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Abstract
This experiment investigated whether phonologicehing of syllables helps resolve tip-of-the-
tongue (TOT) states in young and elderly adultsungp(18-26 years), young-old (60-72 years),
and old-old (73-83 years) adults read general kadgg questions and responded "know,"
"TOT," or "don't know" accordingly. Participantstihread a list of ten words that included three
phonological primes corresponding solely to thstfimiddle, or last syllable of the target word.
Young and young-old adults resolved more TOTs diftet-syllable primes, but old-old adults
showed no increase in TOT resolution following @niynes. These results support the
Transmission Deficit hypothesis in that presentatibthe first syllable of a missing word
strengthens the weakened phonological connecti@misause TOTs and increases word
retrieval, but not for old-old adults who experiergreater deficits in the transmission of priming

across these connections.
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Does Priming Specific Syllables During Tip-of-thefigue States Facilitate Word Retrieval in
Older Adults?

The tip-of-the-tongue (TOT) phenomenon has beerhyistudied as a naturally
occurring retrieval failure that is characterizgdatemporary inability to recall a known word
(R. Brown & McNeill, 1966). TOTs occur for peopléall ages but are a particularly common
complaint in older adults. Age differences in T@i€idence have been assessed both in the
natural environment and in the laboratory. Compé#&oegbung adults, older adults generally
report having more TOT states, fewer alternate somdd less phonological information about
the target word, such as number of syllables et &nd last letters (e.g., Burke, MacKay,
Worthley, & Wade, 1991; Cohen & Faulkner, 1986;#giOber, & Shenaut, 1999). One
explanation for these findings is that older adblse greater difficulty activating the necessary
phonology to facilitate word retrieval, resultimgmore TOTs and less awareness of
phonological information (e.g., Burke et al., 199ames & Burke, 2000). The purpose of the
present study was to isolate specific syllables wibrd and measure the effect of repetition of
these syllables on helping older adults to retr@weissing word.

The idea of reduced activation in a TOT state isneov; TOTs in general are thought to
result from insufficient activation of the targetrd (e.g., Burke, MacKay, & James, 2000;
James & Burke, 2000; Kohn, Wingfield, Menn, GoodgleGleason, & Hyde, 1987; Meyer &
Bock, 1992; Perfect & Hanley, 1992). Node Strucflineory (NST; Burke et al., 1991,
MacKay, 1987; MacKay & Burke, 1990; for discussiafi®ther recent theories, see Harley &
Bown, 1998; Miozzo & Caramazza, 1997) specifiesarmecisely that word retrieval failures
result from insufficient priming of the connectiobstween lexical and phonological nodes.

Connections between a lexical node (e.g., placabd)ohonological nodes (e.g., the syllables
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Ipla/, Icel and /bo/) are especially susceptibleséakening from infrequent and non-recent use
because of the architecture of the phonologicdksyswhere nodes are linked by a single
connection. For example, Figure 1 depicts the Wplacebo” and its corresponding nodes in the
semantic and phonological systems. The syllablesdgb /, /Ce/, and 7bo/ each have only a
single connection to the lexical noplacebo, indicated by dashed lines. In order for complete
retrieval of a word to occur, each of these syaiddes must be activated, in sequential order.
According to NST, during a TOT state, the wordnglble to be retrieved because sufficient
priming (enough for activation) is not transmittedl| of the necessary phonological nodes,
even though some of these nodes may get activetesl‘incomplete” activation explains why a
TOT experience might involve the feeling that theget word begins with “p”, but the word
cannot be recalled in its entirety because the ir@gngaphonology (i.e., 8 -te-bo/) is not
activated.

A corollary of NST, the Transmission Deficit hype#is (TDH; Burke et al., 2000; Burke
et al., 1991; MacKay & Burke, 1990), extends tlusaunt of TOTs to older adults by
postulating that the normal aging process (in &aluito infrequent and nonrecent word use)
weakens the strength of the connections betweeesnoésulting in more word retrieval failures
for older adults. This weakening results in a réiduncin the transmission of priming between
elderly adults’ nodes (possibly due to neural stayyiproduced by increased synaptic delays;
MacKay & Burke, 1990), which makes word activat{@and thus retrieval) more difficult.
Therefore, older adults will have particular ditfity activating nodes via connections that are
already susceptible to transmission deficits (&gtween the phonological and lexical nodes).
These reductions in the transmission of priminglthage predict an increase in the number of

TOTs for elderly adults, which has been demondratenultiple studies (e.g., Burke et al.,



Does Priming Specific 5

1991; Cohen & Faulkner, 1986; Heine et al., 1999).

Although TDH postulates transmission deficits ftites adults in general, there has been
little attempt to outline trajectory for the increase in transmission dksfigcross old age. That
is, research has yet to specify the rate at winebe deficits progress in old age. Recent
evidence has suggested that different age grouglslefly adults may differ in the nature and
amount of transmission deficits. Old-old adult$hair 70s and 80s sometimes shgneater age-
related declines than young-old adults in repetipaming (e.g., Davis, Cohen, Gandy,
Columbo, VanDusseldorp, Simolke, & Romano, 1990ts¢h, Masson, & Small, 1991; Jelicic,
Craik, & Moscovitch, 1996; Maylor, 1998), in writtespelling ability (MacKay & Abrams,
1998), and in word naming performance on the Boblaming Test (e.g., Au, Joung, Nicholas,
Obler, Kass, & Albert, 1995; Mitrushina & Satz, H)9Given the broad nature of these age-
related declines, one might predict an exacerbati@ye-related difficulties pertaining to TOTs
for the old-old adults, and recent evidence supbis claim. Heine et al. (1999) investigated
TOT incidence, TOT resolution time, and resolufiollowing an orthographic cue in young
adults, young-old adults (ages 60-74), and oldaoldits (ages 80-92). They found that the old-
old adults had more TOTSs, longer times to resol@d 3, and less facilitation from orthographic
cues than did the young-old adults.

In prior research on TOTs, TDH has not been usexpiain differential patterns of age-
related decline between young-old and old-old adifowever, because TDH predicts a
decrease in connection strength with increasingiagan be argued that this weakening
progresses throughout old age, resulting in thekestaconnections for the oldest adults.
Fortunately, TDH provides a mechanism by which vee&kl connections can be strengthened:

Repeated activation of the phonological and lexacales strengthens connections and should
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offset age-related transmission deficits. Indepahdéage, activating a word frequently or
recently will strengthen the connections betweenpiionological nodes. Correspondingly,
words that are not activated frequently are moseaptible to TOTS (e.g., Harley & Bown,
1998). In addition, recent presentation of a waedrdases the likelihood of later having a TOT
for that word (Rastle & Burke, 1996).

TDH also makes predictions regarding the acceggibil an alternate word when in a
TOT state. A persistent alternate (Burke et al9119ones, 1989; Reason & Lucas, 1984) is a
word that involuntarily comes to mind during a T&fate and is not the one intended for
retrieval. TDH predicts that older adults will es$ likely to have a persistent alternate word
when they are in a TOT state because their wealkm@rections make activation of any word
difficult, even the wrong one. This prediction Hmeeen supported in the literature (e.g., Burke et
al., 1991; Cohen & Faulkner, 1986; Heine et al99)9

The role of phonology in causing TOTs and in reing persistent alternates suggests
that activation of phonological information is aél for word retrieval to occur; therefore,
recent presentation of phonological informationidtdonfluence the probability of resolving
TOTs, i.e., retrieving the missing word. Studiegesolving TOTs have shown that cues that
share phonology with the target word increase T€sblution: Word retrieval is more likely to
occur if words or letters that share phonology whi# target word are presented during a TOT
state (e.g., Kozlowski, 1977; Heine et al., 199@ykr & Bock, 1992; Perfect & Hanley, 1992).
However, these studies used a cueing paradigm gwdaticipants were aware that the cue
might be related to the target word. Therefore,tiseease in target word retrieval in these
studies may reflect strategic, conscious retripvatesses used by participants to help recall the

target word (see James & Burke, 2000, for furthgcussion of cueing). This issue is especially
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relevant to old age because older adults geneasdlyess able to utilize conscious recollection
strategies (e.g., Light & LaVoie, 1993), which adlmiite to age-related declines on many
explicit memory tests.

To minimize the role of conscious strategies, JaamesBurke (2000) examined the
effects of phonological priming on TOT resolutionfresenting young and older adult
participants with words that cumulatively contairedidof the syllables of the target word. For
example, if participants had a TOT for the targetdwabdicate, they read aloud primes that
included the following words: alract, indgent, truncatetradtion, and locateUse of a
pronunciation difficulty rating task to present thierds kept participants unaware of the
relationship between the primes and the target widndir results indicated that, when primed
after experiencing a TOT, young and older adultswadently resolved more TOTSs after
pronouncing a phonologically related list than mfteonouncing a list of unrelated words. James
and Burke concluded that phonological priming dfsgeakened phonological connections that
cause TOTSs, increasing the likelihood of node atin and thus increasing word retrieval in
both young and older adults.

Independent of age, Abrams and White (2001; Expantr2) used a TOT priming
paradigm with young adults to investigate if woetrieval could be facilitated by exposure to a
single syllable of the target word, rather thangh&re phonology as in James and Burke (2000).
College students pronounced aloud or read silgmitges that containeohly the first, middle,
or last syllable of the target word. The resultsveid that first-syllable primes increased TOT
resolution relative to a list of unrelated wordscontrast, middle-syllable and last-syllable
primes had no impact on word retrieval. Therefdre,first syllable seems to be a critical

determinant in that its activation is essentiaMird retrieval to occur during a TOT state.
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The present experiment expanded on the findingsocims and White (2001) by
examining if there are age-related differenceshionmlogical priming of specific syllables
during TOT states. Age-invariant priming effects caly occur if a single syllable is sufficient
phonological information to enable elderly aduttsttivate the phonological nodes for word
retrieval.We predicted that young-old adults in the presamdyswould show phonological
priming from first-syllable prime$riming the connections to the first syllable of target word
enabled word retrieval in young adults (Abrams &i&h2001), who have shown phonological
priming effects during TOT states similar to oldelults (James & Burke, 2000). In contrast, the
old-old age group is expected to exhibit reduceohplogical priming relative to the young-old
age group, due to greater transmission deficipgiming across existing connections.

The finding that young adults in Abrams and Whi@(1) could not benefit from
middle- and last-syllable primes to facilitate woedrieval was predicted by NST, which states
that there is a sequential order of activation thast occur for successful word retrieval, i.eg, th
first syllable of the word must get activated filSven if the middle or last syllable is primed,
these syllables will not facilitate word retrievalless the first syllable is already activated.
Therefore, it is unlikely that either group of oldelults will exhibit priming from middle- and
last-syllable primes, especially with their ageatetl transmission deficits.

Method
ParticipantsParticipants included 60 young (who were testeflirams & White, 2001, under
identical conditions; 18-26 years,#40.29, S[>1.58), and 80 older adults. The older adults
were divided into two groups based on the overathmage (M72.0), yielding 40 young-old
(60-72 years, M66.73, S[>3.64), and 40 old-old (73-83 years=k¥r.28, S[>3.34) adults.

Young adults were recruited from introductory psylolgy and cognitive psychology classes at
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the University of Florida and received course drediextra credit for their participation in the
experiment. Older adults were randomly selectenhfitoe Cognition and Aging Laboratory
Participant Pool at the University of Florida andre/paid $8 an hour for their participation.
Participants in this pool were recruited from locedanizations in the Gainesville area and from
the University of Florida Alumni Association. Alggticipants were asked to complete a
guestionnaire assessing their age, ethnicity, y&aeducation, vision, hearing, and health. They
also completed the Nelson-Denny Vocabulary Tedt Brown, 1960), and a forward and
backward digit span test. Older adults completedMimi Mental State Examination (MMSE;
Folstein, Folstein, & McHugh, 1989), a standard takstatus exam used to measure a person's
basic cognitive skills.

The means and standard deviations for the youmggrold, and old-old adults'
background characteristics can be seen in Talibné-way ANOVAs revealed significant
differences on education(Z 134) = 27.48, MSE 5.38, p< .001 and Nelson-Denny
vocabulary scores,(E, 132) = 69.29, MSE 7.90, p< .001. Bonferroni tests revealed that both
groups of older adults had significantly more ye#reducation (p < .001) and higher scores on
the Nelson-Denny vocabulary tess(g .001) than young adults, with no differencesveen the
two groups of older adults §p> .152). The three age groups did not differafireported
ratings of health_(pr .25), forward digit spans @ . 09), or backward digit spans¥p62).
Young-old and old-old adults did not differ on MMSEores (p> .24).

Materials.Five types of materials were used in the experin{éh general knowledge questions
that corresponded to the target words, (2) thremplogically related word lists and one
unrelated word list per target word, (3) three griwords per syllable of each target word, (4) a

recognition test that was given after all generaidedge questions were presented, and (5) a
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post-experiment questionnaire that was given atdnepletion of the experiment.

Ninety general knowledge questions were used todad OT states. Sixty of the target
words and questions were taken from those genebgtpdst researchers (Burke et al, 1991;
Jones, 1989; Kohn et al., 1987; Meyer & Bock, 1992&)did not include proper names. The
remaining thirty target words were taken from Nalsmd Narens (1980) and Francis and Kucera
(1982) word norms and were low-frequency wordss(tean 10 in one million). Definitions for
the remaining words were found in Webster's New M/@ollege Dictionary (Neufeldt &
Guralnik, 1997). Only words with three or four sjdles were used as target words; at least three
syllables were necessary in order to assess teet@f a middle syllable on TOT resolution.
Fifty-two words contained three syllables and 38dsccontained four syllables.

For each target word, a primed list containingéhphonologically related words
(primes) and seven unrelated words (fillers) wasegated, as was an unprimed list containing
ten unrelated words (see Appendix). In the relégegdthe three primes were phonologically
related to only one syllable, either the first, died or last syllable of the target word.
Phonological spellings for the target words andrtb@responding primes were taken from
Webster's New World College Dictionary (Neufeldt@uralnik, 1997) in order to match the
target and prime word phonologically. The distribntof consonant and vowel clusters (e.g.,
CVC, CV/CCV, V/VC) in each syllable position wasngliar across all target words. All
unrelated words served as filler items and werenplugically and semantically dissimilar to the
target. Words in both the related and unrelated \iaried in number of syllablessich that each
list contained words ranging between one and fijflalsles. The primes were positioned in the
list so that no two primes appeared consecutiy@iyes were placed in positions one, four, and

eight, positions two, five, and nine, or positidghsee, six, and ten.
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The choice of which syllable to prime was deterdinandomly by the computer
program so that each syllable (first, middle, lastelated) had equal probability of being
primed. However, the computer program ensuredaheg one syllable had been primed (e.g., a
list priming the first syllable was presented),ttbylable would not be primed again until all
other syllables (e.g., the lists priming middle dest syllables and the unrelated list) had
appeared once. Hence, if participants reportedigamnly four TOTs, they would be given one
list priming the first syllable, one priming theaddie, one priming the last, and one unrelated, in
a random order. These precautions were taken toeergual probability that any syllable might
be primed on any given occasion and to minimizdiketihood of intentionally using the primes
as cues. For example, the repetition of the fyBakle in first-syllable primes might have been
noticeable to participants, but first-syllable pesnwould not occur on consecutive TOTs and
therefore could not be used as a retrieval strabegy regular basis.

To prime the middle syllables of four-syllable wwerwe combined the two middle
syllables of the four-syllable words into one pmgicondition. That is, each four-syllable word
received either one prime for the first middle algle and two primes for the second middle
syllable, or two primes for the first middle syllatand one prime for the second middle syllable.
For example, the worchalibration might be assigned one prime for the /i/ syllabla] two
primes for the /bra/ syllable.

Of the 90 target words, 15 were considered fille¥sause they were always primed for
only one of the three syllables across all paréiotp. Due to the unique phonology in some of
the syllables of these 15 words (e.g., /nomahétronome), it was impossible to find three
primes for each syllable, and therefore we onlyned one of their syllables. Five targets were

always primed with first syllable words, five waakvays primed with middle syllable words,
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and five were always primed with last syllable war@hese stimuli were included in the target
list because other studies have shown them td Blgih numbers of TOTs, which would help
participants to better identify when they were INQT state; however, they were not included in
any of the statistical analyses.

A recognition test was constructed in order toficonthe validity of TOT responses.

Any question that was not resolved during the a@rpemt was given in the recognition test. It
was assumed that if participants were truly expeiieg a TOT, they should have been able to
recognize the answer as the word they were thingfrvghen given a choice. Each general
knowledge question was assigned four possible asswéhe test: the correct (target) answer
(e.g., abdicate), a word that was semanticallytedl#o the target (e.qg., relinquish), a word that
was phonologically related to the target (e.g.pghte), and a word that was semantically and
phonologically unrelated to the target (e.g., pnesu The answers were counterbalanced so that
the target (correct) word appeared equally oftearassver choice (a), (b), (c), and (d).

A post-experiment questionnaire was verbally giteethe participants in order to assess
any awareness of the priming manipulation as weparticipants’ intention to use the primes as
cues to facilitate retrieval. The awarengasstions asked participants if they noticed any
relationship between the reading words task angé¢neral knowledge questions, and if so, to
describe that relationship. The intentionatityestions asked participants if they intentionally
used the reading words to try to generate answdlsetgeneral knowledge questions; if so,
follow-up questions asked for a specific examgie, goint at which participants realized the
relationship and the factors that caused thiszatin, and whether this strategy was used for
later questions.

ApparatusThe experiment was performed on Pentium Il, 350zZMBM compatible computers.
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The program was generated using the Visual Basigramming language.
ProcedureParticipants were given the background charatiesiquestionnaire, the Nelson-
Denny vocabulary test, the digit-span tests, atigely were older adults, the MMSE. They then
read written instructions as to what to expectmyithe experiment. Participants were also given
a verbal explanation of the TOT phenomenon: “Yopegience a TOT every time you are
unable to retrieve a word that you are certain kioow. When experiencing a TOT, you know
the word’s definition, you know how you want to usm a sentence, and sometimes you can
say what letter it starts with or what it soundtgl{i.e., the word is on the ‘tip of your tongue’).
Sometimes you are able to produce the word’s symobwut the EXACT word just won't come

to mind at that moment.”

After presentation of each general knowledge gomesparticipants were asked to make a
choice as to whether they knew the answer, diknotv, or were in a TOT state. If they did not
know the answer or were in a TOT state, they weke@to either read silently or to pronounce
aloud a list of ten words that contained eithee¢hprimes and seven unrelated words, or all
unrelated words. Each word appeared on the scoeeéhS seconds. The participants either read
aloud or silently for the first half of the expeent, then switched to the alternative task for the
second half of the experiment. This manipulatiors wedevant to the role of production in TOT
retrieval, which was outside the scope of this papel was not analyzed here, namely because
both aloud and silent production facilitated TO$akition (Abrams & White, 2001).

Participants were not told that these words coeldgbated to the TOT task. After completion of
the reading task, participants were given the guestgain and asked if they knew the answer. If
they knew it, they responded and proceeded toekequestion. If they still did not know or

were in a TOT state, they were instructed to sagthdr or not any alternate word kept coming



Does Priming Specific 14

to mind. That is, they were instructed to providg &ord they thought of, which they knew was
not the correct answer, but which they could notoge of their mind. If they had no persistent
alternate, or after they provided one, they proeded the next question.

If the participants knew the answer after readimgduestion, they stated the word aloud.
After responding “know,” participants received dset of the unrelated list, with either four or
six words to pronounce or read silently. This matapon was included in order to reduce the
likelihood that participants would deduce thatwwrds they read while in a TOT state were
related to the target word, since they would readd# on every trial, regardless of their
response. After all 90 questions had been attemtiteg were given the recognition test for
those words to which they continually responded*tdknow” or “TOT.” The recognition test
provided them with each question followed by fohoices from which to choose the correct
answer.

An experimenter assisted each participant thrabgtexperiment and typed all responses
into the computer. This measure was taken in dadeontrol for any difference in old and
young adult performance that might be due to |dakxperience with a computer and to control
the time course of all responses. All responsesrbgdhe participants were tape-recorded, and
all questionable responses were double-checkeatcfauracy. After the experiment was
completed, participants were verbally given thetygo@eriment questionnaire. They were then
debriefed and thanked for their participation.

Results

Awareness and Intent

Before measuring priming, responses on the postrérpnt questionnaire were

categorized to assess awarerwgbie priming manipulation and intetat use the primes as cues
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to facilitate retrieval. This assessment was cotetlifirst in order to eliminate potential
participants who intentionally used the primeseatplhword retrieval. Participants were
categorized as “aware” if they reported noticinglationship between the primes and the targets
and could accurately describe the relationshipnaswhere the primes shared phonology (e.g.,
shared part of word or similar sound) with the ¢tngord.Intent was categorized as successful
when participants accurately described a relatipnsétween the primes and the TOT target
word, and they reported an ability to use thistreteship to facilitate word retrieval on at least
one occasion (there was no way to discern the nuoflisnes that participants successfully

used a strategy to resolve TOTS).

The responses were categorized into three typawafeness and four types of intent,
and the percentages of participants that fell @aoh category are shown in Table 2. One young
adult and one old-old adult were excluded for rantihg completed the post-experiment
guestionnaire. A chi-square test of independentie Age and Awareness as factors was
significant,x*4) = 18.96, p< .001. Follow-up chi-square tests indicated défdial patterns of
awareness between young and young-old aduks.(32) and between young and old-old adults
(p <.001), where the two older adult groups wereearadten unaware of a relationship between
the primes and target words. Furthermore, youndfademonstrated greater specificity in
describing the relationship by stating that theti@hor first part of word” was present in the
primes, whereas young-old or old-old adults motgrotiescribed the relationship more vaguely
as “sharing sound or some portion of word”.

With respect to intentional attempts to use prinaeshi-square test of independence with
Age and Intent as factors was significg{i(g) = 18.21, p< .006. Follow-up chi-square tests

revealed differences in the pattern of intent betwgoung and young-old adults€p047) and
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between young and old-old adults{p002). Generally, most participants did not repaaking
an attempt to intentionally use the primes; howewden an attempt was made, it was more
often made by young adults, who were generally ceesssful in their attempts (i.e., trying to use
the primes to aid retrieval but were unable to o Monetheless, in order to ensure the implicit
nature of our priming task for all age groups, weladed from all subsequent analyses those
participants whontentionally and successfully used the primes to facilitate retrieval, i.e., 8
young adults and 3 young-old aduits.
Priming

Means and standard deviations for the percentageroéct resolution following each
syllable priming condition were computed for “ddatow” responses and “TOT” responses (see
Table 3). A 3 (Age: Young, Young-old, Old-old) X8yllable: First, Middle, Last, Unrelated) x
2 (Initial Response: Don’t Know, TOT) ANOVA was pemmed on percentage of correct word
retrieval. This analysis was performed by partinisaonly because an item analysis eliminated
100% of thestimuli due to missing responses in at least orteesyllable conditions. Seventeen
young, 21 young-old, and 21 old-old adults (46%lowvere excluded from participant analyses
for not having at least one TOT or Don’t Know irckaf the four syllable conditions. The Age
x Syllable x Initial Response interaction was digant, {6, 195) = 2.47, MSE .07, p< .025.
Further investigation of this interaction reveadesignificant Age x Syllable interaction for
“TOT” responses, (6, 195) = 2.88, MSE .10, p< .01, but not for “don’t know” responseg6i-
195) = 1.38, MSE= .04, p> .226. The syllable main effect for “don’t know€sponses was also
nonsignificant (p> .888), suggesting that there was no differenceard retrieval following the

three syllable conditions compared to the unrelatedition.
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To further explore the Age x Syllable interactiam fTOT” responses, a 3 (Age) x 4
(Syllable) ANOVA? was performed on the percentage of correct rasalfibllowing TOT
responses; eliminating “don’t know” responses fithv design allowed 16 additional
participants to be included in analysis. This asiglyevealed no main effect of Age<H, but
yielded a significant main effect of Syllablg3F246) = 8.50, MSE .11, p< .001, and a
significant Age x Syllable interaction(&; 246) = 2.12, MSE .11, p< .05. A planned
comparison of the three age groups on percentagesolution in the unrelated condition
showed that the three age groups did not diff¢ihémr baseline TOT resolutidip > .344). To
examine priming effects, planned comparisons weaadenbetween each primed syllable (first,
middle, last) and the unrelated condition for eagé group. For young adults, these
comparisons indicated a significant priming effg&., difference between syllable and
unrelated) for first-syllable primes .004), with no priming for middle syllable ¢&.269) or
last syllable (p> .744). For young-old adults, these comparisndgated a priming effect for
first-syllable primes, (< .004), but no priming effects for the middleXp326) or last syllable
primes (p> .354). For old-old adults, there were no sigaifit priming effects for first syllable
(p > .311), middle syllable (p .097), or last-syllable primes £p.170)* A planned comparison
on first-syllable priming showed that young and rygiold adults exhibited similar amounts of
first-syllable priming, < 1.

Initial Responses to the Questions

Percentage of initial responses to general knovdepgpstions (for participants included
in the priming analyses) are presented in Tabke Hesponse was considered correct only if
participants provided either a correct answer éoghestion following a “know” response, or a

correct response on the recognition test follovarf@OT” response. Excluding incorrect
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responses, a 3 (Age) x 3 (Response: correct “knoaryect “TOT,” and “don’t know”) ANOVA
was performed on the proportion of initial respagsing both participants IfFand items (E)
as the units of analyses. Significant main effettage, F1(2, 82) = 8.24, MSE .01, p< .001,
F2(2, 148) = 17.72, MSE .01, p< .001, and Responsel@, 164) = 43.85, MSE .02, p<
.001, (2, 148) = 21.86, MSE .10, p< .001, were found, but were moderated by a sgamt
Age x Response interactionl @, 164) = 7.69, MSE .02, p< .001, (4, 296) = 19.26, MSE
.02, p< .001. Further analysis of the interaction shogigdificant age differences for the
correct “know” responses,1k2, 82) = 4.24, MSE .02, p< .018, (2, 148) = 9.30, MSE .02,
p <.001, and for the “don’t know” response&(E 82) = 13.48, MSE .02, p< .001, (2, 148)
=40.75, MSE= .01, p< .001. Specifically, young adults made fewer eorfknow” responses
than either young-old adultsgpx .026) or old-old adults $p< .012), who did not differ §o>
.669). In contrast, young adults made significantlyre “don’t know” responses than both
young-old adults (p< .001) and old-old adultsgp: .001), who did not differ §> .307).

Age differences for correct “TOT” responses in termoh absolute number of TOTs were
significant only in the item analysis1@, 82) = 2.14, MSE .01, p> .125, (2, 148) =4.72,
MSE = .01, p< .01, such that young adults had more TOTs thadold adults (p<.01) and
marginally more TOTs than young-old adults{06). However, other studies (A. S. Brown &
Nix, 1996; Burke et al., 1991; James & Burke, 208&ye used a proportional analysis to take
into account elderly adults’ greater number of “‘Wfisesponses, which reduces their
opportunities for TOTSs. In these proportional asak, TOTs are calculated as a proportion of
unsuccessful retrievals, where participants ateseiinable to retrieve a word or recall an
incorrect word. We modified this analysis slightilydefine an unsuccessful retrieval as one

where no word was retrieved; TOTs were therefoleutated as the proportion of correct TOT,
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incorrect TOT, and Don’t Know responses (all Kne@sponses, correct and incorrect, were
excluded, since older adults had a greater nunfdastb types of Know responses). A one-way
ANOVA with Age was performed on the percentagemfect TOTs as a function of
unsuccessful retrievals and revealed a signifieffiett of Age, B(2, 82) = 5.59, MSE.02, p<
.005, (2, 148) = 3.57, MSE .03, p< .031. Young adults had proportionally fewer TQfan
either old-old adults (b< .008, 2 < .063) or young-old adults{p< .061, @ <.019), with no
difference between young-old and old-old adults ¥p999, 2 > .588).

Persistent Alternates

A one-way ANOVA on percentage of TOTSs for whicheagstent alternate word
occurred revealed a marginally significant Age effia the item analysis only, although the
trend was the same in both analysdg2F83) = 1.31, MSE .097, p> .276, (2, 106) = 2.99,
MSE = .13, p< .055. Bonferroni tests on the item analysis gobthat old-old adults (M=
39.1%, M2 = 32.1%) had fewer persistent alternate wordsdwa TOT state than young adults
(M1 =49.4%, N2 = 46.8%, p< .016) and marginally fewer alternates than yealugadults (M
=52.6%, M = 47.4%, p< .074), with no difference in number of repor&dtrnates between
young and young-old adults §.935).

Discussion

This study tested the effect of phonological prighof specific syllables on TOT
resolution in old age. Both young (aged 18 to 2f) young-old adults (aged 60 to 72)
experienced an increase in TOT resolution whenrgiiwst-syllable primes, whereas old-old
adults (aged 73 to 83) did not exhibit any primifige young-old adults’ results are consistent
with Abrams and White (2001), who showed that tret §yllable was more critical for resolving

TOTs in young adults than the other syllables. Bino James and Burke’s (2000) findings of
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age-invariant phonological priming, young-old aduit our study showed the same amount of
first-syllable priming as young adults, suggestingt there is no age-related decline (for young-
old adults) in the ability to implicitly utilize fst-syllable information when in a TOT state.

These results are consistent with TDH and dematesthat young-old adults (as well as
young adults) can overcome their transmission defand activate a word’s phonological nodes
when primed with only a single syllable. James Botcke (2000) found that older adults were
able to overcome their transmission deficits whemed with complete word phonology. Their
results suggested that priming all syllables argeét word was sufficient to activate all of the
phonological nodes for a target word. However,gresent study suggests that providahigof
the phonology is not necessary; the initial sylkatdn be sufficient to overcome the transmission
deficits in priming that accompany normal agingidgra TOT state. The transmission deficits
that precipitate TOTs are comparable in severityyémung and young-old adults, except that
young-old adults simply suffer more transmissiofiaits, yielding more frequent TOTs in
everyday life.

In contrast to the young-old adults, old-old adedthibited no significant priming in
TOT resolutionWith respect to TDH, these results suggest thatrémesmission deficits across
old-old adults’ connections were greater, makirgntiess able to resolve TOTs even when
presented with first-syllable primes. Because JaanesBurke (2000) did not include a separate
age group of old-old adults (their older group maga was 71.8 in Experiment 2), it is
impossible to determine whether presenting theeptionology of a word will lead to
resolution in this age group. Our research, aloitly similar research on TOTs in two elderly
groups by Heine et al. (1999), indicates the neatbtument the severity of transmission

deficits among different age groups.
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Although Heine et al.’s (1999) old-old adults diok show as much orthographic
facilitation as their young-old adults, they ssilowed increased resolution following
orthographic cues compared to semantic cues. Tusf suggests a qualitative difference in
the priming versus cueing techniques. That igpjtears that adults of all ages are able to benefit
from an explicit retrieval search induced by phagodally or orthographically related cues in
the TOT paradigm, contrary to other findings oflefficacy in old age when using conscious
recollection (e.g., Howard, 1988; Hultsch & Dixd®90; Titov & Knight, 1997). However,
when these conscious strategies are eliminate®ih reétrieval, old-old adults do not benefit
from presentation of phonological primes to the sa&axtent as young-old adults.

Other issues that are important to this TOT redesnclude (1) differences in the types
of initial responses and in the number of perstsdéiernates made by the different age groups,
and (2) evidence that our paradigm manipulatedipgrand not explicit cueing. Young adults
reported significantly fewer correct “know” respessand significantly more “don’t know”
responses than young-old and old-old adults. Tfierdnce in the “know” and “don’t know”
responses is not surprising, as many of the tavgeds were infrequently used words. Older
adults have had a lifetime to accumulate a largmabolary, as evidenced by their superior
performance on the Nelson-Denny Vocabulary test,rexturally know more words than young
adults.

There were also age differences in the proportfoh@r's such that young-old and old-
old adults had a greater proportion of TOTs re&atv other unsuccessful retrievals than did
young adults. This result is consistent with resle@an both naturally occurring and laboratory-
induced TOTs (A. S. Brown & Nix, 1996; Burke et d1991; Heine et al., 1999; James & Burke,

2000) and can be attributed to older adults’ weakanections between the lexical and
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phonological nodes for a word (see Burke et aB1)9The age difference in absolute number of
TOTs is understandable, given that both groupdd&radults had more “know” responses and
fewer “don’t know” responses, suggesting that thag greater knowledge of the particular
words used than young adults and therefore hadgssrtunity to have TOTs on these stimuli.
Furthermore, our stimuli did not include proper manfor target words, which are the most
likely words to induce TOTs in older adults (eBurke et al., 1991; Cohen & Faulkner, 1986).

Consistent with Heine et al. (1999), our resultidgated that young and young-old adults
were more likely to report an alternate word whea iTOT state than old-old adults, which
supports TDH’s assumption that elderly adults'smaission deficits make it difficult to activate
phonological information about the target word.tRarmore, young and young-old adults did
not differ in number of persistent alternates, figicing the conclusion that the transmission
deficits of old-old adults fundamentally differ frothose of young-old adults.

With respect to the effectiveness of the primingasure as implicit, there were several
indicators that the participants were not usingphmes as cues. First, we excluded participants
from analysis who acknowledged making attemptsstothe primes explicitly to facilitate
retrieval. Second, word retrieval was facilitated hoth young and young-old adults only when
participants reported being in a TOT state; no prgreffect was found when participants
responded “don’t know” to a question. This rescitpsistent with James and Burke (2000),
suggests that participants did not use explicihisctus attempts to link the primes to a known
word, or there would have been an increase inuésal after responding “don't know”.

Third, the post-experiment questionnaire to deiteereach participant’'s awareness of the
primes and intent to use the primes revealed tahg adults were more aware of a relationship

between the prime words and the TOT questions lb#myoung-old and old-old adults. The
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finding that young adults were more aware of thati@nship is not surprising; young adults are
often more aware of relationships on implicit taskkich frequently results in an intention to
use the relationship, making an implicit task iatoexplicit one (Bowers & Schacter, 1990;
Neill, Beck, Bottalico, & Mollory, 1990; Rybash &sborn, 1991). However, even though the
young adults exhibited greater awareness than yolthgdults of the relationship between the
primes and the targets and could more specificiBcribe the relationship in terms of the initial
portion of the target word, they did ndiffer from young-old adults in the amount of riegimn
following first-syllable primes. If young adults thébeen able to use their greater awareness to
facilitate word retrieval, we would expect thend@monstrate a higher proportion of resolution
than young-old adults, who were less aware of #i&tiag relationship.

In conclusion, phonological priming appears toéhdifferential effects on young, young-
old, and old-old adults’ word retrieval. This fimgdj has implications for the structure of our
semantic and phonological systems. NST and TDH Wdsc1987; MacKay & Burke, 1990)
assert that the connections between nodes in thargie and phonological systems weaken with
increasing age. Our results extend this hypoth®siustrating breakdowns among specific
connections within the phonological system whea TOT state (i.e., middle and last syllables
are less effective in facilitating retrieval) angldlemonstrating greater transmission deficits in
old-old adults who were unable to benefit from prigneven to first-syllable nodes. These
results emphasize the importance of determinirvghath point transmission deficits begin to
occur, on which connections the transmission dsflzave their largest effect, and if the deficits

can be reversed or nullified through recent andueat activation of nodes.
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Appendix

Example General Knowledge Question, Target Wortné&s, and Filler Words

Related Syllable Primes Fillers
Question Target Word First Middle Last Unrelatedrdéo
What word means  abdicate tappet tappet tappet ttappe
to formally alerrant indgent educate reread
renounce the velvet velvet velvet velvet
throne? menu menu menu menu
abacus handaiap duplicate vector
dandelion  dandelion  dandelion dandelion
infant infant infant infant
survivor survivor survivor survivor
aldomen tradion fabricate jump
catchy catchy catchy catchy

Note: Relevant portions of prime words are undedirand filler words are printed normally.
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Footnotes
1. We specifically excluded participants from as&yon the basis of intent to use the primes,
rather than awareness. In traditional repetitiomprg paradigms, awareness of the relationship
between the primes and the to-be-retrieved wordstisal because awareness often leads to
successful intent, i.e., conscious attempts tdlré@previously studied words. In our
phonological priming paradigm, awareness did nad & successful retrieval, and we have
several sources of evidence to support this cl&irst, post-hoc comments of participants who
were aware of a relation between the primes and@ @E word suggest difficulty in using this
relationship (e.g., “looking for relationships wast generally useful on most items”, or “the
strategy did not help on remaining items”). Secahd,majority of participants reported noticing
the relationship afteretrieving the word rather than before. Third tiggzants were primed for a
specific position on only one out of four TOT teamaking it difficult to develop a strategy that
consistently worked (e.g., searching for multiplerds with the same first syllable).
Furthermore, McKone and Slee's (1997) study ormpthming of new associations also supports
our decision to exclude participants on the bakistent: They argue that “it is not mere
awareness of the study list that leads to primingesv associations, but rather the subject's
deliberate use of recall after becoming aware.3%).
2. The means and standard deviations in Table 8diwect resolution following TOT responses
come from this analysis.
3. Although the middle-syllable condition was sorhetwdifferent for three- versus four-syllable
words (the latter had two middle syllables thateverimed separately), an ANOVA excluding
four-syllable words still revealed no middle-sylalpriming, suggesting that the uniqueness of

four-syllable words was not responsible for th&latpriming.
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4. An anonymous reviewer noted that although dffiees in phonological priming were
observed between young-old and old-old adultsethvare no differences between these age
groups in vocabulary scores, digit spans, or MM&&es. NST and TDH explain these
differential patterns of age deficits as a functxdmultiple- versus single-source connections:
Tasks that utilize multiple connections convergamga single node can offset age-related
declines in the transmission of priming. For example deficits in vocabulary are less likely
because older adults are able to use their lifeafrmantic connections to a particular word,
allowing priming from multiple semantic connectidnsconverge on a lexical node and achieve
activation. In contrast, phonological priming of T@esolution requires strengthening of the
connections between phonological and lexical nogteg;h are single, one-to-one connections
and are therefore most likely to be susceptiblege-related declines, particularly for old-old
adults (see Burke & MacKay, 1997 for a detailedlaxgtion of the effects of aging on multiple-

and single-source connections).
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Table 1

Background Characteristics for Younq, Young-old] &id-old Adults

Group
Young Adulté Young-old Adults Old-old Adults
Variable N Mean SD N Mean SD N Mean SD

Education (years)* 59 1452 1.08 38 1789 3.26 4.9 2.58

Vocabulary* 60 15.35 2.89 39 20.38 2.42 36 21.67 053.
(max = 25)
Forward Digit 60 7.67 1.07 40 7.10 1.43 39 7.33 81.3

Backward Digit 60 535 1.33 40 5.25 141 39 5.08 381.

Health 59 7.83 142 40 825 1.33 40 7.76  1.59
MMSE 39 2864 1.04 40 28.13 1.56
(max = 30)

Note. Asterisks indicate significant differenceswren the three age groups, 5. Participants
who were missing data from particular charactessivere excluded from that analysis.
@ The young adult participants for these comparises® taken from Abrams and White (2001),

Experiment 2.
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Table 2

Percentage of Participants Cateqorized into Awa®nead Intent Categories Based on

Responses to the Post-Experiment Questionnaire

Age Group
Question Young Adults  Young-old Adults Old-old Ataul
(N =59) (N =40) (N =38)
Awareness
Not aware of any relationship between
primes and target word 39.0 65.0 81.6
Reported noticing a relationship
but incorrectly described it 23.7 17.5 5.3
Reported noticing a relationship
and correctly described it 37.3 17.5 13.1
Intent
Never attempted to use primes 40.7 67.5 76.3
Attempted to use primes but incorrectly
used a nonexistent relationship 13.6 12.5 2.6
Attempted to use primes but were
unsuccessful in doing so 32.2 12.5 21.1

Attempted to use primes and were

successful in doing so 135 7.5 0.0
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Table 3

Word Retrieval (in %) Following Primes and Unrethi&ords After an Initial “Don’t Know” or

“TOT” Response

Age Group
Young Adults Young-old Adults Old-old Adults
Initial Response _Mean SD Mean SD Mean SD
Priming Condition
Don’t Know (N =34) (N = 16) (N =18)
First Syllable 7.1 140 10.6 20.9 20.5 31.6
Middle Syllable 7.7 19.6 19.8 35.1 8.8 17.7
Last Syllable 9.7 152 6.1 14.2 15.9 30.0
Unrelated 89 164 17.6 28.9 13.4 17.4
TOT (N = 37) (N = 22) (N = 26)
First Syllable 504 37.7 55.3 40.3 46.1 39.6
Middle Syllable 329 34.2 32.0 30.1 21.2 31.7
Last Syllable 226 252 31.2 32.7 47.2 36.2
Unrelated 249 30.6 22.8 33.2 35.6 38.6

Note: Mean represents the mean percent of tridls earrect resolution.
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Table 4

Percentage of Initial Responses to the General kediye Questions

Age Group
Initial Response Young Adults Young-old Adults  Qitit Adults
(N=37) (N =22) (N = 26)

Know

Correct 28.2 36.4 37.0

Incorrect 15.5 24.0 26.7
TOT

Correct 16.6 14.3 13.2

Incorrect 7.3 6.3 5.1
Don't Know 32.4 19.0 18.0
TOT / Unsuccessful Retrievdls ~ 29.6 37.9 40.0

2TOTs were calculated as a percentage of unsuctessievals ofany word, i.e., correct TOT,

incorrect TOT, and don’t know responses.
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Figure Captions
Figure 1.An example of Node Structure Theory’s hierarchieatiwork for the word “placebo.”

Many nodes have been omitted for simplicity.
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