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Abstract

The impact of basal ganglia dysfunction on semantic processing was investigated by comparing the performance of
individuals with nonthalamic subcortical (NS) vascular lesions, Parkinson’s disease (PD), cortical lesions, and
matched controls on a semantic priming task. Unequibiased lexical ambiguity primes were used in auditory
prime-target pairs comprising 4 critical conditions; dominant related (eamk—money subordinate related (e.g.,
bank-river), dominant unrelated (e.goot—-moneyand subordinate unrelated (e.pat—river). Participants made

speeded lexical decisions (wgmbnword) on targets using a go—no-go response. When a short prime—target
interstimulus interval (1S1) of 200 ms was employed, all groups demonstrated priming for dominant and subordinate
conditions, indicating nonselective meaning facilitation and intact automatic lexical processing. Differences emerged
at the long ISI (1250 ms), where control and cortical lesion participants evidenced selective facilitation of the
dominant meaning, whereas NS and PD groups demonstrated a protracted period of nonselective meaning
facilitation. This finding suggests a circumscribed deficit in the selective attentional engagement of the semantic
network on the basis of meaning frequency, possibly implicating a disturbance of frontal-subcortical systems
influencing inhibitory semantic mechanismsINS 2003,9, 1041-1052.)

Keywords: Basal ganglia, Language, Semantic priming, Lexical ambiguity, Subcortical, Parkinson’s disease,
Subcortical aphasia, Semantic inhibition

INTRODUCTION of performance on standard off-line language measures, with-
Th le of the basal liain h | funci out reference to contemporary psycholinguistic models. This
€ role of the basal gangfia in human language iunc IOrhpproach has failed to reveal the underlying nature of these

_remlams unkngm;p,_td?ﬁlte acorpus |°f I;ter_ature St?]cu(;nenﬁhnguage deficits “locally” in terms of various dynamic and
Ing language deticits following vascular esions ot the om'temporally constrained linguistic and nonlinguistic compo-

inant nonthalamic subcortical (NS) region and more recenf ot processes. Possibly as a consequence, this line of re-

f_unctiongl neurpimaging data ident.ifying basal ganglia aCearch has lagged far behind the understanding of traditional
tivity during various language functions (see below). Theo- ortically based aphasia syndromes which have seen the

ries of subcortical language function have been postulated . : - : ;
elineation of underlying dynamic language processing com-
(Crosson, 1985; Wallesch & Papagno, 1988), however, re- ying ¢y guagep g

h in this field h tb h icall trai (Eonents and their disruption (Blumstein, 1997). One plau-
search in this neid has hot been theoretically constrainedq, explanation for the lack of progress in this area, which
and has remained largely data-driven, providing limited deh

scriptions of individuals with vascular NS lesions in terms as gained increased currency in recent times, is that lan-
pti individuals with vascu : ! guage deficits associated with vascular NS lesions are ac-

tually the sequelae of concomitant cortical dysfunction,
Reprint request to: David Copland, Centre for Research in Languagguggesting that the basal gang”a play no role in |anguage
Processing and Linguistics, Department of Speech Pathology and Audiol- . . .
ogy, The University of Queensland, Brisbane, Queensland, Australia, 407 Processing, or that more subtle subcortical Ianguage contri-
E-mail: d.copland@ug.edu.au butions may be masked (Nadeau & Crosson, 1997). The
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present study addresses these issues by providing a nowadrsusnonwords (Kotz et al., 2002) and relateelrsusun-
comparison of individuals with PD and vascular basal gan+telated word pairs (Rossell et al., 2001) provide further
glia lesions and a cohort with cortical vascular lesions on ampetus for the present investigation of semantic priming
semantic priming lexical decision task. using lexical decision following basal ganglia damage.

The locus of impairment following NS lesions is typi-  Functional neuroimaging provides a promising avenue
cally centered on lexical-semantic functions, with evi-for confirming, refuting, or developing theories of subcor-
dence of confrontation naming deficits, semantic paraphasiatcal language function; however, it has been argued that
and word-finding difficulties (Cappa & Vallar, 1992; Wall- the strongest inferences can be made concerning the neural
esch & Papagno, 1988). Theories of basal ganglia languagaibstrates of cognition when evidence from functional neuro-
function have been developed accordingly. Crosson (1985maging in normals is complemented with lesion study data
1992a, 1992b) provided an integrated model of subcortical¢(D’Esposito, 2000), and such an approach appears neces-
cortical language production which included a neuroregusary to determine whether the basal ganglia are involved in
latory role for the basal ganglia in regulating the release ofanguage, and if so, whether this role is critical or support-
preformulated language segments for motor programmingve. Unfortunately, the study of subcortical functions with
following semantic verification. Wallesch and Papagnoindividuals with NS vascular lesions is made difficult by
(1988) proposed that the striatum plays an information propossible concomitant cortical hypoperfusion (see Nadeau
cessing role in monitoring the cortical parallel processing& Crosson, 1997). As a consequence, language deficits in
of lexical units and integrating situational and motivationalindividuals with NS lesions may reflect cortical dysfunc-
constraints to influence the selection of lexical items fortion, or cortically based language disturbances may mask
output which are meaningful and conceptually adequatemore subtle language deficits arising directly from the sub-
although this proposal was more recently modified (Wall-cortical lesion. An alternative approach is to study lan-
esch, 1997). guage in PD, given that one of the hallmark features of PD

Evidence from lesion studies in animals and humans sugs degeneration of the nigrostriatal dopaminergic system,
gests that the role of the basal ganglia in cognition may bevhich acts to alter striatal output (Gerfen, 1992; Mink, 1996).
conceived in terms of “network-specific” functions, whereby Consequently, Parkinson’s disease has been used exten-
damage to different components in cortical-subcortical netsively as a model for exploring cognitive functions of the
works results in a similar functional deficit (e.g., Cum- basal ganglia (e.g., Brown & Marsden, 1998; Taylor et al.,
mings, 1993; Divac et al., 1967; Mendez et al., 1989). Thel986; Ullman et al., 1997). Any assumption that cognitive
exact role of the nonmotor basal ganglia—thalamocorticatleficits in PD reflect striatal dysfunction should be made
circuits in higher level functions is not yet fully deter- cautiously, however, given that (1) various frontal regions
mined, but there is emerging evidence that several of thesmay be affected by the degeneration of mesolimbic and
subcortical—cortical loops (i.e., anterior cingulate, dorso-mesocortical dopaminergic pathways also, which have been
lateral prefrontal) may be involved in various cognitive implicated in cognitive changes (Javoy-Agid & Agid, 1980;
processes which could influence language processing (Cunscatton et al., 1982), and (2) certain cognitive deficits in
mings, 1993). For instance, the anterior cingulate circuitPD may relate to other cortical dysfunction (Hu et al., 2000),
has been associated with attentional control of semantior neurochemical alterations including cholinergic systems
activation in circumstances of competition (Early et al.,with cortical and subcortical projections (e.g., Bedard et al.,
1989; Posner & DiGirolamo, 1998) and controlled seman-1999). In addition, differences may be expected in the lan-
tic priming (Mummery et al., 1999). In addition, the dorso- guage processing of PD and NS lesion groups, given the
lateral prefrontal cortex appears involved in aspects oflifferent effects of dopaminergic deafferentation of the stri-
working memory as well as strategy formation godmain-  atumversusstructural lesions of striatal tissue on striatal
tenance including semantic strategy formation which mayoutput and function (Crosson, 1992b).
influence engagement of the semantic network (Gold et al., A novel way to address these various pathophysiological
1997; Gonzalez Rothi, 1990). confounds and use the lesion method to examine subcorti-

Recent functional neuroimaging data also allow for pos-cal language functions is to compare different subcortical
sible involvement of the basal ganglia in language, and morgroups (i.e., individuals with Parkinson’s disease and NS
specifically, lexical-semantic processing (but see Cabezaascular lesions) with specific forms of possible cortical
& Nyberg, 2000). Increased basal ganglia activity has beeinvolvement, leaving basal ganglia pathology as the com-
associated with semantic judgments and categorization (Abmon salient feature between these groups (Crosson, 1992a).
dullaev et al., 1998; Binder et al., 1997; Mummery et al.,A further method for addressing this limitation is the direct
1998; Pilgrim et al., 2002; Price et al., 1997), semanticcomparison of subjects with subcortical lesions and sub-
anomaly and sense judgments in sentences (Kuperberg et gécts with cortical lesions (e.g., Kirk & Kertesz, 1994). If
2000; Ni et al., 2000), and semantic working memorylanguage deficits in NS subjects are due to a breakdown in
(Crosson et al., 1999). Findings of increased basal gangligpecific subcortical language mechanisms, then these sub-
activity for lexical decisions (Abdullaev et al., 1998), lexi- jects may present with qualitatively different language im-
cal decisions on lowersushigh frequency words (Fiebach pairments to those subjects with cortical lesions. A recent
et al., 2002) and in semantic priming tasks for real wordsseries of studies have combined these approaches to pro-
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vide a comparison of on-line language processing in indi-nant meaning and inhibition of the subordinate meaning.
viduals with NS vascular lesions, PD, cortical lesions, andmportantly, the attention-based process of meaning facili-
matched controls (Copland et al., 2000a, 2001). These studation and inhibition appears particularly robust in normal
ies demonstrated a pattern of impairment in the attentionsubjects, as this pattern of priming was maintained when
based resolution of lexical ambiguities in context for PDthe proportion of dominant and subordinate biased pairs
and NS lesion groups that differed from both control andwas manipulated and when subjects were instructed to fo-
cortical lesion groups. In certain instances, the perforcus on less frequent meanings.

mance of PD and NS lesion groups also differed (Copland The aims of the present study were to investigate lexical
et al., 2001), suggesting the influence of different patho-ambiguity priming in subjects with NS lesions, PD, cortical
physiological mechanisms on language operations. Thé&esions, and matched controls with respect to (1) the time
present study further examines differences among theseourse of lexical activation for dominant and subordinate
groups on a measure of semantic priming for lexical ambi-meanings of lexical ambiguities presented in isolation, and
guities presented without context. (2) the integrity of automatic and attentiopi@bntrolled lex-

Semantic priming refers to the increased speed and accieal processing. These issues were addressed by an experi-
racy in recognizing a target preceded by a related wordnent which involved the presentation of lexical ambiguities
(prime), compared to an unrelated word. Semantic primingn isolation with unrelated targets or targets related to the
effects are attributed to automatic spreading activation withirdominant or subordinate meanings at 200 ms ISl and 1250 ms
semantic networks or strategaontrolled mechanisms in- 1ISl. It was predicted that control subjects would show fa-
cluding expectancy generation and postlexical integratiorcilitation for dominant and subordinate meanings at the short
or semantic checking (Neely, 1991). Lexical ambiguity prim-1SI followed by selective priming for the dominant mean-
ing is a useful tool for examining lexical-semantic opera-ing at the long ISI, reflecting an automatic nonselective
tions, as it is seen to be more demanding of the semantiexical access followed by attention-based meaning selec-
system than standard priming because the semantic assotibn and inhibition (Simpson & Burgess, 1985). It was hy-
ates of lexical ambiguities (e.gbank-rive), are usually pothesized that NS subjects would show intact automatic
less highly associated than nonambiguous items (@, facilitation for dominant and subordinate meanings at 200 ms
dog). Consequently, lexical ambiguity priming effects are ISI, given recent findings of intact automatic lexical ambi-
less likely to reflect the accessing of highly associated wordguity processing in this cohort (Copland et al., 2000b, 2001).
possibly without full reference to underlying semantic re- It was expected that selective facilitation of the dominant
lationships (Milberg et al., 1987). Lexical ambiguity prim- meaning at 1250 ms ISI would be compromised, given the
ing also furnishes a window on processes of meanindinding of impaired controlled lexical processing in previ-
selection, competition and inhibition. The priming of lexi- ous priming studies with this population (Copland et al.,
cal ambiguities presented in isolation has provided valu2000a, 2000b, 2001).
able information concerning the time course of lexical
activation, the influence of meaning frequency, and the unMETHOD
derlying semantic structure of lexical ambiguities (Balota
et al., 1999; Simpson & Burgess, 1985).

The present study employs a paradigm similar to tha
used by Simpson and Burgess (1985), where non-equibiaséithe NS lesion group comprised 10 participants (6 females,
lexical ambiguities were presented with associates related males) included on the basis of the following criteria: (1)
to the dominant (more frequent) or subordinate (less freCT or MRI confirmed lesions visible only in subcortical
guent) meaning of the ambiguity (e.gank—moneybank—  regions, excluding the thalamus, following a single cere-
river), in addition to unrelated word pairs which acted asbrovascular accident (CVA); (2) no previous history of head
controls (e.g.calf-moneycalf—river). At 16 ms SOA only trauma, dementia, brain tumor, cerebral abscess or alcohol-
the dominant meaning showed facilitation relative to un-ism; (3) right handedness, monolingual in English and no
related words, whereas both dominant and subordinate meareported visual antbr hearing abnormality; (4) at least 6
ings appeared active at intermediate SOAs of 100 ms anthonths post onset at the time of testing; (5) able to perform
300 ms. At longer SOAs of 500 and 750 ms, the advantagthe lexical decision task. All lesion sites were confirmed by
for the dominant meaning was reestablished, as the subordi radiologist. It is noted that subcortical lesions were lo-
nate meaning was no longer facilitated relative to unrelatedated in the left hemisphere except in the case of Subject
words. This pattern of results suggested that when lexicalO, who had bilateral deep white matter lesions. Neuroradio-
ambiguities are encountered in isolation, both meanings aregical, demographic and language performance data for
activated; however, the speed with which each meaning ithe NS subjects is presented in Table 1. All NS subjects
retrieved, and the strength and duration of its activationpbtained Western Aphasia Battery (WAB) Aphasia Quo-
varies as a function of its relative frequency. Simpson andients above the 93.8 cut-off. Eight subjects were classified
Burgess (1985) also demonstrated that the process by whi@s non-aphasic, and 2 as anomic.
dominant meanings are selectively facilitated at longer ISIs The cortical lesion (CL) group consisted of 10 subjects
involves an active direction of attention toward the domi- (6 female; 4 male) who had CT or MRI confirmed cortical

Besearch Participants
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Table 1. Summary of nonthalamic subcortical subject characteristics

Education Time of scan Months
Case Age Sex (years) Etiology post-stroke* Lesion site post-stroke  Comp  AQ Class.
1 52 F 10 H 3 CN, IC 71 9.7 95.4 nonaphasic
2 77 M 10 I >365 adjacent to CN 78 10.0 98.0 nonaphasic
3 71 F 10 | 8 BG, CR 18 9.8 96.5 nonaphasic
4 52 M 10 I 1 IC, HCN, LN 32 10.0 96.8 anomic
5 46 F 15 | 64 IC, BG, PVWM 51 10.0 99.6 nonaphasic
6 40 F 10 I >365 PVWM, CS, LN, IC, EC 13 9.9 98.8 nonaphasic
7 47 M 15 H 43 P, IC 49 9.9 95.7 nonaphasic
8 69 M 10 I 7 LN, CS 26 10.0 95.0 nonaphasic
9 49 F 10 | 1 IC 9 10.0 96.4 nonaphasic
10 58 F 15 | 3 DWM 24 10.0 97.8 anomic

Note * reported in days; & infarct; H= hemorrhage; |G- internal capsule; GR globus pallidus; PVWM-= periventricular white matter; EE external
capsule; BG= basal ganglia; CS centrum semiovale; LN= lentiform nucleus; HCN= head of caudate nucleus;=Pputamen; CN= caudate nucleus;
DWM = deep white matter; CR corona radiata; AG= WAB aphasia quotient; Comg WAB comprehension summary.

lesions following a single left CVA and met criteria (2) to mance data for each subject in the CL, and PD groups is
(5) above. It should be noted that it was not possible tgpresented in Tables 2 and 3, respectively.

completely rule out periventricular white matter disease in The control group comprised 10 nonneurologically im-
all CL subjects due to scan limitations. Six CL subjectspaired individuals matched to the NS participants for age,
performed below the WAB Aphasia Quotient cut-off of 93.8, sex, and educational level. Control subjects were excluded
comprising 1 Broca’s, 4 anomic, and 1 conduction aphasicif (1) they had a history of neurological disease or head
according to WAB classification. The PD group comprisedtrauma; (2) they had a history of alcohol abuse; (3) they had
10 subjects (6 female; 4 male) who had been diagnosed akefective vision angor hearing which would affect the va-
suffering from idiopathic PD by a neurologist prior to in- lidity of the task performance; and (4) English was not their
clusion in the study. Subjects were excluded if (1) Englishfirst language. Subjects from the CL, PD, and normal con-
was not their first language; (2) they had a history of alco-trol groups were matched to the NS subjects in years of
hol abuse, stereotaxic surgery, @gndneurological disease education, gender, and where possible, age. There was no
other than PD; (3) they had uncorrected vision grchear-  significant difference among the groups in years of educa-
ing impairment; and (4) they could not make the lexicaltion [F(3,36) = .375,p = .771]. There was a significant
decision response. The PD subjects had a mean score difference among the groups in age(B,36)= 5.030,p =
2.75 (SD = .825) on the Hoehn and Yahr Scale (Hoehn & .006], with post-hoctests revealing that the PD patients
Yahr, 1967). All PD subjects obtained a WAB Aphasia Quo-(M = 68.60,SD = 8.33) were significantly older than nor-
tient above the 93.8 cut-off, and the PD group obtained amal controls M = 54.00,SD = 11.65) and CL subjects
mean Mattis Dementia Rating Scale (Mattis, 1988) score ofM = 54.70,SD = 6.93), while there was no significant
135. Demographic, neuroradiological, and language perfordifference between the age of PD and NS subjebts<

Table 2. Summary of Parkinson’s disease subject characteristics

Time
Case Age Sex Education* post-diagnosis* Medication MDRS Comp AQ
11 58 M 15 4 Levodopa (kinson) 143 10 99.8
12 58 F 15 4 Madopar 142 10 99.6
13 69 F 7 11 Sinemet, Symmetrel 139 10 98.8
14 73 F 7 8 Sinemet 135 10 98.6
15 65 M 10 12 Madopar, Tasmar 137 7.4 94.6
16 77 M 7 6 Sinemet 119 10 97.8
17 76 F 15 9 ra 142 10 98.6
18 60 F 12 10 Madopar 134 10 99.2
19 75 M 7 9 Sinemet 118 10 96.4
20 80 F 7 13 Sinemet 141 10 99.8

Note * reported in years. MDRS- Mattis Dementia Rating Scale; A© WAB Aphasia Quotient; Comp- WAB comprehension
summary.
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Table 3. Summary of cortical lesion subject characteristics

Education Months WAB WAB
Case Age Sex (years) Etiology Lesion site post-stroke Comp. AQ Class.
21 52 M 15 na fronto-parietal 16 10.0 96.4 nonaphasic
22 45 F 15 | fronto-parietal 62 8.25 53.9 Broca’s
23 65 F 8 | temporal, parietal 16 10.0 97.2 nonaphasic
24 54 M 10 | temporo-parieto-occipital 22 9.6 86.2 Anomic
25 49 F 10 | MCA distribution 17 9.3 92.4  Anomic
26 48 F 10 | parietal 15 10.0 96.0 nonaphasic
27 63 F 12 na fronto-parietal 38 8.95 79.5 Anomic
28 52 M 10 H parietal 26 9.3 81.0 Conduction
29 56 F 10 | fronto-parietal 102 10.0 98.2 nonaphasic
30 63 M 12 | fronto-temporal 32 8.9 90 Anomic

Note | = infarct; H= hemorrhage; AQG= WAB Aphasia Quotient; Comp WAB comprehension summary score.

56.00,SD = 12.37) . There was also no significant differ- Twilley et al., 1994) followed by a pronounceable non-
ence in age between the CL, NS, and normal control subword, and ten pairs including a nonambiguous word fol-
jects [F(2,27)= .092,p = .913]. lowed by a pronounceable nonword. The probability of
seeing a word or nonword target was .50 for any trial. In
total, 80 critical word pairs were presented (20 subordinate
related, 20 subordinate unrelated, 20 dominant related, 20
The present experiment used auditorily presented word pairslominant unrelated). Eight session lists were constructed,
The first word presented was a lexical ambiguity or a non-with each homophone appearing once in each session in
ambiguous word, representing the prime, followed by a tarone of the four conditions stated above at 200 ms ISI and
get which was either a nonword or a real word which was1250 ms ISI. The same set of nonword pairs was used twice
related or unrelated to the prime word. Twenty lexical am-in each session. The order of critical and filler word pairs
biguities and their associates were selected on the basis ofias pseudorandomized in each session, with the condition
pretest which was carried out to obtain regional and agethat no more than three real word or nonword targets were
appropriate stimuli in terms of meaning dominance for lex-presented in succession.
ical ambiguities and strength of association for targets. A All stimuli were spoken by a female speaker with neutral
group of 50 neurologically intact elderly adults (age rangeintonation in a sound-proof booth and digitized with a sam-
60-89) were presented with 79 lexical ambiguities (selectpling rate of 22 kHz directly into an IBM compatible com-
ed from the homograph norms of Nelson et al. (1980) anguter. Word pairs were then constructed, where identical
Twilley et al., (1994)), and were asked to provide a wordwords were represented by the same physical token. An ISI
related to the first meaning of the ambiguity which came toof 200 ms and 1250 ms was placed in between each word
mind, followed by any secondary meaning associates. Frorpair, with four sessions consisting of pairs with an ISI of
this survey, 20 lexical ambiguities were chosen which had200 ms, and four sessions using word pairs with an ISl of
(1) two distinct meanings, (2) common related associate§250 ms.
which were signaled by the respondents, (3) a dominant
meaning which was provided by the subjects as the firs
related meaning at least 70% of the time, (4) a subordinat
meaning which was provided second at least 70% of th&he experiment was conducted using an IBM compatible
time. Dominant and subordinate associates were selectddptop computer with Pentium processor, sound card, milli-
for each of the 20 lexical ambiguities, based on the mossecond timer, and free-field speakers. The computer pre-
common responses given in the pretest. There was no sigented the word pairs in free-field and recorded the time
nificant difference p < .05) between dominant and sub- elapsed from the offset of the target to the response made
ordinate associate targets in terms of length and frequendyy the mouse button press in milliseconds. The time-out
(Kucera & Francis, 1967). Unrelated pairs were created byvas set to 5000 ms, after which a no-response was recorded
changing the prime word to an unrelated lexical ambiguityand the next trial began. All reaction times were saved di-
(from Twilley et al., 1994, or Nelson et al., 1980), so thatrectly onto computer.
comparisons of related and unrelated pair latencies were Subjects were tested individually in eight single sessions
based on responses to the same target words presentedinicluding 10 practice trials. Participants were instructed that
different sessions. they would hear a real word followed by either another real
Twenty nonword pairs were also constructed, with 10word or a nonword. Subjects were seated directly in front
pairs consisting of a homograph (from Nelson et al., 1980pf a laptop computer, with their left index finger placed

Materials

%\pparatus and Procedure

https://doi.org/10.1017/51355617703970081 Published online by Cambridge University Press


https://doi.org/10.1017/S1355617703970081

1046 D. Copland

directly on the left internal mouse key in order to make subjects, while two outliers were replaced for PD subjects
speeded lexical decisions using a go—no-go response pr¢t.3%), and one outlier was replaced for CL subjest$%o).
cedure. Subjects were instructed to press the mouse button The data were then assessed for normality and homogene-
as quickly as possible if the second item was a real wordity of variance. While the data for each group did not vio-
and do nothing if the second word was a nonsense wordate assumptions of normality, as indicated by Shapiro-
There was an intertrial interval of 4 s. Subjects could repeaWilks results, assumptions of homogeneity of variance were
the practice block until performance was accurate. No feedviolated, according t&-max ratios (Coakes & Steed, 1997).

back was given following the practice block(s). Consequently, a log transformation was performed, which
stabilized the data in terms of variance. Analyses were then
RESULTS carried out on the transformed data, although mean laten-

cies from the raw data are provided for ease of interpretation.
Analyses were carried out on corrgesresponses for real Table 4 presents the mean latencies and standard devia-
word pairs. Nonword errorsyesresponse for nonword) tions for related and unrelated targets across the four sub-
were made 18 times by control subjects (1.1%), 53 times byect groups, with significant priming effects indicatepl €
NS subjects (3.3%), 52 times by PD subjects (3.3%), and05). Prior to independent analysis of each group’s data, an
22 times by CL subjects (1.4%). On 1600 critical trials overall groupwise comparison on latencies revealed a sig-
(including all subjects per group at ISI 200 and 1250 ms) hificant main effect for groupH (3,36)= 7.145,p = .001].
control subjects made a total of 9 real word errors (less thaost-hoccomparisons revealed that the control group laten-
1%), NS subjects made 59 real word errors (3.6%), PCries were significantly faster than all other grougs <
subjects made 37 real word errors (2.3%), and CL subject®95), but NS, PD, and CL subject latencies did not differ
made 28 real word errors (1.8%). The distribution of errorssignificantly. There was also a significant GroxpRelat-
did not differ significantly as a function of priming condi- edness interactiorH(3,36)= 3.052,p=.041]. Each group’s
tion in any of the subject groups pt< .05. Outliers (re- data were then submitted to an independent 2 (F$12
sponses differing from each subject’s mean per conditiofdominantvs.subordinateXx 2 (relatedvs.unrelated) within
by >2 SD) were replaced with a Tukey’s biweight mean subjects repeated measures ANOVA.
estimator for that particular subject and condition, in order The control subjects showed a significant main effect for
to ensure that latencies best reflected “on-line” processeslominance F(1,9) = 11.550,p = .008], and relatedness
Forty-seven outliers were replaced for control subjects (2.9%F(1,9)= 95.108 p < .001], indicating that responses were
of total responses), while 40 outliers were replaced for NSaster for dominant targets, and that related target latencies
subjects (2.5%). Forty-five outliers were replaced for PDwere in general faster than latencies for unrelated targets.
subjects (2.8%), and 53 outliers were replaced in this manthere were significant interactions for II Relatedness
ner for CL subjects (3.3%). Due to increased variance of F(1,9)= 7.867,p = .021], and Dominancg& Relatedness
the data, the mean latencies for each subject per conditigi(1,9) = 19.720,p = .002], indicating a general trend for
were then examined for group outliers (value8 SDfrom  greater facilitation of related targets at the short ISI, and
the group mean per condition). Any group outlier was re-increased facilitation of dominant related targets, compared
placed with a M-Estimator of the group per condition. Noto subordinate related targets. There was also a marginal
group outliers were identified for control subjects or NS three-way interaction effect for ISI by DominanseRe-

Table 4. Mean lexical decision latencies (in ms) for word pair targets as a function of subject group,
priming condition, and ISl

Target type
S| Dominant Subordinate
Group (ms) Related Unrelated Priming Related Unrelated Priming
Control subjects 200 395 (58) 472 (81) 78* 422 (66) 488 (81) 66*
1250 423 (70) 473 (74) 50* 469 (47) 467 (64) -2
NS subjects 200 563 (111) 646 (130) 83* 577 (126) 664 (130) 87*
1250 588 (127) 643 (107) 55% 615 (112) 681 (142) 66*
PD subjects 200 525 (115) 621 (129) 96* 497 (62) 652 (129) 155*
1250 518 (98) 601 (85) 83* 555 (81) 645 (125) 90*
CL subjects 200 623 (206) 713 (219) 90* 607 (151) 744 (197) 137*
1250 597 (175) 687 (220) 90* 668 (160) 705 (197) 37

Note ISI = Interstimulus interval; Priming= Unrelated RT— Related RT; Significant priming{ < .05) is marked with
an asterisk. Standard deviations are shown in parentheses.
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latednessk(1,9)=4.669,p = .059]. Given the importance DISCUSSION

of changes in facilitation over time, and the significant in-

teractions of ISIX relatedness, separate dominance by reThe present study provides evidence that basal ganglia dys-
latedness analyses were conducted at 200 ms and 1250 ffusiction from vascular or degenerative damage can lead to
ISI. a common pattern of impaired controlled semantic priming

At 200 ms ISI, there was a significant main effect for not present in matched individuals with cortical lesions or
dominance F(1,9) = 6.775,p = .029] and relatedness controls. Specifically, NS and PD subjects were able to
[F(1,9)=50.342,p < .001], but no Dominanc& Relat-  process lexical ambiguities presented in isolation via auto-
edness interactionH(1,9) = 1.672,p = .234]. This indi- matic and attention-based procedures; however, attentional
cates an advantage for dominant targets, compared torocessing was typically limited to the facilitation of both
subordinate targets, but also demonstrates that facilitatiodominant and subordinate meanings, implying a deficit in
of related targets occurred regardless of dominance at thiselectively engaging the semantic network on the basis of
stage. Planned pairwise comparisops<{ .05) confirmed meaning frequency. In the following discussion, the similar
that dominant and subordinate related targets were facilitatedesults of the control and CL groups are interpreted in terms

At 1250 ms ISI, there was a significant main effect for of models of lexical ambiguity processing, then the NS and
relatednessH(1,9) = 6.120,p = .035] and a significant PD group findings are interpreted first in terms of a break-
DominanceX Relatedness interactior{1,9) = 14.445, down in attentional engagement and semantic selection and
p = .004], indicating that facilitation of related targets var- then with reference to possible underlying frontal-subcortical
ied as a function of meaning dominance. Planned pairwis@eurocognitive mechanisms.
comparisons showed significant facilitation of dominantas- The control subjects and CL subjects evidenced a pattern
sociates, while latencies for subordinate related targets didf priming consistent with multiple lexical activation at
not differ significantly from unrelated targetp ¢ .05). 200 ms IS, followed by selective facilitation of the domi-

The NS subjects obtained a significant main effect fornant meaning at 1250 ms ISI. These results are in keeping
the factor of relatedness onl¥#(1,9) = 76.351,p < .001],  with the findings of Simpson and Burgess (1985), who found
and there were no significant interactions. This pattern othat the dominant meaning of an ambiguity was selectively
results indicated that NS subjects facilitated related targetdacilitated at a very brief SOA (16 ms); however, by 300 ms
relative to unrelated control words, regardless of meaninghe subordinate meaning was also significantly facilitated.
dominance or ISI. This trend was confirmed by plannedThis pattern of priming suggests that multiple meanings are
pairwise comparisons, which revealed significant facilita-activated for lexical ambiguities presented in isolation, but
tion of dominant and subordinate associates compared tihne speed of activation for each particular meaning varies
unrelated targets at both 200 ms ISI and 1250 ms ISI.  as a function of its relative frequency. In view of these

Asignificant main effect for relatedneds(1,9)=48.679, observations, the current finding of nonselective meaning
p < .001] was also observed in PD subjects, while therdacilitation at 200 ms ISI may be considered to reflect the
were no other significant main effects or interactiops> intermediate stage of lexical ambiguity processing, where
.05). These results indicate that related targets were facilithe less frequent meaning has been allowed sufficient time
tated compared to unrelated control targets regardless &b be activated to a level above the priming threshold. The
meaning dominance or ISl, as confirmed by pairwise comintact priming observed for the CL group is also similar to
parisons which showed significant facilitation for dominant previous reports of normal word-pair priming of ambigu-
and subordinate associates at 200 ms ISI and 1250 ms ISties in individuals with aphasia (Katz, 1988).

The CL subjects obtained a significant main effect for Following the multiple meaning facilitation witnessed at
relatednessH(1,9)= 33.686,p < .001], while there was a 200 ms ISI, subordinate meanings were no longer facili-
marginal ISIX Relatedness interactior(1,9) = 4.841, tated at 1250 ms ISI in control subjects and CL subjects.
p = .055], and a marginal three way interaction for ¥$I  Similarly, Simpson and Burgess (1985) reported that dom-
Dominancex RelatednessH(1,9)=4.561,p=.061]. Given inant meaning facilitation was maintained beyond 300 ms
the effect of ISI in several interactions, and the interest inSOA, while the level of activation for the subordinate mean-
facilitation over time, separate analyses were conducted ahg was diminished over time until it did not differ signifi-
each ISI. At 200 ms ISI, there was a main effect for relat-cantly from unrelated words at 750 ms SOA. A subsequent
edness only F(1,9) = 28.365,p < .001], indicating that experiment by Simpson and Burgess (1985) utilized a neu-
both dominant and subordinate related associates were sigal prime condition to demonstrate that this reduction in
nificantly facilitated, as confirmed by pairwise compari- subordinate meaning activation was due to inhibition of the
sons ( < .05). At 1250 ms ISI, there was a significant less frequent meaning. It was suggested that following an
main effect for dominanceH(1,9)= 5.176,p = .049], and  automatic activation of all related meanings, subjects used
relatednessH(1,9) = 13.376,p = .005], and a significant the ambiguous prime to actively direct attention toward
Dominancex Relatedness interactiof {1,9)= 8.018,p = the dominant meaning, at the expense of subordinate mean-
.020], indicating that dominant associates were signifi-ings. As the present experiment did not include a neutral
cantly facilitated while subordinate associates were not, asondition, we can only speculate that subordinate meanings
confirmed by pairwise comparisonp & .05). in the present study were also inhibited through limited-
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capacity attentional mechanisms rather than simply decay- Instead, the aberrant maintenance of subordinate mean-
ing, based on the consistency of the present findings in thang activation suggests an inability to constrain attention
CL and control groups with the findings of Simpson andwithin the lexical-semantic network on the basis of the
Burgess (1985) for related and unrelated targets. relative meaning frequency, possibly through deficient in-
The NS and PD subjects showed a pattern of priming thahibitory mechanisms. The possible locus of this inhibitory
diverged from the normal pattern of multiple lexical acti- disturbance is illustrated in Figure 1, which shows one pro-
vation followed by frequency-based meaning selection. Atposal for the lexical and semantic structure of ambiguous
200 ms IS, the NS and PD subjects showed priming foiwords, and the facilitatory and inhibitory operations in-
both dominant and subordinate meanings, consistent witkiolved in their computation. Briefly, it has been argued that
previous findings in young normal controls (Simpson & lexical ambiguities are represented by a single lexical node
Burgess, 1985), and the present group of controls and Cht the entry level, which activates separate meaning nodes
subjects. This finding suggests an intact automatic activaat the semantic network or word sense level, which are
tion of all related meanings of an ambiguity upon its pre-connected by inhibitory pathways (Balota et al., 1999; Cot-
sentation. At 1250 ms ISI, priming for dominant and trell, 1989; Tanenhaus et al., 1987; but see Balota & Paul,
subordinate meanings was maintained in NS and PD sul996). The presentation of an ambiguity causes an obliga-
jects, unlike normal controls and CL subjects. At this stagetory activation of all word senses via bottom-up excitatory
Simpson and Burgess (1985) suggested that the subordinatennections, while lateral inhibitory connections between
meaning is usually inhibited as limited-capacity attentionalword senses at the semantic level provide the mechanism
resources are directed toward the dominant meaning of thi®r selective meaning facilitation, usually on the basis of
ambiguity. As the lack of a neutral condition precluded thecontextual feedback, or in this case, on the basis of the
true dissociation of facilitation and inhibition, it can only strength of associations. These inhibitory mechanisms may
be speculated that NS and PD subjects were unable to foclie passive in the sense that once activation accrues for one
or constrain attention toward the dominant meaning andneaning representation, it automatically decreases for con-
actively suppress the subordinate meaning. It should be notatected representations, without explicit attentional control
that the pattern of nonselective priming exhibited by the N§(Balota & Paul, 1996). Some form of disturbance in these
and PD subjects at 1250 ms ISI does not represent an absiohibitory mechanisms within the semantic system may be
lute failure in attention-based lexical processpey se as  indicated in the NS and PD subjects.
the subjects were able to maintain lexical activation over The implication of the basal ganglia in semantic inhibi-
time, presumably through attentioriatrategic processing. tion appears analogous to a proposed basal ganglia role in

BANK
(money)

dNUBWAS
dNUBWAS

[earxa|
[BIIXa

MONEY BANK RIVER
Target Prime Target

Fig. 1. Potential lexical and semantic structure of lexical ambiguities. Facilitatory and inhibitory mechanisms for
ambiguities presented in isolation. Arrowed pathways {-e-) indicate facilitatory connections. Segmented pathways
(i.e., @—@) reflect inhibitory connections. Adapted from Balota et al. (1999).
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motor functions; namely, that the basal ganglia act focallydata add to mounting evidence that various aspects of lan-
to select appropriate motor programs and inhibit competinguage processing are indeed compromised in PD, including
motor mechanisms (Mink, 1996). A disturbance in compet-semantic priming (e.g., Arnott et al., 2001), lexical ambi-
itive and inhibitory semantic processing has been sugguity resolution in sentences (Copland et al., 2000a, 2001)
gested previously in subjects with PD on the basis of wordand sentence processing (Grossman, 1999). The same pat-
production performance (Gurd & Oliveira, 1996). Specifi- tern of priming for NS and PD groups is also at odds with
cally, Gurd and Oliveira (1996) found that individuals with the view that language disturbances following NS lesions
PD evidenced difficulties in selecting an appropriate wordare due to white matter pathway disruption causing cortico—
from semantic competitors in a word search task, suggestortical or thalamocortical disconnection (Alexander et al.,
ing difficulties in semantic inhibition. Interestingly, a neu- 1987). Instead, the inability to modulate meaning activa-
ral network simulation of semantic processing in PD alsation for lexical ambiguities in PD and NS individuals is
demonstrates semantic processing deficits in terms of abeconsistent with the general position that frontal—striatal sys-
rant semantic inhibition between competing meanings ofems may contribute to lexical-semantic processing, but
lexical ambiguities (Watters & Patel, 2002); however, PD-the present findings do not support the view that this role is
like errors occurred due facreasednhibition for ambigu-  restricted to the release or selection of lexical items for
ities with similarly frequent meanings but did not effect production as postulated by previous models of subcortical
unequibiased ambiguities; a finding which is clearly at odddanguage function (Crosson, 1985; Wallesch & Papagno,
with the present data. The apparent inability of NS and PDL988).
subjects to focus attention within the semantic network is Interestingly, a more recently proposed modeltlod-
suggested by previous evidence from a lexical decision primkamic language function (Crosson, 1999; Nadeau & Cros-
ing paradigm where PD patients experienced difficulties inson, 1997) may be of relevance to the current findings.
semantic set shifting (McDonald et al., 1996). This finding According to this model, the thalamus acts via the frontal
is also consistent with difficulties experienced by PD sub-lobes to selectively engage aspects of the lexical-semantic
jects in focusing on salient information and ignoring irrel- network, which serves to heighten the difference in activa-
evant information (Brown et al., 1997; Levin et al., 1989). tion between representations during cognitive operations.
The present data provide further evidence that individual§his mechanism has been developed primarily with lexical
with basal ganglia dysfunction have difficulties in selecting output functions in mind, where an appropriate response is
meanings, whether on the basis of meaning frequency, aselected from competing representations for naming pur-
shown presently, or through the attention-based integratioposes. It may be argued that the selective activation of a
of lexical, sentential or discourse level contextual con-dominant meaning via attentional semantic processing mech-
straints (Copland et al., 2000a, 2000b, 2001). anisms represents an analogous competitive situation within
How may the present data be accommodated by theorigbe semantic network. Given the postulated structure of lex-
and conceptions of subcortical language function? At a genical ambiguities with regards to semantic—level inhibitory
eral level, the current findings are in keeping with the viewmechanisms (see above), the present finding of impaired
that the basal ganglia are involved in lexical-semantic opmeaning selection via attentional operations in the subcor-
erations (Cappa & Vallar, 1992; Wallesch & Papagno, 1988)tical groups may be viewed as a disruption of “semantic
The evidence of intact lexical-semantic representations folengagement” mechanisms due to nonthalamic subcortical
lowing basal ganglia dysfunction is in agreement with thedisruption. This interpretation suggests the need to further
common assumption that such information is located oiconsider the neural underpinnings and functional scope of
stored cortically rather than in subcortical locations (Crosthe selective engagement model of thalamic language
son et al., 1997). The performance of the NS and PD cofunction.
horts implies that the basal ganglia are not significantly Although the neural basis of the present deficits remains
involved in the automatic accessing of lexical-semantic in-a point of contention, it is argued that a breakdown in pro-
formation, but may play a supportive role in the attention-posed frontal-subcortical attentional and strategic opera-
based processing of this information. This proposal is furthetions via various pathophysiological mechanisms provides
endorsed by recent neuroimaging data in healthy individua parsimonious explanation for the dissociation between
als, indicating increased striatal activity during controlledspared automatic lexical processing and compromised
but not automatic semantic priming (Rossell et al., 2001 )attentionalstrategic processing in the NS participants. This
and findings of increased basal ganglia activity during varjosition is strengthened by the observation that controlled
ious semantic judgment tasks which are assumed to involveemantic processing served to discriminate between the NS
or allow for controlled processing (e.g., Abdullaev et al.,and CL groups, and was disturbed in a similar manner in
1998; Binder et al., 1997; Mummery et al., 1998; Pricethe NS and PD groups.
et al., 1997). In addition to previously cited neuroimaging evidence of
The present findings are not consistent with the argupossible basal ganglia involvement in controlled semantic
ment that language processing is not affected in PD indiprocessing (e.g., Rossell et al., 2001), the present findings
viduals due to functional reorganization of the languageare consistent with a disruption of frontal—-subcortical cir-
systems (Wallesch & Papagno, 1988). Instead, the curremuits. A disturbance of the anterior cingulate loop functions
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may account in some way for the breakdown in attentionategulation of signal-to-noise ratio within the semantic net-
control of meaning activation in the PD and NS individuals.work may be expressed through frontal—striatal systems,
Posner and DiGirolamo (1998) proposed that the anterioand that the notion of attenuating stronger and weaker sig-
cingulate circuit including the basal ganglia is involved in nals is compatible with the selection of dominant meanings
mechanisms of executive attention which are invoked unand the inhibition of subordinate representations within se-
der certain conditions where automatic or routine processemantic memory. While this proposal is plausible, it is at
are inadequate, including the attentional control of semanvariance with the argument advanced by Kischka et al. (1996)
tic activation through various “top-down” processes. Onethat the dopaminergic modulation of semantic network ac-
such situation is the presentation of a lexical ambiguity intivation most likely occurs through mesocortical projections.
context, where the anterior cingulate is suggested to be in- In summary, the present study provided a novel compar-
volved in the development of expectancy-based processeson of individuals with cortical lesions and individuals with
responsible for bringing a single contextually appropriatevascular or degenerative basal ganglia damage on a seman-
meaning to consciousness (Posner & DiGirolamo, 1998)tic priming task. The significant difference in the age of the
Early et al. (1989) also proposed the involvement of thePD group and the control group is a limitation of the present
anterior cingulate in the attentional control of the semanticstudy, however, this does not impact upon the major find-
relations of words, citing the resolution of lexical ambigu- ings presented. The similar performance of the NS lesion
ities as a salient example of a situation where anterior cinand PD groups on the lexical ambiguity priming task sug-
gulate attentional mechanisms may be invoked to seleajest that basal ganglia dysfunction interrupts the attention-
one meaning from a range of competing candidates. Basduhsed selective engagement of the semantic network on the
on the present findings, it is speculated that this postulatetdasis of meaning frequency. Although this finding is at odds
function may also extend to the selection of meanings omwith traditional theories of subcortical language function, it
the basis of meaning frequency in the absence of disambigds in keeping with recent neuroimaging data and current
uating context. There is already evidence of increased aaonceptions of frontal-subcortical mechanisms supporting
tivity in the anterior cingulate associated with other relevanthe controlled processing of semantic information.
tasks involving attention-dependent semantic processing
(Frith etal., 1991), and controlled semantic priming (Mum-
mery et al., 1999; Rossell et al., 2001). ACKNOWLEDGMENTS
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