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How do iconic co-speech gestures contribute to the truth-conditions of assertions: A
surprisal-based ERP investigation targeting N400 and late positivity effects

Markus Werning (markus.werning@rub.de)', Ludmila Reimer!, Thomas Wieder', Carla Zenk' &
Maria Spychalska'
IDepartment of Philosophy II, Ruhr University Bochum, Universititsstrae 150, 44870 Bochum, Germany

Abstract

To investigate how co-speech gestures modulate linguistic un-
derstanding in comparison to specific verbs with similar con-
tents, we conducted an EEG experiment to measure semantic
surprisal by exploring the amplitude changes in the N400 com-
ponent for both information types. We used videos of a person
uttering (i) specified sentences, whose verb semantically de-
noted a specific action, and (ii) underspecified sentences with
an unspecific verb accompanied by an iconic co-speech ges-
ture that indicated the specific action of the previous condition.
The subsequent sentence contained an instrument noun as tar-
get, which either matched or mismatched the specific action.
We measured ERPs on the target noun for both information
types and found an N400 effect for mismatching target nouns
as well as a late positivity effect for gesture conditions. Cru-
cially, no interaction between information type and congruency
was observed in the N400O time-window, indicating similar se-
mantic surprisal induced by mismatching specific verbs and
content-similar gestures. An interaction was revealed in the late
time-window, suggesting that unlike for gestures, the mismatch
negativity effect was prolonged for specific verbs.

Keywords: iconic co-speech gestures; sentence meaning com-
position; enacted cognition; N400; EEG; semantic surprisal

Introduction

Everyday human communication is multimodal; we employ
spoken language, facial expressions, and various gestures to
express ourselves. The various sources of information seem to
be smoothly understood by conversation partners, yet it is not
fully uncovered, how they are integrated on a semantic level.
On a cognitive level, gestures interact with speech in many
ways: they facilitate language comprehension, production,
and acquisition (Holler, 2022; Iverson & Goldin-Meadow,
2005; Ozyiirek, 2014); they are found to prime or activate
internal action representations (Goldin-Meadow & Beilock,
2010; Krauss et al., 2000; Pouw et al., 2014). According
to McNeill’s (McNeill, 1992) analysis of gesture types and
gesture phases, iconic co-speech gestures — gestures accom-
panying speech and resembling actions or outlining the shape
of an object — carry content irreducible to the meanings of the
accompanied linguistic expressions. In his analysis, linguistic
utterances and iconic co-speech gestures convey information
in two parallel streams. Given the theoretical assumption that
iconic co-speech gestures have a content similar to the mean-
ings of single words and phrases, the question arises how the
content of co-speech gestures interacts with the meanings of
words in the successive composition of an assertion’s truth-

conditions, where we take an assertion to be the combination
of the linguistic utterance and the iconic co-speech gesture.
The guiding principle of semantic composition is the prin-
ciple of compositionality according to which the meaning of a
syntactically complex expression is a syntax-dependent func-
tion of the meanings of its syntactic parts (Werning, 2005).
Now, arguably co-speech gestures — unlike pro-speech ges-
tures — are not an overt syntactic part of the linguistic utter-
ance they accompany. This has led to three rival accounts
of how gestural content interacts with the truth-conditions
of an assertion: (i) The two-stream view; (ii) the non-at-
issue-as-supplement view (Ebert, 2014a, 2014b); and (iii) the
non-at-issue-as-cosupposition view (Schlenker, 2018).

(i) The two-stream view assumes that the processing of lin-
guistic meaning is independent of the processing of ges-
tural content. There is no immediate semantic interaction
between linguistic meaning and gestural content. In par-
ticular, gestural content does not contribute to the truth-
conditions of the assertion.!

According to the non-at-issue views (ii) and (iii), gestural
content does compositionally contribute to truth-conditions of
the assertion, however, it only contributes non-at-issue content
unless the sentence makes explicit reference to the co-speech
gesture, e.g., by a manner demonstrative such as: NP did
it so where so demonstratively refers to the gesture. Non-
at-issue content refers to those aspects of meaning that are
secondary and not central to the expression. Although they
are conveyed along with an expression, they are not the subject
of primary negotiation in discourse (Potts, 2007a, 2007b).
However, Ebert (2014a, 2014b) and Schlenker (2018) give
different analyses of this phenomenon:

(i) The non-at-issue-as-supplement view holds: When iconic

co-speech gestures add non-at-issue content, they do so in
the manner of supplements similar to appositives and non-
restrictive relative clauses: They project into downward-
entailing context such as negation and they are non-
deniable. Non-deniability means that the assertion cannot
be directly denied. Instead, rejecting the assertion requires
more complex linguistic means as illustrated in (1) — BIG
indicates the content of the iconic co-speech gesture ac-
companying the expression in square brackets:

'Even though McNeill (1992) argues for two independent in-
formation streams, it remains unclear whether his analysis would
support this view.
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(1) My friend Sophie got a new [dog].
BIG

e # No, that’s not true. Her dog is tiny.
* — Hey, wait a minute! Actually, her dog is tiny.

(iii) The non-at-issue-as-cosupposition view agrees with the

previous account insofar as iconic co-speech gestures, by
default, are regarded as non-at-issue. However, it is now
proposed that co-speech gestures behave similar to pre-
suppositions and, since occurring simultaneously with the
expression, are called cosuppositions. The idea is that when
an expression p co-occurs with a gesture g — with content
G - it is asserted that, in the local context, p entails G.
The gestural content thus projects as presuppositional ma-
terial. In contrast to the supplement view, the cosupposition
view assumes that the gesturally provided content does not
merely add information, but semantically restricts the local
meaning contribution of the accompanied expression. (1)
is hence interpreted as:

e Sophie got a new dog, and if she got a new dog, it
was big.

Instead, Schlenker (2018) argues, the supplement view
works better for post-speech gestures.

In our study, we empirically test the three views against
each other by focusing on the semantic surprisal that a mis-
matching vs a matching discourse continuation invokes. The
attribution of the (mis)matching discourse element — a tool
used for the action — explicitly references the foregoing dis-
course element — in our case an action expressed by a verb
— where that expression, in one condition, was accompanied
by an iconic co-speech gesture (see Figure 1). In a previ-
ous study (Reimer et al., 2024), we already found that iconic
co-speech gestures do invoke semantic surprisal in the mis-
matching vs the matching condition. However, in the present
study, we want to investigate whether an iconic co-speech
gesture accompanying a relatively unspecific (neutral) verb
makes about the same semantic contribution to the assertion’s
truth-conditions as a specific verb (without gesture) whose
meaning is approximately identical to the gestural content.
We here exploit the experimentally well-established correla-
tion between the semantic surprisal —log(P(w|c)) and the size
of the N400 component in the event related potential (ERP)
measured on the critical word w following a context ¢ in EEG
— P is a predictive probability function of the listener (Frank
etal., 2013; Kuperberg & Jaeger, 2016; Werning et al., 2019):

N400(w|c) = —log(P(w|c)).

For the three views above, we make the following predic-
tions with regard to semantic surprisal for the the co-speech
gesture between the mismatching vs the matching discourse
continuation:

(a) If the two-stream view is correct, then there should
be only a small or no semantic surprisal effect. For, as hy-
pothesized, the linguistic meaning and the gestural content

are processed in independent information streams and gestu-
ral content does not contribute to the truth-conditions of the
assertion.

(b) If the non-at-issue-as-supplement view is correct, there
should be some surprisal effect since the gesture as a non-
at-issue supplement does make a semantic contribution to
the truth-conditions of the assertion. However, the surprisal
effect should be lower than in the case of a content-similar
specific verb (without gesture). For, the gesture supplement
does not restrict the denoted action, especially, not in a way
the content-similar specific verb would.

(c) If the non-at-issue-as-cosupposition view is correct,
there should be some surprisal effect and the surprisal effect
should be roughly as big as for the content-similar specific
verb. For, the gestures’s co-supposed entailment restricts the
denotation of the action in a way similar to meaning of the
content-similar specific verb.

We assume that gestures, even though rather ambiguous on
their own, contain information that can be interpreted in a very
specific way when combined with speech in a given discourse
context. They can add more nuance to the shape of a spoken
about object, add details to a described action (such as speed,
orientation), and even indicate which tool was used during
an action. We are interested in this latter kind, i.e., iconic
co-speech gestures that accompany action verbs and provide
detailed information on actions and tools used in comparison
to the spoken utterances on their own.

N400 & Gestures Predictive processing is widely acknowl-
edged in cognitive and neuroscience as a general mechanism
by which the subject at every point in time generates the most
probable prediction of the next event on the basis of ongo-
ing perceptual input and learned statistical regularities (Clark,
2013; Hohwy, 2013). To directly investigate whether gestures
modulate the expectations of listeners, we will use event-
related brain potentials (ERPs), focusing especially on the
N400 component. ERPs are scalp-recorded voltage changes
time-locked to trigger events, such as spoken or written word.
The N400 is a negative shift in the ERP waveform starting
at ca. 200ms and peaking around 400ms post-stimulus onset
over the centro-parietal scalp sites (Kutas & Federmeier, 2011;
Swaab et al., 2011). It is modulated by the meaning-related
predictability of the stimulus, e.g., it tends to be larger for
words that are semantically less appropriate or less expected
in the context (Kutas & Federmeier, 2000; Kutas & Hillyard,
1980; Kutas & Van Petten, 1994). The size of the N400 is
inversely correlated with the cloze probability of the trigger-
ing word, which is measured as the percentage of individuals
who would continue a given sentence fragment with that word
(Federmeier et al., 2007). Prior EEG research has shown that
gestures can modify the N400O component or even elicit a sim-
ilar effect themselves: In such studies, gestures elicited an
N400-like effect when they did not match a preceding video
or picture, referred to as N450 (Wu & Coulson, 2005). More-
over, words as well as pictures elicit an N400 effect when
they do not match a preceding (silent) gesture, suggesting that
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Context Sentences Target Sentences

General + Gesture I

Das Kind ist dabei, die Kekse zu
backen.

(The child is baking cookies.)

+ g1 [hand moving down as if
stamping, vertically]

Target I
Es hat es schon
7 mit dem Formchen
/1‘: gemacht.
(They have already done it
with the cookie cutter.)

General + Gesture II

Das Kind ist dabei, die Kekse zu
backen.

(The child is baking cookies.)

+ g2 [hand moving left to right,
horizontally]

Specific 1

Das Kind ist dabei, die Kekse
auszustechen.

(The child is cutting out
cookies.)

\ Target II
Es hat es schon
mit dem Pinsel gemacht.

Specific IT

Das Kind ist dabei, die Kekse zu
bestreichen.

(The child is glazing (They have already
cookies.) done it with
the brush.)

Figure 1: Experimental design: Solid lines indicate congruent
continuations (matches), dashed lines incongruent continua-
tions (mismatches). Cue and target words are underscored.

gestures can establish expectations about upcoming linguistic
input (Wu & Coulson, 2007, 2015). As described above, the
N400-effect has been linked to the computation of semantic
content; thus, it can be assumed that gestures at least inter-
act with meaning and possibly carry meaning themselves. In
another ERP study, it was shown that gestures help to disam-
biguate homonyms and that mismatching gesture elicit N400
effects (Holle & Gunter, 2007). However, the same paper re-
ports that the presence of “meaningless gestures”, i.e., groom-
ing hand movements, reduce the N400 effects, and also the
overall helpfulness of the iconic gestures to disambiguate the
homonym. (Obermeier et al., 2011) conducted follow up stud-
ies, using gesture fragments and manipulated the task and the
synchrony of gesture and speech. Their experiments showed
that if speech and gesture were off-set and paired with a task
that required participants explicitly rating the compatibility of
gesture and speech, the effect was similar to a set-up with no
overt task but synchronous speech and gesture. However, in
another variation without an overt task nor an asynchrony, an
N400 could not be detected. This again is in favor of multiple
factors that influence how gestures are processed with speech
(or how speech is processed in the presence of gestures).

Method

The goal of this study is to measure semantic surprisal us-
ing the N400 component of the ERP and thereby investigate
whether and to which degree co-speech gestures modulate
truth-conditions of assertions. We compare iconic co-speech
gestures accompanying an unspecific (neutral) verb to specific

action verbs whose meaning is approximately identical to the
gestural content in a given discourse context. In our 2x2 de-
sign Information Type (gesture, specific verb) x Congruency
(match, mismatch), we use naturalistic videos of a person ei-
ther uttering 1) underspecified action sentences, accompanied
by iconic co-speech gestures that represent a more specific
action, or 2) specified action sentences, featuring a content-
similar specific action verb, without any gestures. The videos
were followed by target sentences containing an instrument
noun as the target word. The noun either matched or mis-
matched the previously seen gesture and, respectively, the
specific action verb. We used carefully constructed materials
in which the linguistic material including the neutral verb did
not vary in regard to modulating predictions about upcom-
ing words, so any change in the processing would be due to a
change in the gesture for the underspecified context sentences.
This approach is novel in two regards: First, experiments mea-
suring ERPs elicited by linguistic targets following a gesture
used paradigms of isolated, silent gesture videos, and used
single probe words. The linguistic targets elicited N400-like
effects, however, this depended on the timing between gesture
and probe word (Habets et al., 2011; Wu & Coulson, 2007).
In contrast, our sentences are part of the same discourse and
do not rely solely on the simultaneity of gesture and speech.
Second, other experiments using full sentences focused on
the (mis)match between a co-speech gesture and a simultane-
ously uttered phrase or word (Hintz et al., 2023; Ozyiirek et al.,
2007), not on the mismatch elicited by a gesture in regard to
the following linguistic input, as we do. Some of these studies
also varied the linguistic context sentences, adding another
factor that might influence the processing of both utterances
and co-speech gestures (Hintz et al., 2023), while we kept
linguistic input constant and varied only the gestures.

Design

We used a 2 x 2 design with two factors: 1) Congruency
(mismatch, match), and 2) Information Type (gesture, specific
verb). Information Type depended on the context videos and
Congruency on the displayed target sentence.

In the gesture conditions, the context sentences contained
an unspecific (neutral) verb vg., accompanied by a co-speech
gesture g shown in the video as cue and a noun y, for which
the verb denotes an appropriate action:

The agent x is vg.,-ing object y.
In the specific-verb condition, the context sentences con-
tained a specific verb vy, and the same object noun y:
The agent x is vgp..-ing object y.

Target sentences contained the target noun n, which either
matches or mismatches the specific verb vy,.. and, respec-
tively, the content-similar gesture g:

The agent x has already done it with 7.

Note that, in the German stimuli, all target sentences only
divert in the end. An overview of the stimulus design is shown
in Figure 1.
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| Blank 100ms |

Context Video ca. 3000-3500ms

| Blank 500ms |

Beginning of Target Sentence
Each word presented for 300ms with 300ms blanks in between

| Target Noun 450ms |

| Blank 1500ms |

| Sentence Final Verb 450ms |

[ Blank with fixation cross 1500ms |

Directly Related Task, max. 4000ms

“War der zweite Satz eine sinnvolle Fortsetzung?”
(Was the second sentence a sensible continuation?)

NEIN (no)

JA (yes)

Figure 2: Schematic representation of one trial.

Material Preparation

All pairs of cue verbs and target nouns were controlled for fre-
quency and for the grammatical gender of nouns n. To ensure
that both target sentences (in the matching and mismatching
conditions) were equally likely to follow context sentence con-
taining the unspecific verb, we controlled for the GloVe values
(Pennington et al., 2014) between: (1) context sentences and
the unspecific cue verbs vge,, (2) context sentences and the
nouns 7n, and (3) the cue verb vy, and the target noun n.
Regarding congruency, we made sure that the GloVe values
between the specific verb vgp.. and the target noun were high
(> .15) in the matching and low (< .15) in the mismatching
condition.

Each set of video material for the current experiment con-
sisted of a) two videos with no gestures displaying spoken
sentences with the specific verbs vpe., and b) two videos dis-
playing spoken sentences with the unspecific verb v, accom-
panied by an iconic co-speech gesture g, which corresponds
to the actions expressed by the respective specific verbs. We
built on a pool of videos from an earlier study (Reimer et al.,
2024).

All videos were recorded in full HD resolution (1920x1080
pixel) and a frame rate of 50fps. The speaker was recorded
from the knees up, allowing for framing with the hands to
be visible at all times. The videos were cut with ca. 600ms
(30 frames) before gesture or speech onset and 600ms after
offset were left. Speech on- and offsets were determined by
inspecting the audio track, and gesture on- and offsets were
defined by the hands leaving and returning to their resting

Gesture - Match
Gesture - Mismatch

wv CPz Specific Verb - Match

Specific Verb - Mismatch

T T r T -
W 200 400 600 800 ms

Figure 3: Grand averages for target nouns in CPz.

position, see Figure 2. All of our material in the pool was
constructed with uniform constraints and was later assessed
the suitability of the material in online surveys.

To ensure similarity between the content of a gesture g
and the meaning of the corresponding specific verb vypec, we
had a separate set of participants rate how well specific verbs
described the gestures shown in the videos. Overall, only
gestures whose content similarity received high ratings were
selected for the experiment.

We supplemented the earlier produced material by record-
ing new audio material with the same speaker, and ensured
that the new audio material matched the previous one in tone,
cadence, and speed. The new audio was overlaid on gesture-
less videos from our previous video pool. We blurred the
face of our speaker in the videos and the length of the sen-
tences in syllables remained the same. For further details on
video recording, post-processing, and stimulus constraints,
see Reimer and Werning (2023) and Reimer et al. (2024). An
example set of our material can be seen in Figure 2.

Participants and Procedure

We recruited a total of 40 participants (25 female, age range
20-33, mean age 25.18, SD 3.80). All were right-handed, with
normal or corrected-to-normal vision, had no neurological or
psychological impairments, and were monolingual German
native speakers. Four participants were excluded due to tech-
nical issues and three were excluded from the analysis due to
the insufficient number of usable segments. The final ana-
lyzed sample contained 33 subjects (21 female, aged 20-32,
mean age 24.70, SD 3.51).

The experiment was conducted in the EEG laboratory
of the Chair of Language and Cognition, Ruhr University
Bochum, which has been approved by an ethics statement of
the Deutsche Gesellschaft fiir Sprachwissenschaft (DGTS).

Participants were seated inside an electrically isolated and
acoustically attenuated cabin, in front of a shielded glass with
a computer screen behind it. USB-powered speakers were
placed inside the cabin as well as a Cedrus response pad with
two designated buttons. Every subject signed a written con-
sent of participation and was informed that their data will
be stored and handled fully anonymously, and that they have
the right to withdraw from the experiment at any time. Par-
ticipants were screened for their Autism-Spectrum Quotient
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(Baron-Cohen et al., 2001) and working memory.

The experiment started with an instruction screen and six
exercise trials with feedback. The trials of the main experi-
ment did not provide feedback. The experiment was split into
10 blocks with 32 trials each, 320 trials total. One block lasted
ca. 8 min, and the session took about 90 min, breaks included.
Each trial started with a video of the speaker uttering the con-
text sentence followed by the target sentence word by word.
After a blank screen, participants were prompted to evaluate
whether the displayed sentence was a sensible continuation
of the video (see Figure 2). They answered by pressing a
button corresponding to “Yes” or “No”, which were displayed
on pseudo-randomly alternating sides, “Yes” being left 50%
of the time.

The EEG was recorded using a 64-channel ActiCAP snap
system (Brain Products), with 60 active Ag/AgCl electrodes
placed according to the 10-20 system. FCz location was used
as the reference and AFz as the ground electrode. Four addi-
tional electrodes recorded eye movements: two were placed
above and below the right eye to monitor vertical movements,
and two at the temples to monitor horizontal movements.
Impedance was kept below 5 k. Recording was done us-
ing Brain Vision Recorder, with a sampling rate of 1000 Hz,
a resolution of 0.1 1V, a low cut-off time constant of 10s
(= 0.016 Hz), and a high cut-off filter of 250 Hz. The EEG
data was processed with Brain Vision Analyzer 2.2.

Breaks and large artifacts were excluded manually from the
data. The data was down-sampled to 500 Hz. An offline
band-pass zero-phase (forward-backward) 4th-order Butter-
worth filter of 0.1- 30 Hz was applied. Automatic raw data
inspection rejected all periods where signal changed more than
150 £V/150 ms or less than 0.5 4V per 100 ms intervals. The
maximal voltage step was 50 uV/ms. Electrodes recording eye
activity and anterior channels were excluded from this proce-
dure to avoid classifying blinks as artifacts. Then, both verti-
cal and horizontal eye-movements were corrected by means of
independent component analysis. Data was re-referenced to
the average of mastoid electrodes (TP9 and TP10). Segments
from 200 ms pre-target onset until 1000 ms post-onset were
extracted for every trial and condition. Baseline correction
used the 200 ms interval preceding the stimulus onset. Seg-
ments with any remaining physical artifacts, including those
with the amplitude lower than —90 uV or higher than 90 uV,
were excluded and condition averages were calculated for each
subject. Data sets with less than 60% segments in any condi-
tion were excluded, remaining subjects had 28 to 40 segments
(mean 37.47, SD 2.41).

Statistical analyses

Statistical analyses were performed in R (Version
2026.01.0+392). We used the tidyverse suite of packages
for data wrangling and visualization. ERP amplitudes were
averaged across the region of interest (ROI) including elec-
trodes Cz, CPz, and Pz for two time-windows: the N400
(300-500ms) and late time-window (600-800 ms). Two 2 x

2 repeated-measures ANOVA were conducted using the afex
package, where Information Type and Congruency were used
as within-subject factors. All models used Type 3 Sums of
Squares. Post-hoc pairwise comparisons were performed us-
ing the emmeans package. To control for multiple compar-
isons, p-values were adjusted using the Bonferroni correc-
tion. Effect sizes for pairwise differences were calculated as
Cohen’s d, for within-subject designs (d; = ﬁ). Data visual-
izations were generated using ggplot2 (via tidyverse) and the
ggsignif package.

Results

Continuity Judgements Participants performed the task
well, they accepted the matching targets with 84.38% mean
accuracy (SD 14,49), i.e. accepted the continuation, in the
gesture contexts and with 88.81% (SD 12.98) in the specific
verb contexts. They performed worse for rejecting the mis-
matching targets, with 71.88% (SD 23.67) accuracy for the
gesture and 76.98% (SD 10.84) for the verb condition. As the
main focus of this paper is the EEG analyses, we do not report
further analyses on the behavioral data.

N400 Inthe N400 time-window, there was a significant main
effect of Information Type, F(1, 32) = 12.39, p = .001, 1120 =
.009, with less negative amplitudes for gesture (M = 3.14, SE
= 0.468) than for specific verb (M = 2.47, SE = 0.406). A
significant main effect of Congruency was also found, F(1, 32)
=73.37, p < .001, nzG = .049, with less negative amplitudes
for match (M = 3.59, SE = 0.436) compared to mismatch (M
= 2.02, SE = 0.423). The interaction between Information
Type and Congruency was not significant: F(1, 32) = 0.02, p
= .888, 1’]2G < .001, see Figure 4.

Late time-window There was a significant main effect of
Information Type, F(1, 32) = 29.84, p < .001, n% = .043:
gestures elicited more positive amplitudes (M = 5.765) than
specific verbs (M = 4.505). The main effect of Congruency
was not significant, F(1, 32) = 1.27, p = .269, n%; =.002. A
significant interaction was found between Information Type
and Congruency, F(1, 32) = 4.33, p = .045, T]2G =.006: The
difference between gesture and specific verb was larger for
mismatch (A = 1.70uV') than for match (A = 0.82 uV). Bonfer-
roni corrected pairwise comparisons showed that for specific
verbs, matches (M = 4.84, SE = 0.495) elicited significantly
larger late positivity amplitudes than mismatches (M = 4.17,
SE =0.544), t(32) = 2.37, p = .0238, d, = 0.41, but there was
no significant difference between matches (M = 5.66, SE =
0.579) and mismatches (M = 5.87, SE = 0.466), for gestures
t(32) =-0.69, p = .4953, d, = -0.12, see Figure 4.

Discussion

Congruency We observed a robust mismatch-match N400
effect for both information types (gesture, specific action
verb), where mismatching contexts elicited larger negativi-
ties in the 300-500 ms time window. Taking the N400 as a
measure of semantic surprisal, this result does not support the
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N400 (300-500 ms)

Congruency [l Match [l Mismatch

Late Positivity (600-800 ms)

Congruency [l Match [l Mismatch

SpecificVerb | | Geit:"e SpecificVerb | | Gesture |

ns.

6 II
cIi Ii .II

Figure 4: Left: Mean N400 amplitudes (300-500 ms) at the
centro-parietal ROI (Cz, CPz, Pz) for matching and mismatch-
ing stimuli, separately for specific verbs and gestures.
Right: Mean late positivity amplitudes (600-800 ms) at the
centro-parietal ROI (Cz, CPz, Pz) for matching and mismatch-
ing stimuli, separately for specific verbs and gestures.

IS

S

Mean amplitude (uV)
~

Mean amplitude (pV)

~

Congruency

Gesture-Mismatch
minus
Gesture-Match

Verb-Mismatch
minus
Verb-Match

Verb-Match
minus
Gesture-Match

Verb-Mismatch
minus |
Gesture-Mismatch ‘

300ms-500ms  600ms-800ms

-2 uv opv 2 uv

Figure 5: Topographical plots showing the differences be-
tween the conditions.

two-stream view, which predicts that there is only a small or
no semantic surprisal effect for the co-speech gesture between
the mismatching and the matching discourse continuation.
For, as hypothesized by this view, the linguistic meaning and
the gestural content are processed in independent informa-
tion streams and gestural content does not contribute to the
truth-conditions of the assertion.

Crucially, congruency effects did not differ significantly
between information types, with both conditions, gesture and
specific verb, showing large effect sizes. This result is consis-
tent with the not-at-issue-as-cosupposition view, which pre-
dicts that the surprisal effect between the Mismatch and Match
condition for the co-speech gesture should be roughly as big
as for the content-similar specific verb. The reason is that
the gesture’s co-supposed entailment restricts the denotation
of the action in approximately just the way the meaning of
the content-similar specific verb does. The N400 results, in
contrast, do not support the non-at-issue-as-supplement view.
Here, the surprisal effect for the gesture should be lower than
in the case of the content-similar specific verb. For, the ges-
ture supplement — as this view hypothesizes — does not restrict
the denoted action, especially, not in a way the content-similar
specific verb would.

Information Type Late effects, however, revealed a qual-
itative difference between information types in that gestures
led to a larger late positivity relative to specific verbs. In
the current literature, late positivities are associated with in-
creased demands for semantic integration, reanalysis, and the
updating of situation models following initial lexical access
(Brouwer et al., 2012). In addition, the interaction between
Information type and Congruency showed that the congru-
ency effect differed reliably between gestures and specific
verbs: a significant late mismatch-match effect was observed
for specific action verbs but not for gestures. Given that we
observe a smaller positivity for linguistic but not for gestural
mismatches relative to matches in the late time window, this
effect could be interpreted as a prolonged negativity. Such
prolonged negativities have been observed in cases requiring
more effortful inferential and contextual processing (Baggio
et al., 2008; van Berkum et al., 2003, 2007).

Conclusion Overall, our findings suggest functional differ-
ences between early and late stages of semantic processing in
the light of content mismatches, comparing the compositional
contribution of specific verbs and content-similar iconic co-
speech gestures. Early semantic processes seems to operate
similarly across both information types, while later seman-
tic processing is different between information types. Re-
garding the contribution of iconic co-speech gestures to the
truth-conditions of assertions, the view that gestures are non-
at-issue cosuppositions is supported by our study, whereas
alternative views such as the two-stream view and the non-at-
issue-as-supplement view are not.
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