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Abstract

Two experiments are reported that explore the influence of strength of the prime—target relationship on the observed
priming effects in young, healthy old, and individuals diagnosed with dementia of the Alzheimer type (DAT). In
Experiment 1, participants were auditorily presented primes (FURNITURE) and after varying delays presented
visual targets that were (1) high-strength related (e.g., SOFA), (2) low-strength related (e.g., RUG), or (3) unrelated
control words (e.g., COW or DEER). The results indicated that the DAT individuals produced relatively larger
priming effects than both the young and the healthy old, but these data could be accommodated by increases in
effect size due to general slowing of response latencies. In Experiment 2, the same cross-modal priming paradigm
was used with ambiguous words presented as primes (e.g., BANK) and either high-dominant (e.g., MONEY) or
low-dominant (e.g., RIVER) words as targets. The results of Experiment 2 produced a qualitatively distinct pattern
of priming that indicated DAT individuals only produced priming for high-dominant targets and not for

low-dominant targets, whereas, the healthy control groups produced equivalent priming for both high- and
low-dominant targets. The discussion focuses on the implication that these results have for the interpretation of
semantic priming effects, in general, along with implications for the apparent semantic memory loss in DAT
individuals. JINS 1999,5, 626—640.)
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INTRODUCTION could produce breakdowns in these tasks. For example, in
the verbal fluency task (i.e., generating words that begin
with a specific letter), the participant must keep track of

th . iderabl id f 2 breakd . . d.E:evioust generated items as they are searching semantic
ere Is considerable evidence ot a breakdown In €pisod emory for new items. It is possible that the attentional and
memory and attention in DAT, the evidence for a deficit in

. working memory demands of keeping track of previously
. SN egeenerated items produces the breakdown in this task in-
Nebes, 1992, for a rew_ew). The controversy pf'_ma“'y N"stead of the integrity of the semantic network itself. In this
volves what processes in a given task are sensitive to DA light, it is important to use a task that minimizes additional

For example, DAT individuals perform more poorly than cognitive operations when investigating the integrity of the
healthy older adults on measures of verbal fluency and o Semantic network

jectnaming (Kirshner etal., 1984.; Oberetal., 19&_36;Trt'>ster An alternative way to investigate semantic memory in
et aI.,.1989).AIthough these flpdlngs haye been mtqprete%AT is through the use of a semantic priming paradigm
as evidence for a breakdown in semantic memory in I:)ATWherein one measures the influence of a prime on naming

there are a number of quite distinct processing stages th%tr lexical decision performance (see Neely, 1991, for a re-

view). According to spreading activation frameworks (e.g.,
Collins & Loftus, 1975), the prime stimulus activates its un-
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Individuals with dementia of the Alzheimer type (DAT) ex-
hibit deficits on a wide variety of cognitive tasks. Although
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thereby facilitating response latency to the target fteéBe- et al. (1989) suggested that increases in the semantic prim-
cause, under some conditions, this spread of activation igg effects that they have observed in DAT individuals may
relatively automatic, the semantic priming effect can be usede due to degradation in the semantic network. However,
to determine if the connections within the semantic net-Ober and Shenaut (1995) have interpreted the Chertkow et al.
work are relatively intact. Thus, if the breakdown in the ver-results as consistent with the notion that attentional—
bal fluency and object naming task is due to the explicitcontrolled processes were engaged in this study. In addi-
retrieval demands imposed by these tasks, as opposed tdian, one must be very cautious in interpreting larger semantic
degradation in the semantic memory network, then one mightriming effects in groups that produce overall slower re-
predict relatively intact semantic priming effects in DAT. sponse latencies because of scaling problems due to general
Consistent with this argument, a number of studies have reslowing of response latencies (e.g., Faust et al., 1997; My-
ported similar or larger semantic priming effects in DAT erson et al., 1992; Ober & Shenaut, 1995; Shenaut & Ober,
individuals relative to age-matched controls (Balota & 1996).
Duchek, 1991; Hartman, 1989; Margolin, 1987; Nebes et al., The goals of the present study are threefold: First, we at-
1984, 1986, 1989; Ober et al., 1991, 1995; Shenaut & Obetempted to address the integrity of the semantic network in
1996). Interestingly, a recent study by Balota et al. (1999)ndividuals with DAT by investigating the influence of the
has shown that intact spreading automatic activation prostrength of the underlying prime-target relationship. Most
cesses nicely accommodate results from a study of healthsemantic priming studies involve relatively high-strength
older adults and DAT individuals in a false episodic mem-prime—target pairs (see, however, Ober et al., 1991). It is
ory paradigm (Roediger & McDermott, 1995). possible that priming effects may change as a function of
Of course, even the semantic priming paradigm is nothe strength of the prime—target relationship. For example,
totally devoid of attentional processes. Fortunately, the conit is possible that high-strength prime—target pairs will be
ditions under which semantic priming effects engage attenrelatively resistant to changes in the activation patterns early
tional processes have been well investigated (see Neelgn in the disease process, whereas, low-strength prime—
1991, for areview). For example, the priming effect at longtarget pairs may be more sensitive to degradation in the con-
prime—target stimulus onset asynchronies (SOAS) is prenections. Interestingly, there is already evidence that there
sumably more likely to reflect attentional mechanisms (Bal-is relatively little change in the pattern of priming effects as
ota, 1983; Neely, 1977). Interestingly, there appears to be a function of strength of the prime-target relation in healthy
change in the nature of the priming effects at the long SOA/oung and older adults (Balota & Duchek, 1988). In addi-
in both healthy older adults compared to younger adults (Baltion, there is some controversy from sentence verification
ota et al., 1992), and in DAT individuals compared to age-and category verification studies regarding the preservation
matched control individuals (e.g., Ober & Shenaut, 1995)of high- and low-strength associations in DAT individuals.
However, in these same studies, there is little evidence ofor example, Smith et al. (1995) have recently provided ev-
an age-related or disease related change in the priming eidence from a property verification task which suggests that
fects at the short SOAs which presumably are more reflecthere is a degradation in the representation of low-dominant
tive of the automatic spread of activation. In fact, Ober andproperties of concepts. Likewise, Grober et al. (1985) found
Shenaut (1995) have reported a meta-analysis which indihat DAT individuals produced a deficit in a sorting task
cates that under conditions of automatic semantic primingequiring participants to sort the most significant attribute
there appears to be relatively little change in DAT individ- of a target object (e.g., AIRPLANE FLYs AIRPLANE
uals, whereas, under more attentional controlled processeRADAR). In contrast to these studies, Nebes and Brady
there does appear to be an increase in the magnitude of tl§£990, see also Nebes & Brady, 1988) found no change in
priming effect in DAT compared to healthy age-matched conperformance on a relatedness judgment task that included
trol individuals. three levels of pair-mate strength (e.g.,étephanthe pair-
Although there appears to be some consistency in the patnates werérunk, ivory, andmemory. Nebes and Halligan
tern of priming effects in DAT individuals, suggesting that (1995) have recently replicated the additive effect of strength
semantic tasks that engage more attention-demanding proz a sentence priming relatedness decision task (see also
cesses are more likely to produce disease related changééebes & Halligan, 1996). It is important to note however
there is also some controversy regarding the interpretatiothat all of the studies in this area have required participants
of the semantic priming literature. For example, Chertkowto explicitly retrieve the semantic information to make some
decision, thereby engaging attentional and decision-making
processes. Thus, the changes across these studies may be
1There are clearly alternative theoretical models to interpret semanticlue to the differing attentional demands imposed by the tasks.
priming effects. For example, Ratcliff and McKoon (1995) have devel- Ilt is worth noting here that Smith et al. (1995) specifically
oped a compound cue model and Masson (1995) has developed a parallel .
distributed processing model. Although we have conceptualized the preser$tuggeSted that differences across the results from these stud-
results within a spreading activation framework, we believe that the samées may be due to differences in the task demands. This is

arguments regarding the importance of strength and relatedness, and tbq»ecisew Why we will investigate the strength of the seman-
relationship of this pattern to understanding the performance of DAT in-

dividuals in the present study can also be extended to these alternatiViC r_elatlonShlp ina S|mple_ word nam_mg task, wherein at-
models. tentional task demands will be minimized.
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The second goal of the present experiments was to exwe shall see, it appears that the cross-modal nature of the
plore distinct types of prime—target relations. In Experi- prime presentation did not strongly modulate the pattern of
ment 1, we used a set of category and associative items thptiming in our DAT individuals.
varied in the strength of relationships (e.g., FURNITURE
SOFAvs FURNITURE-RUG). Although these items vary
in strength of association, these items share the same set 'c:ﬂXPERIMENT 1

semantic properties available within the prime item, for ex-The first experiment involved a factorial crossing of Prime—
ample, FURNITURE. The items used in Experiment 1 canTarget Strengthx Prime—Target Relatedness. Single-word
be contrasted with the set of homographic items used in Exprimes were presented auditorily, which were followed af-
periment 2, in which we manipulate both the strength of theter three different delays (250 ms, 1000 ms, or 1750 ms af-
association and also the semantic properties of the primeger the detected offset of the prime) by the presentation of a
For example, the high-strength pair BANK-MONEY en- stimulus word presented on a computer monitor. (The de-
gages a quite distinct representation for the prime BANK ay interval was manipulated in order to investigate the time
compared to the low-strength pair BANK-RIVER. As dis- course of the cross-modal priming effects; however, as dis-
cussed later, the semantic representation for homographigussed below this variable did not influence any of the ob-
items is quite different from the semantic representation foserved effects.) The participant’s task was to name the target
nonhomographic items. Moreover, it is noteworthy that Bal-word aloud as quickly and as accurately as possible. We used
ota and Duchek (1991) and Faust et al. (1997) have rethe naming task instead of a lexical decision task to further
ported breakdowns in DAT individuals in the context effectsminimize any contribution that postaccess decision pro-
for homographs in both a semantic priming task and a recesses could make to the observed semantic priming effects
latedness judgment task, respectively. The present study wilsee Balota & Lorch, 1986; Neely, 1991; Seidenberg et al.,
extend this work to investigate the influence of the strength1984). Participants were not given any explicit instructions

of the relation for ambiguous primes. regarding how to process the prime items.
The third goal of the present study is to explore semantic

priming effects in a cross-modal priming paradigm. A num-

ber of researchers have argued that DAT is characterized H\/Aethod

the breakdown of long pyramidal cells which connect dis- -

tinct and dedicated cortical systems (Parasuraman & Haxbﬁ esearch Participants
1993). It is possible that at least some component of th8wenty-six healthy young adults were recruited from un-
semantic priming effect is due to a modality specific com-dergraduate courses at Washington University. Fifty-two
ponent, which might not transfer across modalities. Thishealthy older adults and 55 DAT individuals were recruited
might occur if the primes and targets are likely to co-occurfrom the Washington University Medical School Alzhei-
within a given modality and co-occurrence is a mechanismmer’s Disease Research Center (ADRC). The order of the
that produces semantic priming effects as some researchezgperiments was counterbalanced across participants so that
have recently argued (e.g., Balota & Paul, 1996; McKoonhalf of the participants received Experiment 1 first, whereas,
& Ratcliff, 1992; Shelton & Martin, 1992). If this is the case, the remaining half received Experiment 2 first. Twenty-two
one might expect decreased semantic priming effects in DADf the young adults, 44 of the older adults, and 41 of the
participants when the prime and the target are presenteldAT individuals completed both experiments. The remain-
across the auditory and visual modalities because the comg participants in each group only completed one of the
tical areas that represent these modalities occur in distindgtvo experiments. In addition, in Experiment 1, data from 1
areas of the brain. Of course, it is quite likely that cross-individual with DAT was removed due to exceptionally fast
modal semantic priming effects may be amodal in that theyesponse times (i.e., the participant’s mean reaction time was
are produced by the activation of central conceptual repreless than 400 ms and therefore was likely due to a voice key
sentations in semantic memory. If this is the case, one mighilure). Furthermore, 1 individual with DAT and 2 healthy
expect a pattern of priming effects in DAT individuals that older adults were also removed due to experimenter error in
is quite consistent with the extant literature that has usedecording the data. Therefore, Experiment 1 included a to-
within-modality priming paradigm. To our knowledge, cross-tal of 24 young adults, 46 healthy older adults, and 46 DAT
modal semantic priming with single words has not been inindividuals.

vestigated in individuals with DAT (however, see Nebes & All healthy older adults and DAT individuals recruited
Halligan, 1995, for cross-modal sentence priming in DAT).from the ADRC were seen by a physician and were screened
Given the prevalence of within-modality priming studies of for neurological, psychiatric, and medical disorders that could
DAT (reviewed above), and the relatively consistent patterrcause dementia. The inclusionary and exclusionary criteria
of these within-modality priming studies, it is noteworthy for a diagnosis of DAT have been described in detail else-
that the present study did not attempt to directly comparavhere (e.g., Morris et al., 1988) and conformed to those
within- versuscross-modality priming effects. Rather, we outlined in the work group of the National Institute of Neuro-
were interested in beginning to explore cross-modality prim4ogical and Communicative Disorders and Stroke and the
ing effects in DAT individuals with single word primes. As Alzheimer’s Disease and Related Disorders Association
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(McKhann et al., 1984). Diagnostic accuracy for Alzhei- Table 1. Scores on selected psychometric tests for healthy older
mer’s disease has been reported to be quite high for thadults and individuals with DAT in Experiments 1 and 2
present research team (e.g., 93%; Berg et al., 1998). De=

mentia severity for each individual with DAT recruited from Group
the ADRC was staged according to the Washington Univer- Healthy
sity Clinical Dementia Rating (CDR) scale (Hughes et al., Old DAT
1982; Morris, 1993). According to this scale, a score of zero,Jest measure (N=150) (N=49) F
0.5, 1, and 2 represenb cognitive impairmentvery mild  \yus Logical Memory
dementiamild dementiaandmoderate dementjaespec- M 9.52 205 12616
tively. All healthy older adults had a CDR rating of zero, sp 3.34 2.39
whereas the DAT group consisted of 23 individuals with veryDigit Forward
mild DAT (CDR 0.5), 22 with mild DAT (CDR 1.0), and 1 M 7.02 6.29 8.57*
with moderate DAT (CDR 2.0). SD 11 1.38

The young adults had a mean age of 21.2 y¢s@=  Digit Backward
2.3, range= 18-27), the healthy old group had a mean age M 5.14 4.1 13.87**
of 77.5 year§SD= 9.1, range= 53—-91), and the DAT group SD 1.34 143

had a mean age of 74.7 yedSD = 8.4, range= 56-90). WMS Associates Recall (Easy)

. 16.96 13.76 42.88**
The mean education of the healthy older adults was 15 years, SD

and the mean education level of the DAT individuals wasyyus associates Recall (Hard) 164 304

13 years. M 6.36 1.08  70.17*
sSD 3.84 2.19

Psychometric Test Performance WMS Associates Recognition

Fifty healthy older adults and 49 DAT individuals recruited () 5 504 32

from the ADRC whose data met inclusionary criteria in ei- gp 0 0.24

ther of our experiments also participated in a 2-hr battery ofyms Associates Recognition

psychometric tests designed to assess psychological fung-ard)

tions including language, memory, and intelligence. Be- M 3.94 2.57 48.44%*

cause several individuals had completed the battery on SD 0.24 1.37

multiple occasions, psychometric test scores were based d#pston Naming Test

batteries that were administered closest to the time of par- M 55.86  41.73  50.18**

ticipation in our experiments. Table 1 shows the results of a SD 4.7 13.28

subset of the tasks included in this battery as a function of/ord Fluency Letter S
group (i.e., healthy olgs DAT). Memory was assessed with

SD 5.16 5.56
the Wechslgr Memory Scale (WMS_;.WechsIer & Stor,‘e'Word Fluency Letter P
1973) Associates Recall and Recognition subscales (paired-), 15.46 10.78 20.59%*
associates learning) and the Logical Memory subscale gp 4.74 551
(surface-level story memory). Forward and backward digit
span were also assessed. Participants also received the Watele DAT = dementia of the Alzheimer type; WMS Wechsler Memory
Fluency test, on which they were required to name as man?ci'e;gflff: ea<chOA(STOVA Is (1,97).
words beginning with a specified letter (e §orS) ina 60-s ==
time period (Thurstone & Thurstone, 1949). Participants also
completed the Boston Naming Test (Kaplan et al., 1983). As o )
shown in Table 1, the DAT individuals consistently per- nal to the computer which initiated the delay before the visual

formed poorer than the healthy older adults on all tests. {arget stimulus was presented on the computer monitor.

16.8 10.45 34.70**

Apparatus Stimuli

Auditory stimuli were recorded by a TEAC X-2000 reel-to- Atotal of 144 semantically related word pairs were selected
reel tape recorder. The primes were presented via Pan&om the word list used by Lorch (1982, Experiment 3),
sonic loudspeakers that were driven by a Panasonic amplifieand Balota and Duchek (1988). Half of these word pairs
The target stimuli were presented via an Apple Ile micro-were category-exemplar word pairs (e.g., ANIMAL-COW,
computer which was interfaced with a Mountain HardwareANIMAL—CAMEL) that were selected from the Battig and
Clock to obtain millisecond accuracy. A Gerbrands G1314TMontague (1969) and Shapiro and Palermo (1970) norms.
electronic voicekey was connected to the computer to detedhe remaining half of these word pairs were associated word
the onset of the pronunciation of the target. The tape recordgrairs (e.g., JOY—-HAPPY, JOY-GRIEF) selected by Lorch
was interfaced with the computer such that the detected offrom the Jenkins (1970) and Keppel and Strand (1970)
set of the presentation of the auditory prime triggered a signorms. Frequency of usage (on the basis of the Kucera and
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Francis, 1967, norms), length in letters, and type of initialmediately following the detection of the offset of the audi-
word phoneme were approximately equated across level®ry prime, there was a 250-ms, 1000-ms, or 1750-ms delay;
of strength (i.e., dominance or association values). In ad¢5) the target word was presented at the same location where
dition, unrelated prime words that matched the relatedhe asterisks had been presented until the computer de-
primes in phoneme length and frequency were selectetected the voice onset, at which time the target word was
(e.g., INTERVAL-COW, INTERVAL-CAMEL and SOIL- erased; and (6) for the older adults and the DAT individuals,
HAPPY, SOIL-GRIEF) to serve as unrelated baselinesthe experimenter coded the accuracy of the trial by pressing
Thus, each high-strength and low-strength target word waa button that erased the screen and initiated a 1500 ms in-
paired with either a related prime or a matched unrelatedertrial interval. Specifically, if a correct pronunciation did
prime, and the relatedness proportion was 50% across trialaot trigger the voice key (e.g., on the trials in which an ex-

In addition to the critical pairs, there were a total of 32 traneous sound or possibly a mispronunciation triggered the
practice trials, along with 8 buffer trials that were selectedvoice key), the experimenter pressed the 1 button. If a cor-
from the previously listed norms. The characteristics (i.e.rect pronunciation did trigger the voice key, the experi-
the percentages of high- and low-strength associates relatedenter pressed the 0 button. The younger adults coded their
and unrelated pairs) of these practice—buffer pairs were corown responses by pressing either the 1 or 0 button in the
sistent with the structure of the critical trials. same fashion.

Each participant received three blocks of trials. First, par- There were three scheduled break periods in the experi-
ticipants received 32 practice trials which were followed byment. Participants received a short break after the practice
two test blocks. At the beginning of each test block, fourtrials, and a second break between the test blocks. In addi-
buffer trials were presented which were followed by 72tion, participants could take additional breaks during the ex-
prime—target test trials. The test trials included six prime—-periment by informing the experimenter. All of the subjects
target pairs for each of the 12 experimental cells that wergarticipated individually in a small isolated testing room.
produced by factorially crossing Relatedness{3Btrength
(2) X Delay Interval (3). Each target word was rotated across
participants such that it was preceded by either a relatef€Sults

prime or an unrelated prime at each of the three delay ingegnonse latencies exceeding 2500 ms or 2.5 standard de-
tervals. Thus, targets were counterbalanced across primgaiions above each participant's mean and response laten-
type and delay interval but not strength. However, it iS¢jeg ess than 150 ms or 2.5 standard deviations below each
|_mportant_to_note that a given target served as its own bas‘?)'articipant's mean were treated as outliers. A 3 (groug)

line for priming effects because it was preceded by both relatednessy 2 (strength)x 3 (delay interval) analysis of

related and unrelated prime across participants. Within eacly riance (ANOVA) was conducted on the participants mean
test block, items were randomly ordered anew for each par;

o ; ) - C&erformance per condition to determine if there were any
ticipant. Finally, a given participant never saw the same worqy i effects or interactions. All effects referred to as statis-
twice within the experiment.

tically significant in both Experiments 1 and 2 hapeal-
ues less than .05.
Procedure

Participants were comfortably seated in front of the com-Narnlng latencies

puter, approximately 60 cm from the screen. Because of difTable 2 displays the mean response latencies as a function

ferences across participants in voice volume, the gain oaf group, prime relatedness, and strength. (We collapse here
the voice key was individually adjusted for each partici-

pant. In addition, the volume of the presentation of the au-
ditory primes was adjusted to a comfortable level for theTable 2. Mean response latencies and percentage correct from

participants. Pa_rt|C|pants were |nstruqted that they VYOUIdExperiment 1 as a function of group, strength, and relatedness
be presented with two words sequentially on each trial of

the experiment. They were told to listen to the first word, High strength Low strength

_but the major aspect of the task involved simply pronounc- roup Related  Unrelated  Related  Unrelated
ing the word on the screen as fast and as accurately as pas-
sible after that word was presented. The participants wer&oung (N = 24)

not explicitly told about any relations between the prime RTs 483 503 493 512
and target words. They were told that their voice would trig- % Correct o7 97 o7 97
ger the computer to erase the stimuli from the screen, whicfe'd (N = 46)

was quite clear for the participants during the practice trials. RTS 637 672 656 680
. . . % Correct 97 96 96 96

On each trial, the following sequence of events occurredDAT (N = 46)
(1) a row of three asterisks separated by blank spaces wasgrg 724 796 750 799
presented in the center of the screen for 250 ms; (2) the screeny, correct 96 04 95 93

was blanked; (3) an auditory prime was presented; (4) im
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across delay interval, because this factor did not producét6 ms) than for low-strength associates (32 ms). It is note-
any main effects or any reliable interactions in the data.worthy that the Group< Strengthx Relatedness inter-
There are four points to note about the data in Table 2. Firs&action did not reach significan¢€ (2,113 = 1.35,p = .26,
as expected, response latency is faster for the young adullMSE= 2, 215.59]. The only variable that interacted signif-
than the older adults, which in turn was faster than the DATicantly with group was prime relatednd$52,113 = 7.88,
individuals. Second, the difference between the unrelateg < .01, MSE = 6, 280.59], which indicated that the se-
and the related prime conditions was larger for high-strengtimantic priming effect was largest in the DAT individuals
than for low-strength associates. Third, the difference be{60 ms), compared to the healthy older adults (30 ms), which
tween unrelated and related prime conditions was larger foin turn was larger than in the younger adults (20 ms).
the DAT individuals than for the healthy older adults, which  In addition to the overall analyses, a second set of ANO-
in turn was larger than the young adults. Fourth, and mosVYAs were conducted to determine if there were specific in-
importantly, the overall pattern for the healthy older adultsteractions that were due to age effects (youn@lder adults)
and DAT individuals appears to be very similar. or disease (older adults DAT individuals) effects. In the
Figure 1 displays the mean semantic priming effects (i.e.ANOVA addressing youngersusolder adults, the same set
the difference between the unrelated and its correspondingf effects were reliable, with the exception of the Groxp
related prime condition) as a function of group and strengthRelatedness interaction, which did not reach significance
As shown in Figure 1, the high-strength associates profF (1,68 = 1.38,p = .25, MSE= 3, 544.20]. No other in-
duced a larger semantic priming effect than the low-teractions were reliable. In the ANOVA addressing the in-
strength associates in both the healthy older adults and ifluence of disease, the GroxpRelatedness interaction was
the DAT individuals, but not in the healthy younger adults. significant[F(1,90 = 8.23,p < .01,MSE= 7, 613.77]. In
More importantly, although the DAT individuals appear to fact, identical patterns of main effects and interactions oc-
be producing a larger overall semantic priming effect, thecurred in both the overall analyses and in the analyses of
pattern of priming effects is very similar to the healthy the older adults and the DAT individuals.
older adults. Finally, although the overall Group Relatednes
The above observations were supported by the ANOVA Strength interaction was not significant, separate tests were
This analysis yielded reliable main effects of groupconducted on each group to determine if the critical Relat-
[F(2,113 = 36.92,p < .01, MSE= 187, 303.72], strength ednessx Strength interaction would reach significance
[F(1,113 = 29.75,p < .01,MSE= 2, 012.76], and prime within each group. There was no hint of this interaction in
relatednespF (1,113 = 87.68,p < .01, MSE= 6, 280.59].  the younger adulfs(1,23 = .023,p=.82,MSE= 498.59].
In addition, this analysis yielded a significant interaction The Relatedness Strength interaction also failed to reach
between Strengtix Prime Relatednedd-(1,113 = 7.50, significance in the healthy older aduli5(1,45 = 2.04,p =
p <.01,MSE= 2, 215.59], which indicated that the seman- .16, MSE= 2, 128.45]. Finally, the interaction between Re-
tic priming effect was larger for high-strength associatedatedness< Strength was significant for the DAT individu-
als[F (1,45 =5.74,p < .05,MSE= 3, 180.31]. Thus, the
present results indicated that only the DAT individuals were
sensitive to the StrengtR Relatedness interaction in the
response latency data.

90 -
HIGH STR

E LOW STR Percentage correct

80

In addition to the analyses on the response latencies, we also
conducted ANOVAs on the number of correct responses per
60 | condition, excluding both outliers and trials in which the
voice key was triggered by an incorrect or extraneous sound.
50 - The mean percentage correct as a function of group and con-
dition are displayed in Table 2. As shown here, all groups of
participants performed the speeded word naming task very
30 accurately. The only effects to reach significance were the
main effect of grougF(2,113 = 5.97,p < .01, MSE=

20 - 1.66] and relatedneg$(1,113 = 6.15,p < .05, MSE=

.57]. The Groupx Relatedness interaction approached sig-
104 nificance[F (2,113 = 2.63,p = .08, MSE= .57]. Separate

0 ANOVAs on each group indicated that neither the young
nor the older adults produced a significant effect of re-
latedness; however, the DAT individuals were more accu-
Fig. 1. The mean priming effects (unrelated minus related condi-rate on related prime trials than on unrelated prime trials
tions) as a function of strength and group for Experiment 1. [F(1,45 =9.86,p < .01, MSE= .64].

70 A

40 A

Mean Semantic Priming Effect

Young Healthy Old DAT
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Discussion both the high-strength and low-strength targets tapped into
) ) the same underlying semantic representation for the prime
The results of Experiment 1 yielded a number of notewor-n experiment 1. This is exemplified in the top panel of Fig-
thy findings. First, it is intriguing that there was no evi- yre 2, where one can see that altho@gpFAandRUGvary
dence of a Strengtk Relatedness interaction in the younger iy associative strength 8URNITURE there is no compe-
adults, and only a hint of such an interaction in the healthyition between semantic structures, that is, both associates
older adults. These same stimuli have been shown to progre activated by the same interpretationF&fRNITURE
duce reliable strength by relatedness interactions in botihis pattern can be contrasted with the semantic structure
young and healthy older adults with visual presentation off ambiguous words like8ANK which is depicted in the
both primes and targets (see Balota & Duchek, 1988; Lorchpottom panel of Figure 2. In this case, in addition to vari-
1982). Thus, it is quite likely that the major difference in gpility in associative strength, competition exists between
the results across these experiments is the cross-modal prgiernative interpretations of the word BANK. This compe-
sentation of the stimuli in the present study. It is possibletion s illustrated in this figure by the presence of a seg-
that the auditory presentation of the primes produced amented inhibitory connection between the two semantic
acoustic trace for these stimuli that allowed for more inte-ngdes for BANK, each of which represent a different inter-
grative processing from the prime to the target and also fromyetation of BANK (i.e., MONEYvs RIVER).
the target back to the prime. The StrengtiRelatedness  |n Experiment 2, we explored the possibility that strength

interaction is also minimized, or eliminated, in lexical de- effects might change in DAT as a function of the nature of
cision performance conditions wherein target to prime in-

tegration processes are engaged (see Lorch et al., 1986; Neely
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et al., 1989). We shall further explore this possibility in the

General Discussion section. UNAMBIGUOUS PRIMES
Interestingly, the DAT individuals were the only group of

participants to be reliably sensitive to the StrengtRelat- / o \ ﬁ N\ / -

edness interaction. This pattern of data may suggest that thereZ | SOFA H“FURNITURE#——a RUG

is a degradation in the semantic network in DAT individu- -/ \ " J

als. Specifically, it is possible that the low-strength items '

produced a relatively decreased priming effect, compared - - - - -} - e e e e i e e e e e e e

to high-strength items, in the DAT individuals because these

items reflect the weakest prime—target links and hence are - SN N

most sensitive to degradation. However, an alternative ac- RNITURBE s/ R\

. S ) \ UG |
count is that because the DAT individuals are slower over- % / \ )
all than the healthy control individuals, the dominance effects - Xz S
are simply scaled up due to a general slowing phenomenon. f F
Interestingly, if one considers the size of the priming effect SOFA FURNITURE RUG
for low-strength items as a function of the size of the prim- Target Prime Target
ing effect for high-strength items, these proportions are vir-
tually identical for the healthy older adults (5 = .69) AMBIGUOUS PRIMES
and the DAT individuals (4972 = .68). In this light, there
is little evidence of a qualitatively distinct dementia-related E ( ) o ’ .
change in priming as a function of the underlying strength% | MONEY \ BQE)K BANK € RIVER |
of association. Finally, the relatively large semantic prim-% N \ j
ing effects found in DAT individuals across auditory and «
visual modalities appear to suggest that the present seman- - - -
tic priming effects are either (1) tapping an amodal concep-

SEMANTIC

tual representation, or (2) the level of cortical-cortical = . ) RN
disconnection in early DAT is not sufficient to disrupt the & MONEY | €= BANK ><—~——>‘/RIVER\ S
connections across the auditory and visual modalities tha:é \‘ \ Y \ /»‘ 3
might underlie these priming effects. } { \T -
MONEY BANK RIVER

EXPERIMENT 2 Target Prime Target

The results of Experiment 1 indicated that if primes and tal"Fig. 2. Potential distinctions between the semantic structures for

gets are sampled from the same semantic structure, theredﬁambiguous targets (top panel) and ambiguous targets (bottom
little evidence of a disease-related Change in the priming)aneb_ Arrowed pathways (|e(ﬁ) reflect faci“tatory connec-
effects above and beyond a simple increase in the overaflons, whereas, segmented pathways (ies) reflect inhibitory
priming effects due to general slowing. However, as notedgconnections.
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the underlying semantic representations. There are two pogxperiment. One-half of the targets were related to the dom-
sible ways in which this might occur. First, it may be the inant interpretation of the homograph prime (e.g., BANK—
case that there is a breakdown in the inhibitory connectionMONEY), and the remaining half of the targets were related
between the two interpretations of the ambiguous words. Ifo the subordinate interpretation of the homograph prime
this were the case, then one might expect relatively similafe.g., BANK—-RIVER). The items were selected by Simp-
priming effects for both high- and low-strength prime tar- son and Burgess from the Nelson et al. (1980) norms. It is
get pairs in DAT individuals, but not in healthy older adults noteworthy that the high-strength and low-strength targets
and in young adults. As noted earlier, both Balota and Ducheklid not reliably differ as a function of frequency (based on
(1991) and Faust et al. (1997) have provided evidence th&ucera & Francis, 1967) or length in letters. The unrelated
DAT individuals do show such inhibitory breakdowns with primes were generated by re-pairing related prime—target
balanced homographs, and in a priming paradigm in whictpairs (e.g., the related pair BANK—-MONEY was switched
the context occurs before the homograph. On the other handiith the related pair TIRE-WHEEL to produce the un-
one might expect to find larger dominance effects with ho-related pairs BANK-WHEEL and TIRE-MONEY). In ad-
mographs, if there is a decrease in the availability of low-dition to the target items, there were a set of 32 prime—
strength connections. If the low-strength connections ar¢arget pairs constructed to serve as practice trials, and 8 buffer
most vulnerable to degradation, it may be the case that therime—target pairs were constructed to serve as buffer trials
connection between BANK and RIVER may be unavail- before each block of test trials. As in the test blocks, half of
able in DAT individuals. both the practice and buffer trials were semantically related

and half were unrelated.

There were three blocks of trials. The first block in-

Method cluded the 32 practice trials. Each of the two test blocks
Research Participants began with 4 buffer trials and was then followed by 60 test

trials. Each block contained 5 prime target trials in each of
In Experiment 2, as was mentioned earlier, data from 1 inthe 12 cells that were produced by the factorial crossing of
dividual with DAT was removed due to exceptionally fast Relatedness (related unrelated)< Strength (high-strength
response times (i.e., the participant’s mean reaction time wagg low-strength)x Prime—Target Delay (250 ms, 1000 ms,
less than 400 ms and therefore was likely due to a voice keYnd 1750 ms after the detected offset of the prime). Each
failure). Furthermore, 1 individual with DAT and 1 healthy target word was rotated across participants such that it was
older adult were also removed due to experimenter error "EJreceded by either a related prime or an unrelated prime at
recording the data. Therefore, the results from 24 youngach of the three delay intervals. Thus, as in Experiment 1,
adultS, 47 healthy Older adultS, and 46 indiViduaIS W|th DATtargets were Counterba'anced across prime type and de|ay
were retained for analysis in Experiment 2. The young groupnterval but not strength, and the relatedness proportion was
had a mean age of 20.9 yedSD = 2.2, range= 18-27),  set at 50%. However, it is important to note that a given
the healthy old group had a mean age of 77.3 ye8B=  target served as its own baseline for priming effects be-
9.5, range= 53-91), and the DAT group had a mean age ofcguse it was preceded by both a related and unrelated prime
74.4 yearsSD= 8.3, range= 56-90). The mean education across participants. Within a test block, items were ran-
level for the older adults was 15 years, whereas, for the DATdome ordered anew for each participant. A given partici-
individuals it was 13 years. (It should be noted that al-pant never saw the same word twice within the experiment.
though the education level was higher for the healthy older
adults compared to the DAT individuals, results of a median
split analysis based on education indicated that this factoResults
did not modulate the pattern of priming effects.) The DAT
group consisted of 24 individuals with very mild DAT
(CDR = 0.5), 20 with mild DAT (CDR= 1.0), and 2 with
moderate DAT (CDR= 2.0).

The same screening procedure used in Experiment 1 was
also used in this experiment. A 3 (group) 2 (related-
ness)x 2 (strength)x 3 (delay interval) ANOVA was con-
ducted on the participant’s mean performance per condition

to determine if there were any main effects or interactions.
Apparatus and procedure

The equipment for recording and producing the crossNaming latencies
modal presentation of the primes and targets was identical

to that used in Experiment 1. In addition, the presentation' 20!€ 3 displays the mean response latency as a function of

parameters of the prime—target pairs were identical. strength, prime relatedness, and group. (Again, as in Exper-
iment 1, there were no reliable effects of delay interval and

this factor did not interact with any of the other variables.
Therefore, we collapsed across delay interval.) There are
The stimulus materials were the same materials that werfour points to note in Table 3. First, as expected, response
used by Simpson and Burgess (1985). Specifically, a totdlatency was considerably slower for DAT individuals com-
of 120 word pairs were used for the critical items in this pared with the healthy older adults, which in turn was slower

Stimuli
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Table 3. Mean response latencies and percentage correct from this Strengthx Relatedness interaction was qualified by a
Experiment 2 as a function of group, dominance and relatednessignificant three-way interaction of Group Strengthx
Prime Relatednedd-(2,114 = 5.45,p < .01, MSE = 2,
426.76]. None of the remaining main effects or interactions
Group Related Unrelated Related Unrelated were significant.

In order to further investigate the three-way interaction,
separate ANOVAs were conducted on each group of partici-

High dominant Low dominant

Young (N = 24)

RTs 483 488 494 502

% Correct 98 97 95 96 pants. As expected, the ANOVAs on the young adults and
Old (N = 47) the healthy older adults yielded reliable effects of strength

RTs 637 654 662 680 [F(1,23 =14.96,p<.01,MSE=718.39;F(1,46 = 26.58,

% Correct 96 96 95 94 p <.01,MSE= 3, 410.95] and relatedneds(1,23 = 5.14,
DAT (N = 46) p <.05,MSE=533.77;F(1,46)= 23.84, p< .01, MSE=1,

RTs 755 793 808 811 759.13], for the young and healthy older adults, respec-

% Correct 96 95 94 94 tively. However, neither the analysis of the young nor the

healthy older adults produced a hint of a Relatedness
Strength interaction (botks < 1.00). This can be con-
trasted with the DAT individuals in which there are signif-
than in the healthy younger adults. Second, the related coricant main effects of strengtf(1,45 = 37.59,p < .01,
dition was consistently faster than the unrelated conditionMSE = 4, 549.90] and relatedne$s (1,45 = 7.74,p <
Third, the priming effect overall increased across group, pri-01, MSE= 7, 629.83] along with a highly significant Re-
marily in the high-strength condition. Fourth, only the DAT latedness< Strength interactiofF (1,45 = 9.90,p < .01,
group produced a RelatednessStrength interaction. The MSE= 4, 141.15].

latter pattern of priming effects is most easily seen in Fig-

ure 3, wherein the mean priming effects as a function ofPercentage correct

group and strength are presented. ) i
The above observations were supported by the ANOVAAS shown in Table 3, the mean percentage correct was again

This analysis yielded significant main effects of group "/atively high and comparable across groups and condi-
[F(2,114 = 38.69,p < .01, MSE= 223, 886.78], strength tions. The ANOVA on the number of correct responses per
[F(1,114) _ 74.50,p ~ 01 MSE= 3 3'17'30] and prime condition that were included in the response latency analy-
relat,ednesEF(l 11'4 — 2444 p< 01 MSE= 3 829.30]. sis (i.e., excluding outliers and trials in which the voice key
In addition, this analysis yielded a significant interaction "Vas riggered by an incorrect or extraneous response) yielded
between Strengtk Prime Relatedneds (1,114 = 6.03 only one significant main effect. Specifically, there were
p < .05,MSE= 2, 426.76], which indicated that the seman- slightly more responses for the high-strength targets (96%)
tic priming effect was larger for high-strength associatedan for the low-strength targets (94%f:(1,114 = 14.58,

(23 ms) than for low-strength associates (10 ms). However? < .01,MSE=.55].

Discussion

90 - . .
The results of Experiment 2 are quite clear and overall con-
[ HIGH STR

80 - B LOw STR sistent with the pattern obtained in the first experiment. Spe-
cifically, although both the younger and healthy older adults
70 4 produced reliable semantic priming effects, neither group
produced the predicted StrengthRelatedness interaction.

In contrast, the DAT individuals produced this interaction.
50 | However, in this case, the RelatednessStrength inter-
action did not simply reflect gelative increase in the size

40 4 of the priming effect as in Experiment 1. Specifically, the
DAT individuals producedarger priming effects than the
healthy control individuals for the high-strength items, but
20 | actuallysmallerpriming effects than the healthy control in-
dividuals for the low-strength items.

10 4 As noted earlier, there have been two studies from our
0 |_- laboratory (Balota & Duchek, 1991; Faust et al., 1997) that
have demonstrated that DAT individuals produce deficits in
the processing of homographic items. In the Balota and
Fig. 3. The mean priming effects (unrelated minus related condi-Duchek study, there was evidence that a biasing context word
tions) as a function of strength and group for Experiment 2. (MUSIC) presented before a homographic word (e.g.,

60 -

30 -

Mean Semantic Priming Effect

Young Healthy Old DAT
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ORGAN) did not control the interpretation of the homo- with homographic primes, and targets with different domi-
graphs. Specifically, the DAT individuals produced equiv-nance values, the effects across groups were qualitatively
alent priming for both the contextually relevant targetsdistinct. Specifically, there was an increase in the high-
(e.g., PIANO) and the contextually irrelevant targets (e.g.strength priming effects for the DAT individuals compared
LIVER). In contrast, the healthy older adults only producedto the healthy older adults, whereas, there was a relative
a facilitation for the biased interpretation (e.g., PIANO). Con-decrease in the low-strength priming effects for the DAT
verging evidence was recently reported by Faust et al., whandividuals compared to the healthy older adults. The third
utilized a target integration task with sentence contexts (i.e goal was to investigate whether there would be a decreased
participants decided whether the word ACE was relatedverall priming effect due to potential cortical—cortical dis-
to the sentence context HE DUG THE HOLE WITH A connections in the DAT individuals due to the cross-modal
SPADE). Thus, these studies indicate that DAT individualspresentation of the prime—target pairs. Consistent with other
produce priming for both interpretations of homographs. Thiswithin-modality priming studies, the results indicate that the
would appear at first glance to be inconsistent with theDAT group produced larger priming effects than the healthy
present pattern in which DAT individuals only produce prim- age-matched control participants. Thus, the nature of the
ing for the dominant interpretation, whereas, healthy youngross-modal presentation did not modulate the present results.
and older control individuals produce priming for both the  Although the surface level description of these results are
dominant and the subordinate interpretations. However, therguite clear, there are a number of aspects of these results
are two important differences between these studies that prohat demand further analyses and discussion. We shall now
vide some insight to this difference. First, in the Balota andturn to a more detailed analysis of these issues.
Duchek and Faust et al. studies, the homographs were rel-
atively balanced, vyhere_as in the present study we used b@eneral Slowing
ased homographs in which there was clearly a dominant an
subordinate interpretation of the homographs. Second, in th®verall, the present results yielded an increasing priming
present study, participants relied on preexisting differencesffect in the DAT individuals compared to the healthy older
in the strength of the interpretation of the two meanings ofadults, which, in turn, produced a larger priming effect than
the homographs within the semantic network, whereas, ithe young adults. Of course, because these three groups were
the previous studies, the on-line effect of contextual infor-at different points in the response latency scale, one might
mation on the interpretation of the homographs was meaexpect this pattern of data (see Faust et al., 1999; Myerson
sured. We believe that the DAT individuals are more likely etal., 1992). Thus, we conducted two sets of subsidiary analy-
to produce a breakdown in the integrative operations thases to determine if the pattern of data holds above and be-
select the appropriate meaning of the homographic itemgjond what would be expected based on general slowing
and this produced the apparent multiple access effects thatodels (see Faust et al., 1999, for a discussion of these two
occurred in the previous studies. Although further work isapproaches). The first set of analyses involved proportional
needed in this area, it is quite intriguing that there are nowscores in which each participant’'s mean per condition was
three studies that have provided evidence of breakdowns isubtracted from their overall mean and then divided by their
the processing of ambiguous words in DAT individuals. It overall mean. This analysis corrects for general slowing be-
is quite possible that ambiguous words have unique reprezause it provides glative measure based on the average
sentational characteristics that demand processes that are parecessing speed of that individual. The second set of analy-
ticularly sensitive to DAT. ses involved transforming the datazecores based on the
standard deviation across the cell means within a given par-
GENERAL DISCUSSION ticipgnt’s data. This trans_formation glso c.orrects for general
slowing because of the linear relationship between overall
There were three primary goals of the present series of exesponse latency and standard deviations (again, see Faust
periments. The first goal was to investigate the influence okt al., 1999, for a discussion of this relationship). Both of
strength of association on the priming effects observed irthese sets of transformed data were then submitted to 3
young, healthy older adults, and in individuals diagnosedgroup) X 2 (strength)x 2 (relatednessX 3 (delay inter-
with Alzheimer’s disease. In this regard, the results are relval) ANOVAs.
atively clear. In both experiments there was evidence of a The results of these ANOVAs were remarkably similar
Relatednesx Strength interaction that occurred for the DAT to the original analyses. First, consider the analyses of the
individuals, but not for the healthy young or older adults.results from Experiment 1. The Group Relatedness
The second goal was to determine if the nature of the uninteraction was reliable in the proportional analyses
derlying semantic representation of the primes modulatefiF (2,113 = 4.97,p < .01, MSE= .009], and marginal in
this pattern. Again, the answer is clear: In Experiment 1the z-score analysepF (2,113 = 2.39,p < .10, MSE =
with nonhomographic primes, the healthy older adults and..085]. Thus, it does not appear that the overall increase in
the DAT individuals produced the same qualitative pattermpriming effects across these groups can be simply attrib-
of results, with the DAT individuals simply producing larger uted to general slowing effects. More importantly, for Ex-
overall priming effects. On the other hand, in Experiment 2,periment 1, there was no overall Group StrengthXx
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Relatedness interaction in either the proportional analysegrime in the present experiments produced an auditory or
or in thezscore analyses (boths < 1.00). Thus, there is echoic trace (see Crowder & Morton, 1969) that is ex-
not a hint of a Groupx StrengthX Relatedness interaction tended in time and affords a type of resonating process
after one corrects for general slowing in Experiment 1.  wherein the auditory prime is combined with the visually
Turning to the results from Experiment 2, it is also the presented target. Because this is the only auditory stimulus
case that the pattern of data withstood the test of predicen a given trial (i.e., it was not “suffixed” by a subsequent
tions from general slowing accounts. Specifically, as in thespeech sound; see Crowder & Morton, 1969), it is likely
original analyses, the Group Relatedness interaction did that this echoic type trace persists for an extended period of
not reach significance in either tlrescore analyses or in time (see Balota & Duchek, 1986; Crowder, 1971). The res-
the proportional analyses (bofs < 1.00). More impor-  onating process between the extended prime and target may
tantly, however, the critical Group StrengthX Related- have minimized or eliminated the RelatednesStrength
ness interaction did reach significance in the proportionalnteraction. There are three pieces of evidence that are sup-
analysesff(2,114)= 4.61,p= .01, MSE= .004], and was portive of this notion. First, there is evidence that the
marginally reliable in the-score analysd4$-(2,114 = 3.03,  StrengthX Relatedness interaction is attenuated in the lex-
p = .05,MSE= .911]. Thus, the critical interaction among ical decision task, wherein there is presumably a backward
GroupX Strengthx Relatedness observed in Experiment 2checking (possibly resonating) process between the target
clearly cannot be attributed to simple changes in primingand the prime (see Lorch et al., 1986; Neely et al., 1989).
effects due to general slowing phenomena. Second, there is evidence from a cross-modal naming study
with single-word primes by Peterson and Simpson (1989)
Additive Effects of Relatedness and Strength that proyides direct evidence _of such back_ward proces_sing
in Healthy Young and Older Adults from a visual target to an auditory Worq prime (e.g., prim-
ing from the target BELL back to the prime BOY on BOY—
One intriguing aspect of the present results is that both EXxBELL trials). Finally, the lack of any effect of delay interval
periments 1 and 2 did not yield significant Relatedngss suggests that once the auditory prime was engaged, it
Strength interactions in either the young or the older adultstemained available at least throughout the present delay in-
This is particularly surprising given that three previous stud+ervals? In the past visual presentation studies, the Relat-
ies have found RelatednessStrength interactions with the edness Strength interaction has depended upon the stimulus
same set of stimuli in young adults (Balota & Duchek, 1988;onset asynchrony between primes and targets that involved
Lorch, 1982; Simpson & Burgess, 1985), and in older adultabrupt onsets and offsets. It is possible that the abrupt onset
with the stimuli from Experiment 1 (Balota & Duchek, 1988). and offset of a visual stimulus may contribute to the time
Of course, one might argue that these results reflect a Type Hourse of such RelatednessStrength interactions that have
error (i.e., a failure to detect the interactions). We do notoccurred in the past priming research (e.g., Balota & Duchek,
believe that this is likely because the same pattern was re[d-988; Simpson & Burgess, 1985). Of course, visually pre-
licated in both of the present experiments and there was sented primes do not engage the same speech specific echoic
considerable number of observations and participants in eadtore (see Crowder, 1971). Thus, the present results suggest
study. Specifically, Experiment 1 included 36 observationghat the availability of the auditory trace for the prime item
for each of the four cells produced by a factorial cross ofthroughout the delay interval may have instantiated an in-
Relatednesx Strength for each of 70 participants, whereastegration process in which the prime and target are com-
Experiment 2 included 30 observations per condition for eaclvined, thereby eliminating the RelatednessStrength
of 71 participants. Moreover, the priming effect sizes frominteraction. Moreover, these results appear to suggest that
Experiment 1 (20 ms and 30 ms for the young and old, rethere may be a speech specific code that is used for such
spectively) were actually larger than in the Balota andintegration processes thatis quite distinct from a visual store.
Duchek (1988; 8 ms and 15 ms for the young and old, reThe integration of incoming speech with previously pre-
spectively) with the same set of stimuli, even though thesented speech would make such a speech specific represen-
latter study detected the reliable interaction. Thus, one cartation particularly advantageous in the evolution of the
not argue that the failure to find a RelatednesStrength  language processing system.
interaction in the present study can be attributed to an in- Although an echoic—auditory trace may play a role in the
sensitive priming paradigm. present cross-modal priming results, it is still unclear why
Because of the consistency of the results across the presesich a trace would eliminate the strength by relatedness in-
two experiments, we believe that it is more likely that theteraction. Wouldn’t the integration process be strength de-
mode of presentation eliminated the RelatedneS¢rength
interactions. To our knowledge, this is the first cross-modal™ o
. . . . . . It should be noted that because the triggering of the onset of the delay
presentation with smgle—word primes that has InVes“g"""[egresentation was dependent upon the detection of silence at the end of the
the Relatedness Strength interaction. We believe that it is offset of the auditory prime, and there are differences in sensitivity to dif-

quite possible that the auditory presentation of sing|e_worderent offsets across words, there was some variability associated with the
actual delay interval across stimulus words. However, it should be noted

primes may be the critical factor in the present study. Spega; such variability would have been constant across the delay intervals
cifically, it is possible that the auditory presentation of theand prime-target relations.
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pendent? We believe that the failure to find Strength strength of the association. In Experiment 1, both the high-
Relatedness interactions in both the young and older adulistrength (FURNITURE-SOFA) and low-strength pairs
provides some insight into the nature of cross-modal, singlefFURNITURE—-RUG) accessed the same semantic struc-
word priming effects. These results are supportive of an allture of the prime. In this case, there is no competition
or-none or threshold model of priming. Specifically, if the between different interpretations of the prime word (FUR-
system resonates to a relationship between the prime aldiITURE). On the other hand, the stimuli used in Experi-
target, then there appears to be a constant increase in theent 2 included direct competition between the interpretation
benefit to target processing regardless of strength. As noteéngaged by the high-strength (BANK—MONEY) and the
this resonating process should be engaged during the 500 rf@wv-strength pairs (BANK—RIVER). This competition may
between target onset and response output (see Balota et dlgve produced difficulty in the DAT group for the low-
1989; Dallas & Merikle, 1976, for evidence of priming ef- strength pairs because DAT individuals have attentional
fects after target word recognition). The availability of the breakdowns in which they cannot inhibit—control the high-
echoic trace during this interval serves as the stimulus fodominant prime—target interpretation, once that interpreta-
this resonating process. If this account is correct, then ongon has been accessed. This pattern would be consistent with
might ask why past visual presentation studies producethe notion that DAT individuals produce breakdowns in in-
Strengthx Relatedness interactions? It is possible that withhibitory control systems (e.g., Balota & Duchek, 1991; Bal-
sequential presentation of primes and targets that there is@a & Ferraro, 1993, 1996; Faust et al., 1997; Spieler et al.,
probabilistic change in the rate of finding prime—target re-1996; Sullivan et al., 1995).
lationships across high- and low-strength associates. Spe- Alternatively, it is possible that the representation for the
cifically, for low-strength prime-target pairs, some of theselow-dominant interpretation of homographs is degraded in
relations will not be found because of the abrupt onset an@AT individuals. The notion here is that, although there is
offsets of the prime-target sequence; that is, the prime is neome exposure to the low-dominant interpretation of homo-
longer available for the resonating process with visual pregraphs, it is less likely than exposure to the high-dominant
sentation. For high-strength prime—target relationships, thermterpretation. Thus, it is relatively rare to be exposed to the
would be anincreased likelihood of the network settling intoBANK—RIVER interpretation. Therefore, low-dominant in-
a relationship. Thus, when averaged across items, one findsrpretations may be relatively less available and hence more
an effect of prime—target strength, not because of increasesknsitive to semantic degradation produced by the disease.
activation, but rather because of an all-or-none priming ef-This can be contrasted with the nonhomographic word such
fect that is less likely to be found for low-strength items, as FURNITURE. One might argue that every encounter of
compared to high-strength items. Of course, this is a verynonhomographic words consistently reinstantiates the same
different account of Relatedness Strength interactions, semantic interpretation that is related hoth the high-
wherein strength actually modulates the degree of priminglominant interpretation and the low-dominant interpretation.
(spreading activation) within a given trial. Unfortunately, Thus, the continued exposure to this stimulus strengthens
the distinction between continuous and all-or-none model®oth connections at the same rate, and therefore, this inter-
has historically been very difficult to make (see Crowder,pretation may be less prone to the effects of degradation.
1976, for an excellent review of this issue). Although the We have provided two ways to interpret the qualitatively
present results are consistent with this possibility, furthedistinct pattern of data in the DAT individuals that was ob-
work is clearly needed to address this issue. served in Experiment 2. One account appears to reflect a
degradation in the semantic representation for the low dom-
inant interpretation of ambiguous words, whereas, the sec-
Strength X Relatedness Interactions ond account appears to reflect more of a degradation in the
in DAT Individuals control system that allows access to the subordinate inter-
pretation. We believe that the present results cannot totally
One of the central issues addressed in the present studiyscriminate between these two alternatives, and that this
is the pattern of priming effects in the DAT individuals. In distinction may be more a matter of degree rather than kind.
contrast to the healthy young and older adults, in botht is likely that the present cross-modal priming paradigm,
experiments, these individuals produced highly reliablecoupled with a naming task as the dependent measure, min-
StrengthX Relatedness interactions for the same set of stimimized the influence of attentional control processes, com-
uli. Interestingly, in Experiment 1, this interaction can bepared to previous priming studies. There were no direct
accommodated simply by a general slowing perspective, bedemands to integrate the prime and the target word, and the
cause the healthy older adults also produced some, albgiarticipants were only required to name a series of visually
nonsignificant, evidence of this interaction. However, thepresented words. Clearly, the demands in this task are min-
results from Experiment 2 clearly did not produce a patterrimal compared to the standard neuropsychological mea-
that can be accommodated by general slowing. The majaures that have been used to measure semantic memory, such
difference across these two experiments is the type oés verbal fluency and Boston Naming Test, along with the
semantic information accessed by the primes, and theognitive tasks that presumably tap into semantic network,
relationship between this information and the underlyingsuch as sentence verification and category verification tasks.
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Moreover, the present studies provide a dissociation beBalota, D.A. & Duchek, J.M. (1988). Age-related differences in
tween two classes of stimuli (homographs and nonhomo- lexical access, spreading activation, and simple pronunciation.
graphs) under identical presentation formats. Thus, although Psychology and Aging, 84-93.

one may never be able to develop a fully attention-free tasiéalota, D.A. & Duchek, J.M. (1991). Semantic priming effects,
(per Jacoby’s, 1991, process-pure measure) to tap into the IeX|ca_I repetition eﬁec_ts,'a_nd contextl_JaI.d_lsamblgL_Jatlon _ef-
integrity of semantic memory in DAT individuals, the present fects in healthy aged individuals and individuals with senile

- . . . ia of the Alzhei i L 4
results provide additional evidence that ambiguous words (ig;rlezr(l)tlla of the Alzheimer typérain and Language40,

afford a qualitatiygly distinct type of processing that ap- Balota, D.A. & Ferraro, F.R. (1993). A dissociation of frequency
pears to be sensitive to DAT. and regularity effects in pronunciation performance across
young adults, older adults, and individuals with senile demen-

S tia of the Alzheimer typeJournal of Memory and Language
ummary 32, 573-592.

The results of the present Study provide two important patBa|01Ea-, D.A. & Ferraro, F.R. (1996) Lexical, sublexical, and im-
terns of data. Specifically, under conditions that appear to Plicit memory processes in healthy young and healthy older
minimize attentional processing, both young and healthy Eim:zsndcl'%:gd;/l'gu;zls ;V:h dementia of the Alzheimer type.
; uropsy gy10, 82-95.

plder adults QO not produc_:e a pnme Relatednesirength Balota, D.A. & Lorch, R.F. (1986). Depth of automatic spreading
Interaction W'th a S_(Et of _S‘t'mu“ thgt has been_ Shown. to pro- activation: Mediated priming effects in pronunciation but not
duce such interactions in past within-modality studies. We i, jexical decisionJournal of Experimental Psychology: Learn-
believe that the present results suggest a possible all-or- ing, Memory, and CognitiariL2, 336-345.

none priming mechanism that may be exposed in the cumBalota, D.A. & Paul, S.T. (1996). Summation of activation: Evi-
rent single-word, cross-modal priming paradigm. The second dence from multiple primes that converge and diverge within
major finding in the present results is that although DAT  semantic memorylournal of Experimental Psychology: Learn-
individuals produce relatively comparable priming effects  ing, Memory, and Cognitigre2, 827-845.

with prime stimuli that have a single semantic representaBattig, W.F. & Montague, W.E. (1969). Category norms for verbal
tion, there appears to be a breakdown in the processing of |tem§ in 56 categories: A replication and.extensmn of the Con-
the subordinate meaning of ambiguous words. Although &eocgggfa%?gggr{ nz(rsms]ournal of Experimental Psychology
t_hese results were observedl in a.task that minimizes atte%—erg, L.. McKeel, D.W., Miller, J.P.. Storandt, M., Rubin, E.H.,
tional controlled processes, it is likely that the pattern was Morris, J.C., Baty, J., Coats, M., Norton, J., Goate, A.M., Price,

produced both by a degradation in the network and the pro- 3| Gearing, M., Mirra, S.S., & Saunders, A.M. (1998). Clin-

cesses engaged to access that network. icopathological studies in cognitively healthy aging and Alz-
heimer’s disease: Relation of histologic markers to dementia
severity, age, sex, and APOE genotypechives of Neurology
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