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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 seman-
tic level. On a cognitive level, gestures interact with speech
in many ways: they facilitate language comprehension, pro-
duction, and acquisition (Holler, 2022; Iverson & Goldin-
Meadow, 2005; Özyürek, 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 (1992) analysis of gesture types and
gesture phases, iconic co-speech gestures – gestures accom-
panying speech and resembling concrete actions or outlining
the shape of an object – carry content irreducible to the mean-
ings of the accompanied linguistic expressions. In his anal-
ysis, linguistic utterances and iconic co-speech gestures con-
vey information in two parallel streams. Given the theoretical
assumption that iconic co-speech gestures have semantic con-
tent similar to the meanings of single words and phrases, the
question arises how the semantic content of co-speech ges-
tures 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.1

According to the non-at-issue views (ii) and (iii), gestural
content does compositionally contribute to truth-conditions

1Even though McNeill (1992) argues for two independent infor-
mation streams, it remains unclear whether his analysis would sup-
port the this view.

of the assertion, however, it only contributes non-at-issue
content (Potts, 2004) unless the sentence makes explicit ref-
erence to the co-speech gesture, e.g., by a manner demon-
strative such as: NP did it so where so demonstratively refers
to the gesture. However, Ebert and Schlenker give different
analyses of this phenomenon:

(ii) 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 illustrate in (1) – BIG
indicates the content of the iconic co-speech gesture ac-
companying the expression in square brackets:

(1) My friend Sophie got a new [dog].
BIG

• # 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 presup-
positions and, since occurring simultaneously with the ex-
pression, are called cosuppositions. The idea is that when
an expression p co-occurs with a gesture G – with con-
tent g – it is asserted that, in the local context, p entails
g. The gestural content thus projects as presuppositional
material. In contrast to the supplement view, the cosup-
position view assumes that the gesturally provided content
does not merely add information, but semantically restricts
the local meaning contribution of the accompanied expres-
sion. (1) is hence interpreted as:

• 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 Fig. 1). In a previous study



(Reimer, Spychalska, & Werning, 2024), we already found,
that iconic co-speech gestures do invoke semantic surprisal in
the mismatching 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 as-
sertion’s truth-conditions as a specific verb (without gesture)
whose meaning is approximately identical to the gestural con-
tent. We here exploit the experimentally well-established cor-
rellation 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 c
in EEG – P is a predictive probability function of the listener
(Werning, Unterhuber, & Wiedemann, 2019; Kuperberg &
Jaeger, 2016; Frank, Otten, Galli, & Vigliocco, 2013):

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 hypoth-
esized, the linguistic meaning and the gestural content are
processed in independent information streams and gestural
content does not contribute to the truth- conditions of the as-
sertion.

(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 ef-
fect should be lower than in the case of the 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.

Design We used a 2 x 2 design with the variables: 1) Con-
gruency (mismatch, match), and 2) Information Type (ges-
ture, specific verb) – see Fig. 1. Our context sentences had
the following structure: In the gesture condition, the context
sentence contained an unspecific (neutral) verb vgen accompa-
nied 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 vgen-ing object y.

In the specific-verb condition, the context sentence con-
tained an specific verb vspec as cue and the same noun y:

The agent x is vspec-ing object y.

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

Figure 2: Schematic representation of one trial.



Figure 3: Grand averages for target nouns in CPz.

Figure 4: Mean N400 amplitudes (300–500 ms) at the centro-
parietal ROI (Cz, CPz, Pz) for matching and mismatching
stimuli, separately for specific verbs and gestures.

Our target sentences contained the target noun n, which,
regarding congruency, either matches or mismatches the spe-
cific verb vspec and, respectively, the content-similar gesture
g:

The agent x has already done it with n.

For the schematic presentation of one trial see Fig. 2.

Participants and Procedure We recruited a total of 37
German speaking participants (24 female, age range 18-40,
mean age 24.97, SD 3.84), right-handed, without neurolog-
ical, psychological or visual impairments. Four were ex-
cluded due to technical difficulties. An ethics approval of the
Deutsche Gesellschaft für Sprachwissenschaft (DGfS) was
obtained.

Discussion
N400 The N400 results – see Fig. 3 & 4 – showed a robust
mismatch-match effect for both information types (gesture,
specific action verb), where mismatching contexts elicited
larger negativities in the 300-500 ms time window. Taking the
N400 as a measure for semantic surprisal, this result discon-
firms the two-stream view which predicts that there is only a

Figure 5: Mean late positivity amplitudes (600–800 ms) at
the centro-parietal ROI (Cz, CPz, Pz) for matching and mis-
matching stimuli, separately for specific verbs and gestures.

small or no semantic surprisal effect for the co-speech gesture
between the mismatching and the matching discourse contin-
uation. For, as hypothesized by this view, the linguistic mean-
ing and the gestural content are processed in independent in-
formation 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 supports the
not-at-issue-as-cosupposition view. For, this view predicts
that there is some surprisal effect for the co-speech gesture
between the mismatching and the matching discourse con-
tinuation, and this surprisal effect 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 re-
strict the denoted action, especially, not in a way the content-
similar specific verb would.

Late positivity Late positivity effects – see Fig. 3 & 5 –
however, revealed a qualitative difference between informa-
tion types. A significant mismatch-match effect was only
observed for specific action verbs. Gestures, on the other
hand, did not elecit a corresponding late positivity. Addi-
tionally, the interaction between Information Type and Con-
gruency indicates that the congruency effect differed reliably
between gestural and linguistic stimuli. In the current liter-
ature, late positivities are associated with post-semantic pro-
cesses. Our results suggest that linguistic mismatches may
trigger additional evaluative repair-processes, unlike gestural
mismatches. Possible explanations include stronger demands
on explicit semantic revision when expectations are violated.



The absence for gestural contexts may also be explained by
a greater tolerance for ambiguity in gestural meaning. Since
gestures convey information in a context-dependent manner,
they may reduce the need for explicit reanalysis when mis-
mathces occur.
Overall, our findings suggest functional differences between
early and late stages of semantic processing. Early semantic
integration seems to operate similarly across both information
types, while later semantic processing are different between
information types. The results highlight the importance of
distinguisihsing between different stages of semantic process-
ing when investigating multimodal communication. Gestures
and language seem to share early integration mechanisms but
differ in how those semantic conflicts are resolved at later se-
mantic processing stages.
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