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Abstract

To examine changes in semantic memory organization and use during aging, we recorded event-related potentials as
younger and older adults listened to sentences ending with the expected word, an unexpected word from the same
semantic category, or an unexpected word from a different category. Half of the contexts were highly constraining. In
both groups, expected words elicited less negativity 300—-500N#80) than unexpected ones, and unexpected words
elicited smaller N400s when these were categorically related. Whereas younger adults showed the greatest N400
reduction to unexpected but related words in high constraint contexts, older adults showed the opposite tendency. Thus,
unlike younger adults, older adults as a group do not seem to be using context predictively. Older adults with higher
verbal fluency and larger vocabularies, however, showed the younger response pattern, suggesting resource availability
may offset certain age-related changes.

Descriptors: Aging, Semantic memory, Sentence processing, N400, Verbal fluency

Our folk models send mixed messages about the changes in cofpast as accurate as younger ones at making speeded/ word
nition expected to occur over the course of the adult lifespan. Omonword judgmentsglexical decision; e.g., Bowles & Poon, 1981,
the one hand, a familiar saying asserts that “you can't teach an ol@#985; Howard, 19838The nature and organization of this word-
dog new tricks,” perhaps reflecting that aging is associated witlrelated information also seems stable across age. For example,
slowed motor processing and declines in the ability to explicitlywhen verbal abilities are matched, older adults generate word
recall new episodic memories. On the other hand, it is also saidssociations that are qualitatively similar to those of younger
that “older is wiser.” Older adults seem to have relatively pre-adults(Bowles, Williams, & Poon, 1983; Burke & Peters, 1986;
served, if not augmented, stores of world knowledge and largely_ovelace & Cooley, 1982; Scialfa & Margolis, 1986with both
maintain their abilities to communicate about that knowledge agyroups producing primarily paradigmatic responéserds from
well. In fact, these observations are generally borne out by rethe same grammatical class that share features in comaton
search into cognitive aging, and the question of whether—and, ipproximately the same level of specificity and with approxi-
so, why—some cognitive processes remain stable with age hawately the same degree of variability. Younger and older adults
long been of interest. also generate similar exemplars when given taxonomic category
Although, with age, low frequency words become more diffi- labels (Howard, 1980. Because such associations are generally
cult to access in the absence of phonological or orthographic cugsken to reflect the strength of connections between items in
[e.g., increased tip of the tongue experien@@ewles & Poon, semantic memory, these findings suggest that the organization of
1985; Burke, MacKay, Worthley, & Wade, 1981 information =~ semantic information is similar for younger and older adults.
about word meaning actually seems to be well retained or even Similar conclusions are also drawn when semantic memory
augmented with age. For example, older adults perform quite welbrganization is examined with more implicit tasks. As is true for
on standard vocabulary measures, in some cases outscoriygunger adults, older adults’ on-line performance is facilitated in
education-matched younger adutsg., review in Salthouse, 1993  the presence of semantically related word informatisemantic
Similarly, though their reaction times are slower, older adults are apriming; e.g., Bowles, 1989; Burke, White, & Diaz, 1987; Laver &
Burke, 1993, for both category coordinates and category—property
relations(Howard, McAndrews, & Lasaga, 1981 his facilitation
is similarly modulated by associative strength in both groups, with
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responses are generally slowsuch that there is more time for slowing or other factors, older adults may use relatively intact
facilitation to “spread” to related items semantic information stores somewhat differently than younger
Overall, then, available evidence seems to suggest that thadults in the face of on-line processing demands.
contents and structure of semantic memory do not change much One way to try to characterize how semantic memory is used
with age. One question, however, is whether there might be ageduring language processing is to set semantic memory organiza-
related differences in how, and how effectively, this information istion and language context information at odds. This is what we
accessedused during on-line processing. There have been sugge$rave done in a series of recent studies with young adBksler-
tions, for example, of age-related changes in the time course witmeier & Kutas, 1999a, 1999b, 200MWe examined the electro-
which information becomes active in semantic memory. In partic-physiological response to three types of target words in sentence
ular, some studies have reported that older adults fail to shoveontexts:(a) expected exemplars, the best completion for a par-
semantic priming at very short stimulus-onset asynchronies whergcular sentence contexth) within-category violations, contextu-
younger adults continue to do $e.g., Howard, Shaw, & Heisey, ally unexpected items from the same semantic category as the
1986; but see also Balota, Black, & Cheney, 1992, and Balota &expected exemplar, antt) between-category violations, un-
Duchek, 1988, for cases where no age-related differences wemxpected items from a different semantic category. The results
found). Electrophysiologically, older adults also elicit smaller, showed a clear influence of semantic memory organization on
delayed N400s to nonassociated targets in priming téSksiter,  on-line language processing. Although expected exemplars were
Jackson, & Mulder, 1998Both results have been taken to suggestprocessed most easilgmallest N400 respongewithin-category
that the buildup antbr spread of activation in semantic memory violations were easier to procesgenerated smaller N400 re-
may be slowed with age. sponsepthan between-category violations, even though both were
Rapid activation of semantic information is clearly important implausible in the sentence contexts; this was true for both visually
for normal, on-line language processing. If activation in semantigpresented word&Federmeier & Kutas, 1999tand for line draw-
memory is weaker or delayed in older adults, then their sentencings of the same conceptBedermeier & Kutas, 2001In fact, in
processing would be expected to differ. However, in many re-the case of visually presented words, within-category violations
spects, older adults’ language processing seems similar to youngerere actually easiest to process in those contexts in which they
adults’. For example, at least when working memory resources arerere themostimplausible—namely, highly constraining sentence
not particularly taxed, older adults seem as likely as younger adultsontexts. These results suggest that language context information
to use contextual information to draw inferences: for instancejs used to preactivate the semantic features of upcoming concepts,
instruments from action descriptiofi%nife” from “The cook cut  such that items sharing those featutesy., those from the same
the meat’(Burke & Yee, 1984], or exemplars from category terms taxonomic categonyalso come to be facilitated even if they are
[“bee” from “The insect in the clover stung the profess(right, otherwise implausible.
Valencia-Laver, & Davis, 1991. Older adults also use contextual Here, we use the same paradigm to examine age-related changes
information to activate appropriate—and inhibit inappropriate—in language processing and the use of semantic memory on-line.
aspects of words’ meanind®.g., “organ” as instrument versus We reproduce everyday language processing as closely as possible
“organ” as body partBalota & Duchek, 1991; see also Burke & by using natural, connected speech, allowing us to examine more
Harrold, 1993; Hopkins, Kellas, & Paul, 1995Thus, in many directly whether older and younger adults’ processing is similar
cases, older adults are apparently able to employ their worldinder the temporal constraints of normal language comprehension.
knowledge effectively for the purposes of sentence processing. We compare results in younger adults for auditory language pro-
Older adults show facilitated word processing, as indexed beeessing with those previous obtained for visual wdrddermeier
haviorally and electrophysiologically, in the presence of congruen®& Kutas, 1999b and picture processingFedermeier & Kutas,
contextual information(e.g., Cohen & Faulkner, 1983; Gunter, 2001). More importantly, we examine the influence and interaction
Jackson, & Mulder, 1992, 1995; Madden, 1989; Obler, Nicholas,of (a) contextual congruityb) contextual constraint, angt) se-
Albert, & Woodward, 1985; Woodward, Ford, & Hammett, 1993 mantic memory organization on older adults’ language compre-
However, there are indications that they rely more heavily tharhension. We expect that, like younger adults, older adults will
younger adults on contextual cues for this facilitatierg., Mad-  show facilitation for contextually-expected items as compared
den, 1988; Tun & Wingfield, 1993 and, similar to ERP findings with unexpected items. If they are using context predictively, older
in semantic priming tasks, older adults’ N40O responses to inconadults—like younger adults—should also show facilitation for
gruent words in sentences are smaller and deldgegl, Gunter  within-category violations, especially in highly constraining con-
et al., 1992, for word-by-word reading in highly educated oldertexts. On the other hand, if they are not predicting, then we should
adults, and Woodward et al., 1993, for auditory language compreebserve little difference between within- and between-category
hension. Hamberger, Friedman, Ritter, and Ros@®95 also  violations and little effect of contextual constraficf. the pattern
found differences in the pattern of N400 responses in youngeof results in young adults for right-hemisphere-initiated processing
versus older participants to different types of sentence-final words(Federmeier & Kutas, 1999k Finally, we examine individual
They used sentences ending with the expected completion, adifferences in older adults’ language processing as a function of
unexpected but semantically related complefithrat was or was their performance on standard neuropsychological tests to deter-
not congruent with the sentencer an unexpected and unrelated mine which effects are strictly due to aging and which may be
completion; participants made a sefisensense judgment for each modulated by the availability of various types of cognitive resources.
sentence. Whereas younger participants’ N400O responses were
graded by both congruity and semantic relatedness, older partic!ylethods
pants’ N40O responses were facilitated only for the most expecte
completion. Hamberger et al. suggested that the younger and old&faterials
adults may have employed different task-related strategies foBtimulus materials consisted of auditory versions of the sentence
reading the sentences. Thus, there are indications that, becausepgfirs used in Federmeier and Kui{@®99b, recorded as natural,
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connected speech by a female monolingual English spéa&ebit Constraint
resolution, digitized at 22,050 HlzSentence pairs ended with one Cloze probabilities were obtained from college-aged volunteers for
of three types of target word&) expected exemplars, the highest the 132 sentence pair contexXtggentence pairs missing the final
cloze probability ending for a given sentence p#éb) within- word of the second sentences previously described in Feder-
category violations, unexpectédioze probability less than 0.05 meier and Kuta$1999h. Cloze probability for a given word in a
items from the expected taxonomic category, dodbetween-  given context was calculated as the proportion of individuals
category violations, unexpectédioze probability less than 0.05 choosing to complete that particular context with that particular
items from a differenfunexpecteitaxonomic category. The first word. Expected exemplars were always the item with the highest
sentence of each pair established the expectation for item ancdoze probability for a given context. Mean cloze probability for
category, and these 132 context sentences were recorded intlae expected exemplars was O(8tandard deviation 0.20Within-
separate session, after those containing the target words. Pair-finghtegory violations and between-category violations always had
sentences contained no lexical associates of any of the possib&#oze probabilities of less than 0.05. Mean cloze probability was
endings and, independent of the context sentence, could plausib8:004 for the within-category violations and 0.001 for the between-
be completed by any of the three target types. These targetategory violations.
containing sentences were recorded individually for each type of Cloze norms were also obtained from a sample of 20 older
target, randomized across three recording sessions such that thdults to confirm that there were no striking differences between
same sentence context was not repeated in any given session. the age groups in their expectations for the sentence-final words in
Target items were derived from 66 different semantic categothese materials. As in previous studies comparing cloze probability
ries, two items from each. With rare exceptions, these categorjudgments from younger and older adulighich have all reported
coordinates were not lexically associated. Categories were chosemw age-related changes; e.g., Hamberger, Friedman, & Rosen,
to be those at the lowest level of inclusion for which the averagel996; Lovelace & Coon, 1991we found that older and younger
undergraduate student could be expected to readily differentiatedults gave qualitatively and quantitatively similar patterns of
several exemplars. For approximately half the categories used, thiesponses to our materials. Older adults gave the same dominant
level was basic as determined by Rosch, Mervis, Gray, Johnsomesponse as the young on all but six of the itefaed these
and Boyes-Braen{1976 or by analogy. Other categories were differences were lexical rather than semantic in nature—e.g., a
based at the next highest level superordinate of the basic leyvel sentence that could be completed with either “rats” or “mice,” with
because it was unclear that the average participant could clearlyhe younger adults tending to use “rats” and the older adults
and consistently differentiate below this level. Between-category'mice”). Older adults also showed no tendency to be more variable
targets for each sentence pair were chosen from a related categdhan the young in their responses to the sentences, with a very
that shared key featurés.g., animacy, size, general functjamith similar mean cloze probabilit{0.78 and standard deviatid0.22).
that from which the expected exemplar and within-category vio-No older adult produced a between-category violation on the cloze
lation were derived. An example set of stimuli is given below, task, and within-category violations were produced very infre-
showing (in bold) the expected exemplar, within-category viola- quently (mean 0.00Y.
tion, and between-category violation completions, respectively: Although all expected exemplars were items with the highest
cloze probability for their sentence contexts, the sentence contexts
differed in their constraint, or the degree to which they led indi-
viduals to strongly expect one particular item versus a number of
different items. To examine the effects of sentential constraint on
The air smelled like a Christmas wreath and the ground washe ERP response to target items, we divided the sentences into two

They wanted to make the hotel look more like a tropical resort.
So, along the driveway they planted rowgpaims/pines/tulips

littered with needles. groups, “high constraint” and “low constraint,” by a median split
The land in this part of the country was just covered with on the cloze probability(college-age normi$ of the expected
pines/palms/roses exemplar. An example of each type follows:
The tourist in Holland stared in awe at the rows and rows of
color. High Constraint
She wished she lived in a country where they grewAt the zoo, my sister asked if they painted the black and white
tulips/roses/pines stripes on the animal.

| explained to her that they were natural features of a

The gardener really impressed his wife on Valentine’s Day.

To surprise her, he had secretly grown souses/tulips/palms ~ 2€Pra/donkey/poodie

Low Constraint

As can be seen from the example, across the stimulus set, targBy the end of the day, the hiker’s feet were extremely cold and wet.
items appeared once as each kind of ending, so that condition$ was the last time he would ever buy a cheap pair of
were perfectly controlled for word frequency, imageability, con- boots/sandals/jeans.
creteness, and so forth. Neither target words nor target sentences
differed in duration across conditions. Stimuli were organized inFor the high constraint sentences, the cloze probability of the
three lists, with no context or item repeated. Each list consisted oéxpected exemplars had a range of 0.78 to 1.0 and an average
44 of each type of targetexpected exemplars, within-category value of 0.896. For the low constraint sentences, the cloze prob-
violations, between-category violationplus 44 plausible filler
sentence pairs. Stimuli were randomized once within each list and

. . 1Given the lack of systematic differences between the cloze probabil-
then presented in the same order for each participant. More exam: generated by the younger and older adults, we used the younger

ples of the stimuli can be found in Appendix B of Federmeier andaquits’ data for the split by constraint, as it came from a much larger and
Kutas (1999h. thus more robust sample.
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ability of the expected exemplars had a range of 0.17 to 0.78 andas played several sequences of 2000 Hz tones varying system-
an average value of 0.588. High constraint sentences are thus thoagcally (both ascending and descendirig intensity and asked to

in which there is a single, highly preferred ending, and low con-report the number of tones they experienced. The average intensity
straint sentences are those that are compatible with a larger randgvel at which the participant could detect the stimulus was cal-
of ending types and in which the expected exemplar has at leastulated, and the experimental stimuli were then presented at 55 dB
one, and generally several, close competitors. Word frequency anabove this thresholél Participants were asked to maintain visual
word length were controlled across all constraint and ending typdixation on a fixation cross and to avoid blinking during the

conditions. presentation of each sentence pair. Each trial began with the
presentation of the context sentence, followed by a 2-s pause,
Plausibility Ratings followed by the presentation of the target-containing sentence. A

As detailed in Federmeier and Kuték999h, plausibility ratings  5-s pause separated trials. Target words had an average duration of
were obtained from college-aged volunteers for all items in their635 ms, and the average duration of the target-containing sentence
sentence contexts. Expected exemplars had a mean plausibilityas 3,563 ms. Volunteers were given a short break after every 15
rating of 95.6%, within-category violations had a mean plausibilityto 20 pairs of sentences.

rating of 28.3%, and between-category violations had a mean At the conclusion of the recording session, participants were
plausibility rating of 15.3%. Expected exemplars were thus con-given a written recognition memory test consisting of 50 sets of
sidered more plausible than within-category violatians,46.06,  sentence pairs: 10 new ones, 20 unchanged experimental @iirs

p < .001, and within-category violations more plausible thanwhich 10 ended with expected exemplars, 5 ended with within-
between-category violations,= 15.75,p < .001. These plausi- category violations, and 5 ended with between-category viola-
bility ratings were influenced by contextual constraint. Expectedtions), and 20 modified sentence pairs in which the final word had
exemplars were considered more plausible in li@§h7% thanin ~ been changed from that originally viewed by the voluntd€ in

low (93.5% constraint sentences= 5.00,p < .001. In contrast, which violations had been changed to expected exemplars and 10
both violation types were rated as more plausible in [gvithin in which expected exemplars had been changed to violations
30.2%; between 18.7%cthan in high (within 23.6%; between V\olunteers were instructed to classify the sentences as new, old, or
11.9% constraint sentences, within= 3.54,p < .001, between similar (changedl

t = 8.21,p < .001. In other words, the pattern of plausibility

ratings was congruent with clain{Schwanenflugel & LaCount, Neuropsychological Testing

1988; Schwanenflugel & Shoben, 198fhat more highly con- Eighteen of the elderly subjects were able to return to the lab for
straining contexts allow greater integration of best completions bua second experimental session, during which they were adminis-

reduced integration of improbable completions. tered a battery of neuropsychological tesfests were adminis-
tered by a single individual in a private testing room free of
Participants distractions. Table 1 describes the tests used and the measures

Twenty-one young adults were obtained from the population ofcollected.

University of California, San DieggUCSD) undergraduate&l0

men and 11 women, 18 to 27 years of age, mean apéla@nty-  EEG Recording Parameters

four older adults were recruited from the local San Diego popu-The electroencephalogra(EEG) was recorded from 26 geodesi-
lation using a newspaper announcem@® men and 12 women, cally spaced tin electrodes embedded in an Electro-cap. These sites
58 to 74 years of age, mean age.68s a group, the older adults included midline prefrontal MiPf; equivalent to Fpy, left and
were more educated than the younger adults: all but 4 had at leagght medial and lateral prefrontalLMPf, RMPf, LLPf, RLPf),
two years of college education, 9 held a Bachelor’s degree, and Bft and right medial, mediolateral, and lateral frontaMFr,
held a Master’s degree or Ph.D. Volunteers were compensated witRMFr, LDFr, RDFr, LLFr, RLF», midline central(MiCe; equiv-
cash angdor experimental credit hours. All participants were right- alent to Cz, left and right medial and mediolateral centfaMCe,
handed as assessed by the Edinburgh Inveni@idfield, 1972]  RMCe, LDCe, RDCg midline parietal(MiPa; equivalent to Pz
native speakers of English who reported normal hearing. Particileft and right mediolateral parietadlLDPa, RDP4, left and right

pants were randomly assigned to the three stimulus lists. lateral temporalLLTe, RLTe), midline occipital(MiOc; equiva-
lent to O3, and left and right medial and lateral occipitaMOc,
Experimental Procedure RMOc, LLOc, RLO9. All were referenced to the left mastoid

Volunteers were tested in a single experimental session conductetiiring recording; the right mastoid was also recorded, referenced
in a soundproof, electrically shielded chamber. They were seated it0 the left. Blinks and eye movements were monitored via elec-
a comfortable chair and instructed to listen to the stimulus sentrodes placed on the outer canthisft electrode serving as ref-
tences for comprehension. They were informed at the start of therence and infraorbital ridge of each ey@eferenced to the left
experiment that they would be given a recognition memory tesmastoid. Electrode impedances were kept below8.Khe EEG,
over the stimuli at the conclusion of recording. The session begaprocessed through Grass amplifiers set at a bandpass of 0.01-
with a short practice trial designed to reiterate the experimental
instructions and to acclimate volunteers to the experimental con-
ditions and the task. those of the younger volunteers, but the difference was less than 10 dB
To insure that the stimulus materials were presented at approXand, with one exception, under 20 jBonsistent with their self-report of
imately the same subjective volume for all participaigiven the ~ normal hearing. ' ' '
possibility of mild hearing loss, particularly for higher frequencies,  -We did not perform neuropsychological testing with our younger

L. . . . participants because, based on the results of our prior visual Rl
among the elderly voluntegrsve administered a brief audiometric ermeier & Kutas, 1999h we did not expect to see enough variability in

analysis at the start of the experiment. Using the same speak@feir response pattern to allow for an examination of individual differences
setup employed for the experimental sentences, each participanith this group.

2As expected, older volunteers’ thresholds were higher on average than
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Table 1. Neuropsychological Tests

Source
Language related
Letter and category verbal fluen¢¥AS; animals, fruits and vegetables, and first names Benton and Hamshdi978
Peabody Picture Vocabulary Test (PPVT-1II; raw and age-standardized scores Dunn and Dunr(1997)
Semantic relations test fro@linical Evaluation of Language Function$hird Edition (CELF-III) Semel and Wiig(1994)

Reading comprehensigtwo essays with multiple choice questions; measured number correct and time to cprhpletmaterial

Memory related
Forwards and backwards digit span fralfechsler Adult Intelligence Scale-Revig®dAlIS-R) Wechsler(1981)
Reading span Daneman and Carpent€t980

Executive function
Modified Wisconsin card sorting tegtneasured number of categories, perseverative errors, and tota) errors  Heaton, Chelune, Talley,
Kay, and Curtisg1993,
modified as in Nelsori1976

100 Hz, was continuously digitized at 250 Hz and stored on hardrisual word presentatiofFedermeier & Kutas, 1999tand 93%

disk for later analysis. for central picture presentatiqffredermeier & Kutas, 2001 The
pattern of errors was also somewhat different, as participants in
Data Analysis previous studies were equally likely to mistake old for similar and

Data was re-referenced off-line to the algebraic mean of the lefsimilar for old. However, the performance of both younger and
and right mastoids. Trials contaminated by eye movements, exceglder participants in this experiment was well above chance, in-
sive muscle activity, or amplifier blocking were rejected off-line dicating that both groups were attending the experimental sen-
before averaging; less than 10% of trials in either group were lostences and processing them for meaning.
due to such artifacts. In 6 subjectsfrom the younger group and
5 from the older groupwith larger numbers of blink artifacts, ERPs: Younger Adults
blinks were corrected via a spatial filter algorithm devised by DaleFigure 1 shows grand average ER@sross all 21 college-age
(1994. Time-locking points for target word onset were determinedvolunteer$ to sentence-final targets at all recording sites. Because
manually (using both visual and acoustic cyieand ERPs were natural speech is both fast and continuous, early components are
computed at each electrode location for epochs extending frorabscured by the lack of a clear point of word onset and by
100 ms before word onset to 920 ms after. Averages of artifact-fre@abituation(see Naatanen & Picton, 198However, in all con-
ERP trials were calculated for each type of target w@xpected  ditions, a negativity can be seen beginning around 250 ms and
exemplars, within-category violations, between-category viola-continuing until about 600 ms, with a peak around 400(h&00;
tions) in each group after subtraction of the 100-ms prestimuluse.g., Ardal, Donald, Meuter, Muldrew, & Luce, 1990; Connolly,
baseline. Data were bandpass filtered from 0.1 to 20 Hz prior tePhillips, Stewart, & Brake, 1992; Holcomb & Neville, 1991;
statistical analyses. McCallum, Farmer, & Pocock, 1984 This negativity appears
smallest for expected exemplaisolid) and largest for between-

Results category violationgdotted.

Behavior Peak latency analysisThe latency of the largest negative peak
Younger adults correctly classified an average of 82% of thepetween 300 and 500 ms was measured for each ending type
recognition sentences, whereas older adults were less accuratgndition in each participant and subjected to an omnibus analysis
classifying an average of 71% correctly, one-tailét) = 2.76;  of variance(ANOVA). Repeated measures included three levels of
p < .005. For both groups, the most common type of error was anding typeexpected exemplars vs. within-category violations vs.
misclassification of “similar” sentencéthose with an altered final  petween-category violationand 26 levels of electrode. Note that
word) as “old,” accounting for 31% of all errors in the younger p values in this and all subsequent analyses are reported after
adults and 41% of all errors in the older adults. There were feV\epsﬂon correctiofiHuynh—Felj for repeated measures with greater
“false alarms”(misclassification of new sentengés either group  than one degree of freedom. Mean peak latency was 385 ms for
(7% in the younger adults and 11% in the older aduéind the rest  expected exemplars, 386 ms for within-category violations, and
of the errors were fairly evenly spread across misclassifications 0406 ms for between-category violations. The analysis revealed a
similar sentences as new and genuinely old sentences as similar gend for slightly later peak responses to between-category viola-
new. tions as compared with the other two conditioR§2,40 = 2.48,
Perhaps because of the modality shift between study and tegt= .1 ; this did not interact with electrodg(50,1000 = 0.72, n.s.
conditions, recognition accuracy for the younger adults in this
experiment was a bit lower than that observed in previous exper-

) . . Mean amplitude analysedlean voltage measures were taken
iments using the same materidisf. 88% accuracy for central

in a 200-ms window around 400 nise., 300-500 ms poststim-
ulus onset These measures were subjected to an omnibus ANOVA

4Note that because of unequal sample sizes, all group comparisofn tWo repeatepl measures: three I.evels of ending tgppected _
t-statistics used a pooled variance estimate. exemplar vs. within-category violation vs. between-category vio-
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———————— Within Category Violations

- Between Category Violations

r

10 pv

o} 400 800 ms

Figure 1. Overall pattern of response in younger adults. Grand avéidge21) ERP waveforms are shown for the three ending types

at all 26 electrode sites. The electrode sites are arranged in the figure to approximate their placement on the scalp, with the front of
the head at top. Negative is plotted up. In all conditions, a negativity can be seen between 300 and 8@00n#\t all channels,

this response is smallest for expected exempladdid line) and largest for between-category violatiofdotted ling, with an
intermediate response to within-category violatigdashed ling

lation) and 26 levels of electrode. This analysis revealed a mairsis was conducted. Data were normalized according to the proce-
effect of ending typeF (2,40 = 18.84,p < .001, and an Ending dure described in McCarthy and Wo¢1985 and then subjected
Type X Electrode interactiorf; (50,1000 = 4.39,p < .001. Mean to an ANOVA on four repeated measures: two levels of ending
amplitudes of the N400 response wer€).32 uV, —1.66 uV,
and—2.79 uV for expected exemplars, within-category violations,
and between-category violations, respectively.

Planned comparisons were then conducted via an omnibus
ANOVA on two levels of ending typgexpected exemplar vs.
within-category violation and within-category violation vs. between- - ~ TN
category violatioh and 26 levels of electrode. Within-category 2py \ 5,
violations were significantly more negative than expected exem- MiCe . 800ms

plars,F(1,20 = 7.73,p < .01; this effect interacted with elec-

trode, F(25,500 = 3.54, p < .005, suggesting that their scalp - Between Category Violations

distributions are not the same. Between-category violations were - Within Category Violations =
also more negative than within-category violatiéiil, 20 = 8.85, —— Expected Exemplars by

p < .001. These effects did not seem to differ in distribution,

Endllng Typex Electrode |ntera9tloﬁ N 1'2_9.’ n.s. .Thls patter.n OT is shown here at the middle central s{idiCe, equivalent to Cz N400s

ending type_EffeCt can be seen in Figure 2; it replicates the flndmg%vere smaller to the congruent expected exempktd line) than to either

of Federmeier and Kutag999b. violation type. Furthermore, the response to within-category violations
Because the analysis over all electrode sites indicated a posSigashed ling those violations that shared many semantic features with the

ble distributional difference between the response to expecteflems expected in the context, was reduced relative to the response to

exemplars and that to violations, a follow-up distributional analy- between-category violatiorglotted ling.

Figure 2. Effect of ending type, younger adults. The effect of ending type
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type (expected exemplar vs. within-category violadiotwo levels HIGH CONSTRAINT LOW CONSTRAINT
of hemispher€left vs. right, two levels of laterality(lateral vs.

media) and four levels of anteriorityprefrontal vs. frontal vs.
parietal vs. occipital There was a significant interaction of Ending

Type with Anteriority, F(3,60 = 4.86,p < .05, and a marginal  gurr
Ending TypeX Laterality interactionF(1,20 = 3.41,p = .08.
Differences between the conditions were more pronounced over
the back of the head and tended to be bigger over medial electrode
sites, reflective of the typical N40O distributiga.g., Holcomb &

Neville, 1990, 1991

MiCe

Effects of constraintEffects of ending type between 300 and
500 ms were examined as a function of constraint using the 14
mediocentral electrode sites where N400 responses are typically

largest(LDFr, LMFr, RMFr, RDFr, LDCe, LMCe, MiCe, RMCe,  — Fzpected Ezemplars 5 Ly
RDCe, LDPa, LMOc, MiPa, RMOc, RDRaAn omnibus ANOVA Within Category Violations
on two levels of constrainthigh vs. low, three levels of ending Between Category Viclations (l) '2(|m ' 4c|)0 ' scl,o : Sloo ms

type(expected exemplars vs. within-category violations vs. between-

category violations and 14 levels of electrode revealed no main Figure 3. Effect of constraint, younger adults. The effect of sentential
effect of constraintF (1,20 = 2.23,p = .15, but a main effect of constraint on the N400 response is shown at right frontal site REEy
ending type,F (2,40 =’ 20.88, p '< 001 ,and a Constraink and at MiCe(bottom. All three ending types were different from one

. . . . . L B another at both constraint levels. When compared directly, constraint did
Ending Type interaction that just missed significangez, 40 = not significantly affect the response to expected exemgioid line) or

3_’.00,p - [057. The interaction becomes significant in the r“""’rovverbetween-category violatioridotted ling. Within-category violationgdashed
time window of 350-450 msF(2,40 = 3.54,p < .05, and  |ine) in high constraint sentencéteft) elicited smaller amplitude N400s
replicates the findings of Federmeier and Kuta899b for pre-  than within-category violations in low constraint sentengéght).
sentation in the visual modality.

To look at effects of ending type for each constraint level
separately, planned comparisons were then conducted via an om-
nibus ANOVA on two levels of ending type and 14 levels of
electrode. At both constraint levels, within-category violations
elicited larger N400 responses than expected exemplars, though
high constraint contexts, this difference was only significant in the,
early half of the time windowHigh (300—400 ms F(1,20 =
4.16,p = .05; Low (300-500 ms F(1,20 = 14.24,p < .01]. At

Peak latency analysisThe latency of the largest negative peak
between 300 and 500 ms was measured for each ending type
Endition in each participant and subjected to an ANOVA on three
levels of ending typelexpected exemplars vs. within-category
violations vs. between-category violatiorend 26 levels of elec-

: S .. trode. Mean peak latency was 372 ms for expected exemplars,
both constraint levels, betwee_n-(_:ategory V|0I<_e1t|0r_ls also ellcne_ 97 ms for within-category violations, and 401 ms for between-
larger N400. responses thaq within-category V'0|.atl(.)r.1$’ th(.)th IrI:ategory violations. Responses to expected exemplars peaked ear-
low constrglnt cqntexts, this effect was (_)nly significant in the lier than responses to either type of violatiéi2, 46 = 4.29,p <
narrower time window of 350-450 miHigh (300-500 ms .05; this did not interact with electrod€&,50,1150 = 1.22, n.s.
F(1,20 = 5.00,p < .05; Low (350-450 mk F(1.20 = 549, pyerage N400 peak latendgollapsed across ending type condi-

P <T505]t' traint leveléhiah | | d tion and electrode sijedid not differ between younger and older
€ two constraint levelghigh vs. low were also compare adults, one tailed(43) = 0.12, n.s(see Figure b

directly for each ending typemean amplitude 300-500 pnat the
same 14 channels. Constraint did not affect the response to either
expected exemplarg;(1,20 = 1.23, n.s., or between-category
violations,F(1,20 = 1.28, n.s. It did, however, affect the response
to within-category violationsF (1,20 = 4.63, p < .05, with

Mean amplitude analysed/ean voltage measures, taken in a
200-ms window around 400 ms, were 0.43 t\).72 uV, and—1.00
uV for expected exemplars, within-category violations, and between-
smaller N400s observed to within-category violations in high category violations, respectively. Overall, as can b.e seen in Fig-
(—1.12 uV) than in low (—2.89 uV) constraint contexts. The ure 5, these N400 amplitudésollapsed across ending type and

interaction of Constraint and Ending Type can be seen in Figure §Iectrode: were significantly smaller in older than in younger

and is the same as that observed in young adults for visual pree}du!ts’ one-tailed(43)_ - 1'?6’9 < .05; this result held for all three
sentation of the same stimulFedermeier & Kutas, 1999 ending types examined individuallyexpected exemplars: one-
tailedt(43) = 1.70,p < .05; within-category violations: one-tailed

t(43) = 2.14,p < .05; between-category violations: one-tailed
ERPs: Older Adults t(43) = 4.48,p < .001]5 The mean amplitude measures were
subjected to an omnibus ANOVA on three levels of ending type
teers to sentence-final targets at all recording sites. As was true fof&*Pected exemplar vs. within-category violation vs. between-
younger adults’ ERPs, in all conditions, a negativity is visible Ca€gory violation and 26 levels of electrode. The analysis re-
beginning around 250 ms and continuing until about 600 ms, withealed a main effect of ending typg(2,46 = 14.56,p < .001,
a peak around 400 ni®400). This negativity appears smallest for

expected exemplarsolid) and largest for between-category vio-  Snote, however, that responses within the first 200 ms are of similar
lations (dotted. amplitude in older and younger adults.

Figure 4 shows grand average ERRBsross all 24 elderly volun-
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Figure 4. Overall pattern of response in older adults. Grand avefbige 24) ERP waveforms are shown for the three ending types
at all 26 electrode sites. As was true for younger adults, N400 responses can be seen between 300 ardN800.rihese are
smallest for expected exempldsolid line) and, especially over medial, posterior sites, smaller for within-category violdiiastied
line) than for between-category violatiofdotted ling.

Ezxpected Exemplars

and an Ending Typ& Electrode interactionf (50,1150 = 3.40, 14 mediocentral electrode sites where N400 responses are typi-
p < .001. cally largest(LDFr, LMFr, RMFr, RDFr, LDCe, LMCe, MiCe,
Planned comparisons were conducted via an omnibus ANOVARMCe, RDCe, LDPa, LMOc, MiPa, RMOc, RDP&n omnibus
on two levels of ending typdexpected exemplar vs. within- ANOVA on two levels of constrainthigh versus low, three levels
category violation and within-category violation vs. between- of ending typelexpected exemplars vs. within-category violations
category violation and 26 levels of electrode. Within-category vs. between-category violationsand 14 levels of electrode re-
violations were significantly more negative than expectedvealed only a main effect of ending typ€(2,46 = 15.93,p <
exemplarsF(1,23 = 13.06,p < .005; in contrast to responses .001. There was no main effect of constraf(l,23 = 0.08, n.s.,
in younger adults, this effect did not interact with electrode, and no Constraink Ending Type interactiorf; (2,46 = 0.70, n.s.,
F (25,579 = 1.69, n.s. There was no significant main effect for the in this or any subset of this time window.
comparison of within- and between-category violatidhd,, 23 = To look at effects of ending type for each constraint level
1.41, n.s. However, there was an interaction of Ending Type withseparately, planned comparisons were then conducted via an om-
Electrode,F (25,575 = 2.93,p = .01, suggesting that the two nibus ANOVA on two levels of ending type and 14 levels of
conditions might differ over some electrode sites. In fact, betweenelectrode. At both constraint levels, within-category violations
category violations are significantly more negative than within-elicited larger N400O responses than expected exemplars, though in
category violationsF (1,23 = 5.25,p < .05, when analyses are low constraint contexts, this difference was only significant in the
restricted to the 10 central-posterior sii@diCe, LDCe, LMCe, late half of the time windowHigh (300-500 ms F(1,23 =
RDCe, RMCe, MiPa, LDPa, LMOc, RDPa, RMDd he pattern of ~ 14.65,p < .01; Low (400-500 m§ F(1,23 = 4.82,p < .05]. For
ending type effects can be seen in Figure 6. older adults, however, between-category violations elicited larger
N400 responses than within-category violations only in low con-
Effects of constraintEffects of ending type between 300 and straint contexts; in high constraint contexts, the violation types did
500 ms were again examined as a function of constraint using theot differ, even in more restricted time windowkligh (300—
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Younger Adults' N400 Responses

———————— Older Adulis' N400 Responses
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Figure 5. Comparison of N400 response in younger and older adults. N40O resp@wseaged across ending type condition and
constraint are shown at all channels for youngsolid line) and older(dashed ling adults. The timing and amplitude of the ERP
response is similar across groups until about 250 ms. N400 resp@@fes500 msare significantly reduced in amplitude in older as
compared with younger adults. Peak latency of the N400, however, is similar in both groups.

500 ms: F(1,23 = 0.68, n.s.; Low(300-500 ms F(1,23 = The two constraint levelghigh vs. low were also compared
4.51,p < .05]. This, then, is opposite from the pattern observed indirectly for each ending typemean amplitude 300—-500 mnat the
younger adults, where the violation types were most similar in lowsame 14 channels. As was true for younger adults, constraint did
constraint contexts. not affect the response to either expected exempk(k,23 =

0.35, n.s., or between-category violatioR$1,23 = 0.00, n.s. For

the analysis on the expected exemplars, however, there was a
significant interaction of Constraint with Electrode(13,299 =
2.31,p < .05, reflecting a tendency for greater positivity in high
than in low constraint contexts over the more frontocentral elec-
trode site$. In contrast to the results for younger adults in this
study and in Federmeier and Kutd®9©99h, for older adults there
was no effect of constraint on the response to within-category
violations,F (1,23 = 1.05, n.s(Figure 7. In fact, a Constraink
Electrode interactionF (13,299 = 2.38, p < .05, revealed a
tendency, over frontocentral electrode sites, for the opposite effect—

Figure 6. Effect of ending type, older adults. The effect of ending type is N@mely, more negative responses to within-category violations in
shown here at the middle central sit®liCe, equivalent to Cz As for ~ high than in low constraint sentences.

younger adults, N400s were smaller to the congruent expected exemplars

(solid line) than to either violation type. Over some channels, the response
to within-category violationgdashed lingwas also reduced relative to the 5The main effect of constraint, however, does not become significant
response to between-category violatigdstted ling. even when analyses are restricted to frontal electrode sites.

MiCe

e Between Category Violations

-———- Within Category Violations

—— Expected Exemplars




142 K.D. Federmeier et al.

Individual variability. Although, on average, older adults’ re- HIGH CONSTRAINT LOW CONSTRAINT
sponses to within-category violations were not affected by con-
straint, there was individual variability, with some of the participants
showing differences between high and low constraint within-
category items in the same direction and of approximately the
same magnitude as that seen on average for younger adults. We
therefore conducted a linear regression analysis to see if the
magnitude and direction of the constraint effé¢bigh constraint
within-category violation N400 amplitude minus low constraint pice
within-category N400 amplitude, collapsed across the same 14
channels was predicted by subject characteristics &rdneuro-
psychological measures.

f".,mﬁ._‘.;;-;/‘..\\
AN KY

RMFr

The constraint effect was not correlated with agé,= .03, -
F(1,22 = 0.59, n.s., or with performance on the recogniton  — Zzpected Ezemplars ]
memory testr2 = .05,F(1,22 = 1.12, n.s. There was, however, ™~ Within Category Violations 5 rv
a small but significant positive correlation with years of education, ~ " Between Category Violations I O I

0 200 400 600 800 ms

r2=.16,F(1,22 = 4.35,p < .05. For those 18 subjects for whom

neuropsychological data were available, a step-wise multiple lineaFigure 7. Effect of constraint, older adults. The effect of sentential con-

regression analysis was performed using all tests. Included wergtraint on the N400 response is shown at right frontal site Ritf) and

total verbal fluency(letter and category combingdPPVT-IIl raw at MiCe (bottom. At both constraint levels, expected exemplars elicit

scores, reading comprehension scdresnber corredt CELF-I1I smaller N40O responses than violations of either type. Within-category

semantic relations scores, digit spdorward and backward com- violations e]icit smaller N400s than between-.category viqlatiqns c_>n|y in

bined, reading span, and number of categories on the WisconsiflEW constral_nt sentences,.a.pattern that goes in the opposne dlrecthn frc_)m

card sorting test. As a set, the measures were highly correlated wit at seen with young participants. When compared .d"eCtIy’ constraint did
. not significantly affect the response to any of the ending types in this group

the constraint effect, overaR® = .86,F(7,10 = 8.92,p=.001. participants.

However, significant independent contributions to the prediction

of the constraint effect were made by only two tests: total verbal

fluency, beta= 0.62,t(10) = 3.31,p < .01, and PPVT-Ill raw

scores, beta 0.49;t(10) = 2.32,p < .05. These two variables had

a .57 correlation with one another. All other tests—reading sparpletion, elicited smaller N400 responses than did the between-
(beta= —0.26), digit span(beta= —0.07), the reading compre-  category violation§.This was true despite the fact that neither type
hension testbeta= 0.13), the semantic relations tedteta= 0.13,  of violation was a good completion for the sentence context. Thus,
and the modified Wisconsin card sorting téseta= 0.27)—did  the overall pattern of ending type responses is not simply a func-
not significantly contribute independently. tion of contextual plausibility—that is, not driven only by how
The mean total verbal fluency score was 1dfge 83t0 146 el the semantic features of the presented item fit the feature
Mean total letter fluencyFAS) was 52(range 35 to 7Yand mean  constraints provided by the sentence context. Instead, the structure
total category fluencyanimals, fruits and vegetables, first names of semantic memory—that is, the context-independent semantic
was 64(range 46 to 8L These scores are somewhat higher thansimilarity between the within-category violation and the expected
but generally comparable to previously published averages foexemplar—is clearly affecting processing, resulting in a relative
educated older adults using similar methagsg., Bolla, Gray, facilitation for the within-category as compared with the similarly
Resnick, Galante, & Kawas, 1998; Kozora & Cullum, 1995; Tom- jmplausible between-category violation.
baugh, Kozak, & Rees, 1999Mean raw score on the Peabody  That contextual plausibility alone is not driving the N40O re-
Picture Naming Vocabulary test was 194nge 167 to 208mean  sponse pattern in younger adults is seen even more clearly in the
age-standardized scof®Bunn & Dunn, 1997 was 121(range 85 interaction of contextual constraint with ending type. The ampli-
to 152. Our participants did quite well on this test as a group, withtyde of the response to the within-category violati¢arsd only to
an average percentile rank of 2unn & Dunn, 1997. this target type was modulated by the strength of the sentence
context. N40O responses to within-category violations were smaller
in high as opposed to low constraint sentences, an effect that goes
in the oppositedirection from their rated plausibility. As we have

The pattern of ERP results observed for young adults in this stud{fiscussed in detail previousfFedermeier & Kutas, 1999b; Kutas
replicates that seen previously for visual presentation of the sam@& Federmeier, 2001 this overall pattern of ending type effects
materials(Federmeier & Kutas, 1099bThe anticipated effect of as a function of constraint indicates that sentence processing in
contextual congruency was observed: Expected exemplars elicited

smaller N400s than violations of either type. In addition, we found

that within-category violations, those contextually unexpected items

that had greater semantic feature overlap with the expected com-_°Preliminary comparisons suggest that although the pattern of mean
amplitude responses across ending types is similar for visual and auditory
presentation of these materials, there may be modality-related differences
in effect onsets. In particular, whereas in this experiment the overall
difference between expected items and violations is evident prior to the
"The outcome of the partial correlation analysis was not altered inonset of the difference between the two violation types, in the visual
substance by including either age or education as an additional predictoexperiment, all conditions appear to differentiate from one another at about
and neither variable made a significant independent contribution. the same time.

Discussion
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younger adults has a predictive compongiaunger adults seem analyses are restricted to the more limited set of medial posterior
to use sentence context information to preactivate the semantielectrode sites. More importantly, this main effect of ending type
features of likely upcoming items, and this prediction then medi-is modulated by a very different interaction with constraint than
ates their processing of the word that is actually presented. Ease tfiat observed in the younger adults. Whereas in younger adults the
processing is thus not a function of the fit between the presenteéhcilitation for within-category violations was driven by the re-
word and the context itself, but of the fit between the features ofsponse in high constraint sentences, in older adults, there is no
the presented word and the predicted one. Because within-categodyfference between the violation types when these are embedded in
violations share significant semantic feature overlap with the itemhighly constraining contexts. Instead, the slight facilitation for the
that is predictedbut, in this case, not actually presentetheir  within-category violations is coming from responsedaw con-
processing is facilitated—especially in highly constraining con-straint sentences, consistent with rated plausibjitfy behavioral
texts where the prediction is stronger and more consistent. This ipatterns in younger adults reported by Schwanenflugel & LaCount
true despite the fact that, in general, participants rate violations 0f1988 and Schwanenflugel & Shobegii985]. More generally,
all types as more implausible in highly constraining contexts,older adults’ responses were less influenced by constraint, as re-
where the preferred completion is so well defined. sponses to all of the ending types were similar in amplitude as a
This study demonstrates that such predictive processing is ndtinction of constraint when compared directly.
restricted to word-by-word reading, but also occurs under the more Consistent with prior behavioral and electrophysiological work,
typical, and more temporally demanding, conditions of compre-therefore, we find that older adults can rapidly use contextual
hending connected speech. Participants here had only about twa¥formation to facilitate word processiri@.g. Cohen & Faulkner,
thirds the amount of time to process the target-containing sentencd983; Gunter et al., 1992, 1995; Madden, 1989; Obler et al., 1985;
as compared with the reading stutgverage auditory sentence Woodward et al., 1993 However, they seem to use contehit-
duration was 3.5 s as opposed to an average of about 5-6 s ferentlyfrom younger adults, as can be seen in particular in their
Federmeier and Kutas, 1999byet the pattern of results was responses to contextually unexpected items as a function of con-
identical. In fact, more generally, the results from this study sup-extual constraint. Younger adults show facilitation for unexpected
port the idea that the semantic processing of words is similaritems when these share semantic features witlexipectedtem—
independent of the initial modality of presentatipmhereas se- and the strength of this facilitation is directly related to the pre-
mantic processing seems to differ in certain respects for picturedictive strength of the context. Older adults, in contrast, show less
(Federmeier & Kutas, 2001 facilitation for semantically similar violations—and do so only
The more central question for this study, however, concernedvhen contextual information is weaker and thus where such un-
the performance of the older group of adults. As is typically expected items are actually more plausible in the sentence con-
observed, this group did not perform as well as the younger adultgexts. In other words, the pattern of N4A00O amplitudes we observe
on the recognition test, indicating age-related decrements in exfor younger adult$both here and for word-by-word readirige-
plicit memory processe&cf. Burke et al., 1987; Howard et al., dermeier & Kutas, 19990 cannot be explained by plausibility
1981). Nevertheless, it is clear from the pattern of ERP responseslone, suggesting that contextual information is used to actively
that the older adults were processing the meaning of the sentencpgedict semantic features of upcoming words. N400 amplitudes in
on-line. Although older adults elicited overall smaller N400 re- older adults, however, pattern directly with plausibilie., the fit
sponses than younger adulss has been observed previously— between the item actually presented and the feature constraints of
e.g., Gunter et al., 1992, 1995; Woodward et al., 298%y show the sentence contexiwith no evidence for prediction.
the same congruency effect with similar timing: larger N400s to  The age-related difference we observe is similar in some ways
violations than to expected sentence completions. Older adults thue that observed by Hamberger et €1996. With young adults
seem to be able to use context information to make immediatethey observed the well-established pattern that N400 amplitudes
rapid judgments about the fit of an item to the ongoing discourseare graded by both their predictability in the context and their
Further, they are able to do so with sufficient granularity to dif- relationship with the most expected wdelg., Kutas & Hillyard,
ferentiate the expected item from a close semantic neigtther  1984. Thus, an unexpected but semantically related completion
within-category violation Our ERP findings thus cohere with the (e.g., “They left dirty dishes in the faucetlicits a smaller N400
body of behavioral data suggesting that sentence context informdhan an unexpected completion without a semantic relationship to
tion has a facilitating effect on word processing for older, as forthe expected worde.g., “He mailed the letter without a lage”
younger, adultge.g., Balota & Duchek, 1991; Burke & Harrold, Normal elderly participants, however, seemed to show an N400
1993; Burke & Yee, 1984; Hopkins et al., 1995; Light et al., 1991 reductiononly to the best completion and not to the semantically
But is this contextual facilitation in older adults arising from related endings. This pattern of results again suggests that although
the same processing mechanisjd To get at this issue, we spe- older adult’s sentence processing is affected by the fit of a given
cifically examined how responses to the three ending types werword to the context, it is less affected by the relationship between
modulated by the constraint of the sentence contexts. Like youngehat word and a contextuallgredicteditem. Thus, older adults’
adults, older adults show an overall effect of semantic similarity onseem to be using context differently—specifically making lgss
the response to the unexpected items, with reduced N400 rdess efficient use of context as a means to prepare for the pro-
sponses to within-category as compared to between-category viaessing of likely upcoming stimuli.
lations. This difference between the violation types, however, is Although this pattern of results holds on the average, there is a
smaller in older adults than in younger adults and seen only whesubset of older adults that do seem to use context similarly to
younger adults, showing increased facilitation for within-category
®When we use the term “predictive” we do not mean that participantsvmlatIons in high as opposed to low constraint cor_ltexts. These
are guessing at a conscious or strategic level; rather, we use the term delt a}dul.ts thus .Seem t.o be _able to more effectively use the
mean that the nature of the processing is such that features of likelpredictive information available in the sentence contexts to prepare
upcoming items become active prior to their actual occurrence. for the processing of upcoming stimuli. The question then is why
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the sentence processing of some, but not all, older adults resemblbgginning with a given letter or belonging to a particular semantic
that of younger individuals. category in 1 min showed larger N400 reductions to within-
One possibility is resource availability. As a group, older adultscategory violations in high as compared with low constraint con-
seem to have reduced working memory capacities relative to yourtexts. The tendency to show the young pattern of brainwave
ger adults(e.g., Wingdfield, Stine, Lahar, & Aberdeen, 198&d responses was also predicted by a lar@eritory receptive vo-
differences in working memory span have been shown to beabulary. Thus, the tendency to show a predictive pattern of ERP
predictive of some patterns of language performgeog., Cohen, responses seems to be related both to the ability to assign meaning
1981; Light & Anderson, 1985; Light & Capps, 1986ne hy-  to a wide range of words when these are presented auditorily and
pothesis, then, is that some older adults with reduced memoryo the ability to generate lexical items quickly and appropriately,
spans must allocate all available resources to dealing with then demand.
memory demands of the language comprehension task, leaving Among the neuropsychological measures we collected, the best
little left over for predictive processing. In this experiment, how- predictor of the tendency for older adults to show a response
ever, neither digit span nor reading span was correlated with thpattern similar to young adults was not a comprehension measure
tendency of older adults to show the predictive pattern of ERPbut rather a production one: verbal fluency. Verbal fluency has
responsesand the older adults’ average reading span was in thébeen linked to frontal and temporal lobe functiofmeviewed in
same range as is typically observed for younger afultsus, the  Stuss et al., 1998and declines inat least some subcomponents
tendency to use predictive context information does not seem to bef) verbal fluency measures have been reported with normal aging
any simple function of working memory resources. (Kozora & Cullum, 1995; Tombaugh et al., 1998s a group, our
Processing speed might be another variable that differentiatesider adults performed quite well on the fluency test, surpassing
the group of older adults. As already discussed, there have bedhe typical means reported for individuals in this age and education
suggestions that older adults’ semantic activation is slower thamange(Bolla et al., 1998; Kozora & Cullum, 1995Although we
that of younger adults, though not all studies find this resultwere not able to obtain neuropsychological data from the specific
(Balota et al., 1992; Balota & Duchek, 1988; Howard et al., 2986 younger adults in this study, a comparable group of 32 UCSD
Concordant with this idea, previous ERP work looking at sentencaindergraduategested for a different study in our lahad a mean
processing has found delays in the peak latency of the N40O@otal fluency score of 117. Thus, with a mean score of 116, the
response in older relative to younger ady@unter et al., 1992, older adults in our study do not seem to differ from younger adults
1995; Woodward et al., 1993However, in this study, we found no tested under comparable conditions; this may be because age-
differences in the overall peak latency of the N400 responseelated changes are offset by the higher average education of our
between younger and older adults. There was only a difference inlder relative to our younger participaritgerbal fluency perfor-
the patternof latencies across conditions. For younger adults, themance is predicted by bottfombaugh, Kozak, & Rees, 19899
response to both expected exemplars and within-category violdNevertheless, there was variability in the older adults’ perfor-
tions was slightly earlier than the response to between-categomnance on this test, and those who obtained higher fluency scores
violations. In older adults, instead, the response to expected exwere more likely to elicit brainwave responses that varied with
emplars was faster than the response to violations of either typending type and constraint in the manner seen li@nel previ-
(which did not diffey. Again, therefore, we find a stronger cou- ously) for younger adults.
pling between the response to expected exemplars and within- This finding lends support to our claim that the young response
category violations in younger as opposed to older adults, consistepittern is related to predictive processing. It seems that older adults
with the idea that younger adults are making predictions. Averageavho are able to rapidly generate lexical items on demand can take
across conditions, however, N400 latencies were the same fadvantage of these abilities during on-line language processing to
older and younger adults in this study. Our experiment differs frompreactivate the likely semanti@nd perhaps in some cases even
previous sentence-processing studies that do find latency shifts ilexical) candidates for the upcoming item. Much of the time, such
that here material was presented as natural speech. Prior studipseactivation could be expected to make language comprehension
have either been in the visual modal{fgunter et al., 1992, 1995 more efficient(though of course there will be times when predic-
or, with auditory material, have imposed a delay between thdions are incorrect, requiring reanalysi$he difference in the use
context and the final, target wok@Voodward et al., 19931t may of predictive context information across older individuals might
be that natural connected speech, with its coarticulatory cuesjot be very apparent under nontaxing language processing condi-
provides the extra time and information needed for elderly adultstions. However, the ability to use context predictively could be
word processing to keep pace with younger adults’. Regardless afxpected to significantly improve language comprehension under
the underlying reasons, however, we do not find evidence fomore difficult situations—for example, when input is speeded or

slowing, at least as indexed by N400 lateiy. accompanied by noise or competing stimuli, or under dual task or
The individual variability in the older adults also did not seem otherwise stressful processing conditions.
to be based on the ability to switch sét/isconsin card sorting A secondary, but also significant, predictor of the young re-

tes), to comprehend text passages in genéamantic relations sponse pattern was auditory receptive vocabulary. All but one of
test and reading comprehension estr to explicitly remember  our older adults actually scored above average for their age on this
the test sentences. The individual differences, howeverepre-  test, with more than half scoring above the 90th percentile; thus, it
dicted by performance on the verbal fluency test and by raw scorefs unlikely that our older participants had any general difficulties
on the Peabody Picture Vocabulary Test. Older adults who wereomprehending the experimental senten@gsch as a whole did
able to generate more lexical items of the appropriate type not contain extremely low frequency wojd®Nevertheless, those
older adults with more elaborate semantic memories may be in a
better position to take advantage of the more semantically specific

10There was also no correlation on an individual basis between N4odhformation provided by the highly constraining contexts. To the
latency and the constraint effecg = .05,F = 1.27, n.s. extent that such individuals use context predictively, therefore,
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their predictions are likely to be better guided by contextual in-prepare for the processing of likely upcoming items by preactivat-
formation and thus more sensitive to constraint. Additionally, vo-ing appropriate semantic features, older adults do not show the
cabulary size has been shown to be positively correlated witlpattern of brainwaves associated with such predictive processing.
reading frequengiexposure to print(e.g., West, Stanovich, & This indicates that either older adults do not engage in predictive
Mitchell, 1993, which is, in turn, correlated with various measures processingusing instead an integrative mechanism that is driven
of reading skill(e.g., Stanovich & Cunningham, 1992t may be, by plausibility) or that the output of predictive processes in older
therefore, that underlying the correlation with vocabulary we ob-individuals does not come in time to affect the stages of language
serve is a tendency for older adults who are more skilled readers tprocessing indexed by the N400.
show the young(predictive response pattern. Further research  People age differently, however, and we in fact found a subset
will be needed to tease apart the contributions of vocabularypf older adults whose brainwaves patterned like those of younger
reading practice, and reading skill to these effects. adults, and who thus seem to have retained the ability to make use
Overall, then, our results support previous work showi@g of context information to actively prepare for the processing of
that older adults are able to use contextual information on-line tdikely upcoming stimuli. These are individuals who tend to have
facilitate the semantic processing of congruent items (@ndhat larger receptive vocabularies and who are able to more fluently
the organization of semantic memaflyere, in terms of category generate appropriate lexical items on demand. Our results do not
structure remains relatively intact with age. We further show that, seem to support the idea that it is declines in either vocabulary or
for older adults as for younger, semantic memory organization hafluency per se that are responsible for the age-related changes we
a direct, early(within 400 mg impact on on-line language pro- observe, as our older adults as a group perform comparably to
cessing, such that implausible items with expected semantic fegrounger adults on both measures. However, our results suggest
tures are facilitated relative to similarly implausible items without that a large vocabulary and high verbal fluency can help to offset
such feature overlap. Our results suggest, however, that on aveother effects of aging—whatever their underlying cause—and
age, older adults differ from younger adults in how they usethereby allow older adults, like younger ones, to use context
context on-line. Whereas younger adults seem to use context foredictively during on-line sentence processing.
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