected by a
variable other than type of prior processing,knowledge questions were the same as those

in Experiment 1. Subjects in the Explicit thereby eliminating the possibility of floor ef-
fects. There was no main effect of word type,Memory condition were given a stem-comple-

tion test instead of general knowledge ques- but the age by word type interaction ap-
proached significance with TOTs as a propor-tions for all words appearing in the orienting

task. tion of all trials, F(1,46) Å 3.42, p õ .07,
MSE Å .0061, and was significant with TOTsSubjects in the Knowledge-Baseline condi-

tion did not participate in the orienting task. as a proportion of trials without the correct
answer, F(1,43) Å 4.11, MSE Å. 0191. OlderThey completed only the demographic ques-

tionnaire, the vocabulary test, and the general adults produced TOTs on a greater proportion
of all trials for proper than common namesknowledge questions, in that order.
(M Å 11.5 and 9.1%, respectively, t(23) Å

Results 1.76, p õ .05), whereas there was no differ-
ence between proper and common names forType of processing effects in the Knowl-

edge-Recency group. The initial analysis eval- young adults (M Å 8.3 and 9.3%, respec-
tively).uated the effect of the different orienting tasks

and excluded the Baseline condition. The pro- Repetition effects. The effect of prior pro-
cessing on performance was evaluated byportion of Know and correct TOT responses

were calculated as in Experiment 1 and ana- comparing the Knowledge-Recency group
with the Knowledge-Baseline group. In onelyzed in separate ANOVAs with age and type

of orienting task (pleasantness, syllables, or set of analyses, proportion of responses was
averaged across the three orienting task condi-case) as variables. Incorrect TOTs made up

7.08 and 4.03% of the responses in the Pleas- tions in the Recency group and compared to
performance of the Baseline group in age byantness condition for young and older adults,

respectively, 6.67 and 5.83% in the Syllable group ANOVAs, separately for Know and
TOT responses. In a second set of analyses,condition, and 6.94 and 5.14% in the Case

condition. The proportion of incorrect TOTs performance in each orienting task condition
was compared to performance of the Baselinewas marginally higher for young than older

adults, F(1,46)Å 3.24, põ .08, MSEÅ .0085. group via t tests, separately for Know and
TOT responses within each age group. Sig-Incorrect TOTs were not included in subse-

quent analyses. nificance level was set at .015 for the t tests.
There were more Know responses in theFigure 4 (left) shows mean percentage of

Know responses for each of the three orienting Recency group than in the Baseline group,
F(1,81) Å 28.75, MSE Å .0205 (see Fig. 4).conditions for each age group. There was a

main effect of orienting condition, F(2,92) Å There were no age effects or interactions. For
young adults, t tests revealed more Know re-16.13, MSE Å .0153, with more Know re-

sponses in the pleasantness than the syllable sponses for the Pleasantness, Syllables, and
Case conditions than for the Baseline group,or case conditions, t’s(47) Å 4.61 and 5.99,

respectively, and more Know responses in the t’s(40) Å 4.10, 4.34, and 3.24, respectively.
Similarly, for older adults, more Know re-syllable than the case condition t(47) Å 2.26.

There were no age effects or interactions. sponses occurred for the Pleasantness and Syl-
lables condition than for the Baseline group,Figure 4 (right) shows mean percentage of

TOT responses by age and orienting condi- t’s(41) Å 3.76 and 2.71, respectively.
For TOT responses, there were significanttion. No effects approached significance in

ANOVAs with TOT as proportion of all trials effects of age, F(1,81) Å 5.85, MSE Å .0068,
group, F(1,81) Å 10.52, MSE Å .0068, andand with TOT as a proportion of trials without
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FIG. 4. Percentage of Know and TOT responses as a function of age and prior processing condition in
Experiment 2.

an age by group interaction, F(1,81) Å 5.77, Å 5.34, or case condition (M Å 10.1%), t(23)
Å 7.21, and the syllable condition producingMSE Å .0068. As seen in Fig. 4, Recency and

Baseline groups did not differ in TOTs for better recall than the case condition, t(23) Å
4.05. Age effects are not meaningful becauseyounger adults, t(40) Å 0.81, but prior pro-

cessing did reduce TOTs for older adults, t(41) older adults received longer stem cues than
younger adults.Å 03.26. An ANOVA with TOT as a propor-

tion of trials without the correct answer
Discussionshowed a similar effect of age, F(1,81)Å 8.00,

MSEÅ .0176, and an age by group interaction, Type of prior processing affected explicit
recall and Know responses for general knowl-F(1,81) Å 4.09, MSE Å .0176. Again, the Re-

cency and Baseline groups did not differ in edge questions. In general, the pleasantness
task improved correct responding more thanthe proportion of incorrect responses that were

TOTs for younger adults (M Å 17.7 and the other two tasks, with comparable effects
across age. The frequency of TOTs, however,15.6%, respectively), but prior processing did

reduce TOTs for older adults (M Å 20.5 and was unaffected by type of prior processing:
All three orienting tasks reduced TOTs rela-30.0%, respectively), t(41) Å 02.03. Finally,

t tests between baseline and each orienting tive to the baseline condition for older adults,
but not young adults. The older adults’ datatask condition using the proportion of trials

that were TOTs revealed no significant differ- provide no evidence that processing beyond
silent reading of the word was effective inences for young adults. For older adults, how-

ever, a smaller proportion of TOTs occurred reducing TOTs. The effect of word type (com-
mon vs proper names) in the orienting taskin the Pleasantness, Syllables, and Case condi-

tions than in the Baseline group, t’s(41) Å conditions for older adults suggests that their
TOTs were not at floor. The older adults’ data03.44, 02.95, and 02.96, respectively.

Explicit memory condition. Proportion cor- are consistent with the hypothesis that TOTs
are caused by weak connections in the phono-rect cued recall was significantly affected by

orienting task in both age groups, F(2,44) Å logical system and are thus unaffected by se-
mantic processing. However, this interpreta-40.18, MSE Å .0082, with the pleasantness

condition (MÅ 33.5%) producing better recall tion is challenged by the young adults’ sur-
prising results in which the priming effectthan the syllable condition (M Å 20.6%) t(23)
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obtained in Experiment 1 was eliminated. Although awareness that answers had been
presented may have affected TOT judgments,There is some evidence that this null effect

of prior processing reflected a response bias there is no evidence that conscious episodic
recall actually improved young adults’ perfor-which inflated TOT responses for younger

adults in the Recency group. mance. If this were the case, TOTs would be
lowest in the condition producing relativelyFirst, older adults produced more TOTs

than young adults in the Baseline group, con- high episodic recall, namely, the pleasantness
condition. Moreover, Know responses wouldsistent with Experiment 1 and previous re-

search (Burke et al., 1991), but in the Recency be relatively higher for young than older
adults in the recency compared to the baselinegroup TOT frequency was as high for young

adults as for older adults. Second, the percent- condition, inasmuch as this strategy was used
by young but not older adults. There was,age of TOTs for older adults was similar in

Experiments 1 and 2 in the baseline condition however, no such age by recency interaction.
(15.6 and 19.8%, respectively) and in the re-

EXPERIMENT 3cency conditions (9.5 and 9.7%, respectively).
This is unsurprising because there was consid- In Experiment 3 we attempted to reduce

young adults’ awareness of prior presentationerable overlap in the questions for the two
experiments and the subjects were from the of target words by returning to a within-sub-

ject design in which only 50% of questionssame population. For young adults, although
the percentage of TOTs was similar in the had answers presented in the orienting task.

We also added a feeling-of-knowing (FOK)baseline condition in Experiments 1 and 2 (7.4
and 10.6%, respectively), there was a 2.5-fold rating on TOT trials to measure whether prior

processing increased FOK. If subjects areincrease in TOTs in the recency conditions
from Experiment 1 to Experiment 2 (3.70 and aware of the relation between prior processing

and the general knowledge questions, this9.08%, respectively).
Young adults may have been more likely should increase their FOK.

to respond TOT in the recency conditions in
MethodExperiment 2 because answers to all the ques-

tions appeared in the orienting task, whereas Subjects. Participants were 40 undergradu-
ates from the Claremont Colleges between thein Experiment 1 only 50% of the answers ap-

peared in the orienting task. Some young sub- ages of 17 and 26 (M Å 19.38), with a mean
Nelson–Denny vocabulary score of 17.53,jects spontaneously commented that they

knew all the answers had been presented ear- and a mean educational level of 14.35 years.
They were either paid or received credit for alier, whereas the older adults seemed unaware

of this connection. Thus, instead of reporting course requirement.
Design and materials. Eighty-eight generalDon’t Know, young subjects may have been

biased to report TOT because they knew they knowledge questions were selected from the
same sources as in Experiments 1 and 2.had seen the word earlier. In this case, any

decrease in TOTs because of recent presenta- Sixty-eight of those questions were answered
with common nouns and 20 were answeredtion was counteracted by an increase in TOTs

from some young subjects who felt that they by proper nouns. The questions were divided
into four lists of 22 questions each: In eachmust know the answer because they had just

seen it. Consistent with this interpretation, list, 5 questions were answered by proper
nouns and 17 questions were answered byyoung adults in the Recency group had mar-

ginally more incorrect TOTs (where the cor- common nouns. For each subject, one list was
assigned to the Pleasantness task, one to therect answer was not the word they were trying

to recall) than older adults, a result not found Syllables task, and the remaining two lists to
the Baseline condition (no orienting task). Thein previous studies (Experiment 1; Burke et

al., 1991). assignment of list to condition was counterbal-

AID JML 2439 / a001$$$144 07-03-96 11:35:25 jmla AP: JML



599TIP OF THE TONGUE, PRIMING, AND AGING

anced across subjects. The response sheets for compared TOTs for proper versus common
names, combining the Pleasantness and Sylla-the orienting task and the general knowledge

questions were similar to those used in the ble conditions because there were only five
proper names in each condition. There wereprevious experiments except for the addition

of a FOK rating for TOT responses on a 1 to more TOTs for proper than common names
(M’s Å 8.00% and 6.18%, respectively), a7 scale.

Procedure. Subjects completed the demo- marginally reliable effect, t(39) Å 1.40, p Å
.087. We also evaluated whether prior pro-graphic questionnaire and then the orienting

task in which they viewed 44 words presented cessing decreased TOTs because it increased
Know responses, thereby reducing opportu-one at a time in random order via overhead

projector. Each word was preceded by a Pleas- nity for TOTs. An ANOVA on TOTs as a
proportion of trials without correct recallantness or Syllables instruction and subjects

indicated their response on the 5-point Likert yielded the same pattern as above: a signifi-
cant effect of condition, F(2,78) Å 3.30, MSEscale on the answer sheet.

Subjects next completed the vocabulary Å .0060, with a greater proportion of TOTs
in the Baseline condition (M Å 15.1%) thanmeasure, and then the 88 general knowledge

questions in random order. All other instruc- in the Pleasantness (M Å 10.9%), t(39) Å
02.61, or Syllable conditions (M Å 11.8%),tions and procedures regarding the general

knowledge question phase of the test were the t(39) Å 02.10.
The average FOK was virtually identicalsame as in Experiments 1 and 2.

for TOTs in the Pleasantness (M Å 4.85), Syl-
Results lables (M Å 4.90), and Baseline (M Å 5.03)

conditions, F(2,36) Å .10, providing no evi-The proportion of Know and correct TOT
responses were calculated as in Experiments dence that prior processing increased FOK.

To evaluate the accuracy of FOK, we analyzed1 and 2 and analyzed in separate ANOVAs
with condition (Pleasantness, Syllables, or whether FOK was related to whether or not

the subject was attempting to retrieve the cor-Baseline) as a variable. Incorrect TOTs made
up 5.68, 6.59, and 7.16% of responses in the rect TOT word which was provided by the

experimenter after each TOT response. ForPleasantness, Syllable, and Baseline condi-
tions, respectively; they were not included in each subject, gamma correlations were calcu-

lated between FOK and the outcome (correctsubsequent analyses.
As in Experiment 2, Know responses or incorrect) of each TOT, and then averaged

over subjects (M Å 0.31). The averageshowed a main effect of condition, F(2,78) Å
24.33, MSE Å .0137, with more Know re- gamma was significantly different from zero,

t(35) Å 04.25, indicating that higher FOKsponses in the Pleasantness condition than in
the Syllable or Baseline conditions, t’s(39) Å ratings were related to increased correct TOT

responses.2.92 and 6.41, respectively, and more Know
responses in the Syllable condition than in the

DiscussionBaseline condition, t(39) Å 4.14, (see Fig. 5
(left)). Using a design in which only half of the

target words were presented prior to the gen-As shown in Fig. 5 (right), condition af-
fected TOT responses, F(2,78) Å 8.01, MSE eral knowledge questions, we replicated the

reduction in TOTs by recent processing shownÅ .0019, with more TOTs occurring in the
Baseline condition than in the Pleasantness for both age groups in Experiment 1 and for

older adults in Experiment 2. The pattern ofor Syllable conditions, t’s(39) Å 03.79 and
03.28, respectively. There was no difference results for correct Know responses also repli-

cated Experiments 1 and 2: Prior processingin TOTs between the Pleasantness and the
Syllable conditions, t õ 1.0. To test whether improved recall relative to the baseline condi-

tion with a greater effect for the pleasantnessTOTs were at floor after prior processing, we
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FIG. 5. Percentage of Know and TOT responses as a function of prior processing condition for young
adults in Experiment 3.

than the syllables orienting task. Type of prior nation of these prior processing effects be-
cause older adults showed the same effectsprocessing did not, however, affect TOTs, rep-

licating Experiment 2. It is unlikely that this on Know responses in Experiment 2, but no
indication of being aware of the relation be-null effect is caused by floor effects in the

prior processing conditions because proper tween the prior task and the questions.
names elicited marginally more TOTs than

GENERAL DISCUSSIONcommon names in these conditions.
Could the effect of prior processing on This research tested predictions of the

Transmission Deficit model concerning the ef-TOTs be contaminated by an episodic re-
trieval strategy used to resolve TOT states? fect of recent processing on probability of

TOT. Experiment 1 demonstrated that recentTwo aspects of the results are inconsistent
with such strategies. First, the type of pro- pronunciation of a word increased its retrieval

in response to a general knowledge questioncessing manipulation used in Experiment 3
was shown in Experiment 2 to produce the and reduced its vulnerability to a TOT state,

with equivalent effects for young and oldertypical effect of superior episodic recall fol-
lowing the pleasantness compared to the sylla- adults. Experiments 2 and 3 investigated the

loci of prior processing effects by varying thebles orienting task. Thus an episodic strategy
should produce more TOT resolutions for type of processing required for the prior task.

Semantic processing increased correct re-pleasantness than syllables, but there was no
difference in proportion of TOTs between sponses to general knowledge questions for

both young and older adults, but showed nothese conditions. Second, it seems likely that
strategies based on awareness that the answers benefit in reducing TOTs over the phonologi-

cal processing assumed to occur in all the pro-had been presented would enhance confidence
that the answer was known and thus increase cessing tasks. We consider now the implica-

tions of our findings for the mechanisms in-FOK ratings after prior processing. However,
FOK ratings were stable across prior pro- volved in TOTs, repetition priming, and aging

effects on word retrieval and memory.cessing and baseline conditions. These argu-
ments do not, however, apply to the prior pro-

Locus of TOTs and Repetition Primingcessing effect on Know responses because
pleasantness increased responses more than Our findings are consistent with the Trans-

mission Deficit model concerning the causesyllables and there were no FOK ratings. Epi-
sodic search strategies seem an unlikely expla- of TOTs, namely, that weakened connections
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among phonological representations of a word necessarily incompatible with the Wheeldon
and Monsell (1992) naming latency findingstransmit insufficient priming for activation of

the required phonology. These connections because phonological deficits causing TOTs
are unlikely for the common objects they used,are strengthened by production of the word,

either overtly or silently, reducing the likeli- e.g., sun, toe, bell. The high frequency of use
of such words would maintain the strength ofhood of TOTs. This mechanism explains why

naturally occurring TOTs disproportionately phonological connections; testing this predic-
tion requires measuring the effect of phono-involve low frequency words or names of peo-

ple who have not been contacted recently logically similar primes on TOTs for low fre-
quency words, and the predicted priming ef-(Burke et al., 1991) and why resolution of

TOTs is aided by phonological priming (Bren- fect has been found (James & Burke, 1994;
Meyer & Bock, 1992).nen, Baguley, Bright, & Bruce, 1990;

Meyer & Bock, 1992). Within the NST architecture (see MacKay,
1987) the most likely place for phonologicalOur results extend to older adults the previ-

ous findings that young adults’ prior pro- deficits causing TOTs is consistent with
Monsell’s locus for the repetition priming ef-cessing of the answer increases correct re-

sponses to general knowledge questions (Kel- fect: the connections from lexical nodes to
phonological nodes. This is because more con-ley & Lindsay, 1993) and more so with

semantic processing than surface level pro- nections converge on lower level than higher
level phonological nodes, on average, and thuscessing (e.g., Blaxton, 1989; Hamann, 1990).

Semantic processing strengthens connections lower level nodes would be activated more
frequently. This produces stronger connec-among semantic representations of the word,

facilitating lexical access in the subsequent tions that may be asymptotically high in
strength and less sensitive to repetition prim-questions. It does not, however, provide any

benefit over phonological processing in im- ing effects. For example, the node for initial
consonant p (see Fig. 1) would be activatedproving retrieval of the phonological informa-

tion that is inaccessible in the TOT state. for production of any of the hundreds of words
with this initial sound; the node for initial syl-These results also shed some light on the

locus of repetition effects in word production lable pal would be activated to produce any
of the 20 or so words with this initial syllable.more generally. Monsell and his colleagues

have argued that repetition priming effects in However, the lexical node for palindrome
would be activated only for production of apicture naming are localized in the connec-

tions between word meaning and phonology single word, palindrome, and only when this
occurred would the connection to pal beand lexical access is essential (Monsell, Mat-

thews, & Miller, 1992). Wheeldon and strengthened. In sum, the greater the number
of connections converging on a phonologicalMonsell (1992) reported that prior production

of a concrete noun in response to a definition node the more often it will be activated, on
average, strengthening connections. Thus,speeded naming of a picture of the same object

(e.g., sun), but picture naming was unaffected lower level phonological nodes shared by a
large number of connections are an unlikelyby prior production of a homophonic word

(e.g., son; cf. Weldon, 1991). In the latter site for repetition priming effects and for the
transmission deficits which cause TOTs.case, prime and target shared phonology but

not lexical nodes.
Aging, Multiple Memory Systems, andWithin the Transmission Deficit model,

Specific Processesphonological similarity between nonidentical
prime and target words would, in principle, Our results show a pattern of age differ-

ences in TOT frequency and age constancy inreduce the probability of TOTs by strengthen-
ing phonological connections, thus facilitating repetition priming effects. TOTs were more

frequent for older than young adults bothretrieval of phonology. This prediction is not
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when there were age differences in number of implicit memory tasks supports the view that
different brain systems underlie explicit andcorrect answers to questions (Experiment 1)

and when there were not (Baseline condition, implicit memory. Repetition priming effects
in our general knowledge task would be lo-Experiment 2). The one exception was in the

prior processing condition in Experiment 2, cated in a semantic memory system (Keane,
Gabrieli, Fennema, Growdon, & Corkin,but here we concluded that young adults’ TOT

responses were inflated because of a response 1991; Schacter, 1992; Tulving & Schacter,
1990) which is immune to aging. This conclu-bias induced by awareness that the answers

had been presented previously. Note that such sion, however, is incompatible with the find-
ing of age-related increases in TOTs, a deficitawareness on the part of young but not older

adults could not be the source of age differ- occurring within a semantic memory system.
The transfer appropriate processing frame-ences in TOTs because awareness appeared to

inflate, not decrease, TOTs, and age differ- work focuses on specific processes rather than
memory systems. This approach, however,ences in TOTs were found in the baseline

group in Experiment 2 where awareness was also does not easily account for the present
pattern of findings and has had difficulty, innot an issue. Moreover, age-related increases

in TOTs have been found consistently for nat- general, accounting for implicit–explicit
memory dissociations between subject groups,urally occurring TOTs (Burke et al., 1991;

Cohen & Faulkner, 1986) and experimentally most notably amnesics versus normals. Within
this framework, deficits in conceptually driveninduced TOTs (Burke et al.; Maylor, 1990b).

The present findings provide no evidence that processes are the basis for amnesics’ explicit
memory impairment, but contrary to this, am-these increases are caused by age differences

in recency of use because recent processing nesics show preserved priming on conceptu-
ally driven implicit tasks (Roediger et al.,did not reduce the size of the age difference

in TOT frequency. Moreover, older adults’ re- 1989). Likewise with older adults, deficits in
conceptually driven, but not data-driven, pro-duced access to partial phonological informa-

tion was unaffected by recency. cesses would explain the common finding of
impaired explicit memory and preserved repe-The age-related decline in word retrieval

represented by TOTs is notable because per- tition priming. In the present study, however,
we find no evidence for age-related deficits informance based on semantic memory is other-

wise relatively immune to aging effects (e.g., conceptually driven priming.
The Transmission Deficit model postulatesMitchell, 1989). For example, our older adults

scored consistently higher than younger adults an age-linked deficit in a specific process that
is distributed across memory systems, buton vocabulary tests and showed comparable

improvement in Know responses with the se- whose functional effect depends on structural
features of the memory system. This modelmantic orienting task. Semantic priming ef-

fects in word recognition are at least as large differs from other proposals for distributed
transmission deficits in old age (e.g., Myerson,in older as young adults (Howard, 1988; La-

ver & Burke, 1993). Hale, Wagstaff, Poon, & Smith, 1990; Salt-
house, 1988) because the functional effect ofUnder the multiple memory systems ac-

count (e.g., Schacter, 1992; Tulving & deficits varies with the architecture of the
memory system involved in performance. InSchacter, 1990), age-related impairment on

explicit memory1 tasks and age constancy in particular, transmission deficits impair mental
operations involving nodes that have one-to-

1 Age differences in explicit memory are one of the one connections. Speech production depends
most consistent findings in cognitive aging (e.g., Burke &
Light, 1981; Craik & Jennings, 1993). We did not system-
atically assess age-related declines in explicit memory, were used across age (e.g., initial letters of the target

word). To improve recall of older adults, we gave thembut in Experiment 2 cued recall for older adults, but not
younger adults, was at floor when the same retrieval cues longer retrieval cues than those for young adults.
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on transmission of priming along single con- but not another or by processing approaches
in which aging impairs one type of processnections in the phonological system (see Fig.

1), making it vulnerable to transmission defi- but not another. Age-related deficits in trans-
mission of priming can account for the ob-cits, as in TOTs. In contrast, priming in the

semantic system typically involves a large served pattern of age effects, but only by con-
sidering the architecture of the memory sys-number of converging connections. For exam-

ple, semantically related words typically share tem involved. Thus we concur with other
investigators in calling for an integration ofa number of propositions so that semantic

priming summates across these many shared the multiple memory systems and processing
approaches (Roediger & Srinivas, 1993; Shi-connections compensating for an age-linked

transmission deficit (MacKay & Burke, 1990; mamura, 1993).
Laver & Burke, 1993).

REFERENCESRepetition priming is preserved in old age
because it is based on strengthening existing BASSILI, J. N., SMITH, M. C., & MACLEOD, C. M. (1989).

Auditory and visual word-stem completion: Separat-connections in memory. Age-related transmis-
ing data-driven and conceptually driven processes.sion deficits reflect age differences in asymp-
The Quarterly Journal of Experimental Psychology,

totic connection strength, whereas the short- 41A, 439–453.
term change in strength produced by prior pro- BLAXTON, T. (1989). Investigating dissociations among

memory measures: Support for a transfer-appropriatecessing is age constant so that repetition prim-
processing framework. Journal of Experimental Psy-ing effects are equivalent across age. Explicit
chology: Learning, Memory, and Cognition, 15,memory, however, involves additional pro-
657–668.

cesses necessary for forming new connections BRENNEN, T., BAGULEY, T., BRIGHT, J., & BRUCE, V.
required for conscious recollection. Within (1990). Resolving semantically induced tip-of-the-

tongue states for proper nouns. Memory and Cogni-this model, sustained transmission of priming
tion, 18, 339–347.is required for new connection formation and

BROWN, A. S. (1991). The tip of the tongue experience: Aage-related decrease in transmission of prim-
review and evaluation. Psychological Bulletin, 109,

ing impairs new connection formation 204–223.
(MacKay, 1990; MacKay & Abrams, in press; BURKE, D. M., & LAVER, G. (1990). Aging and word

retrieval: Selective age deficits in language. In E. A.MacKay & Burke, 1990; cf. Howard, Fry, &
Lovelace (Ed.), Aging and cognition: Mental pro-Brune, 1991).
cesses, self-awareness and interventions (pp. 281–
300). Amsterdam: North Holland.SUMMARY

BURKE, D., & LIGHT, L. (1981). Memory and aging: The
We have argued that TOTs serve to isolate role of retrieval processes. Psychological Bulletin,

90, 513–554.phonological processes within a conceptually
BURKE, D. M., MACKAY, D. G., & WORTHLEY, J. S., &driven task and that repetition priming in this

WADE, E. (1991). On the tip of the tongue: Whattask involves multiple dimensions of encod-
causes word finding failures in young and older

ing, not just a perceptual–conceptual contin- adults? Journal of Memory and Language, 30, 542–
uum. Specification of processes was aided by 579.

CHALLIS, B. H., & BRODBECK, D. R. (1992). Level ofa model of speech production which describes
processing affects priming in word fragment comple-phonological and semantic retrieval processes
tion. Journal of Experimental Psychology: Learning,for a task like question answering (see, e.g.,
Memory, and Cognition, 18, 595–607.

Dell, 1986; MacKay, 1987). Thus, models of COHEN, G. (1990). Why is it difficult to put names to
the task are helpful in revealing the complex- faces? British Journal of Psychology, 81, 287–297.

COHEN, G., & BURKE, D. M. (1993). A review of memoryity of processes involved in repetition priming
for proper names. Memory, 1, 249–264.effects. We have also argued that the pattern

COHEN, G., & FAULKNER, D. (1986). Memory for properof preserved semantic and repetition priming
names: Age differences in retrieval. British Journal

and increased TOTs in old age is not handled of Developmental Psychology, 4, 187–197.
well by multiple memory system approaches CRAIK, F. I. M., & JENNINGS, J. (1992). Human memory.

In F. I. M. Craik & T. A. Salthouse (Eds.), Thein which aging impairs one memory system

AID JML 2439 / a001$$$145 07-03-96 11:35:25 jmla AP: JML



604 RASTLE AND BURKE

handbook of aging and cognition (pp. 51–110). MACKAY, D. G. (1987). The organization of perception
and action: A theory for language and other cogni-Hillsdale, NJ: Lawrence Erlbaum.
tive skills. New York: Springer-Verlag.DANEMAN, M., & STAINTON, M. (1991). Phonological re-

coding in silent reading. Journal of Experimental MACKAY, D. G. (1990). Perception, action and aware-
ness: A three body problem. In W. Prinz & O. Neu-Psychology: Learning, Memory, and Cognition, 17,

618–632. mann (Eds.), Relationships between perception and
action (pp. 269–303). Berlin: Springer-Verlag.DELL, G. S. (1986). A spreading-activation theory of re-

trieval in sentence production. Psychological Review, MACKAY, D. G., & ABRAMS, L. (in press). Language,
memory and aging: Distributed deficits and the struc-93, 283–321.
ture of new versus old connections. In J. E. Birren &GRAF, P., & RYAN, L. (1990). Transfer-appropriate pro-
W. K. Schaie (Eds.), Handbook of the psychology ofcessing for implicit and explicit memory. Journal of
aging: Fourth Edition. San Diego: Academic Press.Experimental Psychology: Learning, Memory, and

Cognition, 16, 978–992. MACKAY, D. G., & BURKE, D. M. (1990). Cognition and
aging: New learning and the use of old connections.HAMANN, S. (1990). Levels-of-processing effects in con-
In T. M. Hess (Ed.), Aging and cognition: Knowledgeceptually driven implicit tests. Journal of Experimen-
organization and utilization (pp. 213–263). Amster-tal Psychology: Learning, Memory, and Cognition,
dam: North Holland.16, 970–977.

MAYLOR, E. A. (1990a). Age, blocking and the tip of theHOWARD, D. V. (1988). Aging and memory activation:
tongue state. British Journal of Psychology, 81, 123–The priming of semantic and episodic memories. In
134.L. L. Light & D. M. Burke (Eds.), Language, memory

and aging (pp. 77–99). New York: Cambridge Univ. MAYLOR, E. A. (1990b). Recognizing and naming faces:
Aging, memory retrieval and the tip of the tonguePress.
state. Journal of Gerontology: Psychological Sci-HOWARD, D. V. (1991). Implicit memory: An expanding
ences, 45, 215–225.picture of cognitive aging. In K. W. Schaie (Ed.),

Annual review of gerontology and geriatrics (Vol. MEYER, A. S. & BOCK, K. (1992). The tip-of-the-tongue
phenomenon: Blocking or partial activation? Mem-11, pp. 1–22). New York: Springer.
ory and Cognition, 20, 715–726.HOWARD, D. V., FRY, A. F., & BRUNE, C. M. (1991).

Aging and memory for new associations: Direct ver- MITCHELL, D. B. (1989). How many memory systems?
Evidence from aging. Journal of Experimental Psy-sus indirect measures. Journal of Experimental Psy-

chology: Learning, Memory, and Cognition, 17, chology: Learning, Memory and Cognition, 15, 31–
49.779–792.

JACOBY, L. L., & DALLAS, M. (1981). On the relationship MITCHELL, D. B. (1993). Implicit and explicit memory
for pictures: Multiple views across the lifespan. Inbetween autobiographical memory and perceptual

learning. Journal of Experimental Psychology: Gen- P. Graf & M. E. J. Masson (Eds.), Implicit memory:
New directions in cognition, development, and neu-eral, 110, 306–340.
ropsychology (pp. 17–48). Hillsdale, NJ: LawrenceJAMES, L. E., & BURKE, D. M. (1994, April). Resolving
Erlbaum.the tip of the tongue: The role of phonological prim-

ing. Paper presented at the Cognitive Aging Confer- MONSELL, S., MATTHEWS, G. H., & MILLER. D. C. (1992).
Repetition of lexicalization across languages: A fur-ence, Atlanta.
ther test of the locus of priming. The Quarterly Jour-KEANE, M. M., GABRIELI, J. D. E., FENNEMA, A. C.,
nal of Experimental Psychology, 44A, 763–783.GROWDON, J. H., & CORKIN, S. (1991). Evidence

for a dissociation between perceptual and conceptual MORRIS, C. D., BRANSFORD, J. D., & FRANKS, J. J. (1977).
Levels of processing versus transfer appropriate pro-priming in Alzheimer’s disease. Behavioral Neuro-

science, 105, 326–342. cessing. Journal of Verbal Learning and Verbal Be-
havior, 16, 519–533.KELLEY, C. M., & LINDSAY, D. S. (1993). Remembering

mistaken for knowing: Ease of retrieval as a basis MYERSON, J., HALE, S., WAGSTAFF, D., POON, L. W., &
SMITH, G. A. (1990). The information-loss model: Afor confidence in answers to general knowledge

questions. Journal of Memory and Language, 32, 1– mathematical theory of age-related cognitive slow-
ing. Psychological Review, 97, 475–487.24.

LAVER, G. D., & BURKE, D. M. (1993). Why do semantic RICHARDSON-KLAVEHN, A., & BJORK, R. A. (1988). Mea-
sures of memory. Annual Review of Psychology, 39,priming effects increase in old age? A meta-analysis.

Psychology and Aging, 8, 34–43. 475–543.
ROEDIGER, H. L., III (1990). Implicit memory: RetentionLIGHT, L. L. (1991). Memory and aging: Four hypotheses

in search of data. Annual Review of Psychology, 42, without remembering. American Psychologist, 45,
1043–1056.333–376.

MACKAY, D. G. (1982). The problems of flexibility, flu- ROEDIGER, H. L., III, & SRINIVAS, K. (1993). Specificity
of operations in perceptual priming. In P. Graf &ency, and speed–accuracy trade-off in skilled behav-

ior. Psychological Review, 89, 483–506. M. E. J. Masson (Eds.), Implicit memory: New direc-

AID JML 2439 / a001$$$145 07-03-96 11:35:25 jmla AP: JML



605TIP OF THE TONGUE, PRIMING, AND AGING

tions in cognition, development, and neuropsychol- gram solution. Journal of Memory and Language,
29, 389–412.ogy (pp. 17–48). Hillsdale, NJ: Lawrence Erlbaum.

STROOP, J. (1935). Studies of interference in serial verbalROEDIGER, H. L., III, SRINIVAS, K., & WELDON, M. S.
reactions. Journal of Experimental Psychology, 18,(1989). Dissociations between implicit measures of
624–643.retention. In S. Lewandowsky, J. C. Dunn, & K.

THAPAR, A., & GREENE, R. L. (1994). Effects of level ofKirsner (Eds.), Implicit memory: Theoretical issues
processing on implicit and explicit tasks. Journal(pp. 67–84). Hillsdale, NJ: Lawrence Erlbaum.
of Experimental Psychology: Learning, Memory andROEDIGER, H. L., III, WELDON, M. S., & CHALLIS,
Cognition, 20, 671–679.B. H. (1989). Explaining dissociations between im-

TULVING, E. (1983). Elements of episodic memory. Ox-
plicit and explicit measures of retention: A pro-

ford: Clarendon Press.
cessing account. In H. L. Roediger & F. I. M. Craik

TULVING, E., & SCHACTER, D. L. (1990). Priming and
(Eds.), Varieties of memory and consciousness: Es- human memory systems. Science, 247, 301–306.
says in honour of Endel Tulving (pp. 3–41). Hills- TULVING, E., SCHACTER, D. L., & STARK, H. A. (1982).
dale, NJ: Lawrence Erlbaum Associates. Priming effects in word-fragment completion are in-

SALTHOUSE, T. A. (1988). Initiating the formalization of dependent of recognition memory. Journal of Experi-
theories of cognitive aging. Psychology and Aging, mental Psychology: Learning, Memory, and Cogni-
3, 3–16. tion, 8, 336–342.

SCARBOROUGH, D. L., CORTESE, C., & SCARBOROUGH, H. TULVING, E., & THOMSON, D. M. (1973). Encoding speci-
(1977). Frequency and repetition effects in lexical ficity and retrieval processes in episodic memory.

Psychological Review, 80, 352–373.memory. Journal of Experimental Psychology: Hu-
WELDON, M. S. (1991). Mechanisms underlying primingman Perception and Performance, 3, 1–17.

on perceptual tests. Journal of Experimental Psychol-SCHACTER, D. L. (1992). Understanding implicit memory.
ogy: Learning, Memory, and Cognition, 17, 526–American Psychologist, 47, 559–569.
541.SCHACTER, D. L. (1987). Implicit memory: History and

WELDON, M. S., & JACKSON-BARRETT, J. L. (1993). Whycurrent status. Journal of Experimental Psychology:
do pictures produce priming on the word-fragment

Learning, Memory and Cognition, 13, 501–518.
completion test? A study of encoding and retrieval

SHIMAMURA, A. P. (1993). Neuropsychological analyses factors. Memory and Cognition, 21, 519–528.
of implicit memory: History, methodology, and theo- WHEELDON, L. R., & MONSELL, S. (1992). The locus of
retical interpretations. In P. Graf & M. E. J. Masson repetition priming of spoken word production. The
(Eds.), Implicit memory: New directions in cognition, Quarterly Journal of Experimental Psychology, 44A,
development, and neuropsychology (pp. 265–285). 723–761.
Hillsdale, NJ: Lawrence Erlbaum.

SRINIVAS, K., & ROEDIGER, H. L., III (1990). Classifying (Received January 25, 1995)
(Revision received May 31, 1995)implicit memory tests: Category association and ana-

AID JML 2439 / a001$$$145 07-03-96 11:35:25 jmla AP: JML


