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Contemporary semantic theories can be classi ed along two dnensions: (i) the way
and time-course in which contextual factors in uence sentace truth-conditions; and

(i) whether and to what extent comprehension involves sesy, motor and emotional
processes. In order to explore this theoretical space, our EP study investigates the
time-course of the interaction between the lexically spe@d telic component of a

noun (the function of the object to which the noun refers to, g., a funnel is generally
used to pour liquids into containers) and anad-hoc affordance contextually induced
by the situation described in the discourse. We found that,fipreceded by a neutral
discourse context, a verb incongruent with the noun's teliccomponent as in “She uses
the funnel tohang her coat” elicited an enhanced N400 compared to a congruent grb

as in “She uses the funnel topour water into a container.” However, if the situation
introduced in the preceding discourse induced a new functio for the object as an
ad-hoc affordance (e.g., the funnel is glued to the wall and the ageénwvants to hang

the coat), we observed a crossing-over regarding the dire@n of the N400 effect:

comparing the ad-hoc affordance-inducing context with the neutral context, theN400

for the incongruent verb was signi cantly reduced, whereaghe N400 for the congruent
verb was signi cantly enhanced. We explain these results as consequence of the
incorporation of the contextually triggeredad-hoc affordance into the meaning of the
noun. Combining these results with an analysis of semanticimilarity values between
test sentences and contexts, we argue that one possibilitysithat the incorporation of an
ad-hoc affordance may be explained on the basis of the mental simuti@n of concurrent

motor information.

Keywords: affordance, telic component, N400, embodied-simula
minimalism, truth-conditional pragmatics, compositionality

tive account, amodal-symbolic theories, semantic

Abbreviations: EEG, Electroencephalography; ERPs, Event-related brain potentia®)MN, Neutral discourse context;
A_CON, ad-hoca ordance-inducing context; N_CON-Telic, Telic combination Neutral discourse context; N_CON-
NonTelic, Nontelic combination in Neutral discourse context; @ON-Telic, Telic combination inad-hoca ordance-
inducing context; A_CON-NonTelic, Nontelic combination &u-hoca ordance-inducing context; TelicNV, Telic noun-verb
combinations; NonTelic NV, Nontelic noun-verb combinations.
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INTRODUCTION in the modulation of the meaning of words or phrases in the
sentence before sentence meaning composition is completed.
In this paper we address two relevant dimensions alonghis leads to a single-step model.
which contemporary theories of comprehension, of namely As for the second dimension, its two poles are the amodal-
the interpretation of words, phrases, and sentences, can Bgmbolic and the embodied-simulative account. Currentlgsin
classied. The rst refers to the ways and time-course in @i researchers acknowledge that the correct approach lies pigobab
contextual factors in uence the meanings of sentences. Yée ajn between these two poles, but the debate is still completely ope
particularly interested in the questions how and when a ditwe. s to the degree of embodiment and involvement of sensory and
introduced in the discourse a ects the intuitive truth-coitidns motor systems in di erent processing stages and tasks.
of asentence. The second one regards whether and to whatexte The amodal-symbolic account is based on the conjunction
comprehension is grounded in sensory, motor and emotionabf two theses, that is, that meaning arises from the quasi-
processes. Focusing on the motor domain, we investigate hoyyntactic combination of mental symbols (e.§odor, 1975,
the a ordance of an object in a situation interacts with motor 2010: Pylyshyn, 19%4and the modularist assumption that
information stored in the lexicon of a noun. meaning is processed in an informationally encapsulated way
The two sides of the rst dimension are Semantic Minimalismsych that mental symbols are amodal, i.e., largely decoupled
(Borg, 2004, 20)and Truth-conditional Pragmaticsiecanati, from sensory, motor, and emotional processés(sch and Van
2009. Although both assume the principle of compositionality pjjk, 1978; Kintsch, 1988; McKoon and Ratcli, 19%ee also
(Partee, 1984; Werning, 2004, 2005; Pagin and Westerstafigsentino et al., 201for a critical discussion). Given that it is
2010; Werning et al., 20),2according to which the semantic widely agreed in both the amodal-symbolic and the embodied-
value of a syntactically complex term is a syntax-dependerRfimulative camps that sensory-motor and emotional activity
function of the semantic values of its syntactic parts, theyccurs when a word or a sentence is processed, the debate
modify it in two opposite directions. Semantic Minimalism petween the two accounts can be seen as a debate as to whether
strengthens the principle of compositionality by the assumptio sensory-motor and emotional processes are constitutive for o
of bottom-up compositionalityaccording to which the truth- just causally related to comprehensidvighon and Caramazza,
evaluable semantic content of a sentence is fully determityed 2009. Focusing on the N400 component of the ERP, which has
its syntactic structure and lexical content where only a bmaogften been related to the core of semantic processing, we hope
number of lexical items (e.g., indexicals and anaphorsmallothat we will be able to, at least indirectly, contribute tosthi
for a context-sensitive meaning contribution. With regar  gepate.
the semantic integration of a sentence in a discourse, &sdd In line with the amodal-symbolic account, Latent Semantic
to a two-step model: discourse-level information is in&@d  Analysis (LSAf.andauer and Dumais, 19phas been recently
only after sentence local meaning is established. On therothsuggested as a computer-linguistic high-dimensional model of
hand, Truth-conditional Pragmatics weakens the principle oimeaning similarity and semantic relatedness, based oistta
compositionality by the assumption tee pragmatic enrichment analyses of patterns of language use in large corpdtavila
which states that contextual information can freely enritle  and Kolk, 200). LSA crucially assumes that meaning similarity
truth-evaluable content of a sentence at any stage of mganiiind semantic relatedness of words are fully determined by
composition Recanati, 2004, 20)L.2Pragmatic enrichment is their relations to other words. Meaning similarity and sertian
SUppOSEd to be “free” because not On'y lateral modulations Q&]atedness thus do not depend on any sensory, motor or
a word or phrase are allowed, e.g., when the meaning of @motional processes of speakers and are therefore completely
word is modulated by the meaning of its argumertut the  amodal. Evidence in favor of LSA includes studies showiiag th
cake (vertical cutting) vs.cut the grasghorizontal cutting}— | SA can be used to retrieve documents that are meaningfully
but any, however remote information can in principle, beforerelated to queries that do not contain the same words as the
sentence meaning composition is completed, modulate the wajbcuments Deerwester et al., 1990grade essayd éndauer
in which the meaning of a word or phrase contributes to theet al., 1998 predict coherence judgment§liz et al., 1998
intuitive truth-conditions of a sentenéeAccordingly, a situation and mimic performance of students on the Test of English as
introduced in the discourse that precedes the sentence nsajtre 3 Foreign Languageléndauer and Dumais, 19R7However,
against LSA, some authors have argued that the model should
1The controversy between Semantic Minimalism and Truth-condiib e abandoned as it cannot capture the knowledge necessary to
Pragmatics could be rephrased as a controversy about what shouldieestood  predict di erences in sensibility judgments between sentsnce
as the meaning of a word. Followingrege's(1884 p. 71) famousl quotation (Glenberg and Robertson, 2000
“One a_lways has to take |nt9 account a comp_lete sentence. Onlyinhgoethe The embodied-simulative account claims instead that
words in e ect have a meaning. [...] It su ces if the sentenceaawhole has a ] _ i . X
meaning, thereby also its parts obtain their meanings’ (Englishstetion cited ~ COMPrehension is constituted by processes also involved in
after Werning, 2003, both parties agree that the meaning of a word is what it ON€'s own actions, perceptions and emotions (see, for example,
contributes to the meaning/intuitive truth-conditions of argence. Minimalists ~ Barsalou, 1999; Gallese and Lako , 2005; Prinz, 2005; Kearmer

hold that this contribution is identical to the lexical entry orxieal meaning of 2010; Werning, 2012; Werning et al., 2)18ore precisely
a word, while Truth-conditional pragmatists want to make a distiootbetween ' ' ' ' '

the lexical entry of a word (what is stored in semantic long-term memang the
meaning it contributes to the meaning/intuitive truth-conditis of the sentence. the contributory meaning and otherwise speak of lexical entry ockxneaning
To account for the controversy, we reserve the expression “mganfia word” for ~ of a word.
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comprehension is grounded on the multimodal simulationthat is particularly relevant in the theoretical framework o
of perceptions, actions, and emotions (e.Barsalou, 1999, the embodied-simulative account, the notion afordance
2010; Pecher and Zwaan, 2005; Gibbs, 2006; Glenberg et Ebllowing Gibson (1979)a ordances are de ned as properties
2013. A distinction needs to be made here between hybridhings have in virtue of being the object of certain potential
and full-blooded embodied-simulative accounts. Accogdin actiong. The neuroscienti ¢ plausibility of this notion is
to many hybrid accounts, little more than the lexical engtie supported by the nding that a set of neurons in the premotor
i.e., the primary inputs of semantic composition, are fullycortex called “canonical neurons” respond not only when
and directly grounded in sensory-motor and emotionalmanipulable objects are actually manipulated but also when
processes. When it comes to the intermediate and nal resultthey are simply perceived/urata et al., 1997or a study with
of sentence meaning composition, however, these need not beonkeys;Grezes and Decety, 2002; Creem-Regehr et al., 2007
fully embodied, but may as well comprise (quasi-) symbolidor human studies; see for a revieartin, 2007. Moreover,
structures—e.g., for negation or disjunctions (e.gphnson- canonical neurons are also active when tool-related noues ar
Laird, 1983, 2006 Full-blooded accounts, in contrast, should presented Cattaneo et al., 2010; Marino et al., 2pldnd
maintain that also the outputs of semantic composition arebehavioral studies con rm that the processing of nouns can
fully and directly grounded in sensory-motor and emotionalinteract with motor activity (ucker and Ellis, 2004; Lindemann
processes. et al., 2008 Furthermore, a ordances seem to be involved in
Neuroimaging investigations have supported some fornthe construction of sentence meaning. When people are asked
of embodied-simulative semantics exploring several di érento judge the coherence of two sentences such as “After wading
domains. For example, in the domain of perception, it has beebarefoot in the lake, Erik used his shirt to dry his feet” aidter
shown that perceptual brain regions that process objectedlat wading barefoot in the lake, Erik used his glasses to dry hi$ fee
information are also activated by words related to visuatdees they regard the rst sentence as more sensible than the second
(e.g., “brown”; Pulvermiller and Hauk, 2006 odors (e.g., in spite of the fact that both of them are grammatically well-
“cinnamon”; Gonzalez et al., 20))6sounds (e.g., “telephone”; formed and that the critical words in the sentences, shirtl an
Kiefer et al., 2008 and taste (“salt’Barros-Loscertales et al., glasses, are equally unrelated to “dry” as measured by nwéans
2019. As for actions, it is known that somatotopic areas inLSA (Glenberg and Robertson, 2000
the motor and premotor cortex, which are active when subjects Here, we introduce a relevant theoretical distinction in the
move specic body parts (e.g., “face,” “leg,” “arm”), are alsalomain of a ordances betweead-hoc a ordancesnd generic
active when they understand action-related words thatrrefe a ordances Generic a ordances are aordances of a class of
those body parts (e.g., “lick,” “pick,” or “kick®Pulvermiller, objects that are represented as part of the mental concept of
2009 or comprehend sentences about motiore(tamanti et al., that class of objects (e.gchair—si). Ad-hoc a ordances are
2005. Moreover, the semantic processing of action-related verbs ordances that a particular object has for a particular agent i
is impaired specically in patients with degenerative braina particular situation (e.gthis chair—hide undeifor a child in a
diseases that a ect the motor system, including amyotrophipeekaboo game). In line with Pustejovsky's Generative baxic
lateral sclerosisGrossmann et al., 20)8Parkinson's disease Theory (1995), generic a ordances are often representedlas
(Cotelli et al., 2007; Boulenger et al., 2008; Rodriguezirerr componenti the lexicon of nouns and thus in semantic long-
et al., 200 and other motor neuron disease8dk et al., term memory.
200). Furthermore, in the domain of emotions, a recent ERP The telic lexical components are typically retrieved to
study has found a correlation between empathy measures anshderstand sentences of the following kind.

the sensitivity to semantic violations regarding emotioards, él) John began the book (i.e., John began reatfieghook);

suggesting that the emotion circuits involved in empathy ar 4 . . )
also active when subjects process the meaning of emotior(lg) John enjoyed the banana (i.e., John enjoyed ealirey

related words Rak et al., 2073 Recently, the relation between _ Pananaj; _ _ _
nociceptive processes and the semantic processing of patedela (3) John used the knife on the turkey (i.e., John used the knife to
words has also been explored, showing that when people are Cuttheturkey); _
presented with pain words, there is substantial activity ie th (4) John used the funnel for the water (i.e., John used the funnel
pain matrix, which is also active when people feel a pRirifter to pour the water).
et al., 201 Consistent with this nding, it has been reported
that individual di erences in pain sensitivity, as measureself-
report, correlate with people's ratings of the pain-relatednafs 2_The metaphysic_al status of a ordapces is being discussed imwesophical
words Reuter et al., 20)6Despite substantial support in favor 'r':erat“re‘ According to prominent views, a ordances are properties geots,
. . . . owever, dispositional and relational ones (€hemero, 20083 They are mentally
of the embodied-simulative framework, it should be notedtth represented (e.g. involving canonical neurons), but are not reptaens
recent research has provided direct evidence at least againsthemselves. One possibility discussed in this paper is that thibowtion of a
strong version of embodied semantics, using both psychophysicertain type of a ordances to an object (i.ad-hoc a ordancessee below for

and neurobehavioral measure3ayan and Baggio, 2013; Papeo“,‘e dist'inction ben(vee@d—hocapdgeneric ao'rdanf:t)s’;s thg result of an online

etal.. 2015 Ghio et al 2()16 simulation of the situation linguistically described in the discge context. In the
v ! v . . generation of this simulation, world knowledge stored in the sentantemory

In the present paper, we want to address both d|men5|0n§ight be relevant. When a subject lacks the relevant world knowleftyensight

of the theory space and to this aim we focus on a notiorcome to a di erent (or no) attribution of a ordances to an object.
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In those cases, the telic lexical component lls a certaincteli  In our study, we address this question focusing on K#00
role of the noun that allows to complement the argument of thecomponenta negative de ection in an event-related potential
preceding event-selecting verb (i.e., begin, enjoy, use). (ERP) waveform peaking around 400 ms after stimulus onset
According to Pustejovsky, our knowledge of usual actigitie and larger over centro-parietal electrod&si(as and Federmeier,
associated with objects is encoded by a lexical struct@adlia 201J). TheN400 e ectis measured as the di erence between the
Structure”). The telic component of the lexical entry spesithte  amplitudes of the N400 components elicited by two stimuli in
function or the purpose of an object. For example, the lexicatli erent experimental conditions Baggio and Hagoort, 20).1
representation for the artifact noufunnelis of the following The N400 component was described for the rst time lytas
form: and Hillyard (1980)who reported increased amplitude of this
component for words whose meanings mismatched with the
funnelD x:::9z9u semantics of the preceding sentence (e.g., “He spread his warm
3 bread withbutter/socky. This nding led to the hypothesis that
3 an enhanced N400 component re ects semantic incongruency in
language. Later on, additional evidence led to a genetaliza
Z of this hypothesis, namely that a gradual modulation in the
amplitude of the N400 component, measured on a word,
corresponds to ner gradations of the expectancy of the stumsul
(Kutas and Hillyard, 1984; Kutas et al., 1).8Phe expectancy of
(D) astimulus depends on several factors, including lexicaticais
within a sentence. Thus, a semantically unrelated word withi
This structure not only speci es the formal (F, the basic gaty  sentence context elicits a larger N400 component as compared
that distinguishes the object within a larger domain, eagimate to a semantically related word, for instance in the sentéiite
vs. inanimate), the constitutive (C, the relation betweembject  girl was writing letters when her friend spilled co ee on the
and its constituent parts), and the agentive (A, factors lmgd tablecloth/paper” the word “tablecloth” elicits a larger N4@ith
in the object's origin), but also the telic component (T). Inet respect to the word “paperBaggio et al., 2003
above example, the telic component given in the lexical erftry o There are two main dierent interpretations as to the
the wordfunnelspeci es that a funnel is used by a human agenfunctional role of the N400 component. The current experiment
(z) as the means to realize the event (e) of pouring somethihg ( is in no way designed to adjudicate between them. However, th
The lexical structure of a noun allows us to distinguishtwo functional interpretations have di erent impacts on what
between verbs that are congruent with the lexical telic congmd  our experiment actually shows concerning the explored thesorie
of a noun—calledtelically congruert-and those that are of comprehension. Thus, for purely descriptive aims, below we
incongruent—calledelically incongruent~or example, the verb will review the two interpretations of the N400 relating them t
pour is telically congruent withfunnel because it expressesthe theories' predictions and, in the discussion, to our tesu
its lexical telic component, whereas the vérang is telically Some accounts of the functional role of the N40O emphasize tha
incongruent therewith. It can be assumed that telic congaye it re ects lexical retrieval processés this view, the amplitude
and incongruency between the noun and the verb can bef the N400 component is modulated by the ease of accessing
guantitatively determined by LSA. A telically congruentune  information in semantic memory, which depends on the extent
verb combination should have higher Semantic Similaritiu¢a  to which the prior context contains retrieval cues. Other@agaus
(SSVs) than a telically incongruent noun-verb combination maintain that the N400O component is also a signaturseyhantic
Linking the two theoretical dimensions mentioned at theintegration or “uni cation” processé¢slagoort et al., 2009 The
beginning, we want to investigate how au-hoca ordance integration view of the N400 holds that the amplitude of the
induced by a preceding discourse interacts with the lexical400 is modulated by the ease of integrating lexically re¢te
telic component of a noun. To do so, on the one hand wenformation accessed from the current word into the prior
choose telically congruent and incongruent noun-verb palrs  context. The prior context can be constituted by a single word
the other hand, we contrast a neutral discourse context witljHolcomb, 199} a sentenceiKutas and Federmeier, 2006r,
a context that induces aad-hoca ordance, which could be with respect to our current aims, by a discourseeprge et al.,
expressed by the telically incongruent verb. Given, for elam 1994; Van Berkum et al., 1999, 2003
the telically congruent noun-verb combinatidannel-pourand As for the latter, in some experiments a conict was
the telically incongruent paiiunnel-hangthead-hoca ordance-  generated between discourse-level information and Ilgpcall
inducing context could specify that the funnel is glued to thesupplied semantic constraints. The results of these experiments
wall and the agent has the desire to hang up her coat. In were mixed though. Some studies reported that in the ctiSou
situation where thead-hoca ordance con icts with the lexical context of a cartoon-like story about an amorous peanut, the
telic component, a question of priority arises: Is thd-hoc anomalous sentence “the peanut was in love” was processed
a ordance contributing to the intuitive truth-conditions éfore  more easily—i.e., it elicited a smaller N400—than the more
or after sentence meaning composition is completed? This isonventional sentence “the peanut was saltetfle(wland
where the controversy between Semantic Minimalism and Truthand Van Berkum, 20Q6see alsd-ilik and Leuthold, 2008
conditional Pragmatics culminates. However, other studies suggested that the context cannot

2.
g
FD
CD il
TD (e pour.ezu/ ™ meansex/
AD i
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override the brie y disruptive e ects of local semantic vitbtans.  is always uploaded from the lexicon into working memory
For example, in the ctional context of a Harry Potter story, aregardless of the discourse context. That is, the retrieV#he
sentence such as “Harry used a book to teach the tough breal#Xical value of the telically congruent verio(r) will always be
is still more problematic than “Harry used a microwave to heafacilitated whereas the retrieval of the lexical value otétieally
the tough bread” (see alsdald et al., 2007; Warren et al., incongruent verb lgang is not. As a consequence, the N400
2009. The discrepancies between these studies may be takeomponent measured on the telically congruent verb should be
to re ect di erences in how strongly the context constraintset lower than the one measured on the telically incongruenbyer
interpretation of the critical phrases (see the related dismn regardless of the discourse context.
in Nieuwland, 2013 From the point of view of the Generative On the other handTruth-conditional Pragmaticén line with
Lexicon Pustejovsky, 1995these two studies can be seen as single-step model, assumes that the con ict between léxical
addressing the formal componentin the lexicon of noupsgnut  speci ed telic components and contextually provided-hoc
and tough breadare inanimate in the lexicon, but they can bea ordancesis resolved already in the process of sentenceingan
interpreted as animate thanks to contextual e ects). Foogisincomposition. Thus, when the sentence “She uses the funnel to
on the telic rather than the formal component in the lexicon ofhang her coat” is preceded by a discourse inducing dle
nouns, our study may contribute to this controversy, addieg hoc a ordance of hanging for the funnel, this should directly
the issue of whether discourse-level information can dderthe  modulate the semantic contribution the noun makes to sengenc
local semantic violation generated by combining a noun.(e.gmeaning. Thus, the telic componergdur) of the noun funne)
funne) with a telically incongruent verb (e.dnang. will not be uploaded from the lexicon into working memory.
As for the debate concerning the level of embodiment ofThe retrieval of the lexical value of the telically congruen
comprehension, to our knowledge only one study so far haserb will hence not be facilitated. Consequently, in #ekhoc
used ERPs to investigate the role of a ordances in senten@ordance-inducing context the N400 component measured on
comprehensionChwilla et al., 2007 This study has shown that the telically congruent verbppur) should not be necessarily
some combinations that were consistent with objects'a orcles  lower than the one measured on the telically incongruent
such as “They let the canoe into the water and paddled witerb (hang. Moreover, the N400 component measured on
Frisbees” were easier to process and led to less negative N4B@ telically congruent verbppur) should be more negative
compared to combinations that violated a ordances such a# the ad-hoca ordance-inducing context than in the neutral
“They let the canoe into the water and paddled with pullovers.’tontext.
Based on the resemblance, in terms of the waveform and the Given the lexical retrieval view of the N40O, the predictions
timing of the e ect, between the N400 component enhancedf Semantic Minimalism and Truth-conditional Pragmatics for
by the violation of a ordances and the standard N400 e ectdi erent comparisons will then be the following.
enhanced by violations of semantic expectations, the asthor In the neutral context both Semantic Minimalism and
argued that integrating aordances with sentence meaningruth-conditional Pragmatics predict that the retrieval tfe
occurs with the same ease as integrating semantic knowleddexical value of the telically congruent verb will be faatkd,
No one, however, has so far explored-hoca ordances in  because the telic componenpdur) of the noun funne) is
relation to telic components. Doing so, our study aims atuploaded from the lexicon into working memory. Thus, the
contributing to both debates, the one concerning the role oN400 component measured on the telically congruent verb will
contextual factors in determining sentences' truth comis be lower than the N400 component measured on the telically
and the one related to the role of aordances in semantiancongruent verb. However, in thad-hoca ordance-inducing
processing. The predictions to be tested in the experimentere t context the predictions of Semantic Minimalism and Truth-
following. conditional Pragmatics di er with regard to the retrieval of
Semantic minimalisimleading to a two-step model, assumesthe lexical value of the telically incongruent vettafg. For,
that the con ict between lexically speci ed telic componeatel  Truth-conditional Pragmatics assumes that #tehoca ordance
contextually providedad-hoca ordances is resolved only after of hanging is present in working memory and will directly
the meaning of a sentence is generdtdthis assumption leads to a ect the lexical retrieval for upcoming words. Consequently
predictions regarding the N400 component that can be phrasethe N400 component measured on the venang should be
di erently according to the preferred functional interpretab  lower in thead-hoca ordance-inducing context relative to the
of the N400 component. Given that we measure the N400 oneutral context for Truth-conditional Pragmatics rathévan for
the verb succeeding the noun, the interpretation of the N40GBemantic Minimalism.
as re ecting ease of lexical retrieval provides us with a meas  Turning to the integration view of the N400, what is the
of the ease with which the lexical value of the verb is retiev semantic integration problem to be solved? To compose the
from semantic memory. According to Semantic Minimalism, meaning of the sentence, the meanings of the néwmeland
the unmodulated telic componenp6ur) of the noun funne)  the verbhang/pourhave to be integrated into the meaning of the
complex phrase “uses the funnel to hang/pour....”
3 — . . Semantic Minimalism and Truth-conditional Pragmatics lead
Semantic Minimalism implies atwo-stgp model on a naturalistic reams to di erent predictions as to the di culty of this integration
account. However, we do not want to implicate that supporters of gusition . X ) . .
(most notably, Emma Borg) necessarily endorse a naturalistic reafigmantic According to the integration view of the N400, the more di ¢u
Minimalism. the integration of a certain semantic component is, the more
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negative the N400 component measured on the correspondinfgrther question arises for Truth-conditional Pragmaticiven
word should be. that context modulates the meaning of nouns, what aspect
According to Semantic Minimalism what the meaning ofof the context is exactly responsible for this modulation?
the word funnel contributes to the meaning of the complex We explore two possible answers to this question, which
phrase always includes the generic a ordance stored as tite tetorrespond to the di erent predictions made by the amodal-
component in the lexicon. symbolic and embodied-simulative views of meaning. Acoayd
Since according to Semantic Minimalism the context does naio the amodal-symbolic account, the modulation is due merel
modulate the meaning of the noulannel the integration of the to the symbolic meaning of the words and phrases in the
telically congruent noun-verb combinatioriupnel-pouj into a  context, whereas the embodied-simulative view maintaira t
complex phrase will always be easier than the integration @f ththe modulatory e ect is due to the situation described by the
telically incongruent noun-verb combinatioiunnel-hang. The  context and as mentally simulated by the comprehending stibje
reason is that Semantic Minimalism holds the claim of bottom- In order to investigate this issue, we used LSA and determined
up compositionality, that is, that sentence meaning is corepos the semantic similarity values (SSVs) between the test semte
from lexical values prior to any modulation by contextualttas.  including the complex phrase (“uses the funnel to pour/hang...”
This especially means that the contextually introdueeihoc  and the discourse context. We determined this value and kept i
aordance has no modulatory e ect. Accordingly, Semanticinvariant across the experimental conditions. If the modiala
Minimalism predicts that (1) the N400 components measureck ect predicted by Truth-conditional Pragmatics still occuis
on the telically congruent verb will not dier between the cannot be merely due to the symbolic meaning of the words
neutral and thead-hoc a ordance-inducing context; (2) the and phrases in the linguist context but has to be explained on
N400 components measured on the telically incongruent verthe basis of the situation described by the context and nignta
will not di er between the neutral and th@d-hoca ordance- simulated by the comprehending subject. This would count as
inducing context; (3) the N400 component measured on thendirect evidence against the amodal-symbolic view andwoifa
telically incongruent verb will be higher than that measien  of the embodied-simulative view. Even though in some elds—
the telically congruent verb in the neutral context; (4) té00 e.g., psychology—the embodied-simulative account is @jrea
component measured on the telically incongruent verb will beather well-established, in other elds—e.g., philosophynfal
higher than that measured on the telically congruent verthiea  semantics and linguistics—the amodal-symbolic accountills s
ad-hoca ordance-inducing context. predominant. Thus, providing some evidence against this view
In contrast, according to Truth-conditional Pragmatics ath can help to advance the debate and increase our theoretical
the meaning of the wordunnel contributes to the meaning understanding of the subject matter. Furthermore, insofar
of the complex phrase need not contain the generic a ordanc&SA, in line with the amodal-symbolic account, is used as a
represented as the telic component in the lexicon, if insteadhodel to provide a measure of semantic similarity, evidehe t
it includes anad-hoca ordance introduced in context. As a SSVs cannot be a predictor of semantic expectancy and, hdnce, o
consequence, the ease of integrating the meanings of the nothe modulations of the N400, can be informative also for those
and the verb into the meaning of the complex phrase dependsrimarily interested in the psychological repercussions of our
on whether and whatd-hoca ordance has been incorporated ndings.
into the meaning of the noun. Whereas, in a neutral discourse
context, the telically congruent noun-verb combinatiorosid MATERIALS AND METHODS
be easier to integrate into the complex phrase than the télical
incongruent noun-verb combination, in thad-hoca ordance- ~ Participants
inducing context the situation is reversed. Here, the &lic Twenty-two right-handed native speakers of Italian (13 reale
incongruent noun-verb combination should be easiertogride  mean ageD 29, 2 years) participated in this study. All had
than the telically congruent noun-verb combination. normal or corrected-to-normal vision. None of the subjehtd
Thus, the following predictions are made by Truth- any neurological or psychiatric disorder, had experienced any
conditional Pragmatics: (1) in the neutral context, an emted  neurological trauma, or used neuroleptics. They were paid for
N400 should be elicited for the telically incongruent verbtheir participation.
compared to the telically congruent verb; (2) in thed-
hoca ordance-inducing context an enhanced N400 should beStimuli
elicited for the telically congruent verb compared to thecally We created 80 noun-verb combinations. Half of them were
incongruent verb; (3) an enhanced N400 should be elicitethi®  obtained by combining nouns with telically congruent verbs
telically incongruent verb in the neutral context comparedtie  (Telic combinations) while the other half was generated
ad-hoca ordance-inducing context; and (4) an enhanced N400Oby replacing the telically congruent verbs with telically
should be elicited for the telically congruent verb in thé-hoc incongruent verbs (NonTelic combinations). We then created
a ordance-inducing context compared to the neutral context. 80 test sentences using Telic and NonTelic combinations.
As we have already clari ed above, the current experimenThe test sentences were preceded by a Neutral discourse
is not designed to adjudicate between a lexical retrieveal\of context (N_CON) or by an ad-hoc a ordance-inducing
the N400 or a semantic integration view. However, regardlessontext (A_CON), for a total of 160 stories presented in four
of whether one assumes one interpretation or the other, @xperimental conditions in a 2 2 design (sedable 1): (1)
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TABLE 1 | Example of experimental stimuli with English translat ion.

TELIC NONTELIC
N_CON Chiara si e attrezzata con un imbuto per fare in casa unigrolo Chiara si e attrezzata con un imbuto per fare in casa un piccol
esperimento di chimica e, a tal ne, ha messo un colorante neédicqua. esperimento di chimica e, a tal ne, ha messo un colorante nédcqua.
Una volta fatto cio, Essendo un tipo originale,
usa l'imbuto per versare I'acqua in un contenitore. usa l'imbuto per appendere il cappotto.
Clare got herself a funnel to perform a little chemistry expnent at Clare got herself a funnel to perform a little chemistry expinent at
home and to this end she put some dye in waterOnce she has done home and to this end she put some dye in waterBeing an
s0, she uses thefunnelto pour water into a container. unconventional person,she uses thefunnelto hang her coat.
A_CON Chiara ha un imbuto in piu e, dopo aver deciso cosa farnéo inchioda Chiara ha un imbuto in pit e, dopo aver deciso cosa farne, lo ohioda

per bene al muro lasciando la parte piu stretta rivolta versbesterno.

Una volta fatto cio,
usa l'imbuto per versare I'acqua in un contenitore.

Clare has an extra funnel and, after having decided what to dwith it,
she glues it to the wall leaving the narrow end facing outwardOnce
she has done so,she uses thefunnelto pour water into a container.

per bene al muro lasciando la parte piu stretta rivolta versbesterno.

Essendo un tipo originale,
usa l'imbuto per appendere il cappotto.

Clare has an extra funnel and, after having decided what to dwith it,
she glues it to the wall leaving the narrow end facing outward3eing an
unconventional person,she uses thefunnelto hang her coat.

The table illustrates a 2 2 design, in which two categories of noun-verb combinations, Telic andNonTelic, are combined with two categories of discourse context, Neutral (NNON)
and ad-hoc affordance-inducing context (A_CON). In the table, the de®urse context is shown in black, the internal context preceding the targetlause is in blue and the target clause
is in red. The test sentence is composed of the internal context and the tget clause. The cue word is in bold while the noun preceding the cue word i italics.

N_CON-Telic, (2) N_CON-NonTelic, (3) A_CON-Telic, (4)

X . . TABLE 2 | Features of the cue words in Telic and NonTelic combin ations.
A_CON-NonTelic. As shown ifTable 1, the noun occurs twice !

in each trial, however the use of the Italian determinativicke Number of Number of syllables Mean

preceding the second occurrence (elgla) prevents the reader letters (mean) (mean) frequency &

from assuming that a new object has been introduced, indigat

instead that the same object is mentioned again. Telic combination 7:575 2.95 11,782.73
The ERPs recording was time-locked to the onset of th&°nTelic combination 7575 8 11.822.68

cue words, which were always verbs. The cue verbs alway$rpus “La Repubblica’ ca. 331 milions tokens.
occurred in the midst of the sentence to control for “wrap-

up eects” at sentence- nal words reported in several ERPs
studies (e.g.Hagoort, 2003 The cue verbs in the Telic and TABLE3 |.Semantic Similarity\{alugs (SSVs) between the noun an  d the

. . . . . verb in Telic and NonTelic combinations.

NonTelic combinations were setwise matched on the following
features: word length, number of syllables, mean word feegy  Telic combinations
(seeTable 2. The Neutral contexts and thad-hoca ordance-  (e.g., funnel—pour)
inducing contexts were pair-wise matched for number ofo30

words.

NonTelic COMBINATIONS
(e.g., funnel—hang)

013 t(39) D 5,449, p < 0.001

The table shows that the SSVs between the noun and the telically congruent veKTelic
combinations) are signi cantly higher than those between the noun and the teflly
incongruent verb (NonTelic combinations).

Latent Semantic Analysis

We translated the experimental stimuli into English and apgblie
to them three separate Latent Semantic Analysexblés 3-
5) using the online resources available at http://lsa.calora A possible problem with using this method to compute
edu/. First, we controlled that the SSVs for Telic combinagio semantic relatedness is that LSA is based on American English
(e.g., funnel-pour) were indeed higher than those for NonJeli Thus, we had to translate the experimental stimuli from Hali
combinations (e.g., funnel-hang). Speci cally, we carreed a to American English. The issue is whether subtle but impartan
“Pairwise [term to term] comparison” using the tasaALL spacedi erences between the translated stimuli and the original
which corresponds to the rst year college level. For this spac Italian stimuli might a ect LSA results. Even though we cannot
the LSA matrix is based on the occurrence of 92,409 unigueger completely rule out this possibility, we complemented the
in 37,651 contexts selected from texts, novels, newspapeeart LSA analysis with an additional EEG experiment, reported in
and other information. AsTable 3shows, the di erence in SSVs Appendix A (seeSupplementary Figure L. The aim of this EEG
between the two sets of noun-verb combinations was signitca experiment was two-fold. First, we wanted to test the predicti
tzg) D 5.449,P < 0.001, CID 0.16 0.06, indicating that in of amodal-symbolic theories which, on the basis on the LSA
Telic combinations the noun and the verb are more semarijical result, expect a di erence in the semantic expectancy for the
related than in NonTelic combinations. telically congruent verb compared to the telically incongnmti
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TABLE 4 | Semantic Similarity Values (SSVs) for the test sentenc e and the sets of words in the Telic and NonTelic test sentences were,

discourse context. respectively, matched in terms of semantic relatedness tedtse
Testsentence  SSVs for test sentences compared to of words in the Neutral anéd-hoca ordance-inducing contexts.
discourse contexts Furthermore, as illustrated byfable5 even though the

N CON. A CON. internal_ _context was changed across conditions just to improv
- - readability, there was no e ect due to that. Indeed, there n@s

Telic 0.36 0.35 1(39)=0.496,  Signi cant di erence in the SSVs between the cue word and the

p > 0.05 internal context in the Telic and NonTelic combinatiorigg) D

NonTelic 0.34 0.34 tae)D 0288,  1,550,p > 0.05, showing that the cue words were matched in

p> 0.05 terms of semantic relatedness to the sets of words in theriate
contexts.

As shown by the table, there is no signi cant difference in the SSVs beteen the test
sentence (using, respectively, Telic and NonTelic combinationgnd the context (Neutral

vs. ad-hoc affordance-inducing context). Procedure

Participants were seated in a sound-proof and electrically
shielded cabin. After signing the informed consent and

completing the Edinburgh handedness test, they were informed
that they would be reading short stories, and were instrdicte

TABLE 5 | Semantic Similarity Values (SSVs) between the cue wor  ds and
the internal contexts.

Internal  SSVs between cue words to read for comprehension and minimize movements. No
context and internal contexts additional task demands were imposed. Word stimuli were
; presented in black font on a white background at the center of
Cue word Telic 0.26 t(39) D 1,550, p > 0.05

a computer monitor at a viewing distance of 80 cm.

Each trial started with a xation cross (1,300 ms) followed
The table shows that there is no signi cant difference between the SSVeobtained Dy the presentation of the discourse context shown all at once
comparing the cue words with the internal contexts in the Telic and NonTie conditions. Context duration in ms was Computed as ( 400 ms), nD

number of phrases, with a ve phrases maximum, to mimic
verb. The N400 component should be enhanced for the lattematural reading times while avoiding, at the same time, aagte
but not for the former. Second, we wanted to test whether thelue to individual di erences in reading time. After a xation
results of the LSA analysis, based on translations of ttggr@i  cross of 1,300 ms, the phrase by phrase presentation of the
stimuli, was consistent with the result of the EEG experiment internal context started, with a 450 ms phrase duration and a
which the original Italian stimuli were used. We reasonedttifi  variable random 250-450 ms inter-stimuli interval. The &trg
they happened to be consistent, this would support the validitglauses followed word-by-word. Each word was displayed at the
of the LSA analysis, despite the possible limitations givethey center of the screen for 450 ms, with a 250-450 ms pseudo-
translation procedure. random blank interval between successive word presentation

However, in the present experiment, Telic and NonTelicThe pseudo-randomization of the inter-stimuli interval was
combinations were not presented in isolation. They werechosen to ensure that the cue word was always followed by a 450
embedded within a test sentence which was, in turn, precededs interval (which was necessary to record 1,200 ms epochs),
by a discourse context. We carried out then two other analyseshile avoiding an excessively slow presentation of the targe
using LSA to ascertain that apart from the di erence in the SSVsentences if this interval would have been held constant after
between the noun and the verb, there were no other di erencethe presentation of each word or any e ect on the processing
in the SSVs among the four experimental conditions. First, wef the cue words if the interval following them would have been
run a “Pairwise [document-to document] comparison” usinglonger than the interval following the presentation of themo
the tasaALL space to ascertain that the SSVs between the tesé words. Sentence nal words were followed by a full stop, as
sentence and each type of discourse context did not di er amonghown inTable 1 They were followed by a blank interval of 200
conditions. Second, given that the test sentence was comipos®s after which the next trial could start. After the preseraati
of a target clause introduced by a short internal contextifitya  of successive blocks of 30 sentences, a simple yes/no questio
adverbial phrases), we also carried out a “Pairwise [term-twas presented for 3s (e.g., “Is the story plausible?” or “Can
document] comparison” using the tasaALL space to control thayou imagine the scenario?”). These questions were presémted
the SSVs between the cue word and the sets of words in tlkeep participants more alert during the experiment and were
preceding internal context did not di er among the experimehta randomly distributed across the trials (including the flstories:
conditions. see below) and the participants.

As illustrated byTable 4 the mean SSVs between the test Two trial lists were used, such that the cue word appeared
sentence and the context were almost the same across all faamly once in a given list. For the rst list, 40 test sentences
experimental conditions. In particular, there was no sigmint  with Telic combinations and 40 test sentences with NonTelic
di erence in the SSVs obtained comparing the discourse cdntexcombinations were presented, introduced by either a Neutral
and (1) the test sentences presenting Telic combinatigg,D  or anad-hoca ordance-inducing context (20 N_CON-Telic, 20
0.496,p > 0.05, and (2) the test sentences presenting NonTeli&_CON-Telic, 20 N_CON-NonTelic, and 20 A_CON-NonTelic),
combinations,tzg) D 0.288,p > 0.05. This indicates that the and were randomly mixed with 40 ller stories. The second lis

NonTelic 0.20
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was derived from the rst by replacing all the test sentencege.g.Kutas et al., 200@nd allowed us to examine possible e ects
containing Telic combinations with their NonTelic countemp&  of the experimental conditions on other processes preceding
and vice versa. The 40 ller stories described scenariositaboor following those eliciting the N400. All EEG electrode site
some character engaged in some activity, so they were similaere included in this analysis, calculating average chairges
to the experimental scenarios except that contained refeaiynt amplitude over all channels per condition.

ambiguous noun phrases or errors in subject-verb agreement. To investigate potential topographic changes in the
The total of 120 stories was divided into four blocks separate  distribution of the N400 e ects, we adopted a systematic
a break, the duration of which was determined by the participan columnar “pattern of analyses” similar to that used in other
Total time-on-task was 40min. Subjects completed the taskstudies (e.g.Ditman et al., 2008; Paczynski and Kuperberg,
across two separated sessions. In the second session they warl). This approach allows to detect dierences in the
assigned to the list that they did not see in the rst sessiondistribution of e ects along the anterior-posterior (AP) axis
such that at the end of the two sessions each subject had reafl the scalp, and di erences across the two hemispheres at
160 stories (40 per condition) excluding llers. We requiredlateral electrode columns. ERP amplitudes measured at ngidlin
each participant to undertake the second session only after electrodes were subjected to an ANOVA with the variables
minimum interval of 2 weeks from the rst one. The data from Context (two levels: N_CON, A_CON), Combination: Telic,
the two sessions were then pulled together in the Brain VisioWNonTelic) and Anterior-Posterior (AP) distribution (six lewel
Analyzer software before processing them. Such arelatvety Fz, FCz, Cz, CPz, Pz, POz). For the analysis of the peripheral
interval should be su cient to avoid any e ect of word repetith ~ columns, electrodes were divided along left-right, mediéral,
and to minimize other potential memory e ects between theand dorsal-ventral dimensions. This resulted in eight catgm
two sessions, however the procedure used does not allow usThe four columns of the left hemisphere were de ned as follows:
quantitatively determine the potential change in the ERP esectdorsal-medial (F1, FC1, C1, CP1, P1), dorsal-lateral (AR33,

across the two testing sessions. FC3, C3, CP3, P3, PO3), ventral-medial (F5, FC5, C5, CP5, P5)
_ ) ventral-lateral (F7, FT7, T7, TP7, P7). Four analogous cokim
EEG Recording and Data Processing were de ned for homolog electrodes located over the right

A BrainAmp™ acticap system was used to record thehemisphere. The ANOVAs for peripheral sites had as variables
electroencephalogram (EEG) from 66 active electrodesdimu Context (two levels: N_CON, A_CON), Combination (two
four electro-oculogram (EOG) electrodes for monitoringlevels: Telic, NonTelic), Hemisphere (two levels: left, right)
horizontal and vertical eye movements. EEG and EOG signaknterior-Posterior (AP) distribution (with the number of lels
were digitized at 1000Hz and with an online band-pass Iterdepending on the number of electrode sites in each column).

of 0.53-70Hz. Impedance was kept below & Fkor scalp A follow-up ANOVA was performed when interactions with
electrodes and below 10 kfor EOG electrodes. The EEG the AP factor were found. This analysis involved speci cally
data were processed using Brain Vision Analyzer 2.0 softwara predetermined region over centro-parietal sites at which
All EEG channels were re-referenced o -line to the averagéhe N400 is maximal (e.g.Kutas et al., 2006 In this

of the left and right mastoid channels (TP9 and TP10) anctase, a 2(Context: N_CON, A_CON) 2(Combination: Telic,
Itered with a high cuto of 30 Hz, 12 dB/oct. An automatic NonTelic) 7 (Electrodes: CP1, CP2, CPz, Pz, P1, P2,
raw data inspection rejected trials with amplitude di erencesPOz) ANOVA was conducted. Bonferroni-adjusted planned
exceeding 200nV in a 200 ms time interval and with activity comparisons were performed to decompose the e ect of trial
lower than 50mV in a 100 ms interval. Four channels (i.e., Fplitype in this region. The Greenhouse-Geisser correction was
Fp2, AF7, AF8) were disabled due to excessive artifactsaOcubpplied to F tests with more than one degree of freedom
artifacts were corrected by means of a procedure based am the numerator to protect against Type 1 errors resulting
independent component analysis (ICA). Single-trial wavef®r from violations of sphericity (correctepg-values and degrees of
were separately extracted during 1,200 ms epochs (startidg 2fieedom are reported).

ms before critical word onset), averaged, baseline cadetd

200 ms pre-stimulus onset and screened for artifacts. Setsmen

with potentials exceeding90mV were rejected. One participant RESULTS

was excluded due to excessive artifacts (triallb58%). For the

remaining 21 participants, average ERPs were computed ov€heFigures 13 show the grand average ERP waveforms elicited
artifact-free trials per condition (average percentage ofuided by telically congruent and telically incongruent verbs imet

trials D 96%, rang® 72-100% across the four conditions). conditions of interest. For readability reasons, the gsighow
o _ only 800 ms of the recorded 1,200 ms epochs. More precisely,
Statistical Analysis Figure 1shows the grand average waveforms elicited by telically

A preliminary 2(Context: N_CON, A_CON) 2(Combination: congruent and telically incongruent verbs in N_CON. As can
Telic, NonTelic) repeated measures analysis of variandee seen from the gure, in N_CON a more negative N400
(ANOVA) was performed in consecutive 100 ms time windowscomponent is elicited by a telically incongruent verb than a
between 200 and 600 ms after critical word onset. The selectéelically congruent verbFigure 2 depicts the grand average
epoch encompasses the standard time interval during whictvaveforms elicited by telically incongruent verbs in N_Cand
N400 experimental e ects were found to be most pronouncedd_CON. The gure shows that the N400 component elicited
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FIGURE 1 | Grand average waveforms elicited by the verbs in Teli ¢ vs. NonTelic combinations in Neutral contexts (N_CON) for ningentro-parietal channels.
The waveforms show a signi cant N40O0 effect.

by a telically incongruent verb is reduced in N_CON comparednteraction between Context, Combination and AP distrilur;
to A_CON. Finally, Figure 3 illustrates the grand average F; 466, 20.317P 8.762,p < 0.005, whereas at the dorsal-lateral
waveforms elicited by telically congruent verbs in N_CONlan sites the Context AP distribution interaction was only trend-
A_CON, and shows an enhanced N400 for a telically congruemise signi cantF 726, 34.52d 2.938p D 0.073. No interactions
verb in A_CON compared to N_CON. The scalp distribution of with Hemisphere were found, indicating that the e ect was
the e ects is shown irFigure 4. equally distributed between the two hemispheres. No othenmai
The omnibus ANOVA revealed that the interaction betweene ects or interactions were found at the ventral-medial sjte
Context and Combination was signi cant in the 400-500 mséim where the interaction between Context and Combination only
interval, F(1, 20) D 5.110,p < 0.05. No other signi cant e ects approached signi cancef; >0y D 3.866,p D 0.063, nor at
or interactions were found in the other time windows [200—the ventral-lateral sites. The interactions with AP disttibn
300 ms:Fgq, 20) < 0.186,ps> 0.05; 300-400 mdigy, 20) < indicated a larger e ect over centro-posterior electrodeshie t
1.044,ps > 0.05; 500-600 mgig1 20) < 2,974,ps> 0.05]. Midline analysis and over dorsal-posterior sites in the periphera
Following-up on this e ect, we systematically explored itscolumns.
topography. We established that the interaction between &int A follow-up ANOVA of the predetermined N400 region
and Combination was still signi cant in the Midline analysis, showed a signi cant Context Combination interactionF, 20
Fq, 20)D 5.202p < 0.05. We also found a signi cant interaction D 11.267p < 0.005. There was no interaction with electrodes

between Context and AP distributiof(; 936, 38.712P 3.724p <
0.05 and a three-way ContextCombination AP distribution
interaction,F(l_gaz, 37_249P 4.305p< 0.05.

in this region, possibly indicating that the e ect was distribdt
across all sites.
Figure 5shows the mean amplitudes of the N400 component

Signi cant interactions between Context and Combinationfor each condition of interest. As illustrated by the grapte w
were found in dorsal-medialf;, o0) D 4.395,p < 0.05 and observed a crossing-over regarding the direction of the 0N40

dorsal-lateral columns as wek;, 29)D 4.756,p < 0.05. Along

e ects. Relative to the Neutral context, tlael-hoca ordance-

the dorsal-medial sites there was also a signi cant threg-w inducing context enhances the N400 component for a telically
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FIGURE 2 | Grand average waveforms elicited by the verbs in NonT  elic combinations for Neutral contexts (N_CON) vs. ad-hoc affordance-inducing
contexts (A_CON) over nine centro-parietal channels. The waveforms show that the N400 component for the verbs in NoTelic combinations is signi cantly
reduced in A_CON compared to N_CON.

congruent verb whereas it reduces the N400 component foA_CON the mean of N40OO component measured on the telically

a telically incongruent vefb Planned comparisons allowed congruent verb was more negative than that measured on the

decomposing the e ect according to trial type. telically incongruent verb. However, this dierence was not
First, replicating the standard N400 eect to semanticsignicant, tog) D 0.964,p D 0.34, possibly because of the

violations (utas and Hillyard, 1984 we found that in N_CON, combined and contrasting e ect of semantic similarity andtmo

a telically incongruent verb [M(N_CON-NonTeliD) 1.67mV, simulation.

SD D 1.69mV] elicits a more negative N400 than a telically

congruent verb [M(N_CON-Telic)D 0.64mV, SDD 1.46

mV, too) D 3.069,p D 0.006, CID 1.03 0.70]. Second, the DISCUSSION

N400 component for a telically incongruent verb is signi ¢gn

more negative in N_CON than A_CON [M(A_CON-NonTelic)

D 0.88mv, SDD 1.64nV, tpq) D 2.745,p D 0.012, CI

D 0.79 0.60]. Third, a more negative N400 component

was elicited by a telically congruent verb in A_CON (M

(A_CON-Telic)D 1.15mV, SDD 1.13mV) than in N_CON,

too) D 2.276,p D 0.034, CID 0.51  0.47. Finally, in

The aim of this study was to investigate the time-course of
the interaction between the lexically speci ed telic compune
of a noun (i.e., the function or the purpose of the object to
which the noun refers) and aad-hoca ordance in the situation
introduced by the preceding linguistic discourse. By ingzging

this issue, we aimed at exploring a two-dimensional theoryespac
in which theories of linguistic comprehension can be positioned
according to (i) the way and the time-course in which conteatt
4The gure also shows a qualitative di erence between the Telic doations in factors in uence the intuitive truth-conditions of senteas and
FheAd—hoca ordance—ipducing contexts '(Ieft red bar) vs. NonTelic cpmbinas (i) whether and to what extent comprehension involves sensory
in Neytral contexts (right blue bar), wlth the N400 fc_)r the latteeibg more motor and emotional processes. For Simplicity we focused on
negative than the former. However, given our experimental desigese two . i !
conditions are statistically not comparable given that they di éthwrespect o the poles of each dimension even though the actual theory space
both, the context and the noun-verb combination. is much more complex than we represented. We used the N400
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FIGURE 3 | Grand average waveforms elicited by the verbs in Teli ¢ combinations for Neutral contexts vs. ad-hoc affordance-inducing contexts over
nine centro-parietal channels.  The waveforms show that the N400 component for the verbs in tb Telic combinations is signi cantly enhanced in A_CON
compared to N_CON.

e ect as an ERP paradigm to test the predictions of the di erentsemantic content of the sentence. The role of the contextiat t
theories with respect to the dimensions of interest. level is limited to cases of indexicality and anaphor resotut

Regarding the rst dimension, in the philosophy of language itand should be traceable to speci ¢ syntactic parts of the seete
has become a hotly debated issue between Semantic Minimaligeg., “now,” “this,” “he,” etc.). All other pragmatic proses
(Borg, 2004, 20)2and Truth-conditional PragmaticsRecanati, involved in the interpretation of the utterance are secorydand
2012, as well as intermediate positions (e.§tanley, 2007 presuppose an already determined semantic content. Linguistic
whether pragmatic aspects of the discourse directly intexéttt  interpretation is thus construed as a two-step procedurey onl
meaning components retrieved from the lexicon as well as witlfter a context-insensitive level of semantic content impletely
any further node in the sentence meaning composition tree (fogenerated, the content can be manipulated to accommodate the
arelated discussion see at3oychalska et al., 2016 contextually construed interpretation of the utterance.

What is at stake here is how to interpret the notion of Truth-conditional Pragmatics challenges the rigorousioot
compositionality, according to which the meaning of a complexof compositionality claiming that pragmatic enrichment is€é;’
expression is determined by the meanings of its syntacticsparthat is, any however remote information can in principle
and the way the parts are combinetVérning, 2004, 2005, modulate the meaning of a linguistic expression at any stage in
2012; Werning et al., 20} .2Semantic Minimalism endorses a semantic composition. Accordingly, a situation introduceda
rigorous notion of bottom-up compositionality, in which the discourse preceding the sentence may result in the modulatio
truth-evaluable semantic content of a sentence resultsifeo of the meanings of words or phrases in the sentence and of
rule-based combination of lexical-semantic features efitlords  the sentence itseliClosentino et al., 20)3These modulations
in a sentence without taking into account contextual e ectswill then in uence the intuitive truth-conditions of the se@ance.
(Borg, 2004, 2012; Cappelen and Lepore, pBefore context This view, as developed for examplefbycanati (2012amounts
information comes into play, according to the minimalist,eth to a weakening of the rigorous notion of compositionality by
process of semantic composition has already determined thatroducing context-dependent semantic exibility by meaof
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FIGURE 4 | Scalp distribution of the effects of modulation of th e N400
component. The topographical maps show: (a) the difference between the
verbs in Telic and NonTelic combinations in Neutral contet(N_CON-NonTelic
minus N_CON-Telic); (b) the difference between the verbs in Nonlie
combinations in Neutral vs.ad-hoc affordance-inducing context
(N_CON-NonTelicminus A_CON-NonTelic); (c) the difference between the
verbs in Telic combinations in Neutral vsad-hoc affordance-inducing context
(A_CON-Telicminus N_CON-Telic).

FIGURE 5 | Crossing over regarding the N400 component.  Relative to the
neutral context, thead-hoc affordance-inducing context signi cantly enhances
the N400 component for Telic noun-verb combinations wherea it signi cantly
reduces the N400 component for NonTelic noun-verb combindbns.

the preceding context has the e ect of reducing the amplitude of
the N400 typically elicited by metaphorical expressions.

The direct contextual modulation of a noun's contribution t
sentence meaning can be explained by two di erent mechanisms,
which are consistent with two di erent functional interpretans
of the N400. On one interpretation, the contextually provided
ad-hoc a ordances impede the retrieval of the noun's telic
component from the lexicon into working memory. As a
consequence, the retrieval of the lexical value of theatidfic
congruent verb will not be facilitated, leading to the delsed
e ects on the amplitude of the N400. According to this
hypothesis, changes in the amplitude of the N400 might also
be expected due to individual di erences in subjects’ working
memory ability. In particular, subjects with lower working
memory capacity should have more di culties in storing the
contextually providedad-hoca ordances in working memory,
thus they should be less sensitive to contextual e ects.

On the second interpretation, thead-hoc aordance
introduced in the context is directly incorporated into the
meaning of the noun, thus contributing to the meaning of the
complex phrase in which they are embedded. Consequently,
telically incongruent noun-verb combinations are easier t
integrate into the complex phrase than telically congruent
noun-verb combinations. The current study was not desigtted
adjudicate between these two mechanisms. However, regard|
of the speci ¢ mechanism through which contextual modulatio
is realized, our results show that such a modulation doeséud
occur.

Whereas Semantic Minimalism is incompatible with most
of these results, Truth-conditional Pragmatics clearly jred
those e ects. The rst result, that is, that in a neutral coxte
a telically incongruent verb elicits a more negative N400
than a telically congruent verb, is actually predicted byhbot
Semantic Minimalism and Truth-conditional Pragmatics in
either functional interpretation of the N400. The other réisu
can instead adjudicate between the two theories. In pagicul
the N400 component for a telically incongruent verb was

found to be signi cantly more negative in a neutral context
than in an ad-hoc a ordance-inducing context. Assuming
the functional interpretation of the N400 as re ecting the
modulation. Evidence of top-down e ects would then questionease of lexical retrieval this result con rms the predictioh
the strong notion of bottom-up compositionality endorsed by Truth-conditional Pragmatics, but discon rms the predioti
Semantic Minimalism and speak in favor of a less rigorous motio of Semantic Minimalism. For, Truth-conditional Pragmatics
of compositionality as assumed by Truth-conditional Pragicsa  predicts that the N400 component measured on a telically
The results of our experiment speak to this debate showingicongruent verb should be more negative in the neutral than
that the amplitude of the N400 component is modulated byin the ad-hoca ordance-inducing context, whereas Semantic
pragmatic aspects of the discourse context. Given that thedN4Minimalism predicts that the N40O should not di er between the
is commonly taken to re ect automatic processes of eithetwo contexts. Given the interpretation of the N40O as re Bgti
lexical retrieval or semantic integration, these dieresce the ease of semantic integration, the result discon rms Setic
its amplitude suggest that even remote information, namelMinimalism, which predicts that the N400 component measured
an ad-hocaordance of a situation discursively introduced, on a telically incongruent verb should not be di erent betwee
does indeed modulate the meaning of a word or phrase itthe ad-hoca ordance-inducing context and the neutral context,
a sentence before sentence meaning composition is completadhereas Truth-conditional Pragmatics allows for a di erenc
(e.g.,Wilson and Carston, 20G7see alsoAsher, 201). This  Finally, the nding that a more negative N400 component was
nding is consistent with the results from other studies, isfh  elicited by a telically congruent verb in the-hoca ordance-
show similar contextual e ects focusing on di erent linguist inducing context than in the neutral context is predicted
phenomena. For instancBambini et al. (2016have shown that by Truth-conditional Pragmatics in either interpretationf o
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the N400, whereas no dierence is predicted by Semantitrom Italian to American English. Itis an open issue whethésth
Minimalism. might have a ected the LSA results. However, we complemented

On both interpretations of the N400, Semantic Minimalismthe LSA analysis with a further EEG experiment reported in
predicts that in thead-hoc a ordance-inducing context the Appendix A, in which the original Italian stimuli were used, and
N400 measured on the telically incongruent verb should béound that the results of this experiment were consistent wliid t
more negative than that measured on the telically congruemtesults of the LSA analysis. Thus, even though we cannot uile o
verb. Given the interpretation of the N400 as indicating easéhe possibility that the translation might have a ected theALS
of semantic integration, Truth-conditional Pragmaticsdeed results, the results of the complementary EEG experimentesigg
predicts that in thead-hoc a ordance-inducing context the that the mapping between the original stimuli and the transtht
N400 measured on the telically congruent verb should be morenes was at least su cient.
negative than that measured on the telically incongruenmbye We measured the SSVs between a test sentence (which
whereas Semantic Minimalism makes the reversed predictioimcludes a complex phrase, e.g., “uses the funnel to pour/hgng...
namely that in thead-hoca ordance-inducing context the N400 and its preceding discourse context and made sure that there
measured on the telically incongruent verb should be morevas no signicant dierence among the four experimental
negative than that measured on the telically congruent verktonditions. Thus, as far as LSA provides a proper measure
Given the interpretation of the N40O as indicating ease atkdx of semantic similarity, the SSVs cannot be a predictor, in
retrieval, Truth-conditional Pragmatics predicts that inetad- our experiment, of semantic expectancy and, hence, of the
hoc a ordance-inducing context the N400 measured on themodulations of the N400. Given that the N400 modulations
telically incongruent verb should not be more negative thizat  cannot be accounted for by appealing to di erences in SSVs, one
measured on the telically congruent verb. Semantic Minimalis possibility is that the aspect of the context that is respomesibl
in contrast, predicts that the N400 component for the teligall for the modulation of the meaning of nouns is rather the motor
incongruent verb should be more negative than that for thanformation brought about by thead-hoca ordances during
telically congruent verb. the mental simulation of the situation described by the @it

In sum, most of the predictions of Truth-conditional Even though this is an indirect way of testing the contrast
Pragmatics, in either interpretation of the N400, were caoned  between amodal-symbolic and embodied-simulative theprie
by the experiment, and none of its predictions was discon rmedthe modulations of the N400 that we have observed cannot
Looking just at the predictions of Semantic Minimalism whichbe accounted for by appealing to di erences in the semantic
di ered from the predictions of Truth-conditional Pragmatic  similarity between the words in the context and those in the
most of them have been discon rmed by the experiment, andest sentence. One possibility is that the N400 modulations
none has been con rmed. It should be noted that whereas ouare consistent instead with a central tenet of most embodied
predictions focus on the N400 modulations occurring when thesimulative accounts—either hybrid or full-blooded—adatiog
cue verb is processed in combination with the preceding nourto which comprehension necessarily involves simulating the
variations in the amplitude of the N400 component due tosituation linguistically described in the context.
contextual in uence, might occur already at the processihthe
noun itself. Given our experimental setting, we cannot dighb
whether this is the case or not, so this potential limitatidritee CONCLUSION
current study should be taken into account in future reséarc

Once established that contextual factors modulate th&he results of this ERP study challenge Semantic Minimalism,
meaning of a word or a phrase in a sentence before sentenadich holds that sentence meaning is composed from
meaning composition is completed, it remains to be clari edunmodulated lexical values prior to any in uence by conteadtu
what aspect of the context is exactly responsible for thifactors. The reported N40O e ects suggest that contextusbfac
modulation. We need to spell out how these results camlo indeed modulate the meaning of a word or a phrase in a
contribute to the debate concerning our second dimension ofentence before sentence meaning composition is completed.
interest: whether and to what extent comprehension involve3hus, the results of this study are in line with Truth-condial
sensory, motor, and emotional processes. More precisely, iRgagmatics, which introduces context-dependent semantic
need to clarify whether the contextual e ect is merely due theexibility by means of modulation. A further question addssed
symbolic meaning of the words and phrases in the context or tin our experiment is what aspect of the context is responsible
the situation described by the context and as mentally sated  for this modulation. Using Latent Semantic Analysis as a tool
by the comprehending subject. to quantitatively determine meaning similarity, we argudaitt

In order to address this issue, we used Latent Semanttbe reported N400 e ects cannot be explained in terms of
Analysis, which provides the amodal-symbolic account ofli erences in the semantic similarity between the words and
meaning with a method of quantitatively determining meagin phrases in dierent experimental conditions. The contextual
similarity and semantic relatedness in terms of Semantimodulation of the meaning of a word or a phrase in a sentence
Similarity Values (SSVs). On the basis of SSVs, LSA allowsay rather be due to the motor information activated in the
amodal-symbolic theories to predict the semantic expectaficy mental simulation of the situation described in the lingigst
words in their linguistic contexts. Given that LSA is based o context. Thus, although indirectly, the results of this expent
American English, we had to translate the experimental sfimuchallenge, in the case of the linguistic processing of a oréanc
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