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Abstract

Patients with unilateral, right frontal lobe damagdé=€ 13) and matched control®(= 20) performed a task of

lexical ambiguity resolution in order to explore the contribution of right frontal regions to lexical-semantic priming.
Word triplets consisting of balanced homographs were presented to participants in four condammmdant

discordant neutral andunrelated Controls demonstrated facilitation for concordant meanings of homographs, as
evidenced by their faster reaction times in the concordant relative to the unrelated (baseline) condition, as well as a
lack of facilitation for the discordant meaning relative to the neutral and concordant conditions. Results in patients
with right frontal lobe damage differed depending on the site of the lesion. Patients with lesions restricted to the
right medial frontal lobe only showed facilitation in the neutral condition, while those with lesions encroaching
upon the right dorsolateral region demonstrated facilitation of both discordant and concordant meanings relative to
the baseline condition. These results support a role for the right frontal lobe in semantic priming and suggest
possible specialization within the right prefrontal cortex for the processing of lexical-semantic information.

(JINS 2005,11, 132-143.)
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INTRODUCTION tic processing (Janowsky et al., 1989; Shimamura et al.,
S i - fers to the facilitati fi tin 1990), andor selection of target information among com-
emantic priming reters fo the 1aciiitation of target infor- peting alternatives in semantic memory (Thompson-Schill
mation when it is preceded by related information, presum-
e ) . -etal., 1997, 1999).
ably due to the proximity of associated concepts in semantic
memory. There is a large body of literature implicating sev-

eral different brain regions in semantic priming (Copland

There is also a growing body of literature to suggest that
the right prefrontal cortex contributes to semantic priming,

) o i Ithough its exact role in priming has not been fully elabo-
et all., é%%%_'?tz etal, ?0%20’0%'_5?man et .al" 2003’§°Sse€ated. Recent neuroimaging and event-related potentials
etal, ; Seger et al., , Tor a review, see ensor‘(,ERP) studies provide some evidence that the right frontal

2003), but one emerging idea is that the left prefrontal COMobe is involved in processing both typical and atypical

tex p(ljaysl an ;hmportta.mt rlolef,: n thlst_pr_oc;ess dtye tOB'tSkpro'semantic relationships (i.e., noun—verb relations), whereas
pos:a lrggesl_nD erbe rlevla fgggmgngqlT. orm? 'ggée_ulg "€he left frontal lobe is only adept at processing typical seman-
etal,, ; Demb etal., ; Gavrieli etal,, » RaPUlGe 5ssociations (Beeman, 1998; Kiefer et al., 1998; Seger

etal., 1994; Tulving et al., 1994; Wagner et al., 2001), us&, ., "5400) pivided visual field studies implicate the right

of contextual cues and source information to facilitate Semanﬁemisphere in the processing of remote associations and
indicate that a wider range of word meanings is represented
in the right hemisphere as compared to the left (Chiarello &
Address correspondence and reprint requests to: Carrie R. McDonalRjchards. 1992: Coney & Evans, 2000; Faust & Chiarello
Psychology Service (116B) Delis Lab, Veterans Administration San Diegolgg8_ N ,k ’ 1991 Ti ' 1998, | dditi !
Healthcare System, 3350 La Jolla Village Drive, La Jolla, CA 92611. ; Nakagawa, , Titone, ) n addition, evi-

E-mail: camcdonald@ucsd.edu dence from lesion studies suggests that the right frontal
132

https://doi.org/10.1017/5135561770505023X Published online by Cambridge University Press


https://doi.org/10.1017/S135561770505023X

Semantic priming 133

lobe contributes to discourse comprehension and interpretic priming, there are two potential limitations of that study
ing metaphorical expressions (Brownell, 1988), as well aghat make it difficult to determine the exact nature of
in the use and appreciation of humor (Shammi & Stusssemantic-priming deficits in patients with right frontal lobe
1999). Together, these studies suggest that the right prefrotesions. One limitation is that only patients with right medial
tal cortex is involved in several aspects of semantic proand/or bifrontal lesions were included in the study, and in
cessing that may contribute to semantic priming effects andeveral cases the location of the lesion was uncertain (see
appear to be qualitatively different from those afforded toMetzler, 2001; Table 1). Thus, it is unclear whether patients
the left frontal lobe. with lesions that extend beyond the right medial frontal
There are several methods that can be used to evalualebe produce the same or a different pattern of semantic
semantic processes, and one well-established method is pgiming. Second, an experimental baseline condition was
examine priming effects when participants use contextuahot included in the study by Metzler, but rather priming was
cues to resolve lexical ambiguities in speech or text (Copdefined as the proportional facilitation of the concordant
land et al., 2000a). To date, most studies of lexical ambigurelative to the discordant condition. Without a baseline con-
ity resolution in patient populations have focused exclusivelydition, it is difficult to determine exactly which condition
on patients with left hemisphere damage (Blumstein et al.(i.e., concordant or discordant) is abnormal in patients with
1982; Grindrod & Baum, 2002; Hagoort, 1993; Milberg & right frontal lobe lesions.
Blumstein, 1981; Milberg et al., 1987) or subcortical lesions In the present study, we further examined semantic prim-
(Copland et al., 2000a, 2000b). However, there is soméng in patients with right frontal lobe lesions using a lexical-
recent patient data to suggest that right hemisphere damagenbiguity resolution task very similar to the one used by
also disrupts lexical-semantic priming. In a series of studieMetzler. However, in our study, we addressed the limita-
by Tompkins and colleagues, patients with right hemi-tions of previous work in this area by examining a group of
sphere damage showed difficulty suppressing contextuallpatients with more diverse lesion locations and by includ-
inappropriate word meanings in sentence comprehensioimg two additional experimental conditions in our task.
relative to a group of healthy controls (Tompkins et al.,Exploring regional differences in semantic priming within
1997, 2000, 2001). In these studies, however, damage tie right frontal lobe is important because there is a vast
the right hemisphere was diffuse and the degree to whicliterature indicating that the frontal lobe is not a unitary
the right frontal lobe contributed uniquely to this effect region, but rather contains many subregions that subserve
could not be determined. different cognitive functions (e.g., Gabrieli et al., 1998). In
We are aware of only one study that has examined semarparticular, neuroimaging studies that have found right fron-
tic priming using a lexical-ambiguity resolution task in tal activation in semantic tasks have identified region spe-
patients with discrete right and left frontal lobe lesions.cific differences (e.g., Seger et al., 2000). Therefore, in the
Metzler (2001) studied lexical-ambiguity resolution in present study, we examined a group of patients similar to
patients with right, left, and bilateral frontal lobe lesions onMetzler's who had lesions restricted to the right medial
a word-reading task. In her study, patients were presentefilontal lobe, as well as a group of patients with lesions that
with word triplets in which the second word in each triplet included the right dorsolateral region. The latter group was
was always a homograph and the first and third words weref interest because the right dorsolateral frontal cortex has
either related to the same (concordant) or different (discorbeen implicated in other types of priming (i.e., negative
dant) meanings of the homograph. Whereas the former compriming in selective attention; see Stuss et al., 2002), and
dition produces semantic facilitation (i.e., faster reactionwe wished to determine whether or not this region is also
times to the target word), the latter condition does not proinvolved in semantic priming. In addition, we included a
duce facilitation (i.e., slower reaction times to the target) inbaseline condition in which the three words were unrelated
young healthy participants. Using proportional reaction time(i.e., the unrelated condition), as well as a condition in which
scores (i.e., discordant—concordéudncordant), Metzler there was no context to influence meaning selection (i.e.,
found that semantic priming for concordant meanings ofthe neutral condition). These conditions allowed us to iso-
homographs was abolished in patients with left and bilat{ate facilitation effects within each group in order to clarify
eral frontal lobe lesions relative to discordant meaningsthe exact nature of semantic-priming deficits in patients
whereas semantic priming for concordant meanings wawith right medial and dorsolateral frontal lobe lesions.
facilitated in patients with right frontal lobe lesions relative  Based on previous literature on lexical-ambiguity reso-
to those with left frontal lesions and healthy controls.lution (Copland et al., 2000a; Hagoort, 1989), we hypoth-
Although admittedlypost ho¢ Metzler proposed that the esized that control participants would show faster responses
increased facilitation of patients with right frontal lobe dam- in the concordant condition relative to all other conditions,
age in the concordant condition may reflect an overrelianceaince in the concordant condition, attention is directed toward
on responses that are prepotent and expected, and that thiee context-appropriate meaning of the word. In addition,
may explain the role of the right frontal lobe in persever-we predicted that controls would show slower responses in
ation (Lombardi et al., 1999). the discordant condition relative to the neutral condition
Although the study by Metzler helped to provide impor- and either slower or equivalent responses in the discordant
tant insights into the role of the right frontal lobe in seman-condition relative to the unrelated condition. This pattern of
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responses would provide strong evidence that context ishi-squared Test did not reveal any differences among the
influencing meaning selection by facilitating context- three groups in gender distributioy? = 1.4, p = .502.
appropriate meanings (i.e., concordant) but not contextindependent tests were also conducted between the RM
inappropriate responses (i.e., discordant) or irrelevant (i.eand RDL/M groups and revealed no reliable differences in
unrelated) meanings. Based on Metzler’s study, we hypothage of seizure onset, seizure duration, or years since surgery.
esized that patients with damage to the right medial (RM) To better characterize the patients with RM and RDL
frontal lobe would show increased facilitation (i.e., a hyper-lesions cognitively, a short battery of neuropsychological
priming effect), as evidenced by significantly faster responsegests was administered, which included the Digit Span sub-
in the concordant condition relative to the baseline conditest of the Wechsler Memory Scale—Ill (Wechsler, 1997),
tions, and that facilitation in the concordant condition wouldthe Reading subtest of the Wide Range Achievement Test—
significantly exceed that of the controls. We also hypoth-Third Edition (WRAT-3; Wilkinson, 1993), the Boston Nam-
esized that due to the functional heterogeneity within thang Test (BNT; Kaplan et al., 1983), and the Stroop Color-
frontal lobes, lesions involving the right dorsolateral cortexWord Test (Golden, 1978). The normal controls were also
would produce a different pattern of semantic priming thanadministered a subset of these tests. One-way ANOVAs did
patients with lesions circumscribed to the RM frontal lobes.not reveal any significant differences among the three groups
This hypothesis was based on existing research implicatingn the Digit Span Test, WRAT standard score or the Inter-
the right dorsolateral cortex in the ability to abolish or filter ference index from the Stroop Tedt.tests indicated that
irrelevant information (Braver et al., 2001; Perlstein et al.,the RM and the RDKM groups did not differ on full scale
2003; Stuss et al., 2002). Therefore, we hypothesized thd@ (FSIQ), performance IQ (P1Q), verbal 1Q (VIQ), or the
patients with involvement of the right dorsolateral frontal BNT. In general, these comparisons indicated that the RM
lobe may show disrupted priming characterized by an inabiland RDL/M groups were not demonstrating significant
ity to abolish priming in the discordant condition. neuropsychological deficits and they did not differ from
one another. Further, neither performance on the Word Pic-
ture Matching subtest of the Western Aphasia Battery nor
behavioral observations made during the time of testing
revealed any obvious aphasia in any of the patients.

METHODS

Participants

Participants in this investigation included 13 patients (22 toS . .
. timuli
51 years of age) who underwent a right frontal lobe resec-
tion for treatment of intractable epilepsy. All patients were A modified version of the word triplet semantic-priming
recruited from the University of Florida Comprehensive paradigm described by Copland et al. (2000a) was used as a
Epilepsy Program (UFCEP) and were included in the invesmeasure of lexical-ambiguity resolution. Stimuli in this
tigation if they had evidence of unilateral, focal frontal lobe experiment consisted of word triplets presented visually on
damage and a documented Full Scale 1Q (FSIQ) above 7& computer screen, in which the first word was a word
Precise lesion location was based on the operative reportfgoviding the context (context prime), the second word rep-
and determined by the neurosurgeon that performed theesented an ambiguous prime (homograph), and the third
resections (S.N.R.) and a second neurosurgeon that assistedrd was the target word. Stimuli consisted of 12 lexically
with the lesion descriptions (R.J.B.). The sample of partici-ambiguous balanced homographs (i.e., bank) that had two
pants consisted of six patients with RM frontal lobe resec-unrelated, distinct, and common meanings for which there
tions and seven with right extramedial frontal (R[M) are relatively strong associates (Twilley et al., 1994). Four
lobe resections (three dorsolateral, four dorsolateral plugvord triplets were constructed for each lexical ambiguity
medial). The patient sample consisted of eight females andnd presented within the context of four different experi-
five males. All participants were left-hemisphere dominantmental conditions-eoncordant discordant neutral and
for language as determined by pre-surgical Wada evaluainrelatedconditions (see Table 3). In th@ncordantcon-
tions. Table 1 displays the seizure etiology, surgical lesiordition, the context prime and the target were related to the
location, gender, age, education level, and neuropsychologsame meaning of the ambiguous prime. In thgcordant
ical data for each individual patient who received a rightcondition, the context prime and the target were related to
frontal resection. different meanings of the ambiguous prime. In tieutral
Twenty age- and education-matched healthy participantsondition, the context prime was unrelated to the meaning
were recruited as the control group. Fifteen were femalef the ambiguous prime indicated by the target. In the
and five were male. Table 2 provides the mean demounrelated(baseline) condition, the target remained the same,
graphic characteristics, epilepsy information, and neuropsywhile the two primes were words unrelated to each other or
chological data for the RM and RDIM groups, and to the target. While the concordant and discordant condi-
demographic characteristics and neuropsychological dations evaluate the effects of a preceding context on target
for the control group. One-way analysis of variances (ANO-performance, the neutral condition allowed us to examine
VAs) revealed no significant differences among the threehe effects of target performance in the absence of contex-
groups in age or in level of education (see Table 2).)A3  tual constraints (i.e., neither meaning of the homograph is
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Table 1. Patient group, etiology, surgery location, demographic information, and neuropsychological performances
for individual patients

Patient
Group Etiology Surgery Location Gender Age Educ FSIQ VIQ PIQ DS BNT Stroop T WRAT-3
Medial AVM Posterior superior aspect F 41 12 99 103 94 22 31 50 100

of the right SFG in the
region of the convexity
DL /Medial Encephalomalacia Anterior medial and lateral M 45 14 109 119 97 15 73 42 112
aspects of the right SFG
down to lateral ventricle

Medial No gross Medial aspect of the right F 36 14 110 94 110 15-1.26 50 106
abnormalities SFG
DL No gross Anterior inferior lateral F 26 12 90 97 84 21 —.74 48 107
abnormalities right frontal cortex
Medial Glioneoplasm Medial aspect of the right M 22 12 94 88 103 22-2.74 44 97
SFG
DL Cortical dysplasia Lateral posterior right frontal F 48 11 78 74 87 14 .40 50 88
cortex, anterior to the PMC
Medial tumor (unknown) Medial aspect of the right F 26 14 71 76 70 16-5.21 50 93
SFG
Medial AVM Anterior medial aspect of the M 49 16 111 112 110 16 .07 52 109
right SFG
DL /Medial No gross DL anterior aspect of the right F 40 12 91 89 97 10-1.26 62 88

abnormalities SFG, extending over the con-
vexity to include the dorsal
medial anterior aspect of the
right SFG

Medial Cortical dysplasia Medial aspect of the right M 39 16 125 122 121 23 .84 66 114
SFG

DL Cortical dysplasia Posterior inferior lateral aspectM 28 14 91 96 86 19-1.00 54 105
of the right frontal cortex

DL /Medial Glioneoplasm Dorsal portions of the medial F 27 14 77 80 77 13-1.79 50 79
and lateral aspects of the right
SFG

DL /Medial Cortical dysplasia Medial and lateral aspects of F 38 12 93 91 95 16-1.00 58 104
the right SFG

AVM = arteriovenous malformation; D& dorsolateral; SFG superior frontal gyrus; PM& primary motor cortex; Edue years of educations; FSI©
Full Scale 1Q; VIQ= Verbal 1Q; PIQ= Performance IQ; DS- Digit Span Total; BNT= Boston Naming TesZ-score; Stroop F Stroop Interference
T-score; WRAT-3= scaled score.

primed). Previous studies using a neutral condition havd00 ms) may reflect automatic processes, whereas priming
shown that this condition produces less priming than theeffects at longer ISIs (i.e., 1250 ms) reflect controlled,
concordant condition, but that some priming is observed aattention-based processes that are more susceptible to con-
responses are typically faster in the neutral condition comtextual constraints (Simpson, 1984). For both ISIs, the order
pared to the discordant and unrelated conditions (Hagoorf presentation for each triplet with the same target was
1989). Therefore, response times in the discordant and comounterbalanced to reduce repetition effects. In addition, no
cordant conditions are directly compared to the unrelateéxperimental condition occurred more than three times in a
and neutral conditions when determining the effects of conrow throughout the experiment and there were a minimum
text on meaning selection. of four intervening trials between triplets with the same
Each critical target was presented four times (once fotarget. Twelve word sequences were also created in which
each condition) at each of two interstimulus intervals (1Sls;the target stimulus is a set of three question marks instead
100 ms and 1250 ms) in the experiment. Two ISIs wereof a word. On these trials, participants were required to
included in this experiment since there is data to suggegsiecall the first two words on the trial. The “recall” triplets
that lexical-semantic priming effects at short ISIs (i.e.,were presented twice in a session and were included to
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Table 2. Demographic characteristics, epilepsy features, and neuropsychological performances for of the RM,
RDL/M, and Control groups (standard deviations are in parentheses)

RM RDL/M Controls
(n=16) (n=7) (n=20) F ratio p value
Age 35.5 36.0 37.3 .097 .908
9.1) (9.0) (10.5)
Education 13.7 12.9 13.7 .549 .583
(2.4) (1.5) (2.0)
Age of Seizure Onset 14.3 10.6 — 1.702 .219
(8.9) (7.1)
Seizure Duration (years) 17.0 22.6 — 1.02 .219
(8.6) (13.0)
Years Since Surgery 5.3 4.1 — .598 .456
(2.0) (3.3)
Full Scale 1Q 101.7 89.9 — 2.072 178
(18.5) (7.6)
Verbal 1Q 99.2 92.3 — .638 441
(16.7) (14.4)
Performance IQ 100.8 89.0 — 2.351 .153
(18.8) (10.7)
Reading-WRAT-3 103.2 97.6 105.2 2.141 .135
(7.9) (12.4) (6.8)
Boston Naming Test4 score) -13 -0.6 — .505 492
(2.3) (0.9)
Digit Span Total (scaled score) 12.3 9.9 11.8 1.462 .248
(1.9) (2.3) (2.6)
Stroop-Interferencel(score) 52.8 50.3 54.0 .804 457
(7.4) (5.4) (6.4)

insure that participants attended to all stimuli. Overall, 60should quickly try to recall the first two words presented on
triplets (48 critical and 12 recall) were presented to thethat trial. A single trial consisted of a ready signal followed
participant. An initial block of 10 practice trials was com- by a fixation cross which was presented in the center of the
pleted prior to testing. During the practice trials, the sensiscreen for 200 ms, followed by the context prime, the ambig-
tivity of the relay was adjusted to each participant’s voice.uous prime, and the target presented for 200 ms each in
succession. In one block of trials, an ISI of 100 ms was
placed between the words in each triplet, while in another
Procedure block of trials, an ISI of 1250 ms was placed between the

Participants were tested individually and seated in front ofvord triplets. The two blocks were counterbalanced across
a computer screen. They were told that they would see threarticipants so that some received the 100-ms ISI first and
stimuli presented in succession in the center of the screethers received the 1250-ms ISl first. In both blocks, par-

and that the third stimulus would either be a word or set oflicipants initiated each trial by pressing the space bar. Reac-
three question marks. They were instructed that if the thirdion time (RT) to the target word was measured and was
stimulus was a word, they should read the word aloud agecorded from the onset of the target word to the onset of
quickly and as accurately as possible. On the other hand, fhe participant's vocal response on all trials. Errors were

the third stimulus was a set of three question marks, theyecorded by the examiner on each trial.

RESULTS
Table 3. Four experimental conditions in the Word Triplets Task The dependent variable in this study was the vocal RT to
Word Triplet Word Triplet the target word. Statistical analyses were carried out on RTs
Condition (Example 1) (Example 2) to the target after outliers (RTs 2 SD from the mean) and
Concordant Coin-bank-money _ School-pupil-student errors (incorrect responses and mlcrop_hone fallures_) were
) . . removed. Removal of outliers resulted in the exclusion of
Discordant River-bank-money Eye-pupil-student

Neutral Day-bank-money  Market-pupil-student 8.3% of the controls’ data, 9.4% of the RM groups’ data,

Unrelated (Baseline) River-day-money —Eye-market-student @nd 8.5% of the RDYM groups’ data. Because errors
accounted for less than 1% of the data in each group, error
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analyses were not conducted. Median RTs for each groupon. Thus, a small or negative value indicates the expected
across the four conditions are displayed in Table 4. RTs foslowing in the discordant condition relative to baseline. A
each trial were normalized by log transformations in orderone-way ANOVA in the discordant condition revealed sig-
to help improve variance homogeneity. Prior to computingnificant differences among the three groupg2, 32) =
these difference scores, a one-way ANOVA was conducte®.45,p = .005. Follow-up comparisons using Tukey’s HSD
on the three groups’ log transformed RTs in the baselingests indicated that the control group was significantly dif-
(unrelated) condition in order to make sure there were nderent from the RDI/M group, p = .002, and that the
baseline differences in RTs among the groups. This analysRDL/M group was significantly different from the RM
did not reveal any significant differences among the thregyroup,p = .012. The controls were not significantly differ-
groupsF(2, 38)=1.3,p=.057, although the test approachedent from the RM groupp = .692. As can be seen in the
significance. figure, the control group and the RM group showed signif-
Semantic-priming effects were examined by computingicantly slower performances in the discordant condition rel-
difference scores between the log-transformed RTs fronative to the RDL/M group. In contrast, the RDIM group
the unrelated condition and the log-transformed RTs frondemonstrated faster performances in the discordant condi-
the concordant, discordant, and neutral conditions. An inition relative to the baseline condition, suggesting priming
tial Group X IS X Condition repeated-measures ANOVA of the contextually inappropriate word meaning.
revealed a main effect for conditioR(2, 60)= 3.46,p = To determine if the finding in either patient group was
.031, but no main effect for groug(2, 30)= 2.06,p = due to a subset of participants with highly deviant scores,
.145, or ISI,F(1, 30)= 3.8,p = .061. The main effect for we examined each participant’s score in the discordant con-
condition was mediated by a significant GroggCondition  dition. In the control group, 1420 of the patients demon-
interaction,F (4, 60)= 5.17,p = .001, indicating that the strated the typical pattern, that is, slower responses to the
three groups demonstrated different patterns of semantidiscordant meaning relative to baseline. Similarlys ®f
priming across the experimental conditions. There was nehe patients in the RM group showed this pattern. In con-

GroupX ISl interaction,F(2, 30)= .61,p = .524, n

or was

there a Conditiornx ISl interaction,F(2, 60)= 2.51,p =

.112. In addition, the Group ConditionX ISl inter

action

trast, all 7 of the RDI/M patients displayed faster responses
(i.e., facilitation) to the discordant meaning. Furthermore,
there was no difference in the degree of facilitation between

was not significantF (4, 60)= .28,p = .887. Because the patients with pure dorsolateral damage and those with dor-
analyses did not reveal any main effect or interactions wittsolateral plus medial damagg5) = 1.25,p = .265, indi-

ISI, we examined group differences in the various condi-cating that the group findings were not due to a subset of
tions collapsed across ISI using one-way ANOVAs with patients.

group (controlsys. RM vs. RDL/M) as the factor.

Concordant Condition

Priming for the concordant meaning was defined as the

. . . ) average log-transformed RT in the unrelated condition minus
Performance in the discordant condition was defined as thﬁverage log-transformed RT in the concordant condition

average log-transformed RT in the unrelated condition L T greater positive value means greater facilitation of

the average log-transformed RT in the discordant condig,e concordant meaning of the words. Results of a one-way
ANOVA indicated that the three groups differed reliably on
this index,F(2, 32) = 4.8, p = .016. Tukey’s HSD tests
indicated that both the control and RIDM groups were
significantly different from the RM grougp’s = .025 and
.004, respectively. The control and the RIM groups did

not differ significantly from one anothep,= .616. As can

Discordant Condition

Table 4. Average median reaction timeRT) in msec and
standard deviationsSD) for the RM, RDL/M, and
Control groups in the four experimental conditions

RM RDL/M Controls ; )
(n = 6) (h=7) (n=20) be seen in the figure, the control group and the RBIL
: group demonstrated the typical facilitation effect for the
UnléeTlated (Baseline) 24413 1010.64 22193 concordant meaning (i.e., faster responding in the concor-
: : : dant relative to baseline condition). In contrast, the RM
SD 161.86 199.12 196.11 . I .

Concordant group did not demonstrate facilitation in the concordant
RT 754 46 959.18 70111 condition, and obtained a slightly negative score. Individ-
sD 154.67 197.23 193.80 ual participant analyses revealed that26 of the controls,

Discordant 2/6 of the RM, and all 7 of the RDIM patients demon-
RT 777.71 959.71 726.4  strated facilitation in the concordant condition.

SD 169.27 164.57 175.76

Neutral Neutral Condition
RT 713.4 991.9 708.13 _ . o
sD 134.55 215.27 186.74 Vo determine group differences in priming when contextual

constraints are not imposed, a neutral condition was included.
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A one-way ANOVA (unrelated condition—neutral condi- and neutralt(6) = 2.55,p = .050, conditions, but they did
tion) indicated no group differences in priming for targets not show greater facilitation of the concordant meaning rel-
presented in a neutral contekt2, 32)= 0.51,p=.603.As  ative to the discordant meaning6) = 0.03,p = .976. This
can be seenin the figure, all three groups had positive scorgmttern suggests that while RPM group do show facili-
in the neutral condition. Analysis of individual participants tation effects for the context-appropriate meaning, facilita-
revealed that 120 of the controls, & of the RM patients, tion does not appear to be greater than that displayed for the
and 47 of the RDL/M patients (24 “mixed” and 2/3  inappropriate meaning. Unlike the control and RDL
“pure dorsolateral”) showed facilitation in the neutral groups, the RM group did not demonstrate facilitation of
condition. the concordant meaning relative to the discordaff®) =
2.13,p = .086, neutralt(5) = 1.95,p = .108, or unrelated,
t(5) = .75,p = .486, conditions.
Within-Group Comparisons To establish whether or not each group demonstrated the
expected lack of facilitation for the context-inappropriate
Because the control and patient groups showed differenheaning, RTs in the discordant condition were compared to
patterns of priming across the experimental conditions, wéRTs in the neutral and unrelated conditions. Planned pair-
examined priming effects within each group in order towise comparisons revealed that the control group was sig-
determine how context influences meaning selection. Taificantly slower in the discordant condition relative to the
determine whether or not each group demonstrated facilineutral conditiont(19) = 2.95,p = .008, suggesting that
tation of the context-appropriate meaning, RTs in the conthe context-inappropriate meaning received less facilitation
cordant condition were compared to RTs in the unrelatedthan the condition in which there was no context to guide
discordant, and neutral conditions. Planned pairwise commeaning selection. In addition, there was no difference
parisons revealed that the control group displayed fastebetween the discordant and unrelated conditii®) =
responses to the concordant condition relative to the discort.00,p = .522, suggesting that the discordant meaning was
dant,t(19) = 3.72,p = .001, and unrelated(19) = 3.72,  not facilitated relative to baseline. The RM group showed a
p = .001 conditions, whereas facilitation of the concordantsimilar pattern to the controls in that their discordant con-
relative to the neutral condition only approached signifi-dition was slower than the neutr&(s) = 3.7,p = .013, but
cancet(19)= 2.70,p = .068. This pattern suggests that the no different than the unrelatet|5) = 1.0,p = .365, condi-
control group demonstrated the expected facilitation of theaion. Conversely, the RDIM group showedjreaterfacil-
context-appropriate meaning, although facilitation was noitation in the discordant condition relative to both the neutral,
significantly greater than when no context was provided.t(6) = 2.43,p = .036, and unrelated(6) = 4.04,p = .007,
The RDL/M group demonstrated facilitation of the concor- conditions. Inspection of Figure 1 reveals that the RDL
dant meaning relative to the unrelat¢d) = 7.78,p=.000, group displayed a level of facilitation for the discordant
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Fig. 1. Log transformed difference scores (unrelated conditioexperimental condition) for the Controls, RM, and
RDL/M groups.
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meaning that was similar to that seen for the concordantesion Analysis
meaning. These results suggest that for the Ridlgroup, . _ _
context does not influence meaning selection, and there this study, we compared a group of patients with pure

fore, contextually appropriate and inappropriate meaning&®M lesions N = 6) to those with lesions extending beyond
both receive facilitation. the RM cortex = 7; right dorsolateral, right medial plus

dorsolateral) so that we could compare our RM group directly
to Metzler’'s RM group.* However, we also wished to deter-

mine whether having any damage to the right medial fron-
tal lobe impacted performances. Therefore, we compared

Since previous research has suggested that target repetitigatients with lesions that involved the RM frontal loé<

can differentially affect priming in different experimental 10; RM plus the “mixed” medialdorsolateral group) to
conditions (Hagoort, 1989; but also see Milberg & Blum- those with pure dorsolateral lesior$ € 3). Independent
stein’s response, 1989), we tested whether or not target refests did not reveal any differences in the concordght) =
etition impacted priming antbr whether or not the effects 1.5,p=.139, discordant(11) = .545,p = .597, or neutral,

of repetition on priming differed among the groups in at(11) = .162,p = .874, priming conditions between these
Group X Repetition X Condition repeated-measures groups. In addition, to provide a comparison of patients
ANOVA. Results of this analysis revealed a main effect ofWith discrete, nonoverlapping lesions, we compared the RM
repetition, F(7, 210)= 3.14,p = .004, a main effect of patients to those with pure right dorsolateral damage. Inde-
group,F(2, 30)= 5.3,p = .011, and a main effect of con- Pendent tests revealed that the two groups differed in their
dition, F(2, 60)=13.99,p = .000. As expected, based on degree of facilitation in the concordant conditid(7) =

our previous analysis, these effects were mediated by a Grop67,p = .032. The pure dorsolateral group showed greater
X Condition interactionF (4, 60)= 5.7,p = .001. Impor-  facilitation of the concordant meaning relative to the RM
tantly, group did not interact with repetitiof(10, 210)=  group. Their priming scores did not differ in the neutral
.745,p = .681, and there was no Group Repetition X condition,t(7) = .330,p =.751. Group differences in the
Condition interactionF (30, 450)= 1.2,p = .174, suggest- discordant priming condition approached significatiCg) =

ing that the effects of repetition on priming were uniform 1.88,p = .062. While the latter comparison was not statis-
across the groups. There was, however, a RepetitiGlon-  tically significant, 56 of the patients in the RM group
dition interaction,F (14, 420)= 1.26,p = .034. To further ~showed slowing in the discordant condition, whereas none
examine the different effects of repetition on condition, weof the pure RDL patients showed slowing in this condition.
conducted paired tests on the difference scores betweenTherefore, it may be that involvement of the right dorsolat-
the first and last presentation of each target in each condgral frontal cortex, either exclusively or in combination with
tion. These results indicated that the unrelated conditiofmedial frontal damage, disrupts the ability of context to
showed a greater effect of repetition (i.e., greater reductio@uide meaning selection.

in RTs) than the neutrat(32) = 2.65,p = .012, and con-

cordant,t(32) = 2.01, p = .049, conditions, but not the

discordant conditiorn;,(32) = 1.9,p = .096. Taken together, DISCUSSION

while target repetition had a significant effect on priming of s st dy addressed lexical-ambiguity resolution in patients
unrelated word targets, repetition effects cannot account f%ith RM and RDL/M frontal lobe lesions and controls in
our group differences in priming. order to determine whether differences in semantic priming
could be identified within regions of the right hemisphere.
) ) o Results indicated that whereas healthy controls and patients
Comparison to Previous Findings with RM frontal lesions did not show facilitation of the
) , ) contextually inappropriate meaning of homographs, all 7
To provide a more direct comparison between our result$,siients with lesions that included the right dorsolateral cor-
and those obtained by Metzler, we reanalyzed our data using, jemonstrated facilitation of the contextually inappro-
the proportional facilitation scores used by Metzler (i.e.,nrjate meaning relative to a baseline condition. This finding
[(discordantraw RF- concordant raw RT/concordantraw g ,qqests that lesions including the right dorsolateral frontal
RT]). Using proportional RT scores, Metzler’s right (medial)
frontal group showed a semantic facilitation effect of .060™ . _ . .
d her control aroun showed a facilitation effect of .020 A group of six patients with left med|a|_ fror)tal damage were also
an 9 p ) - -¥<¥-studied using this paradigm and showed facilitation of the concordant and
Conversely, our RM group showed a semantic facilitationdiscordant meanings at both I1SIs—a pattern of performances similar to

effect of only .031 and our control group showed semanticeur RDL/M group. This finding is consistent with lesions studies and the
fMRI literature implicating the left frontal lobe in lexical-semantic prim-

facilitation effect of .048. Thus, O_UV_R'V' group did not dem- ing (Metzler, 2001). However, we wished to focus the current paper on the
onstrate the abnormal “hyperpriming” effect that Metzler role of the right frontal cortex in semantic priming since there is little

reported but rather. the RM patients in the present Stud‘gﬁormation available on this topic, and therefore, we do not present data
' ’ n our patients with left frontal lobe lesions in this manuscript. A full

look more like the controls when proportional priming SCoresdescription of their performances is reported elsewhere (McDonald et al.,
are used. 2003).

Repetition Effects
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lobe may disrupt selective access to the appropriate homaletect a true difference. Because our individual participant
graph meaning, and instead allow for activation of multipleanalyses revealed that all three of the patients in the pure
meanings within a single context. Thus, we concluded thatlorsolateral group showed facilitation of the discordant
regional differences in semantic priming do appear to exismeaning, whereas only/& of the RM patients demon-
within the right frontal lobe, at least for the processing of strated facilitation, we believe that the latter explanation
lexically ambiguous information. contributed to our lack of a group difference.

The nature of semantic priming within each patient group Unlike our RDL/M patients, those with RM damage did
is complex and should be further elaborated. First, the conrot show facilitation of the contextually inappropriate
trol group showed a pattern of performances suggestingieaning relative to baseline. However, patients with RM
that they possess selective access to context-appropriati@mage in our study also failed to show facilitation of
meanings during lexical-ambiguity resolution. That is, theythe context-appropriate meaning of the homograph, and
showed facilitation of the concordant condition relative toactually showed a trend toward suppression ofappro-
baseline and discordant conditions and facilitation of thepriate meaning,p = .08. The fact that they failed to show
neutral condition relative to the discordant. They also showedacilitation of either word meaning is difficult to explain
atrendtoward facilitation of the concordant relative to the since they showed significant facilitation in the neutral
neutral condition. In addition, they did not show facilitation condition—a condition that theoretically produdessprim-
of the discordant meaning. It is of note that their perfor-ing than the concordant condition in healthy controls (Cop-
mances were not significantly slower in the discordant relHand et al., 2000a). While these data suggest that patients
ative to the baseline condition, suggesting that the discordantith RM damage also show impaired lexical-semantic prim-
meaning was not necessariighibited but rather, was ing, their pattern is very different from that observed in
unaffected by the context prime. Overall, this pattern ofpatients with RDL/M lesions and may indicate a more basic
performances is consistent with previous research of lexicalproblem with semantic processing (i.e., difficulty accessing
ambiguity resolution in healthy controls suggesting that conand/or initiating a response to either meaning in the pres-
text influences meaning selection (Grinrod & Baum, 2002;ence of contextual constraints).
Hagoort, 1993). On the surface, the results from our study and the study

Conversely, patients with lesions to the RINML region by Metzler (2001) suggest that controls and patients with
showed significant facilitation of both concordant and dis-RM frontal lesions show the expected pattern of slower
cordant meanings relative to baseline. Unlike controls andesponses to the context-inappropriate relative to the appro-
patients with damage restricted to the RM region, thesgriate meaning. However, the results of our study are not
patients primed to both conditions, regardless of the preentirely consistent with those found by Metzler. Specifi-
ceding context. This may indicate that the right dorsolateratally, when we reanalyzed our data using the same approach
frontal cortex, alone or in combination with right medial as Metzler, we found that our RM group did not demon-
regions, contributes to the selection of contextually approstrate the abnormal “hyperpriming” effect that she reported,
priate meanings and that selective access is abolished whéut rather, the RM patients in the present study look much
the right dorsolateral lobe is damaged. As a result of probtike the controls. In addition, by including a baseline con-
lems abolishing the contextually inappropriate meaningdition, we demonstrated that those with RM lesions do not
facilitation appears equivalent for both concordant and disshow normal facilitation for the contextually appropriate
cordant meanings. Impaired ability to abolish or filter irrel- homograph meaning. Therefore, whether or not the RM
evant information following right dorsolateral damage is group shows an abnormal pattern of semantic priming may
consistent with other research that has implicated this regiodepend on how the data are analyzed (i.e., inclusion of a
in response selection (Braver et al., 2001; Perlstein et alhaselineversusproportional scores). Another possibility,
2003) and in filtering irrelevant information in selective however, is that our use of multiple IS\®rsusMetzler’s
attention (Stuss et al., 2002). The results of this study sugdse of a single ISI may have differentially impacted patient
gest that the involvement of the right dorsolateral region inperformances. Finally, our divergent findings may reflect
selective access to relevant information might also extendifferences between the patient groups in each study. In
to lexical-semantic priming. It is important to note, how- particular, Metzler’s patients were of diverse etiologies (i.e.,
ever, that when patients with pure RM and pure right dor-multiple sclerosis, closed head injury) and the lesion loca-
solateral lesions were directly compared to one anothetjons were uncertain in several patients. In contrast, all of
there was not a statistically significant difference in theirour patients had unilateral frontal resections for treatment
priming effects in the discordant condition. Instead, thereof intractable epilepsy. Therefore, it is possible that meth-
was a trend for patients with pure right dorsolateral damagedological andor patient differences account for the dis-
to show greater facilitation in the discordant meaning relacrepancies between our results and those of Metzler.
tive to the pure RM group. There are two possible explana- Despite differences in the exact nature of semantic-
tions for this lack of a difference. First, it may be that damagepriming effects, it is important to point out that both our
to the right dorsolateral region is necessary, but not suffistudy and that of Metzler’s provide support for the role of
cientto cause a disruption in lexical-semantic priming. Secthe right frontal lobe in semantic priming, that is, lexical-
ond, it is possible that our sample size was too small tambiguity resolution. These data are consistent with much
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of the divided visual field literature with healthy controls our experiment resulted in expectancy effects that diluted
implicating the right hemisphere, more generally, in aspectshe effect of our ISI manipulation. It is of note, however,
of lexical-ambiguity resolution (Chiarello & Richards, 1992; that since repetition effects did not appear to differ signifi-
Coney & Evans, 2000; Faust & Chiarello, 1998; Naka-cantly among the groups, expectancy effects cannot explain
gawa, 1991; Titone, 1998) and with a handful of patientthe most interesting findings in our study, that is, group
studies suggesting that the right hemisphere is involved idifferences in priming. Other methodological differences
suppressing contextually inappropriate meanings of homabetween our study and existing studies may also account
graphs in discourse comprehension (Tompkins et al., 1997or these discrepancies with regard to ISI. In particular, our
2000, 2001). Furthermore, our data provide evidence thaise of question marks as opposed to nonwordg @nthe
regional differences in semantic priming exist within the use of a word reading as opposed to a button press response
right frontal lobe, a finding that has not been reported in thenay have affected our results. In addition, we included a
patient literature previously. recall condition that may have invoked more controlled pro-

On the other hand, results from neuroimaging studiegessing at the early ISI and accounted, in part, for the dis-
have been mixed and implicate a variety of frontal andcrepancies between our study and previous studies.
temporal regions in lexical-semantic priming (for a review, Finally, although we feel that our results provide evi-
see Henson, 2003). In the only functional magnetic resodence for the disruption of lexical-semantic priming in
nance imaging (fMRI) study that we found using lexically patients with right frontal lesions, these conclusions should
ambiguous primes, Copland et al. (2003) reported decreasduk viewed with caution given our small sample sizes (par-
activations in the left middle temporal and left inferior pre- ticularly in the subgroup analyses). For example, although
frontal regions thought to reflect semantic priming, but nowe did not find asignificantmain effect or any interactions
evidence of right prefrontal involvement. In an auditory with ISI, the main effect of ISI approached significance
lexical-decision task, Kotz et al. (2002) reported decreasefp = .061). Therefore, it is possible that our study was
activations in several frontal and temporal lobe regionssomewhat underpowered and that the effect of ISI would
including the right and left deep frontal operculum, for have reached significance with a larger patient sample. Sim-
unrelated compared to related target words. Other researcHarly, there was a trend for the groups to differ in their
ers have found decreased activations in the superior angaction times to the baseline condition from which we com-
middle temporal gyri, left precentral gyrus, right caudateputed our priming scoresp(= .057). Significant differ-
(Rissman et al., 2003) and left anterior temporal lobe (Rosences among the groups in the baseline condition somewhat
sell etal., 2003), in studies of semantic priming. Thus, resultsomplicates the interpretation of between-group differ-
from neuroimaging studies have been quite mixed and sugences in priming. However, it is important to point out that
gest that a network of regions within the left and right hemi-between-group differences in the baseline condition cannot
sphere may contribute to lexical-semantic priming. Thesexplain the differentpattern of lexical-semantic priming
studies, however, have generally employed tasks that wengithin each group.
quite different from one other and from the task used in the In summary, our results suggest that healthy controls use
present study (i.e., lexical decisier word naming; use of context to guide meaning selection when resolving ambi-
different ISIs and stimulus-onset asynchronies (SOAS); audiguities in language, and therefore, they show normal lexical-
tory vs visual word presentation; ambiguous nonambig-  semantic priming. Conversely, patients with right frontal
uous primes). In addition, our use of a “recall” condition lobe damage show disrupted patterns of lexical-semantic
within the experimental paradigm differs from previous stud-priming that differ depending on the lesion location within
ies of lexical-semantic priming. Therefore, it is possiblethe right frontal lobe. These results, however, are very pre-
that methodological differences contribute to the variabilityliminary and should be replicated in a larger sample of
within the neuroimaging literature and may explain incon-patients with well-circumscribed, right medial and dorso-
sistencies between existing fMRI priming studies and ourslateral frontal lobe damage.

Another point that deserves mention is that, unlike many
studies (Copland et al., 2000a; Hagoort, 1993), we did not
obtain an effect for ISI. This finding contrasts with some ACKNOWLEDGMENTS
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