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Abstract

This study explores how readers process different types of pun-
based jokes by analyzing their responses to various forms of
linguistic ambiguity. Specifically, we examined puns rooted in
homonymy, polysemy, and the contrast between idiomatic and
literal interpretations of idiomatic expressions. Using EEG, we
measured ERPs elicited by the ambiguous elements of these
jokes and their punchline. These measurements enabled us
to assess how distinct ambiguity types influence the compre-
hension of punchlines. Furthermore, we compared reader re-
sponses to puns against nonsensical sentences and straightfor-
ward control sentences. We hypothesize that the differences
among joke types will manifest in the relative N400 amplitudes
associated with punchline words, providing insights into the
neural mechanisms underlying humor comprehension while
having more control over joke setups compared to previous
EEG studies in this field of research.
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Introduction

Jokes pose a challenge to theories of language processing
because, unlike straightforward sentences, they involve dis-
covering a false epistemic commitment (Hurley, Dennett, &
Adams, 2011) and require reinterpretation of their content
when encountering the punchline. One way to lead joke com-
prehenders into a false epistemic commitment are linguistic
ambiguities preceding the punchline. We refer to the posi-
tion of this ambiguity as the pivot position of the joke, as it
marks the turning point that allows for two divergent interpre-
tations. To explore these processes, we designed an electroen-
cephalography (EEG) experiment investigating how various
forms of ambiguity in pun-based jokes impact event-related
potentials (ERPs) associated with humor processing. Specif-
ically, we are interested in homonymous (HOM), polysemous
(POL), and idiomatic expressions (IDM), in order to compare
three pun types based on these ambiguities. Our experimen-
tal design also allows ERP comparisons across four sentence
types, which are joke (JOKE), joke control (jokeCTRL), non-
sense (NONSENSE), and nonsense control (nonsenseCTRL) sen-
tences, which will be further described below.

Each joke follows Raskin’s (1985) ideas on script overlap
and script opposition, which he considers necessary and suf-
ficient conditions for a text to be a joke. At the textual level,
the ambiguous part in our jokes enables two readings of the
scenario up to the punchline. This ambiguity supports two
distinct readings, each compatible with a different meaning
of the ambiguous part. The pivot position marks where the
joke enables these divergent interpretations. For linguistic
ambiguities (homonyms and polysemes), the pivot is usually
one word, while for idioms, it may be a phrase interpretable
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either idiomatically or literally. To understand the joke, the
listener must reanalyze its setup — especially the ambiguous
element—to pivot towards the correct interpretation, mak-
ing the punchline follow from the setup. Here the punchline
acts as a script-shift trigger that forces the reader to perform a
script-switch and leads to reinterpretation. This reinterpreta-
tion of the ambiguous pivot leads to its less expected reading,
given the setup of the joke.

Cognitively, understanding the joke requires comprehen-
ders to initially commit to a particular interpretation of the
setup based on the contextually induced meaning of an am-
biguous part, which we refer to as its induced sense. When
encountering the punchline, the reader realizes that they made
a mistake in committing to this induced sense, where another
reading of the ambiguous part would have been more appro-
priate to make the punchline follow from the joke setup. This
recognition of having made a false epistemic commitment
leads to a disconfirmation of expectations. Consequently, the
discovery and debugging of the erroneous commitment is re-
warded with the feeling of mirth, which Hurley et al. (2011)
equates with the pleasurable experience of humor.

Method
Experimental Design

The experiment was conducted in German and had the form
of a grammatical judgment task. A 2 x 2 design was used,
with an ambiguous (Amb) or non-ambiguous (NonAmb)
word in the context sentence at pivot position, which was fol-
lowed by the target sentence containing either punchline or
control as sentence final word at target position.

{Amb,NonAmb} x {Punchline, Control}
pivot position target position

This design manipulation created four experimental condi-
tions as illustrated in Table 1.

In each trial, participants saw one to three context sen-
tences followed by a target sentence. Both context and target
sentences were split into roughly equal chunks displayed in
the center of the screen, while the ambiguous/non-ambiguous
word and punchline/control were presented in isolation and
served as ERP trigger. Participants then judged the sentence’s
grammaticality by pressing YES or NO, with key assignments
balanced across trials (see Figure 1 for an example with the
exact presentation times). This was intended to ensure that
participants engaged with the stimuli thoroughly and to pre-
vent them from clicking through the task without proper pro-
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Table 1: Four conditions of our 2 X2 experiment with ambiguous (Amb) and non-ambiguous (NonAmb) words at pivot position
(in italics) and punchline and control at target position (in bold print)

Punchline at target position Control at target position
JOKE jokeCTRL
Amb at pivot position In my profession, I like open people. In my profession, I like open people.

I am a surgeon.

I am a social worker.

NONSENSE

nonsenseCTRL

NonAmb at pivot position | In my profession, I like approachable people. | In my profession, I like approachable people.

I am a surgeon.

300 ms
In my profession 800 ms
2
800 ms

600 ms
3

eople. 800 ms

pivot position peop

lank 300 m:
blank 300 ms
blank 300 ms
k 300 ms o
Blank 300 ms

800 ms

blani

Was the sentence
grammatically correct?
YES NO 4000 ms

blank

target position

Figure 1: Surgeon Joke as Example for the Time Course of
an Experimental Trial

cessing of the stimuli. The stimuli were presented in white on
a black background.

Hypotheses

Coulson and Kutas (2001) state that the amplitude of the
N400 correlates with the difficulty of lexical integration, in-
dicating that greater integration challenges yield larger N400
amplitudes. Since processing jokes is believed to require
more cognitive effort than straightforward sentences, we ex-
pect jokes to elicit a higher N400 amplitude. This aligns with
findings from Chang, Ku, Wu, and Chen (2019), Coulson and
Kutas (2001), and Xu, Nakanishi, and Coulson (2024), who
reported a more negative N400 effect for jokes compared to
control sentences. In our experiment, this is reflected in the
comparison between JOKE and jokeCTRL. Therefore, we hy-
pothesize that the N400O component at the target position will
be more pronounced in JOKE than in jokeCTRL (HI). In our
experiment jokeCTRL and nonsenseCTRL function as straight-
forward baselines to highlight the effects of incongruent end-
ings. As can be seen in Table 1, this baseline comparison is
possible, because JOKE and NONSENSE only differ in the final
word compared to their straightforward counterparts.
Marinkovic et al. (2011) found that incongruent endings
elicited higher N400 amplitudes than both congruent and
funny endings, highlighting the N400 component’s sensitiv-
ity to semantic incongruity. In our study, incongruent endings
correspond to NONSENSE, where the punchline is incoherent
within the preceding context, making it confusing or surpris-
ing. The congruent endings align with our nonsenseCTRL end-
ings, which are straightforward and coherent, containing the

I am a social worker.

non-ambiguous induced sense at pivot position. Lastly, funny
punchlines correspond to our JOKE condition. Thus, when
comparing NONSENSE and nonsenseCTRL, we expect a stronger
N400 component for NONSENSE than for nonsenseCTRL (H2),
and we predict that the amplitude of the N400 component will
be larger for NONSENSE than for JOKE (H3). Besides an N400
component, Marinkovic et al. (2011) also found a P600 com-
ponent in their study. They reported a more positive P600
component for funny punchlines compared to both congruent
and incongruent ones, suggesting that the P600 reflects the
effort to resolve the punchline’s incongruity and establish co-
herence with the preceding context. In our experiment, this
aligns with our JOKE condition, where resolving the punch-
line’s incongruity is necessary to understand the joke, lead-
ing us to expect a pronounced P600 component here. Con-
versely, in jokeCTRL, which is straightforward and consistent
with the context, there is no incongruity to resolve. There-
fore, we hypothesize that the P600 component will be larger
in JOKE than in jokeCTRL (H4). Similarly, Xu et al. (2024)
found larger P600 effects for jokes compared to straight and
expected sentences, further supporting the link between the
P600 component and incongruity resolution in humor.

While developing hypotheses for comparisons between
joke types, we found limited research directly addressing am-
biguity types in jokes and instead relied on general theories
about idioms, homonyms, and polysemes. Idioms, which are
multi-word units characterized by being non-compositional,
usually fixed, and involving figurative language (Wagner,
2021) are particularly relevant for pun-based jokes, as their
figurative or idiomatic meanings often deviate considerably
from their literal ones, providing an ideal ground for ambigu-
ity and reinterpretation. In this regard, we reference Gibbs’
(1980) direct access hypothesis for idiom processing, assum-
ing that idiomatic readings are predominantly accessed before
the literal readings. This preference makes deviations from
the idiomatic reading more unexpected and likely more cog-
nitively demanding. Based on Kutas, Van Petten, and Kluen-
der (2006) and Hagoort (2007), who associate the N400O com-
ponent with retrieval difficulty and contextual integration, we
predict that processing idioms literally (rather than idiomati-
cally) will yield higher N400 amplitudes. In our experiment,
IDM puns are structured in a way that the reader is required
to switch to the less expected literal reading to understand the
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joke, unlike HOM and POL puns, where meanings are more
equally accessible. Consider the following idiomatic pun:
My father always said he put blood, sweat, and tears into his
work. He was a good man, but a terrible cook. The punchline
hinges on a reinterpretation of the figurative reading as literal,
exemplifying the kind of cognitive shift our IDM puns require.
Consequently, IDM puns, which involve a shift from the dom-
inant idiomatic to the literal meaning, should demand more
cognitive effort, leading to higher N400 amplitudes than HOM
or POL puns (HS). Additionally, we expect the P600 in IDM
jokes to be more pronounced compared to other joke types
(HOM, POL), since in the case of idioms the reinterpretation
is structurally more demanding (H6). To elaborate, a com-
prehender reinterpreting the idiom fo put blood, sweat, and
tears into something must shift from the figurative sense of
intense effort to a literal image of someone physically adding
bodily fluids to their work. We assume that this process in-
volves more of a structural reinterpretation than, for exam-
ple, switching from open meaning “physically open” to open
meaning “approachable”.

Another factor influencing the understanding of our pun
types is the distinct processing of homonyms and polysemes.
Polysemes have multiple, closely related meanings, while
homonyms coincidentally share orthographic and phonologi-
cal form but have distinct, unrelated meanings (Lobner, 2003;
Maienborn, von Heusinger, & Portner, 2019). However, the
line between them is often blurred, making a clear distinc-
tion difficult (Kroeger, 2018). For example, the polysemous
surgeon joke from Table 1 relies on the related meanings of
open, while a homonymous pun like They live in a stable re-
lationship, which is not uncommon for horses. plays on the
unrelated meanings of stable. Klepousniotou (2002) found
that polysemes are processed faster than homonyms. This
is likely because they share a common semantic core, which
facilitates processing, while homonyms require choosing be-
tween meanings, which takes more time. Rodd, Gaskell,
and Marslen-Wilson (2002) reported similar results, attribut-
ing slower processing of homonyms to competition between
unrelated meanings. Buildings on these findings, we expect
stronger N400 amplitudes for HOM jokes than POL jokes in
our experiment, due to the greater cognitive effort needed to
reinterpret unrelated meanings (H7).

So far, our hypotheses focused on ERPs at target position.
However, since we assumed that the funniness of our jokes
arises from the resolved ambiguity at pivot position after en-
countering the punchline, we also explored possible effects at
pivot position. Drawing on the previously mentioned process-
ing differences of homonymy, polysemy, and idioms, we also
examine these ambiguities at the pivot position. We assume
that the keyword of an idiom, which is the idioms final word
and the word we measured on, will elicit a lower N400 ampli-
tude relative to the single ambiguous word of a homonym or
polyseme. This is because idioms, as multi-word units with
fixed meanings, create strong expectations for the final word.
For instance, upon reading “kick the” in “kick the bucket”,

the comprehender might anticipate “bucket” as expected con-
tinuation. Kuperberg and Jaeger (2016) assume that the more
expected a word in a context with multiple possibilities is, the
lower its N400 relative to less expected words, which is why
we expect a lower N400 amplitude in IDM compared to HOM
and POL (HS8). This allows us to investigate how the features
of the ambiguity types relate specifically to the pivot position.
Hypotheses and expected results in short:
at target position:

H1 N400(JOKE) > N400(jokeCTRL)
H2 N400(NONSENSE) > N400(nonsenseCTRL)
H3 N400(NONSENSE) > N400(JOKE)
H4 P600(JOKE) > P600(jokeCTRL)
in JOKEs at target position:

HS5 N400(IDM) > N400(HOM) and N40O(POL)
H6 P600(IDM) > P600(HOM) and P600(POL)
H7 N400(HOM) > N400(POL)

in JOKE:s at pivot position:

H8 N400(HOM) and N400(POL) > N400(IDM)

Materials

All jokes were of the type pun, meaning they are humorous
wordplays (Attardo, 2018). We further grouped the jokes into
three subcategories, i.e., according to their ambiguity type:
homonymy (HOM), polysemy (POL), and idioms (IDM). Jokes
varied in length, with up to four context sentences, 218 char-
acters, and 35 words.

Alongside four experimental conditions, we added two
filler conditions containing grammatical violations at either
pivot or target position. All experimental trials were gram-
matically correct, allowing participants to focus on content
rather than structure. This setup also helped to maintain at-
tention by requiring NO responses to filler and YES responses
to experimental trials during the grammatical judgment task.

Overall, 96 joke trials (JOKE) were generated, with corre-
sponding counterparts for the three control conditions (jokeC-
TRL, NONSENSE, nonsenseCTRL). Stimuli were distributed
across four lists, each containing 24 joke trials (8 per pun
type: POL, HOM, IDM) and 24 trials per control conditions,
totaling 96 experimental trials per list. Additionally, each list
contained 48 pivot and 48 target fillers resulting in 192 trials
per list, one half being filler and the other half experimental
trials. Trials were distributed such that each experimental trial
appeared only once per list but in different conditions (e.g.,
the surgeon joke was presented in JOKE in list 1, jokeCTRL in
list 2, NONSENSE in list 3, and nonsenseCTRL in list 4). All par-
ticipants attended four sessions, with a different list in each
session, to avoid repetition of a trial in multiple conditions
within the same session. This ensured that each participant
saw all 96 joke trials and their corresponding control condi-
tions across different sessions, thereby reducing memory ef-
fects. After four sessions, spaced at least two weeks apart,
participants had seen all 96 experimental trials once and all
96 filler trials twice. Participants were randomly assigned to
a list order.

Since the joke stimuli were self-constructed, we conducted
an a priori online validation with a sample independent of
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the EEG study. Participants rated joke and filler items on a
6-point funniness scale (1 =not funny at all, 6 =very funny)
using a questionnaire. Grammatical errors in the filler items
were corrected to allow for an adequate comparison. EEG
participants completed the same questionnaire after their final
session. In both groups, there was a significant difference
between the funniness ratings of joke and filler items. Given
these results, we can assume that our joke items were rated as
being funnier than our filler items.

Participants

A total of 38 participants completed all four sessions of the
experiment. Data of one participant was excluded because of
their lack of attention during one session, i.e., less than 50 %
of correct answers in the grammatical judgment task. Of the
remaining 37 participants, 26 identified as female and 11 as
male (age: 19-32, mean: 24.73, SD:2.85). All participants
were German native speakers who did not learn a second
language as their mother tongue, had normal or corrected-to-
normal vision, no neurological disorders, were right-handed
and reported no use of medication during the study.

Procedure

At their first session, participants signed a written consent
form, were screened for demographic criteria, and assessed
for handedness using a translated version of the Edinburgh
Handedness Inventory (Oldfield, 1971). Then, they com-
pleted two pretests, the Digit Span Test (DST) and the
German computerized Reading Span Test (RST) (Van den
Noort, Bosch, Haverkort, & Hugdahl, 2008), followed by
the Autism Spectrum Quotient Questionnaire (AQ) (Baron-
Cohen, Wheelwright, Skinner, Martin, & Clubley, 2001).

The EEG measurement was conducted in an electrically
and acoustically shielded cabin using NBS Presentation®
Software for stimulus presentation. Participants sat in front
of a shielded glass window with a computer screen behind it
and a two-button response pad was placed in front of them.
After setup of the electrode cap, they received written in-
structions and completed five practice trials. No feedback
was given during the task. Participants were asked to read
sentences carefully and respond to the grammatical judg-
ment task, while minimizing movement. Although framed
as main task, the grammatical judgment was designed to ob-
scure the study objective. Each session included six blocks
with breaks, totaling about 48 minutes net measurement time.
The first session lasted about 3 hours due to questionnaires
and pretests, session 2 to 4 were shorter (2 to 2.5 hours). At
the end of session 4, participants completed a posttest ques-
tionnaire in which they rated the JOKE stimuli, using the same
online questionnaire as in the a priori validation.

EEG Recording and Data Processing

EEG activity was recorded from 64 active electrodes (10-
20 system) using a BrainAmp actiCAP system, with AFz
as ground electrode and FCz as reference. Eye movements

were tracked with four electro-oculogram electrodes (verti-
cal: above/below right eye, horizontal: left/right temples).
Impedance was kept below 5kQ. Data were sampled at
1000 Hz with a 10s low cut-off filter and a hardware anti-
aliasing filter. Processing was performed using Brain Vision
Analyzer 2.2.0. An off-line band-pass filter 0.1 —30 Hz (or-
der 4) was applied, and data were down-sampled to 500 Hz.
Trials were rejected if amplitudes exceeded 150 uV/150 ms,
dropped below 0.5 uV/100 ms, or if the voltage step was in-
creased above 50 uV/ms. Eye-movements were corrected by
means of independent component analysis and data was re-
referenced to the average of mastoid electrodes (TP9, TP10).
Segments from 200 ms pre-target onset to 1000 ms post-onset
were extracted and baseline correction used the 200 ms inter-
val preceding stimulus onset. Segments with physical arti-
facts (amplitude < -90uV or > 90 uV) were removed, and
condition averages were generated for each participant.

Statistical Analysis

To assess significant differences in recorded ERPs across
conditions, we performed a cluster-based permutation test
(CBPT) using the Matlab FieldTrip package (Maris & Oost-
enveld, 2007; Oostenveld, Fries, Maris, & Schoffelen, 2011).
This approach was chosen over a classical ANOVA due to its
flexibility and fewer assumptions. While ANOVA requires
predefined time windows and assumptions about effect tim-
ing and location, CBPT analyzes the entire epoch without
segmentation, detecting both expected and unexpected effects
while controlling for multiple comparisons without compro-
mising statistical power (Groppe, Urbach, & Kutas, 2011).
The analysis included all channels and focused on the epoch
of 0-1000ms post-onset. First, pairwise comparisons were
conducted for words at target position across experimental
conditions (JOKE, jokeCTRL, NONSENSE, and nonsenseCTRL).
Furthermore, we compared the different pun types (HOM,
POL, IDM) for JOKEs at target position. We also compared
words at pivot position of individual joke types with other
joke types, e.g. Amb_IDM vs. Amb_POL.

A tow-tailed dependent t-test compared participant aver-
ages (time x channel) between conditions. Significant data
points (o0=0.025) were grouped by time-spatial adjacency,
and cluster-level statistics were computed by summing t-
values. ERP averages were randomly exchanged and ob-
tained cluster-level statistics were recalculated, using the
maximum value as test statistics. This simulation was re-
peated for 10.000 permutations to evaluate the p-value (Maris
& Oostenveld, 2007).

Results

When comparing sentence types, visual inspection of the
grand averages suggests differences between all hypothesized
comparisons on central-midline electrodes (Fz, Cz, Pz). As
shown in Table 2, for JOKE vs. jokeCTRL the CBPT found
a significant positive cluster from approximately 430 ms to
the end of the epoch (p=0.0047) and a significant negative
cluster from around 450 ms - 750 ms post-onset (p =0.0055).
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Figure 2: Grand averages and topographic maps at tar-
get position. A A comparison JOKE vs. jokeCTRL revealed a
significant anterior N400 effect in a cluster from 450 - 750 ms
(blue shading) in the CBPT. B Also, a significant posterior
P600 effect from 430 - 1000 ms (red shading) was found. C
A comparison NONSENSE vs. nonsenseCTRL revealed a sig-
nificant central N400 effect from 300 - 800 ms (blue shading)
D Topographic maps of JOKE vs. jokeCTRL. E Topographic
maps of NONSENSE vs. nonsenseCTRL.

The positivity effect has a posterior distribution and is visi-
ble from about 500 - 1000 ms, while the negativity effect is
distributed over anterior scalp sites and is most pronounced
between 500-700ms (see Figure 2). Regarding the com-
parison NONSENSE vs. nonsenseCTRL, we observed a signif-
icant negative cluster around the N400 time window (298 -
788 ms, p<0.001). The negativity extends over the whole
scalp centered at central-medial regions and decreases over
time from posterior regions. When looking at NONSENSE vs.
JOKE, the CBPT found a significant negative cluster between
160-1000ms (p < 0.001). This long-lasting negativity ex-
tends over the whole scalp and is most pronounced at central-
midline electrodes.

For comparisons between joke types, the CBPT found a
significant negative cluster for HOM vs. POL from approxi-
mately 230 - 530 ms (p =0.0128) with an anterior distribution.
A significant positive cluster was found for IDM vs. HOM be-
tween around 200 -350ms (p=0.0339), having an anterior
distribution. For IDM vs. POL we found no significant differ-
ences (see Table 2 for a detailed overview of the results).

Apart from comparisons between sentence and joke types,
we also compared sentences with regard to their pivot po-
sition (see Table 3). For Amb_IDM vs. Amb_POL, we ob-
served a significant negative cluster between around 200 -
800 ms (p < 0.001) with central distribution. The comparison
Amb_IDM vs. Amb_HOM also yielded a significant negative
cluster with central distribution (216 - 638 ms, p < 0.001). No
significant clusters were found in other comparisons.

homonym
polyseme
idiom

200 0 200 400 600 800 ms

Figure 3: Grand averages at pivot position for the three
different ambiguity types, pooled JOKE and jokeCTRL. In
the N400 window idioms show a significantly lower negativ-
ity indicating the greater expectancy of the keywords in id-
ioms.

Discussion

For the comparison between JOKE and jokeCTRL we predicted
a more negative N400 component for jokes (H1). The sig-
nificant negativity effect we found was visible between 450 -
750 ms but not in the time window typical for the N400. Ad-
ditionally, this effect occurred at an anterior location, while
the N400-effect is typically located at a centro-parietal lo-
cation (Kutas & Federmeier, 2011). Therefore, we would
interpret this effect as late left anterior negativity (LLAN)
(Mayerhofer & Schacht, 2015). This effect is commonly
found between 500 - 700 ms after stimulus onset and reflects
additional processing efforts, which are required because of
semantic re-interpretation. This re-interpretation is assumed
to be the result of necessity to restore coherent discourse dur-
ing joke processing (Mayerhofer & Schacht, 2015). Another,
but not conflicting interpretation, is given by Coulson and
Kutas (2001), who claim that this effect, which they refer to
as sustained negativity over left lateral sites, indexes frame-
shifting. For them, frame-shifting is necessary in order to
get a joke and it can be interpreted in line with Raskin’s the-
oretically claimed script-shifts (Raskin, 1985). However, it
should still be noted that the left-lateralized distribution of
the LLAN does not completely align with our finding, which
also expands over the right anterior site. This could be the
result of Coulson and Kutas (2001) distinguishing between
good and poor joke comprehenders, a factor that our study did
not address. We assume that our study included both types of
comprehenders. Consequently, the outcomes reflect a mix of
both groups, which may explain the difference in distribution
compared to the findings of Coulson and Kutas (2001).

Additionally to the negativity effect, we also observed a
significant positive cluster between JOKE relative to jokeCTRL
(H4). This effect occurs in the time frame typical for the P600
component (426 - 1000 ms) and has the typical posterior dis-
tribution. This is in line with other studies (Marinkovic et al.,
2011; Xu et al., 2024), which attribute this effect to incon-
gruity resolution necessary in the JOKE condition relative to
the congruous jokeCTRL condition.

In our comparison of NONSENSE vs. JOKE we predicted
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Table 2: Significant clusters of pairwise comparisons in the CBPT for conditions at target position

Comparison Polarity Time (ms) Distribution Significance
JOKE vs. jokeCTRL positive 426 - 1000 posterior p=0.0047
negative  448-748 anterior p=0.0055
NONSENSE Vvs. nonsenseCTRL ~ negative 298 -788 central p <0.001
NONSENSE vs. JOKE negative  160- 1000 central p <0.001
HOM vs. POL for JOKEs negative  230-524 anterior p=0.0128
IDM vs. HOM for JOKEs positive  196-358 anterior p=0.0339

Table 3: Significant clusters of pairwise comparisons in the CBPT for ambiguity types at pivot position

Comparison Polarity Time (ms) Distribution Significance
Amb_POL vs. Amb_IDM  negative ~ 198 -808 central p<0.001
Amb_HOM vs. Amb_IDM negative  216-638 central p <0.001

an N400 effect and found a significant negative cluster rang-
ing from approximately 150 ms to the end of the epoch (H3).
Given the central scalp distribution and long duration of
this effect, we interpret it as an N400 effect followed by
a sustained negativity. This interpretation is supported by
Mayerhofer and Schacht (2015), who also found extended
N400 amplitudes when comparing jokes to nonsensical state-
ments. This sustained negativity can be explained by the need
to resolve an incongruity in both humorous and nonsensical
statements. However, while incongruity resolution is possi-
ble in JOKE, it is not in NONSENSE. This successful incon-
gruity resolution in JOKE is reflected in the posterior positiv-
ity effect observed between 430 - 1000 ms in the comparison
with jokeCTRL. We interpret this as a P600 effect, as predicted
(H4). In contrast, because the incongruity in NONSENSE can-
not be resolved, it lacks this positive shift, making JOKE ap-
pear more negative in comparison. This also explains why
no sustained negativity was found for NONSENSE vs. nonsen-
seCTRL, as nonsenseCTRL is coherent and does not require in-
congruity resolution. Thus, the significant negative cluster in
NONSENSE vs. nonsenseCTRL can solely be explained due to
NONSENSE being incongruent while nonsenseCTRL is not, con-
firming an N400 effect (H2). This aligns with Mayerhofer’s
and Schacht’s (2015) findings.

For joke types, we predicted a higher N400 effect for id-
ioms when comparing IDM vs. HOM, and IDM vs. POL on
their respective target position (HS) as well as a P600 for the
same comparisons (H6). We could not confirm H6 since the
significant positive cluster between IDM vs. HOM is too short
and too early (196 - 358 ms) to be any meaningful effect. Re-
garding H5, we argue that, contrary to the ideas we drew from
the direct access hypothesis proposed by Gibbs, jokes relying
on ambiguities caused by switching to the less expected literal
meaning of an idiomatic phrase are no more surprising than
those involving a shift from the contextually salient mean-
ing of a homonymous or polysemous word to a less expected
meaning. Consequently, we conclude that, at least in the con-
text of joke processing, idioms do not have a more fixed way

of representing contextually salient idiomatic meaning. The
significant negative effect we found between HOM vs. POL
had an anterior distribution but could be found in the typical
time frame of the N400 effect. Therefore, we claim that this
is an N400 effect with anterior distribution. We propose that
this effect is the result of the greater semantic distance be-
tween the meanings of homonyms relative to the meanings of
polysemes (H7). In order to switch from the induced sense in
the homonymous pun to the sense necessary to get the joke,
the comprehender has to perform a cognitively more demand-
ing task compared to the switch necessary to get the polyse-
mous pun. This relative difficulty is reflected in the anterior
N400 effect in HOM vs. POL.

When comparing joke types at their respective pivot posi-
tion, we found significant negative effects between compar-
isons involving idioms and other types of ambiguity. For
Amb_IDM vs. Amb_POL and Amb_IDM vs. Amb_HOM, we
believe the centrally distributed negativities are N400 effects
(H8). Since the N400 amplitudes for idioms were signifi-
cantly smaller than those for homonyms and polysemes, this
hypothesis could be confirmed.

For future research on puns and humor in general, our ex-
periment highlights that systematic differences in the setup of
puns can influence the processing of their punchlines. When
designing and interpreting experiments, it is important to ac-
count for the fact that the cognitive mechanisms involved in
the script-shift required for joke comprehension may be in-
fluenced not only by different types of ambiguities but also
by other structural elements of the joke. These factors may
currently be understudied. To address this gap, future studies
could explore how differences in the setup might affect the
processing of punchlines across different types of jokes. For
example, experiments sometimes distinguish between The-
ory of Mind (ToM) humor and semantic humor (Samson &
Hegenloh, 2010; Manfredi et al., 2020). Similar setup-related
effects, like those observed in our study, may also be present
in ToM jokes, suggesting a potential area for further explo-
ration.
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