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Abstract

This research studied one aspect of pragmatic language processing, the ability to understand metaphorical language, to determine
whether patients with Parkinson disease (PD) are impaired for these abilities, and whether cognitive resource limitations/fronto-striatal
dysfunction contributes to these deWcits. Seventeen PD participants and healthy controls (HC) completed a series of neuropsychological
tests and performed a metaphor comprehension task following the methods of Gernsbacher and colleagues [Gernsbacher, M. A., Keysar,
B., Robertson, R. R. W., & Werner, N. K. (2001). The role of suppression and enhancement in understanding metaphors. Journal of
Memory and Language, 45, 433–450.] When participants in the PD group were identiWed as “impaired” or “unimpaired” relative to the
control group on a measure of verbal working memory span, we found that only PD participants with impaired working memory were
simultaneously impaired in the processing of metaphorical language. Based on our Wndings we argue that certain “complex” forms of
language processing such as metaphor interpretation are highly dependent on intact fronto-striatal systems for working memory which
are frequently, although not always, compromised during the early course of PD.
© 2006 Elsevier Inc. All rights reserved.
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1. Introduction

Parkinson disease (PD) is a chronic, progressive ner-
vous disease linked to decreased dopamine production in
the basal ganglia, particularly in the substantia nigra. In
the early stages of the disease, many PD patients display
cognitive impairments in the absence of dementia, includ-
ing diYculty with executive functions such as working
memory (WM), planning, and selective attention (Brown
& Marsden, 1991; Lewis et al., 2003; Taylor, St-Cyr, &
Lang, 1986). Frequently, PD patients who present cogni-
tive impairments exhibit concurrent language diYculties
(see Berg, Bjornram, Hartelius, Laakso, & Johnels, 2003;
Lewis, Lapointe, Murdoch, & Chenery, 1998). In some
cases, these observations have led researchers to study PD
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patients, as a neuropsychological model for determining
how the basal ganglia contribute to language processing
and social cognition (Friederici, Kotz, Werheid, Hein, &
Cramon, 2003; Grossman et al., 2003; Kotz, Frisch, Cra-
mon, & Friederici, 2003; Pell & Leonard, 2003; Tetta-
manti et al., 2005; Ullman et al., 1997). However, it is
likely that many of the language processing deWcits
observed in PD patients are linked to basic limitations in
executive resources such as WM, due to the compromise
of fronto-striatal pathways in PD (see Grossman et al.,
2003 for a general review on this topic).

Certain language abilities are likely more dependent on
an intact cognitive resource capacity, especially the “prag-
matic” functions of language (McDonald & Pearce, 1998;
Monetta & Champagne, 2004; Stemmer, Giroux, & Joa-
nette, 1994). Pragmatics is at the interface of linguistic and
non-linguistic cognitive systems (Perkins, 1998), where the
capacity to communicate does not only rest on an intact
language system but also on the knowledge of a speciWc
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communicative exchange context and high-level capacities
(Martin & McDonald, 2003). For example, pragmatic lan-
guage functions include the ability to generate appropriate
inferences from linguistic material, to interpret metaphors
and non-literal language, and to interpret language in the
context of paralinguistic, non-verbal, and situational cues
which inform intended meanings. To date, pragmatic com-
munication abilities have been evaluated mostly in adults
with focal right or left brain damage (Joanette, Goulet, &
Hannequin, 1990; Myers, 2001), traumatic brain injury
patients (McDonald, 1993), and schizophrenic patients
(Titone, Holzman, & Levy, 2002). However, a small number
of studies have recently explored these abilities in the con-
text of PD by administering a general battery of tests pre-
sumably sensitive to pragmatic language functions (Berg
et al., 2003; McNamara & Durso, 2003; Natsopoulos et al.,
1997).

Natsopoulos and colleagues (1997) compared individu-
als with PD with healthy control (HC) participants on Wve
deductive reasoning tasks (e.g., interpreting syllogisms) and
three inductive reasoning tasks (e.g., interpreting meta-
phors). They found that relative to healthy controls, both
types of reasoning abilities were signiWcantly impaired in
the PD patient group, especially in patients with bilateral
motor signs. More recently, McNamara and Durso (2003)
evaluated PD patients using a formal pragmatic communi-
cation skills protocol (Prutting & Kirchner, 1987). This bat-
tery examined features of verbal behavior (e.g., speech acts,
message speciWcity, cohesion), non-verbal behavior (e.g.,
facial expressions, eye gaze, gestures), paralinguistic behav-
ior (e.g., Xuency, prosody, vocal quality), and the partici-
pants’ conversational and social skills. In addition,
traditional tests of frontal lobe functioning were adminis-
tered (e.g., Tower of London, Stroop color-word test). Their
results again demonstrated that pragmatic communication
skills were impaired in the PD group and that these deWcits
were predicted by impairments on frontal lobe tasks.
Finally, using a distinct battery of tests, Berg et al. (2003)
reported that PD patients exhibit “high-level” language
diYculties which aVect the ability to generate inferences,
recreate sentences, and comprehend ambiguities and meta-
phors in language.

It is noteworthy that, although none of these initial
investigations evaluated speciWc pragmatic skills in exten-
sive detail, diYculties in the comprehension of metaphorical
language in PD were highlighted by more than one study.
Metaphor comprehension is one dimension of pragmatic
processing that has been presumed in the literature to be
highly resource demanding (see Monetta, Ouellet-Plamon-
don, & Joanette, 2006). As previous studies have shown
that PD participants were particularly impaired in compre-
hending metaphors within a general battery of pragmatic
language tasks (Berg et al., 2003; Natsopoulos et al., 1997),
a detailed study of this pragmatic dimension could help to
better determine whether an important relationship exists
between metaphor processing abilities and the individual
resource capacity of the patients tested.
DiVerent assumptions have been made about the normal
processes that contribute to metaphor comprehension.
According to the theory of Gernsbacher (see Gernsbacher,
Keysar, Robertson, & Werner, 2001), understanding the
meaning of a metaphor such as, “That tiny mosquito was a
vampire” involves both the suppression of irrelevant infor-
mation activated by the stimulus (e.g., Vampires wear black)
and the enhancement of relevant information which per-
tains directly to the metaphorical interpretation (e.g., Vam-
pires suck blood) (see Kintsch, 2000; for alternative
perspectives on this process). These researchers have tested
the enhancement and suppression of relevant and irrelevant
information during metaphor comprehension using the
timed property-veriWcation task (Gernsbacher et al., 2001).
In this procedure, participants read a series of sentences one
at a time and must decide following each sentence whether
or not it makes sense. “Prime” sentences which promote
metaphorical processing (e.g., “That tiny mosquito was a
vampire”) are followed by a “target” sentence that is either
relevant (e.g., Vampires suck blood) or irrelevant (e.g., Vam-
pires wear black) to the metaphorical interpretation pre-
sumably generated by the prime. The accuracy and latency
of responses are then compared across key conditions to
infer whether metaphorical meanings are being activated
during sentence veriWcation as a function of the prime-tar-
get relationship.

The results of studies involving young healthy individuals
(Gernsbacher et al., 2001), and those which have compared
young and older adults without brain damage (Newsome &
Glucksberg, 2002), indicate that listeners tend to enhance
metaphor-relevant information and to Wlter metaphor-irrele-
vant information (irrespective of age), based on results
obtained from the timed property-veriWcation task. These
data imply that the suppression mechanism is especially cru-
cial for eliminating potentially confusing (irrelevant) infor-
mation during metaphor processing in healthy listeners.
Given the emerging evidence that high-level pragmatic abili-
ties such as metaphor comprehension are adversely aVected
by the neurodegenerative course of PD (Berg et al., 2003;
Natsopoulos et al., 1997), we adopted the timed property-
veriWcation task to evaluate metaphor comprehension func-
tions in a well-deWned sample of adults with PD using the
same set of materials that have been used successfully on
healthy, elderly subjects (see Newsome & Glucksberg, 2002).

Our goals were to: verify whether PD patients exhibit
abnormalities in the comprehension of metaphorical lan-
guage based on a comprehensive assessment of these abili-
ties; explore whether metaphor impairments reXect speciWc
deWcits of suppression or enhancement of metaphor-related
information (Gernsbacher et al., 2001); and determine
whether an important relationship exists between metaphor
processing abilities and the individual resource capacity
of the patients tested (with a particular focus on WM,
which is a critical measure of cognitive/executive resources).
We anticipated that metaphor comprehension would be
problematic for PD patients as a group (Berg et al., 2003;
Natsopoulos et al., 1997) but that performance would be
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highly inXuenced by the availability of cognitive resources
(Monetta & Champagne, 2004; Stemmer, 1994) such as
WM in individual PD patients. As suppression and
enhancement of metaphorical information are assumed to
draw signiWcantly on working memory (see Tompkins,
Lehman-Blake, Baumgaertner, & Fassbinder, 2001, 2000),
one might expect these eVects to be disturbed in some man-
ner in the PD group with impaired WM, whereas the
patients without WM impairments would show greater
similarities to participants in the aged-matched control
group.

2. Method

2.1. Participants

Seventeen native English speakers diagnosed with idio-
pathic Parkinson’s disease (PD) and without dementia par-
ticipated in the study. Diagnosis of idiopathic PD was
conWrmed by a residing neurologist on the basis of accepted
motor criteria (e.g., Calne, Snow, & Lee, 1992). Patients
ranged in age from 52 to 83 years old (average: 66.4). Motor
disability of individuals within the PD group was in the
mild to moderate severity range according to Hoehn and
Yahr’s staging criteria (Hoehn and Yahr, 1967). Most of
the PD participants (14/17) showed unilateral motor signs
at the time of testing, on the left (nD10) or the right (nD 4)
side; while only three PD participants displayed bilateral
signs. All the patients were optimally medicated during test-
ing as follows: Levodopa-carbidopa (nD15), Dopamine
agonists/Mirapex (nD 5), MAO-B inhibitor/Selegiline
(nD3), COMT inhibitor (nD3), amantadine (nD 6) and
Permax (nD4). Three PD patients were receiving an antide-
pressant. Patients with other serious medical conditions
(e.g., stroke) or history of substance abuse were excluded.

All PD patients were matched for sex, age, and educa-
tional status with 17 healthy aging control (HC) partici-
pants. Healthy volunteers were recruited from the local
community and did not vary signiWcantly in age
(t(32)D¡0.27, pD .78) or education (t(32)D¡0.75, pD .45)
from members of the PD group. Individuals in both groups
exhibited a negative history of neurological and psychiatric
disease and were screened for evidence of intact intellectual
status on the Mattis Dementia Rating Scale (Mattis, 1988).
A t-test conWrmed that there were no diVerences between
groups in general mental status [t(32)D1.48, pD .16]. Pres-
ence and severity of depression in all PD and HC partici-
pants were estimated with the short-form of the Hamilton
Depression Inventory (Reynolds & Kobak, 1995). Diagno-
sis of PD was associated with elevated depression scores
[HDI-SF: t(32)D¡2.1, p < .05]; although only one PD and
HC participant satisWed criteria for severe (21.5) and mod-
erate (16.5) depression, respectively. All participants dis-
played normal to corrected-to-normal vision as determined
by self-report. Except for one PD individual who presented
with auditory problems and had a hearing aid, all other
participants had acceptable hearing thresholds at the
important frequencies for speech intelligibility (minimum
of 30 db HL at 500, 1000 and 2000 Hz) as conWrmed by
pure tone audiometric screening.

All PD and HC participants were screened using stan-
dardized neuropsychological tests and independent mea-
sures of “frontal lobe” executive resource capacity and
functioning (e.g., the ability to switch from one strategy to
another, to mentally plan and solve problems, or to inhibit
irrelevant information). The tests administered were:
Forward Digit Span; Verbal Working Memory Span
(Tompkins, Bloise, Timko, & Baumgaertner, 1994); Color
trail-making test (D’Elia, Satz, Uchiyama, & White, 1996);
Verbal Fluency test; Tower of London (Culbertson & Zill-
mer, 2001); Warrington Recognition Memory test for faces
and words (Warrington, 1984); and the Benton Phoneme
Discrimination and Face Recognition Subtests (Benton,
Hamsher, Varney, & Spreen, 1983).

The attention subtest of the Mattis Dementia Rating scale
(Mattis, 1988) was also examined separately to obtain further
information on basic attentional functioning. The major clin-
ical features of each participant group and key demographic
variables are summarized in Table 1. A series of t-tests
revealed that both participant groups performed comparably
in: measures of attention [Dementia Rating scale attention
subscore, t(32)D¡0.61, pD .54]; simple auditory memory
[forward digit span, t(32)D¡0.35, pD .72]; ability to discrimi-
nate speech sounds [Benton phoneme discrimination,
t(32)D1.4, pD .16;]; and verbal Xuency [animal naming,
t(32)D1.9, pD .06]. However, verbal auditory WM capacity
was signiWcantly reduced in the PD group [t(32)D4.00,
p <.001]; as was the ability to switch from one strategy to
another [Color trail-making test, [t(32)D¡2.56, p < .05]; to
initialize a strategy [Tower of London, initiation time:
t(32)D2.97, p < .05]; and to discriminate and memorize faces
[Benton face discrimination task: t(32)D3.47, p< .05; War-
rington memory recognition faces: t(32)D2.08, p < .05].

2.2. Tasks/Materials

All participants completed the battery of neuropsycho-
logical tests and then performed a metaphor comprehension

Table 1
Major demographic and clinical features of participants with Parkinson’s
disease (PD) and healthy controls (HC)

Each group was composed of 17 participants (nine female and eight male).
a Mattis DRS total score maximum: 144. 
b Hamilton Depression inventory (short-form maximum D 33, increased

scores indicate greater impairment).

Variables Groups

PD HC t-test

M SD M SD PD 5 HC

Age (years) 66.4 11.6 67.4 9.8 NS
Education (years) 14.3 3 15.3 2.7 NS
Disease duration (years) 7 2.3 — — —
Hoehn and Yahr rating score 2 0.8 — — —
Mattis dementia rating scalea 136.5 5.8 139.3 4.3 NS
Hamilton depression inventoryb 6.6 5.4 2.9 4.3 p < 0.05
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task (timed property-veriWcation task). For this task,
participants read a series of sentences, which appeared one
at a time on a computer screen, and decided whether each
sentence made sense or not. The stimuli used in the experi-
ment were identical to those presented by Gernsbacher
et al. (2001). The list of sentences included 96 pairs of
sentences which were related or unrelated. Half of the
sentences made sense, such as “His watch is an antique”
(YES response), and half of the sentence did not make
sense, such as “Antiques are elected to oYce” (NO
response). Combining these two kinds of sentences gener-
ated sentence pairs that allowed for four diVerent response
conditions: YES–YES, YES–NO, NO–YES and NO–NO.
Sentences entered into the YES–YES condition constituted
the experimental trials.

All “prime” sentences in each sentence pair were phrased
in the form, “X is a Y”. For the experimental trials, half of
the prime sentences were metaphorical (such as “That
baby’s cheeks are roses”), and half were literal (such as
“Those pretty Xowers are roses”). For the experimental
prime sentences, Gernsbacher et al. (2001) constructed Wrst
the metaphorical prime sentences and then their literal
prime sentence counterparts by selecting a member of the
basic-level category. None of the metaphors used in this
study were reversible, signifying that the topic and the vehi-
cle of the metaphor could not be interchanged and retain
the same meaning as the original metaphor. This feature of
the metaphor prime sentences precludes the possibility that
priming, if observed, could be attributable to properties
provided by the metaphor vehicle (see Newsome & Glucks-
berg, 2002; for more information on this topic). Each prime
sentence, metaphor and literal, was followed by a target
sentence. Target sentences were statements, such as: “Roses
are often red”. There were two kinds of target sentences:
metaphor-relevant (MR), where the target referred to a
property that was relevant to the metaphorical interpreta-
tion (e.g., “That baby’s cheeks are roses”/“Roses are often
red”); and metaphor-irrelevant (MI), where the target
referred to a property that was not relevant to the meta-
phor (e.g., “That baby’s cheeks are roses”/“Roses have
thorns”).

Sentences entered into the YES–YES condition (25% of
all stimuli) constituted the experimental trials of the present
study and responses to “prime” and “target” sentences
within these pairs were always analyzed. The combination
of diVerent primes and targets within YES–YES trials
resulted in four distinct types of experimental trials: meta-
phor prime/metaphor-relevant target; metaphor prime/met-
aphor-irrelevant target; literal prime/metaphor-relevant
target; and literal prime/metaphor-irrelevant target. (See
Table 2 for examples of experimental stimuli.) Overall, 24
sentences per participant were averaged for errors and RT
for each target type, and 48 sentences per participant were
averaged for errors and RT for each prime type. Using a
quasi-Latin square procedure these trials were distributed
into four diVerent lists, randomly intermixed with an equal
number of non-experimental trials (i.e., those eliciting
NO–NO, YES–NO, and NO–YES responses). Trials gener-
ating a NO–NO response were composed of 24 pairs of
anomalous sentences (e.g., “Her sink in the bathroom is a
bulb”/“Bulbs are only found in bath tubs”). Among the 24
YES–NO trials, half were composed of a metaphor prime
sentence followed by an anomalous sentence (e.g., “That
four hour opera was a sedative”/Sedatives need to be moved
frequently”); while the other half were composed by a literal
prime sentence followed by an anomalous sentence (e.g.,
“His new pen was a magic marker”/“Magic markers are food
for rabbits”). Finally the 24 NO–YES trials were anoma-
lous primes followed by a property statement (e.g., “The
basement door is a sermon”/“Sermons are heard at church”.)

2.3. Procedure

Neuropsychological testing of each participant was com-
pleted during two one-hour sessions, which preceded a
third 30-minute session for administering the metaphor
comprehension task. PD patients were tested at their home
at a time of a day at which motor symptoms were typically
least severe, while HC participants were tested in a quiet
laboratory environment at McGill University. For the met-
aphor comprehension task, stimuli were presented from a
portable computer with wide screen monitor and a millisec-
ond timer controlled by SuperLab software (Cedrus Cor-
poration, USA). Participants were seated in a comfortable
chair approximately 60 cm from the computer screen. The
four stimulus lists were distributed into four blocks, which
were counterbalanced for presentation order between par-
ticipants. All sentences were presented left justiWed and ver-
tically centered on the screen so that the beginning of each
sentence always appeared in the same location. Each sen-
tence remained on the screen for 5500 ms or until the partic-
ipant pressed a key, followed by a blank screen of 450 ms
between sentences.

Participants were instructed to read each sentence
silently and to decide whether or not it made sense as
quickly as possible. Participants responded using their
dominant hand by pressing the YES or NO button on a
Cedrus 730 response box. Both accuracy and speed of the
response were recorded. Prior to testing, participants read
instructions on the computer screen that explained the task

Table 2
An example of prime and target sentences used to construct the experi-
mental trials (YES–YES judgment)

Metaphor Literal

Prime Sentence That tiny mosquito 
was a vampire.

That Romanian 
count was a 
vampire.

Target Metaphor-
relevant

Vampires suck blood. Vampires suck 
blood.

Prime Sentence That tiny mosquito 
was a vampire.

That Romanian 
count was a 
vampire.

Target Metaphor-
irrelevant

Vampires wear black. Vampires wear 
black.
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and they were informed that some of the sentences would
be metaphorical. An explanation and some examples of
metaphorical sentences were given. To familiarize partici-
pants with the procedure, testing always began with a train-
ing block of ten sentences. After each practice item,
participants received written feedback on the computer
screen about their accuracy (“correct” or “incorrect”), and
speed when a response was not recorded within 5 s (“No
answer”). Participants were paid a nominal fee to compen-
sate for travel-related expenses and the inconvenience of
testing.

3. Results

The accuracy and response times (RT) for judging prime
and target sentences were analyzed separately. Only veriW-
cation times for which participants responded correctly to
both the prime sentence and the target were analyzed. Out-
liers, deWned as two standard deviations above or below
each participant’s mean for each independent condition,
were deleted (8% of total data points). Data from one HC
participant who performed poorly throughout the experi-
ment (<65% correct for all sentence pair types) were elimi-
nated from all analyses on the basis that this participant did
not correctly understand the task. To verify that there were
no items that produced more errors or longer RT in a pre-
dominant way, an item analysis was run and showed no
diVerence between all the sentences used in the task.

3.1. Analyses of prime sentences

A general analysis Wrst compared the number of errors
and the mean RT when judging metaphor prime sentences
e.g., “That tiny mosquito was a vampire” versus literal
primes sentences e.g., “That Romanian count was a vam-
pire”. A 2£ 2 ANOVA involving group (PD, HC) and
prime type (metaphor, literal) indicated that for both par-
ticipant groups, judgments about metaphorical sentences
generated more errors (F(1.31)D 77.64; p < .01), and were
slower (F(1.31)D 3.92; p < .05) than judgments about literal
sentences (main eVects of prime type). For both dependent
measures, there was a group main eVect indicating that the
PD group made more errors (F(1.31)D 4.89; p < .05) and was
slower (F(1.31)D 18.2 p < .001) than the HC group in
responding to both prime types. There was no interaction
of group by prime type for either analysis. The data for
prime sentences are summarized in Table 3.

3.2. Analyses of target sentences

A second set of analyses considered the errors and RTs
to target utterances which followed a relevant or irrelevant
prime sentence. In general, it was noted that both partici-
pant groups responded very accurately to the target sen-
tences (less than 5% errors) irrespective of the prime type.
Three diVerent analyses were run to evaluate the judgment
of targets as a function of prime type sentence.
First, two separate ANOVAs examined the error and
latency patterns corresponding to metaphor-relevant (MR)
targets (e.g., “Vampires suck blood”) versus metaphor-irrel-
evant (MI) targets (e.g., “Vampires wear black”), following
a metaphorical prime (“That tiny mosquito was a vampire”).
Each measure was entered into a 2£2 design involving
group (PD, HC) with repeated measures on target type
(MR, MI). The ANOVA on errors yielded no group or tar-
get type main eVects but a signiWcant interaction between
group and target type was observed, F(1.31)D 6.19; p < .05.
Post-hoc comparisons using the Tukey HSD test (p < .05)
showed that the HC group made more errors judging meta-
phor-irrelevant than metaphor-relevant targets following a
metaphorical prime sentence; whereas accuracy for the PD
group did not vary as a function of target type. The corre-
sponding ANOVA on RT revealed a target type main
eVect, F(1.31)D 54.3; p < .001 and a group main eVect,
F(1.31)D9.67; p < .005, revealing that the PD patients were
generally slower to judge target sentences than the HC
group. There was no interaction of group and target type.

A second analysis evaluated the average errors and veriW-
cation times when judging sentences that were always meta-
phorical relevant (MR), e.g., “Vampires suck blood” after
participants read a metaphorical prime sentence (“That tiny
mosquito was a vampire”!) versus a literal prime sentence (e.g.,
“That Romanian count was a vampire”). This analysis was
conducted to test whether participants were able to enhance
metaphor-relevant information in the task as evaluated by
Gernsbacher et al. (2001). Each 2£2 ANOVA produced a
group main eVect showing that PD patients made more
errors F(1.31)D7.5; p< .05, and were slower, F(1.31)D8.57;
p <.01 than the HC participants overall. There were no diVer-
ences in error or latency rates to judge metaphor-relevant
targets after reading a literal compared to a metaphorical
prime, implying the absence of the “enhance accessibility
eVect” described by Gernsbacher et al. (2001). The interac-
tion of group and target type as a function of prime sentence
was not signiWcant for errors or RTs.

Table 3
Mean errors and response times for metaphorical and literal prime sen-
tences for the healthy control (HC) and Parkinson disease (PD) groups of
participants

a Metaphor-relevant (MR) and metaphor-irrelevant (MI) target types
were associated with literal and metaphorical sentences.

Group

Number of errors (%) Reaction time (ms)

HC PD HC PD

M SD M SD M SD M SD

Prime type
Metaphor 15.0 9.9 19.7 8.8 1870 499 2537 544
Literal 3.5 2.3 7.7 4.1 1809 481 2447 492

Target type
MR-metaphora 0.1 0.3 0.9 1.1 1065 268 1322 307
MR-literal 0.1 0.2 0.7 1.1 1099 295 1290 220
MI-metaphora 0.7 0.7 0.8 0.8 1256 268 1632 323
MI-literal 0.2 0.5 0.8 1.5 1176 271 1467 260
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A third analysis focused on the error and latency patterns
recorded for metaphor-irrelevant (MI) targets as a function
of the prime type sentence to establish if participants were
able to suppress irrelevant information in the task (Gernsb-
acher et al., 2001). Separate 2£2 (Group£Target type)
ANOVAs compared whether metaphor-irrelevant state-
ments, (“Vampires wear black”) were judged diVerently after
participants read a metaphorical prime sentence (“That tiny
mosquito was a vampire”), versus a literal prime sentence
(“That Romanian count was a vampire”). For errors, the
ANOVA yielded no main or interactive eVects. For veriWca-
tion times, there was a group main eVect, F(1.31)D14.048;
p < .001 which again showed that PD participants were gen-
erally slower than HC participants. In addition, a main eVect
of target type, F(1.31)D16.91; p < .001 was explained by the
fact that responses to metaphor-irrelevant targets were
slower when they followed a metaphor prime than a literal
prime, reXecting the suppression eVect. However, qualitative
inspection of the group trends on a marginally signiWcant
interaction in the data indicated that this suppression eVect
appeared only for the PD group of participants.

3.3. InXuence of working memory on metaphor 
comprehension

To evaluate the possible relationship between our meta-
phor comprehension measures and the individual cognitive
resource (working memory) capacity of our PD patients, a
Wnal set of analyses was performed by sub-dividing individ-
uals in the PD group according to their performance on the
verbal working memory span task (Tompkins et al., 1994).
PD participants with a WM span comparable to that of the
HC participant group (range: 27–42) were entered into the
PD “unimpaired” WM group (PD-U); whereas those with
WM scores outside the expected normal range (less than
27) were entered into the PD “impaired” WM group (PD-
I). This division resulted in a PD-U group of eight patients
(score range: 29–34; average: 31.6), and a PD-I group of
nine patients (score range: 21–25; average: 22.8). Although
the two PD subgroups were signiWcantly diVerent in verbal
working memory span [tD (15)D¡8.7, p < .001], a series of
t-tests showed that the two PD groups were comparable in
education level [tD (15)D¡0.4, pD .68], disease stage
[tD (15)D1.3, pD .32] and disease duration, [tD (15)D 1.2,
pD .22], although not in age [tD (15)D 2,19, p < .05]. The
PD-I group was older (range: 62–82; average: 71) than the
PD-U group (range: 48–79, average: 61). A series of t-tests
indicated that the two PD subgroups performed in a com-
parable manner on all cognitive and “frontal lobe” mea-
sures gathered with the exception of WM, as demonstrated
in Table 4. A correlation analysis between dopamine
administration level with WM and answers to primes and
targets was also run. Results show a signiWcant positive cor-
relation (pD¡053) between WM and the level of dopamine
administration.

Due to the fact that our PD subgroups diVered signiW-
cantly in age, the age of all participants was entered as a co-
variate in all ANOVAs which tested the eVects of working
memory performance on metaphor comprehension mea-
sures. As before, accuracy and RT were analyzed for prime
and target sentences to compare the performance of the
two PD subgroups with the HC group. A 3£2 ANOVA
involving diVerent prime types (metaphorical, literal) for
the three participant groups (HC, PD-U and PD-I)
reaYrmed that metaphorical sentences generated more
errors (F(1.30)D74.31; p < .001), and took longer to judge
(F(1.30)D4.78; p < .05) than literal sentences (main eVects for
prime type). Critically, a signiWcant group main eVect
(F(2.30)D7.6; p < .005; F(2.30)D10.628; p < .001) was
explained by the fact that only PD-I (and not PD-U
patients) were slower and made more errors than the HC
group (see Fig. 1). There was no interaction of group and
prime type.

The analysis of errors and RT to target sentences as a
function of prime sentence attributes was also repeated
according to the new grouping variable. The 2£ 3 (target
Table 4
Neuropsychological performance measures obtained for the healthy control (HC) group compared to Parkinson disease patients with unimpaired (PD-U)
or impaired (PD-I) working memory

a The only signiWcant diVerence between HC and PD-U was in the Benton face recognition [t-test (Bonferroni adjusted probability p < 0.05)]. 
b NS (non-signiWcant).

Tests of executive resources Groups

HC PD-U PD-I PD-U 5 PD-I

M SD M SD M SD t-test

DRS, Mattis attention subtest/37 36 1.37 36.5 0.8 36.1 0.9 NSb

Working memory recalled/42 35.2 5.5 31.6 1.8 22.8 1.2 p < 0.001
Digit span/9 6.8 1.8 7.3 0.4 6.6 1 NS
Verbal Xuency task (animals) 21.2 10 15.3 4.7 14 1.7 NS
Benton face recognition/54 47.9a 4.7 42.5a 3.9 40.7 6.7 NS
Benton phoneme discrimination/30 28.3 1.3 27.3 2.2 26.5 1.9 NS
Color trail-making test 105 45.3 105.5 23.7 142.1 53 NS
Warrington recognition memory faces 47.8 2.4 47.3 3.8 42.11 7.1 NS
Warrington recognition memory words 41.5 5.5 40.8 4.7 40.11 4.8 NS
London tower (Initiation time) 124 18.6 107 17 114 24 NS
Hamilton depression inventory 2.9 4.3 7.4 5.1 5.7 4.2 NS
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type£ group) ANOVA, which examined the accessibility of
metaphor-relevant and irrelevant targets after reading a
metaphor prime, showed a main group eVect for RT,
F(2.31)D5.38; p < .05. Tukey comparisons (p < .05) indicated
that the PD-I group was signiWcantly slower than the HC
group in both conditions, whereas the PD-U group did not
diVer from either the HC or the PD-I group. Predictably,
responses to MR targets were generally faster than to MI
targets, F(1.30)D56.6; p < .001. The ANOVA on errors
yielded no signiWcant main eVects but did produce a signiW-
cant interaction of group and target type, F(2.30)D3.19;
p < .05. It was found that only the HC participants exhib-
ited greater accuracy for metaphor-relevant versus irrele-
vant target sentences following a metaphorical prime, as
illustrated in Fig. 2.

A 2(MR-target type)£ 3 (group) ANOVA on MR tar-
gets was next conducted to test whether participants show
an “enhance accessibility” eVect following metaphorical
versus literal primes. For error rates, there was a group
main eVect, F(2.30)D6.28; p < .01 demonstrating that only
the PD-I group made more errors in this context than the
HC group. No additional eVects were signiWcant for this

Fig. 1. Mean error rate for literal and metaphorical prime sentences for
healthy control participants (HC) and Parkinson Disease patients with
unimpaired (PD-U) or impaired (PD-I) working memory.

Fig. 2. Mean response time of for healthy control participants (HC) and
Parkinson Disease patients with unimpaired (PD-U) or impaired (PD-I)
working memory to metaphor-relevant (MR) and metaphor irrelevant
(MI) targets after metaphorical or literal prime ! sentences.
analysis. For latencies, no main or interactive eVects were
found suggesting an absence of the “enhance accessibility”
eVect for all groups (see Fig. 2).

Finally, to re-analyze the processing of metaphor-irrele-
vant targets (“suppression eVect”), a 2£ 3 ANOVA was
conducted. For errors, no signiWcant eVects emerged for
this analysis. For RT, the analysis produced signiWcant
main eVects for group [F(2.30)D5.98; p < .01], target type
[F(2.30)D 20.09; p < .001], and the interaction of
group£ target type [F(2.30)D4.2; p < .05]. Post-hoc inspec-
tion of the interaction revealed that only the responses of
the PD-I group diVered in speed when processing meta-
phor-irrelevant targets as a function of prime sentences,
showing a suppression eVect only for the PD-I group (see
Fig. 2).

4. Discussion

This research studied how PD patients with and without
cognitive resource deWcits process metaphorical meanings
in language. In particular, we looked at whether metaphor
comprehension deWcits in PD patients are strongly tied to
individual resource capacity which is likely needed to sup-
port the concurrent storage and processing of metaphorical
information during language processing. In general, we
noted that PD participants were less eYcient in processing
metaphors, committing more errors and responding more
slowly in all conditions. Interestingly, extended analysis of
our data revealed that only a subgroup of PD patients with
reduced WM abilities diVered signiWcantly from the HC
participants in both the speed and accuracy of their deci-
sions in the metaphor conditions. Thus, our data provide a
meaningful argument that the impact of PD on metaphor
comprehension varies as a function of WM abilities and
that language functions implicated by this, and perhaps
related tasks seem to be susceptible to critical reductions in
WM in many adults with PD (see Grossman et al., 2003; for
similar conclusions).

4.1. InXuence of working memory on metaphor 
comprehension in PD

Many researchers agree that WM can be deWned as a
dynamic cognitive system required for the concurrent stor-
age and processing of information (Baddeley, 1986; Just &
Carpenter, 1992; Petrides, 1995). Previous studies of WM
deWcits in patients with PD have shown that these executive
resource functions are frequently attenuated in the disease,
even in the early stages (Gabrieli, Singh, Stebbings, &
Goetz, 1996; Taylor et al., 1986). This study demonstrates
that PD patients with reduced WM capacity but who dis-
played “normal” cognitive abilities in many other areas of
testing were uniquely impaired in the comprehension of
metaphors, whereas PD participants at a similar disease
stage but without WM diYculties performed largely like
the HC participants. Brief comparison of the Wndings
uncovered no apparent relationship between metaphor
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comprehension abilities and other PD characteristics (e.g.,
side of motor signs, and stage of the disease), although the
inXuence of these factors should be monitored further in
future research.

Previous studies have noted that PD patients perform
like healthy control participants on various tasks when
only relatively few items are involved, but in more demand-
ing task conditions their deWcits begin to emerge (Gabrieli
et al., 1996; Owen, James, Leigh, Marsden, & Quinn, 1992).
It would appear that processing metaphorical language—a
relatively “demanding” language processing task that
requires the manipulation of potentially relevant and irrele-
vant information within WM in order to interpret the non-
literal meaning of these sentences—is within the cognitive
capacity of many PD patients, except those who present
with detectable restrictions in their verbal WM store. These
results lend further support to the assumption put forward
by Gabrieli et al. (1996) that many cognitive diYculties in
PD patients are in some degree predicted by limitations in
individual WM capacity, extending this notion as a possible
explanation of certain pragmatic language deWcits wit-
nessed in PD. On a related note, deWcits in sentence com-
prehension have also been attributed to a limitation in
executive resources, perhaps aVecting strategic attention
and processing speed during these tasks (Grossman et al.,
2003).

Recently, Lewis and colleagues diVerentiated the verbal
WM functions of two groups of PD patients who diVered
according to their performance on the tower of London test
(Lewis et al., 2003). Their results suggested that verbal WM
deWcits are only observed in PD if the task requires the
manipulation of information within WM, but not if the
task requires only the maintenance and retrieval of that
information, suggesting that it is the fronto-striatal cir-
cuitry that is primarily aVected in PD. Similarly, Gilbert
and colleagues examined the nature of verbal WM in PD
patients using a classical verbal span test, WM tasks and
psychomotor speed tasks (Gilbert, Belleville, Bherer, &
Chouinard, 2005). Their results again suggested that PD
patients are selectively impaired on those WM tasks which
centre on the manipulation of information in memory.

Based on neuroimaging studies, the neurobiological
basis of WM procedures is known to involve the prefrontal
cortex (D’Esposito et al., 1995; Salmon et al., 1996). More
speciWcally, the manipulation of information within WM is
thought to implicate mid-dorsolateral prefrontal regions,
whereas processes for encoding and retrieval involve more
ventral prefrontal regions (see Petrides, 1995 for a general
review on this topic). In patients with idiopathic PD, dopa-
mine depletion within the nigro-striatal dopamine system is
known to yield progressive dopamine depletion and corre-
sponding functional disturbance within the frontal cortex
itself, by means of connecting nigro-striatal-thalamo-corti-
cal circuits (Alexander, DeLong, & Strick, 1986). According
to Alexander et al. (1986), Wve distinct pathways connect
the frontal cortex to the basal ganglia. Owen and collabora-
tors have shown that the disruption of pathways serving
the prefrontal cortex results in a WM deWcit (Owen,
Doyon, Dagher, Sadikot, & Evans, 1998). In conclusion, all
the evidence mentioned above suggests that the frontal-stri-
atal loop and projections from the dorsolateral PF cortex
are aVected in PD and this is the same anatomical region
involved in WM process.

4.2. On the suppression and enhancement of metaphor-
related information in PD

In an exploratory manner, the present study also exam-
ined whether metaphor deWcits in PD aVect distinct proce-
dures for suppressing metaphor-irrelevant information and
enhancing metaphor-relevant meanings (Gernsbacher
et al., 2001). In contrast to previous Wndings reported by
these researchers, the current results did not reveal an
important eVect of either enhancement or suppression on
the performance of either the HC or PD participants,
(based on previously-established methods for determining
these eVects). As explained by Gernsbacher and colleagues
(2001), an enhancement eVect is due to an increase in the
activation of memory nodes for information needed during
the metaphor comprehension process, and should be
revealed by the facilitation of decisions about a metaphor-
relevant target following a metaphor prime sentence (ver-
sus a literal prime sentence). However, this comparison
yielded no signiWcant diVerences either within or among the
three groups in this study. Possibly, the smaller number of
participants in our experiment compared with the Gernsb-
acher et al. (2001) study could explain these diVerences
across studies. Given the prominent demands of WM for
this particular task, it is perhaps unsurprising that the PD-I
group was slower and made more errors than the HC group
when processing metaphor-related targets, whereas the PD-
U group performed just like controls. This issue could be
addressed in the future by investigating metaphor compre-
hension in PD using a distinct task design or in multiple
conditions which vary the task demands on WM processes
in a systematic manner.

Of even greater interest than enhancement, all theories
about the metaphor comprehension process argue that
Wltering irrelevant (literal) information is a central require-
ment (Newsome & Glucksberg, 2002). This Wltering process
may involve reduced activation of memory nodes for con-
cepts or information which is not directly relevant to the
comprehension of metaphorical meanings. According to
Gernsbacher et al. (2001), metaphor-irrelevant properties
become less accessible so they are suppressed to enable met-
aphor understanding. Here, we found that there was no
diVerence in responses to metaphor-irrelevant targets fol-
lowing a metaphorical versus a literal prime sentence except
for the PD-I group, implying that only the PD group with
impaired WM showed a suppression eVect. Since we found
no evidence of a suppression eVect for our HC group, one
can speculate that the results for the PD-I group in our
study do not reXect the suppression process, but rather, a
more general delay process. While in need of further testing,
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support for the idea of a delay process in our PD-I patients
comes from Grossman et al. (2002), who found that
impaired comprehension of complex syntax correlated with
a measure of processing speed for planning and inhibition
in patients with Parkinson’s disease.

4.3. Fronto-striatal contributions to language processing

The cognitive and language deWcits present in non-
demented adults in the early stages of PD are sometimes stud-
ied to infer the role of the basal ganglia in diVerent aspects of
cognition (e.g., Brown & Marsden, 1998; Taylor et al., 1986;
Ullman et al., 1997). Although idiopathic PD cannot be
treated as a “pure” model of basal ganglia functioning and
related behavioral Wndings must be interpreted with caution,
the accumulating descriptions of language as well as cognitive
deWcits in PD patients have generated various theories about
the direct involvement of sub-cortical structures in certain
aspects of language processing (Crosson, 1985; Wallesch &
Papagno, 1988). For example, some have speculated that the
basal ganglia supply a mechanism for certain forms of
implicit learning during language acquisition (Ullman et al.,
1997) and the contribution of the striatum to the decoding of
speech prosody and other sequential representations in the
vocal channel has been advanced (Pell & Leonard, 2003).

In the case of pragmatic language phenomena, such as the
ability to process metaphors and to generate linguistic infer-
ences (Monetta, Grindrod, & Pell, in review), our current data
suggest that reductions in fronto-striatal systems which sup-
port WM and other determinants of “executive resource
capacity”, seem to be responsible for these types of deWcits in
many patients with PD. When viewed in the broader litera-
ture, this explanation renders it likely that many adults with
PD exhibit both primary and secondary impairments which
aVect diVerent aspects of their communication and language,
due to the evolving neuropathological consequences of the
disease with progressive fronto-striatal involvement. Future
studies are clearly needed to evaluate the contributions of the
fronto-striatal circuitry in other high-level language abilities,
such as the ability to process linguistic and social inferences
which similarly depend on intact systems for WM and fronto-
striatal “executive” functions.
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