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Abstract

To address the impact of differences in language lateralization on joke comprehension, event-related brain potentials (ERPs) were
recorded as 16 left- and 16 right-handed adults read one-line jokes and non-funny control stimuli (‘A replacement player hit a home run with
my girl/ball,”). In right-handers, jokes elicited a late positivity 500—900 ms post-stimulus onset that was largest over right hemisphere (RH)
centro-parietal electrode sites, and a slow sustained negativity over anterior left lateral sites. In left-handers, jokes elicited a late positivity
500—900 ms post-onset that was larger and more broadly distributed than in the right-handers’ ERPs. In right-handed women, the late
positivity was larger over RH electrode sites. In left-handed women, the late positivity was bilaterally symmetric. The highly asymmetric
slow sustained negativity over left anterior electrode sites was absent from left-handers’ ERPs to jokes. Differences may reflect more efficient
inter-hemispheric communication in the left-handers, as they are reputed to have relatively larger corpus callosal areas than right-handers.
Results support the portrait of more bilateral language representation among left-handers, and suggest language lateralization affects high-

level language comprehension tasks such as joke comprehension.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction

One of the most intriguing findings in the study of brain
function is the thesis that the two cerebral hemispheres,
though anatomically very similar, display different function-
al specializations—especially with respect to language pro-
duction and comprehension. The most dramatic evidence of
the asymmetry of the linguistic capacities of the left and right
cerebral hemispheres comes from the study of brain-dam-
aged patients. Broca [6] reported two patients who experi-
enced profound communicative deficits following large left
frontal lobe lesions. Similarly, Wernicke [73] reported two
patients with severe language comprehension deficits, ap-
parently due to the presence of a lesion in the posterior
superior temporal gyrus of the left hemisphere. In contrast,
the incidence of aphasic deficits in patients with lesions to
the right hemisphere (RH) is far less common [31].

Language deficits have also been associated with damage
to the right hemisphere. But while patients with left hemi-
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sphere damage (LHD) often present with severe difficulties
in basic aspects of language production and comprehension,
patients with RHD exhibit more subtle deficits involving the
relationship between an utterance and its context. RHD
production, for example, is marked by socially inappropriate
remarks, tangential speech, digressions of topic, combined
with a failure to utilize nonverbal cues [40]. In experimental
studies of their comprehension, RHD patients have been
shown to exhibit a variety of pragmatic deficits. These
include difficulty drawing inferences necessary to under-
stand certain kinds of jokes [7], overly literal interpretation
of metaphoric language [74], and difficulty interpreting
sarcastic utterances [53,54].

1.1. Handedness and hemispheric asymmetry for language

Note that the above statements about typical patterns of
hemispheric asymmetry for language presuppose that the
patients are right-handed (right-handers constituting 90% of
the population). Since Broca’s discovery that language
deficits in right-handed people are typically associated with
damage to the left, but not right cerebral hemisphere,
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neuropsychologists have been fascinated by the relationship
between language lateralization, handedness, and the vari-
ous genetic factors that influence cerebral asymmetry in the
normal population. Presumably, because Broca’s original
two patients were right-handed, he assumed that language
lateralization would be reversed among left-handers. How-
ever, subsequent research has revealed that the majority of
left-handers are left dominant for language, but that left-
handers are more likely than right-handers to display “atyp-
ical”—that is, either bilateral or right hemisphere—Ilan-
guage dominance.

Indeed, a number of factors suggest handedness is
relevant to hemispheric asymmetry for language capacity,
and support the thesis that language lateralization is less
extreme among left-handers. Behavioral tests of hemispher-
ic specialization, such as dichotic listening and tapping
interference paradigms, indicate that lateralization of lan-
guage functions is less extreme among left-handers than
their right-handed counterparts (see Ref. [5] for a review).
On the dichotic listening task, for instance, the right ear
advantage for accuracy has been found to correlate with
handedness [10]. Lishman [51] reports that the incidence of
a right ear advantage on the dichotic listening task is largest
among right-handers, intermediate among mixed handers,
and least frequent among left-handers. Further, ear differ-
ence scores were significantly smaller among left-handers
with a family history of sinistrality [51].

Unfortunately, behavioral tests of asymmetry in normal
adults have yielded inconsistent results. Several studies
testing large numbers of individuals (viz. 100—200) on the
dichotic listening task failed to find reliable effects of
handedness [49,67], though Lake and Bryden did detect
an effect of sex (with males being more lateralized). Other
studies report effects of handedness, but not sex or familial
sinistrality on very similar tasks [58,61]. Conflicting results
may stem from the fact that the observation of a right ear
advantage among right-handers and a left ear advantage
among left-handers depends on the presence of a strong
hand preference [20,46], and that sex [50,55] and familial
sinistrality [28] also affect language lateralization, and that
both of these variables may interact with handedness.

Like evidence from behavioral asymmetries in auditory
verbal processing, tests of visual language processing using
the divided visual half-field reveal similarly mixed results.
Some studies report a right visual field (left hemisphere)
advantage among both left- and right-handers [9,36,57].
Others report that left-handers with a history of familial
sinistrality are more likely display either a left visual field
(right hemisphere) advantage, or at least the absence of a
right visual field advantage [56,78]. However, there is at
least one report that left-handers with a history of familial
sinistrality are more likely to display right visual field (left
hemisphere) advantage than are left-handers without a
history of familial sinistrality [35].

Historically, the intracarotid amobarbital procedure, or
Wada test, has been used to assess language lateralization in

right and left-handers by measuring the incidence of speech
arrest after the administration of amobarbital to the patient’s
left and right hemispheres, respectively. Results of the Wada
test indicate that between 92% and 99% of right-handers are
left hemisphere dominant for language (see Ref. [52] for a
review). Among left-handers without any early brain injury,
85% are left hemisphere dominant, while 15% were either
right hemisphere dominant, or had bilateral language repre-
sentation [64]. However, extension of these results to the
general population has always been tenuous, as the Wada test
has almost exclusively been administered to patients with
intractable epilepsy as part of their pre-surgical workup.

More recently, the relationship between handedness and
language lateralization has been examined in normal,
healthy adults with various neuroimaging technologies.
Pujol et al. [63] assessed language lateralization in normal
adults by comparing functional magnetic resonance imaging
(fMRI) activation of the lateral frontal lobe in a language
task. Operationalized as the hemisphere with the greater
number of voxels activated, Pujol et al. found that left-
handers were indeed more likely to display atypical lan-
guage dominance. Among right-handers, 96% showed left
lateralized activation, while 4% showed right lateralized
activation. Among left-handers, 76% were left lateralized,
10% were right lateralized, and 14% had bilateral activation.

Similarly, Szaflarski et al. [70] assessed degree of later-
alization in healthy adults by measuring the extent of fMRI
(BOLD) activation on a language task in lateral, medial,
frontal, and temporal regions of interest. A lateralization
index (LI), obtained by computing the ratio of voxels
activated in the left and right hemispheres, correlated with
participants’ handedness quotients as assessed via the Edin-
burgh Inventory [60]. More focused analyses revealed that
participants’ handedness quotients significantly correlated
with frontal LI, but not with the temporal or medial LI,
suggesting handedness is more closely linked to lateraliza-
tion of frontal language areas than to other brain regions.

Comparable results have been obtained using repetitive
transcranial magnetic stimulation (rTMS) to assess the
functional relationship between handedness and language
lateralization, by recording the percentage of left- and right-
handers in which rTMS resulted in a disruption of naming
ability. Among right-handers, speech arrest occurred with
left hemisphere stimulation in 87.5% of the subjects, with
right hemisphere stimulation in 4.2% of the subjects, and
with stimulation of either hemisphere in 8.2%. Among left-
handers, 73.7% were left hemisphere dominant, 10.5% were
right hemisphere dominant, and 15.8% had bilateral lan-
guage representation. Among mixed handers, 57% had
bilateral language representation and 43% were left hemi-
sphere dominant.

Other studies indicate a relationship between the degree
of handedness and the degree of language lateralization.
Knecht et al. [43] found a near linear relationship between
the degree of handedness, as assessed via the Edinburgh
Inventory, and language lateralization as assessed via func-
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tional transcranial Doppler sonography (fTCD) during a
word generation task. Although left handedness is neither
necessary nor sufficient for right hemisphere language
dominance, Knecht et al. clearly demonstrate that right
hemisphere dominance is more likely among left-handers
and among those who have at least one left-handed parent.
Moreover, Knecht et al. [44] have shown that language
lateralization as indicated by fTCD during a word genera-
tion task predicted language deficits induced by rTMS to
posterior language regions. Taken together, these studies
suggest that one’s degree of handedness is associated with
differences in the cerebral organization of language related
to one’s ability to compensate for rTMS to putative lan-
guage regions.

Research with rTMS is thus concordant with the observa-
tion in aphasiology that left-handers and right-handers with a
history of familial sinistrality are less likely to experience
language deficits after a stroke affecting the left hemisphere.
Early studies by Benton [3] revealed that while 60% of right-
handers with left hemisphere lesions presented with language
impairments, only 32% of left-handers did. Hecaen and
Sauget [32] report that though left-handers with left hemi-
sphere lesions typically experience similar production diffi-
culties as do right-handers, they are less likely to present with
comprehension deficits. Interestingly, only left-handers ex-
perience agraphia and alexia as a result of right hemisphere
lesions [25]. Further, left hemisphere lesions in left-handers
occasionally result in spatial disorientation, a deficit typically
associated with right hemisphere lesions [29].

1.2. Handedness and “right hemisphere” language
processes

Studies of the relationship between handedness and
hemispheric asymmetry thus suggest that left-handers are
less lateralized for language than right-handers, and poten-
tially less lateralized for visuo-spatial processing, a set of
processes typically lateralized to the right hemisphere [34].
One issue raised by these findings is how the decreased
hemispheric asymmetry in left-handers affects language
comprehension tasks that rely differentially on one hemi-
sphere. Although many researchers have explored the impact
of handedness on fundamental language processes such as
speech production and word comprehension [30,32,33,69],
few studies have addressed whether high level language
processing differs as a function of handedness (but see Ref.
[71]). In particular, the consequences of varying degrees of
hemispheric asymmetry for joke comprehension presents
itself as an important topic worthy of study.

Jokes presuppose the speaker’s ability to interpret lan-
guage against background knowledge—a language compre-
hension process typically associated with right hemisphere
function. In the following joke, “I let my accountant do my
taxes because it saves time: last spring it saved me ten
years,” the reader begins by constructing a mental model in
which a busy professional pays an accountant to do his

taxes. However, at “years” she is forced to go back and
reinterpret “‘time” to evoke a frame where a crooked
businessman pays an accountant to conceal his illegal
business dealings.

Coulson [14] has called this sort of conceptual revision
frame-shifting, and suggests it reflects the operations of a
semantic reanalysis process that reorganizes existing infor-
mation into a new frame or schema retrieved from long-term
memory. In the example above, frame-shifting involves
mapping the information contained in the original busy-
professional interpretation into the crooked businessman
frame. Jokes such as this one violate normal expectations,
and in so doing, highlight normal dependency on back-
ground knowledge to structure expectations and enrich our
interpretation of language.

Difficulty understanding jokes has long been associated
with right hemisphere damage [4,7,24], especially damage
to the right frontal lobe [68]. In fact, research suggests the
joke comprehension deficits associated with right hemi-
sphere damaged patients involves the conceptual demands
of frame-shifting, as RHD patients have also been shown to
have trouble interpreting nonjoke materials that require
semantic reanalysis [8]. Moreover, a neuroimaging study
of healthy adults indicated that joke comprehension elicits
increased RH activity [26].

Various electrophysiological indices of joke comprehen-
sion have been reported by Coulson and Kutas [16], who
recorded event-related brain potentials (ERPs) from adults
reading either one-line jokes or non-joke controls with
equally unexpected endings. Joke and non-joke ERPs dif-
fered depending on participants’ ability to understand the
joke. In people who got most of the jokes, Coulson and
Kutas observed a left-lateralized sustained negativity (500—
900 ms), indexing frame-shifting, as well as an N400 and
later posterior positivity [16]. People whose comprehension
was poor showed only a right frontal negativity (300—700
ms) to jokes.

Although Coulson and Kutas’ findings do not report
direct evidence for RH participation in joke comprehension,
a number of the ERP effects associated with getting jokes
were lateralized, suggesting that the contributions of one
hemisphere were more important than those of the other
[16]. The late positivity was larger over right than left
hemisphere scalp sites. Further, the sustained negativity
500-900 ms was observed at only a few left anterior scalp
sites, and was not evident over comparable right hemisphere
sites. The sustained anterior negativity reported by Coulson
and Kutas is also notable because it was present in partic-
ipants with high joke comprehension scores, and absent in
the poor joke comprehenders’ ERPs.

1.3. The present study
The present study addressed the consequences of bilat-

eral language representation for joke comprehension, a
language comprehension task which, in right-handers, is
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hypothesized to recruit right hemisphere participation. ERPs
were recorded as left- and right-handed adults read one-line
jokes (““A replacement player hit a home run with my girl,”)
and non-funny control stimuli (“A replacement player hit a
home run with my ball,”). If the lateralized ERP effects
reported in Coulson and Kutas [16] are related to language
lateralization, they might be expected to be attenuated in
left-handed subjects. In view of previous work that suggests
left-handers’ brains are more laterally symmetric than the
brains of right-handers, one might expect to see less
evidence of lateral asymmetry in left-handers’ brainwaves.
Alternatively, if previously reported electrophysiological
indices of joke comprehension are unrelated to language
lateralization, one might expect to see very similar ERP
effects in left- and right-handed participants.

2. Materials and methods
2.1. Participants

Thirty-two UCSD undergraduate volunteers (16 women).
Sixteen of these participants were left-handed (8 women),
and sixteen were right-handed (8 women). Handedness was
assessed via the Edinburgh inventory [60] to yield each
participant’s laterality quotient, a number ranging from
— 100 (completely left-handed) to 100 (completely right-
handed). The average LQ for left-handed participants was
— 51 (S.E.=8.67), and was 71 for right-handed participants
(S.E.=5.31). Data was collected from an additional seven
participants (four left-handers and three right-handers), but
not analyzed due to the presence of artifacts in 40% or more
of the critical trials. All participants were monolingual
native English speakers with normal or corrected to normal
vision and no history of reading difficulties or neurological/
psychiatric disorders. None of the right-handed participants
had a left-handed immediate family member, although six of
the left-handed participants (four women) did. All partic-
ipants received either experimental credit for a course
requirement or cash compensation.

Participants’ verbal ability was assessed via a short battery
of language ability tests including the Peabody Picture
Vocabulary Test (PPVT), the Token Test, and a test of
Semantic Relations. We also calculated a Sentence Compre-
hension score for materials presented during the experiment.
Sentence Comprehension is thus the percentage of correct
answers to the comprehension questions following each
sentence (including experimental as well as filler stimuli).
From these data, we calculated an overall verbal ability score:
% correct on the PPVT+% correct on Semantic Relations+%
correct on the Token Test+% correct Sentence Comprehen-
sion (see Table 1). Overall verbal ability scores were used to
create groups of high and low verbal ability within each
handedness group, as determined by a median split.

Because we observed different ERP effects as a function
of handedness and sex, various characteristics of left- and

Table 1
Age, education, and verbal ability scores for participants
Male Female Overall
Left-handed
Age 23 years 22.38 years 22.69 years
(3.25) (4.56) (3.90)
Education 15 years (1) 13.88 years 14.44 years
(1.34) (1.2)
PPVT 94% (2%) 94% (1.2%) 94% (0.7%)
Semantic Relations  93% (2%) 86% (5.2%) 89% (2.78%)
Token Test 93% (1.8%) 94% (1.8%) 93.5% (1.28%)
Sentence 91.6% (1.59%)  92.6% (0.71%)  92.1% (0.85%)
Comprehension
Overall Verbal 92% (0.9%) 92% (1.7%) 92% (0.98%)
Ability
Right-handed
Age 23 years 20.5 years 21.75 years
A.5) (1.88) (1.04)
Education 14.25 years 14.25 years 14.25 years
(1.5) (1.75) (1.6)
PPVT 92% (1.4%) 94% (1%) 93% (0.8%)
Semantic Relations  89% (3.9%) 86% (3.7%) 88% (2.6%)
Token Test 90% (2.3%) 96% (1.2%) 93% (1.5%)
Sentence 89.9% (1.29%) 93.1% (0.97%) 91.5% (0.89%)
Comprehension
Overall Verbal 90% (1.2%) 92% (1.3%) 91% (0.9%)
Ability

right-handed males and females have been listed in Table 1.
The four participant groups were matched for age, years of
education, and performance on tests of verbal ability.

2.2. Materials

Each participant silently read 240 sentences including 80
Jokes, one-line jokes (e.g., “A replacement player hit a
homerun with my girl’’), 80 Straights, one-line jokes that
ended with a cloze-matched non-joke ending rather than the
joke ending (e.g., ““A replacement player hit a homerun with
my ball”), and 80 Expecteds, filler sentences with predict-
able endings (e.g., “My green car blocked the narrow
driveway”). Sample experimental stimuli can be found in
Table 2. The 80 filler sentences were the same in both lists,
while the 160 pairs of experimental sentences were pre-
sented in two different lists. Joke endings in one list were
replaced by straight endings in the other, and vice versa so
that no participant saw both versions of the experimental
stimuli. Each participant viewed one list. Following each
sentence, a statement designed to test comprehension of the
sentence was presented and the participant’s response was
indicated by a button-press.

Inspection of published word association norms [13]
suggested that straight endings were no more likely than
joke endings to be preceded by associates—presumably
because both sorts of endings are unexpected in the context.
Approximately 12% of the joke endings were preceded by a
semantic associate, as were 10% of the straight endings,
though the mean association level was slightly higher for the



S. Coulson, C. Lovett / Cognitive Brain Research 19 (2004) 275-288 279

Table 2

Sample experimental stimuli

Sentence Joke ending  Straight

ending

By the time Mary had her fourteenth child,  husband. offspring.
she’d run out of names to call her

A device for finding furniture in the dark shin. candle.
is a

My doctor has never violated his oath: the ~ millionaire. ~ practitioner.
oath he took years ago to become a

The only place where you can find people cemetery. bank.
who spend all their time minding their
own business is the

It is hard to raise a family nowadays, morning. country.

especially in the

joke (1.3%) than straight (1.6%) endings. Although not all
of the words in our stimuli were contained in the Edinburgh
Associative Thesaurus, the generally low level of associa-
tion found is unlikely to result in lexical priming effects.

Sentence-final words in the joke and straight conditions
were also matched for cloze probability (all jokes=0.9%
(S.E.=1.3%), all straights=2.2% (S.E.=1.5%)), as
assessed via a separate off-line sentence completion task
in which 80 people from the same subject pool as the main
experiment participated. Cloze probability of the
“expected” completions in the filler stimuli was 80.8%
(S.E.=11.3%). All sentence-final words were matched for
word length (List 1: jokes=6.8 (S.E.=1.6), straights=6.8
(S.E.=1.6); List 2: jokes=6.8 (S.E.=1.6), straights=6.8
(S.E.=1.6); all fillers=6.8 (S.E.=1.0)) and frequency per
million as assessed by the Kucera and Francis database (List
1: jokes=47.2 (S.E.=53.2), straights =46.8 (S.E.=52); List
2: jokes=47.0 (S.E.=53.3), straights=47.4 (S.E.=51.8);
all fillers=47.1 (S.E.=53.2)).

2.3. Procedure

Participants sat in an electrically shielded, sound-attenu-
ated chamber and read sentences presented one word at a
time in rapid serial succession (RSVP) on a computer
monitor. Participants were seated approximately 40 in. from
the screen and instructed to read each sentence for compre-
hension. After each sentence, a comprehension sentence was
presented (in its entirety) and participants were instructed to
judge whether or not it was consistent with the first sentence,
and to respond by making a yes or no button press (e.g.,
sentence: “Every time | wear my spring coat in the rain, it
damages the springs.”” comprehension sentence: “Water isn’t
good for my coat.” correct response: YES) Response hands
were counterbalanced across participants.

The first sentence of each pair was preceded by a fixation
cross to orient the participant to the center of the screen.
Each word of the first sentence was then presented in the
center of the screen for a fixed duration of 200 ms with an
inter-stimulus interval (ISI) that varied as a function of
word-length (i.e., 200 ms+ 32 ms/character). The final,

target word of each sentence was followed by a blank
screen for 2500 ms before the presentation of the compre-
hension sentence. The comprehension sentence was then
presented for 4 s, and followed by a blank screen for 2 s
until the next trial began.

2.4. Electroencephalogram (EEG) recording

Participants’ EEG was recorded from 29 tin electrodes
mounted in an Electro-Cap, referenced to the left mastoid.
Electrode sites included the following 10-20 sites: FP1,
FPZ, FP2, F7, F3, FZ, F4, F8, FT7, FC3, FCZ, FC4, FT8,
C3,CZ, C4, TP7, CP3, CPZ, CP4, TPS, TS, P3, PZ, P4, T6,
01, OZ, and O2 [39,59]. Horizontal eye movements were
monitored via a bipolar montage of electrodes placed at the
outer canthi. Blinks were monitored via an electrode placed
on the infraorbital ridge of the right eye and referenced to the
left mastoid. The EEG was also recorded at the right mastoid,
and all data were re-referenced off-line to the average of the
right and left mastoids. Electrode impedances were kept
below 5 k). EEG was processed through SA Instrumenta-
tion amplifiers set at a band pass of 0.01-40 Hz. EEG was
continuously digitized at 250 Hz and stored on a hard disk.

2.5. Data analysis

The EEG data recorded from each participant was visu-
ally inspected, and trials were rejected when contaminated
by artifacts such as excessive vertical or horizontal electro-
oculographic potentials, excessive muscle activity, amplifier
blocking or drift. Artifact contamination in the digitized data
was determined off-line by using computer algorithms that
calculated peak-to-peak voltage amplitudes, voltage devia-
tions from baselines and polarity inversions between the
lower eye and prefrontal recordings. In the joke condition,
the mean rejection rate was 18.0 %, S.D.=12.3, S.E.=2.2
(Left-handers’ mean = 14.4%, S.D.=10.0, S.E.=2.5; Right-
handers’ mean=21.6%, S.D.=13.6, S.E.=3.4). In the
straight condition, the mean rejection rate was 19.2 %,
S.D.=12.1, S.E.=2.1 (Left-handers’ mean=16.3%,
S.D.=10.5, S.E.=2.6; Right-handers’ mean=22.2%,
S.D.=13.1, S.E.=3.3). In the filler condition, the mean
rejection rate was 20.4%, S.D.=10.8, S.E.=1.9 (Left-hand-
ers’ mean=18.2%, S.D.=8.8, S.E.=2.2; Right-handers’
mean=22.7%, S.D.=12.4, S.E.=3.1). Participants with
artifact rejection rates of more than 40% were excluded from
the study (four left-handers and three right-handers).

ERPs were computed for recording epochs extending
from a 100-ms pre-stimulus onset baseline to 920 ms post-
stimulus onset. Averages of artifact-free ERP trials were
calculated for each type of target word (jokes, straights,
expecteds). ERPs were quantified by measuring the mean
amplitude of the waveforms 300—500, 500—700, and 700—
900 ms post-word onset relative to a 100-ms pre-stimulus
baseline. Measurements were subjected to repeated measures
ANOVA with three between-subjects group variables: hand-



280 S. Coulson, C. Lovett / Cognitive Brain Research 19 (2004) 275-288

Table 3
Percent correct on comprehension questions (standard error)

Left-handers Right-handers

Males 91.63% (1.59%) 89.88% (1.29%)
Females 92.63% (0.71%) 93.3% (0.97%)
Overall 92.1% (0.85%) 91.5% (0.89%)

edness (right/left), verbal ability (high/low), and sex (male/
female), and three within-subjects variables: ending (joke/
straight), hemisphere (left/right), and anterior/posterior scalp
site (seven levels at central and medial sites and four levels at
lateral sites). All p values were corrected using the Huhyn—
Feldt correction. However, for clarity, we report original
degrees of freedom. Central sites refer to: FPZ, FZ, FCZ, CZ,
CPZ, PZ, and OZ. Medial sites refer to: FP1, FP2, F3, F4,
FC3, FC4, C3, C4, CP3, CP4, P3, P4, Ol, and O2. Lateral
sites refer to: F7, F8, FT7, FT8, TP7, TP8, T5, and T6.

3. Results
3.1. Sentence comprehension

Overall, performance on comprehension questions was
excellent in all groups, as can be seen from Table 3. To

facilitate more accurate experimental comparisons, trials in
which the comprehension judgment task was answered

Left Right
Lateral Medial Medial Lateral
FP1 FP2
PREFRONTAL
F7
FRONTAL P"
FT7
A A
CENTRAL - .
75 P3 re s
- |' 'L
PARETAL A A P A
straight endings 34V
................ joke endings 0 400 800

Left Handers

Table 4

Omnibus analysis of ERP amplitude in the N400 time window

Mean amplitude 300—-500 ms F value p value Epsilon

post-stimulus onset

Midline electrodes

Ending X Ant/Post F(6,144)=5.75 p<0.01  0.4746

Handedness X Verbal Ability X F(6,144)=239  p=0.07 0.4746
Ending X Ant/Post

Medial electrodes

Ending X Hemisphere F(1,24)=5.31 p<0.05

Ending X Hemisphere X F(6,144)=3.59  p=0.05  0.4087
Ant/Post

Handedness x Sex X Ending x F(6,144)=2.75 p=0.07  0.4087
Ant/Post

Lateral electrodes

Handedness x Ending X F(3,72)=4.04 p<0.05 0.7678
Hemisphere X Ant/Post

Handedness x Verbal Ability X F(3,72)=4.74 p<0.05  0.5528

Ending X Ant/Post

incorrectly were not included in the analyses of the ERP
data.

3.2. Event-related brain potentials
ERPs elicited by joke and straight endings in left- and

right-handers can be seen in Fig. 1. Typical of ERPs to
visually presented words, all stimuli elicited N1, P2, and

Left Right
Lateral Medial Medial Lateral
FPI FP2
PREFRONTAL
F7

FRONTAL

FT7

CENTRAL J‘A\/ﬂ

T5
PARIETAL VA
straight endings 3V

A P
................ joke endings 0 400 800

Right Handers

Fig. 1. Joke effects in left- and right-handers. ERPs elicited by the last word of one-line jokes (dotted) and straight endings (solid) to the same sentences.
Negative voltage is plotted up in this and all subsequent figures. Compare the sustained negativity elicited by jokes 500—900 ms post-onset in the right-handers

with left-handers’ ERPs at F7.
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Fig. 2. N400 joke effect. ERPs elicited by the last word of one-line jokes (dotted) and straight endings (solid) to the same sentences in high (top) and low

(bottom) verbal left- and right-handers. N400, typically prominent at P3 and P4, is evident only in low verbal left-handers.
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N400 components. In the latter part of the epoch (500—900
ms post-stimulus), ERPs were characterized by a positive-
going wave. No effects were apparent on the N1 and P2
components. Below, we report analysis of ERPs measured
in the interval of the N400 component (300—500 ms post-
onset), and the interval of the late positivity (500—900 ms
post-onset).

3.3. 300-500 ms

Analysis in this time window was intended to capture the
N400 component, a broadly distributed negativity whose
amplitude is sensitive to the difficulty of lexical integration.
Although joke endings did elicit slightly more negative ERPs
than the straight endings over central and parietal sites among
left-handers (see C3, C4, P3, and P4 in Left Handers’ data in
Fig. 1), the overall effect of ending on ERP amplitude was
spatially restricted and varied as a function of participant
groups. Results of the omnibus analysis can be seen in Table
1. Interactions between ending and the anterior posterior
factor result because ERPs to jokes were slightly more
positive than straights of prefrontal sites (FP1 and FP2),
and more negative than straights over central and parietal
sites. The posterior negativity is presumed to reflect the
N400, although the effect was slightly larger over LH
electrode sites (cf. P3 to P4). While the N400 is typically
larger over RH electrode sites, the observed scalp distribution
may be due to the beginning of the overlapping late positivity
at pre-frontal sites, which was larger in the joke condition.

There were no effects of handedness or sex, individually
or in a two-way interaction with sentence type, in any of the
electrode-site regions (all F’s <1.46). Analysis of data
recorded at lateral electrodes revealed a reliable interaction
between handedness, ending and electrode site factors (see
Table 4). Moreover, analysis of ERPs recorded at midline
and medial electrode sites revealed a trend for four-way
interactions between handedness, verbal ability, ending, and
electrode site, which was significant in the lateral analysis
(see Table 4). These interactions motivated further statistical
analyses of each handedness group individually, as well as
analyses of high and low verbal ability groups within each
handedness group.

These post hoc analyses indicated that the reliable
interaction in the omnibus analysis between handedness
and ending at lateral sites results because there was a
spatially restricted joke effect at left anterior sites (F7 and
FT7) in right- but not left-handed participants (see Fig. 1).
Analysis of data recorded from right-handers revealed an
interaction between sentence-type and electrode site (lateral:
Ending X Hemisphere X Ant/Post, F(3,36)=3.40, p=0.050,
e=0.6571), reflecting the enhanced negativity to jokes at
left anterior recording sites F7 and FT7. However, analysis
of data recorded from left-handers revealed no significant
effects of sentence-type in this time window (F’s < 1.88).

The trend towards an interaction in the omnibus analysis
of handedness, sex, ending type, and the anterior/posterior

factor is probably due to the fact that a positive-going
response to jokes over pre-frontal electrode sites Fpl,
Fpz, and Fp2 is evident only in the right-handed females’
ERPs (see Fig. 3), while the parietal negativity was most
evident among the left-handed males. Post hoc analysis
of data collected from medial scalp sites in the 16 right-
handed participants revealed a marginal interaction between
sex, ending, and scalp site (Sex X Ending X Ant/Post,
F(6,72)=2.28, p=0.099, ¢=0.4307) that results because
of a (non-significant) positive-going response to jokes
over the pre-frontal electrode (FPz) among the females,
and a (non-significant) pre-frontal negativity among the
males. In contrast, a similar analysis of the 16 left-handers’
ERPs revealed no interactions between sex, sentence type,
and any of the electrode site factors (all F’s<1). Given the
small number of participants (8) in each sub-group, these
apparent sex differences may simply reflect individual
variability.

In contrast to the non-significant sex differences in this
latency window, differences reflecting verbal ability groups
were more robust, and are more likely to reflect physiolog-
ical differences related to the verbal ability factor. The
interaction in the overall analysis between handedness,
verbal ability, and ending type results because the centro-
parietal negativity elicited 300—500 ms post-onset is evident
only in the low verbal left-handers (see C3, C4, P3, and P4 in
Fig. 2) (low VA left-handers, lateral: Ending X Ant/Post,
F(3,21)=3.75, p<0.05, e=0.7265), while the enhanced
anterior negativity is evident only among the low verbal
right-handers (see F7, F8, FT7, and FT8 in Fig. 2) (low-

Table 5
Omnibus analysis in latency range of the late positivity and sustained
anterior negativity

Mean amplitude 500—900 ms F value p value Epsilon
post-stimulus onset

Midline analyses

Ending F(1,24)=9.92 p<0.01

Ending X Ant/Post
Handedness X Sex X Ending x

F(6,144)=242  p=0.07  0.508
F(6,144)=4.48 p=007  0.508

Ant/Post
Medial analyses
Ending F(1,24)=836  p<0.01
Ending X Hemisphere F(1,24)=8.13 p<0.01

Ending X Hemisphere X
Anterior/Posterior

F(6,144)=3.62 p<0.01 0.927

Handedness X Sex X Ending X F(1,24)=7.92  p<0.05
Hemisphere

Lateral analyses

Ending X Hemisphere F(1,24)=11.71  p<0.01

Ending X Ant/Post F(3,72)=13.08 p<0.0001  0.806

Ending X Hemisphere X F(3,72)=5.33 p<0.01 0.806
Ant/Post

Handedness x Ending X F(3,72)=4.07  p<0.05 0.806
Hemisphere X Ant/Post

Handedness X Sex X Ending X F(1,24)=5.52 p<0.05

Hemisphere
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verbal right-handers, lateral: Ending X Ant/Post, F(3,21)= 3.4. 500-900 ms

8.84, p<0.01, e=0.7829). In Fig. 2, the posterior N400-like

potential is evident in the low VA left-handers’ ERPs, but not In the time window 500—-900 ms post-onset, ERPs to

in the other groups. joke endings were generally more positive than to straight
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Fig. 3. Sex and handedness. ERPs elicited by the last word of one-line jokes (dotted) and straight endings (solid) to the same sentences in female (top) left- and
right-handers, and male (bottom) left- and right-handers. In both left- and right-handed males, the late positivity 500—900 ms appears larger over right
hemisphere recording sites (cf. P3 and P4). In female right-handers, the late positivity was evident only over pre-frontal electrode sites (FP1 and FP2). In female
left-handers, the late positivity was larger and more broadly distributed than in other groups, and was bilaterally symmetric.
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endings, especially at centro-parietal electrode sites over the
right hemisphere (C4 and P4). ERPs at left anterior elec-
trode sites (F7 and FT7), however, were marked by a
sustained negativity to the jokes relative to the straight
endings. Joke effects on the late positivity and the anterior
negativity were suggested in the analyses by main effects of
ending and interactions between ending, hemisphere, and
the anterior—posterior factor (see Table 5). Moreover, the
ending effect was further qualified by interactions with the
handedness and sex of participants (see Table 5). These
interactions were followed up by post hoc analyses of each
of the individual subgroups (left-handed males, left-handed
females, right-handed males, right-handed females).

Among the right-handed females, there was a trend for
more positive ERPs to jokes than to straights at medial sites
(Medial: Ending, F(1,7)=5.08, p=0.06). At lateral sites, the
most obvious effect was the sustained negativity to joke as
compared to straight endings at left anterior sites F7 and FT7
(see Fig. 3) (Lateral: Ending x Hemisphere, F(1,7)=12.62,
p<0.01; Ending X Ant/Post, F(3,21)=5.45, p<0.05,
e=0.382; Ending X Hemisphere X Ant/Post, F(1,7)=3.21,
p<0.05, €=0.599). In the group of right-handed males,
ERPs to jokes were slightly more positive than to straights
(see Fig. 3), an effect which though not reliable at medial
sites (Right-handed males, Medial: Ending, F(1,7)=2.83,
p=0.14), was significant at lateral sites (for instance, T5)
(Ending X Ant/Post, F(3,21)=4.97, p<0.05, e=0.514). A
small joke effect can be seen on the sustained anterior
negativity (see ERPs recorded from F7 in Fig. 3), however,
this difference was not reliable (Lateral: Ending XHemi-
sphere X Ant/Post, F(3,21)=2.01, p=0.17, ¢=0.66). The
sustained anterior negativity was larger and more robust
among right-handed women than men.

Analysis of data recorded from left-handed males indi-
cated that ERPs to jokes were more positive than to straights
at medial sites, and this effect was larger toward the back of
the head over the right hemisphere (see, e.g., P4 in Fig. 3)
(Ending X Hemisphere, F(1,7)=8.78, p<0.05; Ending X
Hemisphere X Ant/Post, F(6,42)=6.82, p<0.01,
e=0.412). At lateral sites there were no effects in the males,
notably no joke effect at left anterior sites. Among the left-
handed females, ERPs to jokes were more positive than to
straight endings (Medial: Ending, F(1,7)=18.54, p<0.01;
Lateral: Ending, F(1,7)=10.42, p<0.05). In contrast to the
right-lateralized positivity in the left-handed males, among
the females the positivity was bilaterally symmetric (see Fig.
3) (Lateral, Medial: Ending X Hemisphere, F’s <1). Further,
no joke effect was evident over left anterior sites (Lateral:
Ending X Hemisphere X Ant/Post, F(3,21)<1).

3.5. Summary

We compared ERPs elicited by the last word of sentences
that ended as jokes with equally unexpected “straight”
endings to the same sentences. In right-handers’ ERPs,
jokes elicited an enhanced negativity at left anterior (F7

and FT7) electrode sites 300—500 ms after stimulus onset.
This effect was absent from left-handers” ERPs. In contrast,
a parietal N400-like negativity was observed in low (but not
high) verbal left-handers’ ERPs (see Fig. 2). Between 500
and 900 ms post-stimulus onset, ERPs to jokes were more
negative over left anterior sites (slow sustained anterior
negativity) and more positive over posterior sites (LPC).
However, effects in this latter latency range differed as a
function of the handedness and sex of the participant.
Among right-handed men, the LPC was largest over
centro-parietal electrode sites; among the women, it was
evident only over anterior electrode sites FP1, FP2, and F4
(see Fig. 3). The LPC joke effect in left-handers’ ERPs was
larger than in right-handers’ (see Fig. 1), and it too differed
as a function of sex (see Fig. 3). Among left-handed men,
the LPC was largest over centro-parietal electrode sites,
especially over the RH. This LPC joke effect was larger and
more bilaterally distributed in ERPs collected from left-
handed women (Fig. 3). The slow sustained anterior nega-
tivity was observed in ERPs collected from both right-
handed men and women, but not in ERPs collected from
either left-handed men or left-handed women (see Fig. 3).

4. Discussion

To address the impact of differences in language lateral-
ization on joke comprehension, ERPs were recorded as left-
and right-handed adults read one-line jokes (“A replace-
ment player hit a home run with my GIRL,” and non-funny
control stimuli (““A replacement player hit a home run with
my BALL,”). As in our previous study of joke comprehen-
sion, the joke endings elicited three ERP effects. First, jokes
elicited more negative ERPs than straight endings 300—500
ms post-onset. Between 500 and 900 ms, jokes elicited a
late positivity over most sites, and a slow sustained anterior
negativity over left anterior sites F7 and FT7. These effects
differed as a function of various group variables, including
participants’ handedness, verbal ability, and sex as discussed
below. However, joke comprehension as indexed by perfor-
mance on comprehension questions was excellent in all of
the participant groups tested. Thus, group differences in
ERP effects are presumed to reflect differences in cerebral
organization.

4.1. Negativity 300—500 ms

As noted above, in a previous study of joke comprehen-
sion, Coulson and Kutas [16] report that a subset of their
jokes elicited a larger amplitude N400 component than non-
funny control stimuli. In the present study, however, an
N400-like response was observed only in ERPs collected
from low verbal left-handers. Among right-handers, the
negative-going ERP effect in this latency range was evident
only over anterior left lateral electrode sites. The restricted
scalp distribution of the right-handers’ negative-going ERP
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effect clearly differs from that of the N400, a broadly
distributed negativity largest at centro-parietal electrode
sites, and typically larger over the RH.

However, in Coulson and Kutas’ [16] study, only high
constraint jokes elicited larger amplitude N400 than their
straight endings. That is, in cases such as “I asked the
hostess if she remembered me from the party last year, and
she said that she never forgets a,” where the sentence
context leads participants to expect a particular word (e.g.,
“face”), joke endings (“dress™) elicited larger N400 than
unexpected straight endings (‘“name’). However, in low
constraint sentences such as “My husband took all the
money we had been saving to buy a new car and blew it
all at the,” joke (“movies”) and straight (“tables’) endings
elicited equal amplitude N400.

The absence of an N400 joke effect in the present study
may be due to the fact that a large percentage of the jokes
used here were low constraint jokes.' Further, in the present
study, one third of the sentences (approximately 33%) ended
as jokes, in contrast to the earlier study in which only 19%
of the sentences ended as jokes. The relatively high per-
centage of jokes in the present study may have promoted a
joke ““set” among participants that facilitated joke process-
ing, thus eliminating the processing difficulty signaled by
the N400 joke effect. Our observation of a small N400 joke
effect among the low verbal left-handers may indicate
that—for this sub-group—relatively more bilateral language
representation has a detrimental effect on the lexical inte-
gration of joke endings.

In ERP language studies, several investigators have
varied the proportion of syntactic anomalies in experimental
materials, and observed a decrease in the amplitude of the
P600 component typically elicited by such stimuli as the
number of anomalies increases [17,18,27]. Further, while no
published studies describe the effect of increasing the
proportion of sentences with identifiable semantic character-
istics (such as the proportion of jokes), a number of
investigators have varied the proportion of related word
pairs in priming studies. N400 priming effects have been
observed to be larger in stimulus sets that contain a high
than a low proportion of related word pairs, as if the
engagement of controlled processes enhances the facilitato-
ry effect of context [12,38]. It is then, at least, plausible that
the ability to anticipate jokes in our stimulus set aided the
lexical integration of joke endings and led to reduced N400
effects.

4.2. Late positivities

In the later time windows examined, jokes elicited more
positive ERPs than straights, although the scalp distribution

' We found it difficult to assemble a large number of high constraint
jokes that conformed to the requirements of our design. It turns out that
most one-line jokes are “low cloze,” i.e., they elicit a wide variety of
responses on a sentence completion task.

of these positivities differed as a function of handedness and
sex (see Fig. 3). Among right-handed women, the late
positivity was only evident over pre-frontal electrode sites
and was larger over the RH. Among both left- and right-
handed men, the topography of the positive-going joke
effect matched that of the LPC: It was centro-parietal and
larger over RH scalp sites. Among left-handed women, the
positivity was largest over centro-parietal sites, but was also
evident over pre-frontal electrodes. Moreover, the late
positivity was both larger and more bilateral in left-handed
women than in left-handed men.

The late positivity thus differs both as a function of
participants’ sex and their handedness. This finding is
consistent with the suggestion that language is less lateral-
ized in women than men [42]. Further, meta-analysis of
studies utilizing post-mortem measures, as well as comput-
erized axial tomography (CAT) and magnetic resonance
imaging (MRI) of living people indicates that left-handers
have larger corpus callosal areas than right-handers, and
that, relative to their overall brain size, women have larger
corpus callosal areas than do men [23,75]. Such anatomical
differences have been argued to lead to more efficient
interhemispheric communication in left-handers and wom-
en, with potential consequences for information processing
[1,37]. Of course, effects of sex and handedness on the size
of the corpus callosum need not be additive.

Handedness has previously been found to affect the
amplitude and latency of the P3 component in an auditory
stimulus discrimination task, as the P3 amplitude was larger
over anterior electrode sites and its latency was shorter in
left-handers than in right-handers [1]. In both auditory and
visual oddball paradigms, P3 amplitude is larger in left-
handers than right-handers and larger in women than men
[37]. Group differences in P3 amplitude and latency have
been argued to result from more efficient interhemispheric
communication in subject populations with greater corpus
callosal areas [1,37]. This interpretation is supported by
findings that argue for the importance of interhemispheric
communication in the generation of the P3 component
[45,76,77].

In the present study, the amplitude of the late positivity
elicited by jokes was greater in left than right-handers, an
effect driven mainly by the amplitude of ERPs collected
from left-handed women. The relationship between late
positivities in the present study and the P3 component is
unknown. However, late positivities in ERPs elicited by
language stimuli have previously been shown to be sensitive
to some of the same experimental manipulations as the P3b
component [17,18]. Moreover, previous investigators have
suggested a relationship between late positivities elicited by
jokes and the P3 component [16,21].

The functional significance of the late positivities elicited
by jokes in comparison to straight controls is currently
unclear. However, in our previous ERP study of joke
comprehension, late positivities were observed in partici-
pants deemed to be good joke comprehenders, but not in
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poor joke comprehenders [16], suggesting its elicitation is
contingent on actually getting the joke. A posterior positiv-
ity similar to that in the left- and right-handed men as well
as the left-handed women in the current study has also been
observed in a study that compared words used in literal as
opposed to metaphorical senses (“Before dinner there was
almost always a prayer,” “Their last shot in that game was
only a prayer,”) [15]. Coulson and Van Petten suggested the
late positivity in the latter paradigm might reflect the
recovery of additional information from semantic memory
needed to understand the metaphor. This interpretation fits
well with the present study where the joke endings surely
would have required the recovery of more information from
memory than the straight endings, which were explicitly
designed to be consistent with the context evoked by the
sentence. Testing this hypothesis, however, would require
varying the information demands more systematically and
observing its effect on the amplitude of the late posterior
positivity.

In any case, the most laterally symmetric ERPs were
recorded from left-handed women—the participant group
that might be expected to have the greatest corpus callosal
areas. In the other three groups, the late positivity to jokes
was larger over the RH. Only in the left-handed females was
the late positivity bilaterally symmetric. However, in our
sample the sex of the left-handed participants was partially
confounded by familial sinistrality as four out of the eight
females reported having left-handers in their immediate
family, while only two out of the eight males did (none of
the right-handers had left-handers in their immediate fam-
ily). It is even possible (albeit a remote possibility) that
group differences in ERP effects result from differences in
brain morphology skull thickness, or cranial differences
rather than functionally significant physiological differences
[19]. The relationship between group differences in brain
anatomy and observed ERP effects requires further exami-
nation using both electrophysiological and radiological
techniques.

4.3. Sustained anterior negativity 500—900 ms

In a previous study [16], compared to non-joke control
stimuli, jokes elicited a sustained anterior negativity 500—
900 ms post-onset over a few anterior left lateral electrode
sites. This effect was argued to index frame-shifting
necessary to get a joke because it was evident in ERPs
to both high and low constraint stimuli, and was absent
from ERPs recorded from poor joke comprehenders, i.c.,
people who had difficulty getting the jokes used in the
study. The sustained anterior negativity to jokes was also
observed in the present study. The effect was readily
apparent in ERPs collected from right-handers, all of
who scored very well on the comprehension questions that
tested whether participants understood the jokes. But while
the left-handers also scored extremely well on the com-
prehension questions, the sustained anterior negativity was

either much reduced or entirely absent from their ERPs
(see Figs. 1 and 3).

Cognitive processes indexed by this ERP effect might
include the manipulation of information in working mem-
ory, and/or the suppression of joke-irrelevant information.
For example, in the joke “By the time Mary had her
fourteenth child, she’d run out of names to call her hus-
band,” the reader must reject the scenario where Mary
chooses a name for her newborn baby, and infer instead
that she is unhappy with her husband’s fertility (via the
activation of a painful-childbirth frame, or schema). Its left
lateral focus is consistent with a generator in prefrontal
cortex, an area that neuroimaging studies suggest is impor-
tant for the manipulation of information in working memory
[22]. Regions of prefrontal cortex are also known to be
specialized for integrating diverse forms of information [62]
and with solving problems that involve a number of inter-
dependent elements [47], both aspects of the fluid interpre-
tation needed for joke comprehension.

The absence of the sustained anterior negativity from
left-handers’ ERPs is perhaps the best evidence in the
present study for more bilateral language representation in
this group. In right-handers, the morphology of the wave-
form recorded from left anterior sites differs markedly from
that recorded at counterpart electrodes over the RH (e.g., F7
vs. F8 in Fig. 1). In left-handers, waveforms recorded from
left and right anterior sites are remarkably similar. This
finding suggests neural processes associated with the highly
asymmetric effect in right-handers’ ERPs is subserved by
different, and potentially more bilateral, processes in the
left-handers. In fact, reduced joke effects at left anterior sites
were accompanied by enhanced positive effects in the same
time window and frequency range at frontal, central, and
parietal electrode sites. These data suggest a trade-off
between cognitive operations subserved by neural genera-
tors of the left anterior effect and the late positivity. As
working memory operations are thought to be subserved by
a network of brain areas including prefrontal, temporal, and
parietal regions [11], we speculate that left-handers may rely
more heavily on the temporal and parietal lobe contributions
to working memory than do their right-handed counterparts.
The empirical adequacy of this suggestion, however, would
require study via functional neuroimaging.

4.4. Functional consequences of lateral symmetry and
asymmetry

Differences observed in the present study are consistent
with functional neuroimaging studies that reveal group
differences in brain regions activated in high-level language
comprehension tasks. In a PET study comparing story
listening to rest, Tzourio et al. [71] found more symmetrical
temporal lobe activations in left than right-handers, as well as
more symmetrical deactivations in parietal and inferior
frontal arreas. In a fMRI study comparing activation in the
superior and middle temporal gyri during story listening
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(compared with listening to a reverse replay of the same
story), activations were more bilateral in female than in male
participants [41]. In contrast, brain areas activated by ran-
domly ordered sentence fragments (compared to a reverse
replay of the same materials) were similar in men and women
[41]. Sex differences in lateralization have thus been argued
to reflect narrative comprehension rather than phonological
and syntactic aspects of language processing. Kansaku et al.
suggest that the relatively large isthmus of the corpus
callosum in females promotes more efficient interhemispher-
ic communication in the posterior language regions that
promotes bilateral processing of narrative structure.

Similarly, our finding in the present study that joke
comprehension results in different ERP effects in left- and
right-handers may reflect the high-level nature of the task.
Indeed, most researchers have found no effect of handed-
ness on ERPs to language materials [2,65,66,72], though
Kutas et al. [48] report more bilateral distribution of the
N400 component in right-handers with left-handed relatives
than in right-handers with no history of familial sinistrality.
Although the jokes used here differed from the control
stimuli in only a single word, understanding the jokes
requires participants to retrieve information from long-term
memory in order to reconstrue the scenario described in the
initial part of the joke.

While putative differences in language lateralization did
not affect behavioral indices of joke comprehension,
accompanying ERP effects differed in left- and right-
handed participants. Most notably, the highly asymmetric
slow sustained negativity over left anterior electrode sites
was present in right-handers’ ERPs, but absent from left-
handers’ ERPs to jokes. Jokes also elicited a late positiv-
ity in the same latency range as the slow sustained
anterior negativity. The late positivity was larger in left-
handers’ than right-handers’ ERPs, and was more laterally
symmetric in the left-handed women. These differences
may reflect more efficient inter-hemispheric communica-
tion in the left-handers, as both left-handers and women
are reputed to have relatively larger corpus callosal areas
than right-handers and men, respectively. The observed
attenuation of lateralized ERP effects in the left-handers—
especially the left-handed women in our sample—suggest
language lateralization is indeed relevant for joke compre-
hension and raises the question of exactly how differing
degrees of cerebral asymmetry change the implementation
of this high-level task.
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