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Abstract

The study was conducted so as to test the mergahiation of verb argument structure (VAS)
and the generalization of the predictions basetherArgument Structure Complexity Hypothesis
(ASCH; Thompson, 2003), which explains the pattrimpairment of the agrammatic patients’
verb production as a function of the argument stineccomplexity, i.e. both in terms of the number
of arguments taken by a verb (transitive vs. untergaverbs) and of the presence of syntactic
movement (unaccusative vs. unergative verbs). Tinenas i) to test the effect of the number of
arguments in a task tapping lemma access bypassiag production, in both neurologically
unimpaired (Experiment 1 and 2) and aphasic ppeids (Experiment 3), and ii) to test the effect
both of the number of arguments and of syntactiwament in a patient with deep dyslexia
(Experiment 4). Moreover, an additional goal waiform about the deficit underlying the verb-
specific impairment that characterizes nonfluertiaajm, by testing the hypothesis of a defective
lemma access as compared to a deficit at the étfygrhmmatical encoding (Experiment 3). A third
goal was to test the assumption of a separate leveepresentation for semantic and VAS
information, as suggested by models of contempogsycholinguistics (Experiment 2). In
Experiment 1, 2 and 3 participants were asked tfope a sentence completion task by choosing
among two verb options that differed either in WS (unergative vs. two-place transitive verb) or
in the verb semantic content (Condition 2 of Expent 2 only). Experiment 4 provided instead a
deep dyslexic patient with a word naming task thas performed both on verbs belonging to
different categories (unergative, unaccusativesiteve) and on nouns. Results from Experiment 1,
2 and 3 demonstrate that access to VAS informasidaster (for healthy subjects) and easier (for
aphasic patients) for unergative than for transiterbs, thus suggesting the possibility that the
ASCH more generally reflects an aspect of nornadlage processing. In addition, results from
Experiment 4 offer support only to the first predio of the ASCH, suggesting that the effect of
the number of arguments and the effect of syntasticement arise at different level of processing.
Finally, data from Experiment 2 demonstrate thatSv#nd semantic information can be accessed

independently, in line with models of contempornasycholinguistics.



Part 1

Theory



1. Verbs, arguments and models of lexical prodactio

1.1. Verbs and arguments within the theoreticaifeavork of generative grammar

A verb argument structure (VAS) is a feature sp@ngf the number and type of participants in the
event described by a verb. Arguments are elemdntiggatorily required by a verb: an argument is
defined as external when it is generated outside¢ib phrase (VPWithin the sentence syntactic
structure, e.g. the grammatical subject. On theraoy) internal arguments originate inside the VP,
e.g. the verb direct object. For instance, in (13, grammatical subject of the sentence, i.e. the
noun phrase (NPthe man is an external argument; the same holds for tRehé dogin (1b),
whereas in the same sentence theidRcatis the verb internal argument, which also plagsrtile

of direct object of the verto chase

(1) a. The man snored
[[pPThe manjesnored]]
b. The dog chased the cat
[rThe dogfrchased,sthe cat]]
c. The girl put the book on the shelf

[ipThe girl[ypput npthe booksron the shelf]]

Verbs require at least one argunfenwhich plays the role of the grammatical subjectttie
sentence. As far as the number of required argumndrdnsitive verbs require at least two
arguments, one of which is the direct object (However, there are transitive verbs that require
three arguments, e.th put(1c). In (1c), both the NEhe bookand the prepositional phrase (FR)
the shelfare indeed obligatory elements subcategorizedh@werb. On the other side, intransitive

verbs usually take only one argument, correspontbngpe grammatical subject of the sentence.

1 Within the theoretical framework of Chomsky’s Govwaent and Binding Theory (Chomsky, 1981; Chomsky & ilgsn
1991), a sentence may be represented as a treaadds and branches. Each node splits into a heaamplement and
a specifier. As far as the verb phrase (VP) nodepay be either constituted of the verb (V) onlgg@a)), or the
complement position may be filled by a noun phije, see (1b)).

2 An exception to this rule is represented by ltalimeteorological verbs asovereand impersonal verbs asmbrare
which do not take a grammatical subject (pigve[(it) rains], sembra[(it) seems]); furthermore, Italian language akow
subject prodrop, i.e. the omission of subject ptorso



However, the distinction is not always straightfard: indeed, many verbs - both in English and
Italian — are optionally transitive, i.e. they mtgke an internal argument, which under some
circumstances is not necessary. For instance, dhete readcan be either followed by a direct

object (2b), by a direct and an indirect objec)(&c can occur in an intransitive construction)(2a

(2) a. Liz is reading
b. Cindy reads the novel

c. The teacher reads the novel to the childre

As far as intransitive verbs are concerned, thay loa further classified into two categories
according to the type of arguments they requireddtail, unergative verbs like snore(la) take

an external argument, i.e. the grammatical sulgietite sentence; on the contrary, in unaccusative
sentences as (3) the grammatical subject is amaltargument. Indeed, according to the so-called
Unaccusative Hypothesis (Perlmutter, 1978; Burt86), grammatical subjects of unaccusative
sentences originate within the VP, i.e. in the posiof the direct object, and then move outside th

VP to the position of grammatical subject.

(3) The book disappeared

[rThe book[yedisappeared]]]

The difference in the type of arguments taken bgrgative and unaccusative verbs reflects a
difference in the deep structure (d-structtia) corresponding sentences, in that unaccusative
sentences entail a syntactic movement analogotisetonovement underlying passive sentences
(Figure 1). Indeed, in both unaccusative and passentences, the NP-direct object of the verb
moves out of the VP leaving a trace (t) behindrak is a silent element that plays the function of

allowing thematic role assignment, i.e. the prodagsvhich arguments are assigned a specific

3 According to the theoretical framework of genemtijrammar, each sentence has a deep structumeitlise), i.e. the
sentence in the declarative, affirmative and acfoven. The application of transformational rulestt® d-structure
results in the surface structure (s-structure) ctvitiorresponds to sentence as it appears to th&espe.g. in the passive
form (Chomsky, 1995).



thematic role identifying the role that each p@pamnt plays in the action described by the verb. In
active transitive sentences e dog chases the ¢dahe NP-subjecthe dogreceives the role of
Agent since it performs the action; the NP-objbet catreceives instead the role of Theme, which
identifies the participant who undergoes the actitwth in passive and unaccusative sentences, the

main verb assigns the role of Theme to the NP-stibfss a result of syntactic movement (see

Figurel).
(a) (b)
P
P o ‘
/ The cat,
The book; I’
§ / \
/ \ | VP
| VP was ‘
-ed ‘ v
e
v P i
/ \ by the dog
disappear- t V.
/ \
‘ chased t
Figure 1.

(1a). Representation of the unaccusative sentdiee book disappearedlb). Representation of the passive
sentencelThe cat was chased by the d@g outlined in the picture, the syntactic movetnemtailed by the two
sentences is very similar, in that it involves Mi-subject that originates in the post-verbal cemmnt position
and then moves out of the VP to the position oaidly the grammatical subject, i.e. the specifiethe
Inflectional Phrase (IP). The black arrow highlighihe syntactic movement and the co-indexatiorhefrtoun
constituent (NP). Note that in (1b) the role of Agis assigned to the prepositional phrase (BRhe dog

1.2. Unaccusativity in Italian

The same difference in d-structure between unesgatind unaccusative verbs illustrated in Figure
1 for English applies to Italian. However, Italimmd English differ with respect to the way
unergative and unaccusative verbs may be distihgdidn detail, English unaccusative verbs may

be distinguished from unergative verbs because ¢thaybe used in some linguistic constructions
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that are not supported by unergative vére distinction is easier in Italian than in Hsll
because lItalian verbs select different auxiliarigsaccusative verbs (e.gadere[to fall]) are
preceded — in composite past forms - by the auyibaserdto be], whereas unergative verbs (e.g.
dormire[to sleep]) require the auxiliary vedwvere[to have]. For instance, the composite past form
of the verbcaderewould bee caduto(e.g.ll ragazzo e cadut$The boy has fallen, lit. The bay is
fallen]), whereas for the verbormire the composite past forns ha dormito (e.g. Gianni ha
dormito [Gianni has slept]). A distinction based on theetypf auxiliary is common to other
languages, like French and Dutch. Moreover, indtalthe claim of a similarity between passive
and unaccusative sentences in their underlyingasyintstructure — as outlined by the Unaccusative
Hypothesis - is also supported by the use of éimeesauxiliary in the composite form of both verb

types. Indeed, both require the vedsereas shown in (4)

(4) a.ll ragazzo é cadutfunaccusative)
[The boy has fallen, lit. The boy is &t
b.Il gatto e inseguito dal cangassive)

[The cat is chased by the dog]

1.3. Multiple argument structures and subcategditmaoptions

As already mentioned, sometimes the classificatibwerbs into a category according to their

argument structure is not straightforward. Inddeekides the case of optionally transitive verbs
(see 1.1), which may be implemented either in msiteve or in an unergative sentence, there are

verbs (see (5)) that may occur either in an unatues(5a) or in a transitive (5b) construction.

(5) a. The vase broke

b. The girl broke the vase

4 There are several ways of testing unaccusatinitiriglish (see Levin, 1993): for instance the masticiple form of
unaccusative verbs - unlike unergative ones - tamfze used as an adjective modifying a noun {éhg.fallen vases.
*The slept man In addition, unaccusative verbs can be insemethe “expletive there” construction, i.e. whil@ a
unaccusative verb can be precededhgyeand followed by the grammatical subject a3 ere fell a vase in the kitchen
the same construction is ungrammatical with unérgaterbs (e.g. There slept John in his bed
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These verbs are much more common in English thaltalian, and are known as “alternating
unaccusative verbs”. One of the rare examplesairait is represented affondare[to sink] (6),

which can occur either in (6a) or in (6b).

(6) a.La nave ¢é affondat@unaccusative)
[The ship sank, lit. The ship is sank]
b.I pirati hanno affondato la nav@ransitive)

[The pirates sank the ship]

In addition, there are verbs that take three difieargument structures, @srere [to run] in (7):

(7) a.Mario ha corso tutto il giornqunergative)

[Mario ran all day, lit. Mario has run all day]

b. Mario € corso fino a cas@unaccusative)
[Mario ran home, lit. Mario is run home]
c. Mario ha corso la maratona di New Ydtkansitive)

[Mario ran the marathon in New York, lit. Mati@s run the marathon in New York]

Verbs like (7) have multiple argument structurdteroentailing a different number of arguments.
Furthermore, some verbs have only one argumenttsteubut may be implemented in different
syntactic structures. This is the case of verlisdiquzzardto spray], which may be implemented

in two different syntactic structures, as show(Bh

(8). a.Carlo spruzza il muro con la vernice

[Carlo sprays the wall with the paint]

b.Carlo spruzza la vernice sul muro

[Carlo sprays the paint on the wall]

12



Those verbs have two different subcategorizationoonp, one (8a) where the instrumeta (
vernice[the paint]) is realized as a PP-adjunct followthg direct objecti muro [the wall]), and
one (8b) wheréa verniceis realized as a NP-object followed by a PP-argun@ul muro[on the
wall]) that receives the role of Géal

Another example of verbs with multiple subcategatitn options ido believe which can either
occur in a sentence #s woman believed her husbamehere the verb is followed by a NP-direct
object, in a sentence #w woman believed in Gpdhere a PP-indirect object follows the verb, or
in a sentence athe woman believed that her husband was tellingtth#, where the verb is

followed by a Complementizer Phrase (CP) that seagethe verb direct object.

1.4. Arguments and adjuncts
As above mentioned, arguments are obligatorily irequby verbs; adjuncts are instead never

necessary. An example of adjunct is given in (9)the PHAn the kitchen

(9) The woman was cooking pasta in the kitchen

In (9), the PPin the kitchenis an adjunct in that it adds a specification te tkerb and to its

arguments (see Byng & Black, 1989), but is unneogsior the syntactic implementation of the
verb in the sentence. Adjuncts differ from argursemt that they are not specified by VP
(Jackendoff, 1977). As a consequence of this, #reynot verb-specific and they do not receive

any thematic role from the verb (Grimshaw, 1990).

1.5. Argument structure in models of language potidn

Some of the most influential theories of senterroglpction entail a representation of VAS and the
thematic roles assigned by a verb to its arguméntghe psycholinguistic literature, the model
introduced by Bock & Levelt (1994), and based omr&#s (1980) model of sentence production,

assumes that syntactic planning is carried ouwvimgtages: the functional level and the positional

® The thematic role of Goal identifies the thing/mershat is the final recipient of an action.
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level. The functional level corresponds to the pescof accessing word lemmas — defined by
Levelt (1989) as “packages of syntactic informdtierwhich specify, e.g. the grammatical gender
of nouns, the number and type of arguments forsyeabd the thematic roles assigned by a verb to
its arguments. The positional level entails thecHpation of the position of each lexical unit
within a sentence, together with the introductioh abosed-class words (e.g. auxiliaries,
prepositions) and the specification of bound monpé®, e.g. inflectional and derivational affixes.
The following step is phonological encoding, i.be tstage at which the word phonological
representation (lexeme) is accessed. Accordindhi® rmodel (Figure 2), lemmas are accessed

strictly before lexemes, following the assumptiémodularity (Fodor, 1983).

Functional processing

Lexical Function
selection assignment

Grammatical
encoding

Positional processing

Constituent Inflection

assembly

Output systems ‘

Figure 2.

Bock & Levelt's (1994) model of lexical productiods in Garrett (1980), the first level entails thbstact

representation of the content (message). The folipwstage is the functional level, where lemmassatected, and
verb arguments as well as information about thé thematic roles are made available. At this lepénning

involves several constituents at the same time.nEx¢ stage is positional processing, in which thimieach phrase
— a specific position is assigned to each lexiadt. .Only at this level, closed class words areeitedd into the
syntactic structure. The following level is phorgitmal encoding, i.e. access to the word phonoldgegaresentation
(lexeme). The latter are then sent to output systemarticulation.
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The assumption of modularity still remains in th&ebt version of Levelt's model (Levelt, Roelofs
& Meyer, 1999; Levelt, 2001; see Figure 3), whishbiased on a computational model named
WEAVER ++ (Roelofs, 1997). As outlined in Figure Bie production process begins with
conceptual preparation, i.e. the process by whighimntentional message is transformed into a
“lexical concept” and which is modulated by semardnd pragmatic factors as the speaker’s
perspective. Within this level, lexical concepte abnceived as nodes whose connections specify
conceptual relations (e.g. “as t0”). Once a spedikical concept is selected, activation spreads t
the following level, i.e. lexical selection. Eadtxical concept spreads activation not only to the
correspondent lemma, but also to its “neighbor®, io lemmas that have connections with it.
Lemma selection takes place according to a stalbtidriven process whereby “during any
minimal time unit, the probability of selecting tkerget lemma equals the ratio of its activation to
the sum of activation of all lemmas” (Levelt, 200Lmmas are connected to nodes specifying
syntactic features, e.g. in the case of a verb tikeake nodes will specify the grammatical
category (verb), the required number of argumetw®)( and other parameters like tense and
aspect. Lemma access therefore implies that syntadébrmation is made available and is then
used for grammatical encoding, i.e. the processvhich phrases and propositions are created.
Selected lemmas then spread activation to thewoilp level: the morpho-phonological encoding,
i.e. the stage where the phonological representatica word (lexeme) is retrieved. At this level
several types of information are accessed, i.e.phudogical (related to the constituent
morphemes), metrical (concerning the position akats) and segmental (regarding the constituent
phonemes). The penultimate stage is phonetic engpde. a preliminary and abstract encoding of
the word as a motor sequence of articulatory gestuFhe latter is eventually executed by the

articulatory system.
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conceptual focusing ‘ Figure3.
' Levelt et al's model of spoken production
lexical concept (adapted from Levelt, Roelofs & Meyer,
1999).

| lemma selection |

lemma

l grammatical encoding

morpho-phonological
encoding

lexeme

‘ phonetic encoding ‘

articulatory score

Both models (Bock & Levelt, 1994, Levelt et al.,.989 assume a strictly serial lemma-lexeme
access, i.e. the syntactic properties of the upegrword are accessed before the phonological
word form is retrieved. An alternative view is tlome offered by Caramazza (1997), who
developed a model of lexical production — knowrntlesindependent network modelatmed at
overcoming lemma-lexeme seriality (see Figure 4cdkding to Caramazza, the information that
in Levelt is assumed to be stored at the lemmal lisvdivided into two independent networks:
semantic features are assumed to be part of aaleséenantic network, whereas the lexical-
syntactic network contains information on gramnadtidass, gender, auxiliary type and argument
structure. The model also entails two modality-#edexeme networks for phonological (P-
lexemes) and orthographical (O-lexemes) representatThe basic assumption of this model is
that the lexical-semantic network (i) projects tatbP and O-lexemes, which in turn project to the
lexical-syntactic network and (ii) is directly caroted to the lexical-syntactic network. The
activation of a lexical-semantic representatioreads simultaneously and independently to both
the lexical-syntactic and the word-form (lexeme}teyns. However, while the lexeme-networks
can reach the activation threshold and thus bettiiractivated by the lexical-semantic network,

the lexical-syntactic system can only be primed ihyand needs to be reinforced by the
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phonological/orthographic representation in oradebe activated. Therefore, the full activation of
information concerning the word grammatical clasd &AS follows the retrieval of either the

orthographic or the phonological lexeme.

Lexical-semantic
network

Figure4.
Caramazza’'s model of lexical production
adapted from Caramazza (1997)

Orthographic
lexemes
(O-lexemes)

Phonological
lexemes
(P-lexemes)

Lexical-syntactic
network

1.6. An alternative account: The constructional my@ezh to argument structure

According to the models of language productionieagresented, which refer to a psycholinguistic
approach, argument structure is a lexical featuee,a property of the verb, and it is stored at a
separate level of processing from semantic infoilemain detail, following Levelt's work (Levelt,
1989; Bock & Levelt, 1994; Levelt et al., 1999, 2p0argument structure information is stored at
the lemma level, which is conceived as being subsatgand separate from the level of semantic
information. Caramazza (1997) posits instead arguisteucture information as being stored in the
lexical-syntactic network, which is considered &pagate from the lexical-semantic network.
Therefore, even if those two models differ withpest to their architecture, they share the fadt tha
semantic and argument structure information arepaddently and separately stored.

However, not all the literature is in line with shassumption. A theoretical linguistics-based
approach, i.e. the constructional approach to aeguratructure (Goldberg, 1995, 2003), holds a
different position. Within this theoretical framexkpverbs and VAS are stored as constructions, i.e.

as “stored pairings of form and function” (Goldbe&903), each carrying a specific meaning.
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Following Pinker (1989), the constructional appfoassumes that sentence structure is predictable
from the verb semantic representation, and thezefdifferent sentence structures reflect
differences in the verb meaning or in the discoudtsection (see (10), examples taken from
Goldberg, 2003). According to this approach, argum&ructure is conceived as a piece of
information carried by the construction (e.g. tiims, unaccusative, passive) and not by the verb,
as stated by psycholinguistic approaches. More@amantic and argument structure information
are supposed to be strictly tied to each otherepasented at the same level of processing, $o tha

the semantics of the construction determines theth@verb realizes its arguments.

(10) a. He sliced the bread (transitive)

b. Pat sliced the carrots into the salad (causatiotion)
c. Pat sliced Chris a piece of pie (ditransitive)

d. Pat sliced the box open (resultative)

e. Emeril sliced and diced his way to stardom (a@ystruction)

18



2. Acquired language disorders: The several sitlaplmasia

2.1. Aphasia: Definition and principles of class#iion

Aphasia is an acquired language disorder that wegboth the production and the comprehension
of linguistic messages and occurs in individualthvé history of normal language acquisition,
usually following an acquired brain lesion of thedtlhemisphere. The language disorder often
addresses multiple linguistic units and modalitiesveral types of aphasia have been described in
the literature, according to the extent of the dgento the different linguistic units. The main
criterion for classification is fluency — a complegncept that takes into account phrase length,
prosody, articulation and verbal agility — whicloals differentiation between fluent and nonfluent
aphasia types. Nonfluent aphasia is usually cheraed by reduced and effortful speech, with
production of short sentences, and often entaiisradlon of the melodic line (prosody) and
articulatory difficulties. On the other side, flueaphasic patients usually show abundant, well
articulated speech, where syntax is usually compl&xfeaturing frequent lexical, semantic and
phonological deficits. Following the neoassociabmpproach developed by Geschwind (1965)
and his colleagues (see Benson & Ardila, 1996) lamskd on the original model by Wernicke-
Lichtheim (Wernicke, 1874; Lichtheim, 1885), apltasyndromes can be classified as follows.
Nonfluent aphasic syndromes include: global apha3raca’s aphasia and transcortical motor
aphasia.Global aphasiausually follows a broad lesion of the left hemiggh causing severe
impairment of all language aspects: speech outpicarce and often limited to production of
stereotypic utterances (such as “tan”), reading ariting are usually abolished, and language
comprehension is also severely impairBdoca’'s aphasiais characterized by reduced effortful
speech output, with impaired articulatiaapfaxia of speechRosenbeck, Kent & La Pointe, 1989)
and production of short sentences; anomia, i.&cdify in lexical retrieval, is always present and
Broca’s aphasic patients often suffer from agransmaisee 2.2.). Reading aloud and repetition
are massively impaired, comprehension is mostlyedeafe when it must rely on syntactic
processing, i.e. in case of syntactically complentences (passive, interrogative, relative
sentences). The brain lesion in Broca’s aphasétés localized in the frontal lobe, and it inclgde

Broca's area as well as adjacent aréasnscortical motor aphasias an infrequent form of
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nonfluent aphasia whose main symptom is verbailation difficulty in spite of a good naming
ability as well as good comprehension and repetiidlls.

Fluent aphasic syndromes include instead: Werrsck@hasia, conduction aphasia, transcortical
sensory aphasia and anomic aphasia. Patients ingffeom Wernicke's aphasialemonstrate
abundant speech output, with normal phrase lengthaksence of articulatory deficits. However,
production is usually characterized by lexical gbnological paraphasias as well as by passe-
partout words (e.g.thing), which render the communication less effectiveanguage
comprehension is often impaired, as well as wrildiguage (reading, writing) and word repetition.
The main symptom ofonduction aphasidas a word repetition deficit, associated with paimic
paraphasias andonduites d’approche successive repairs in approaching the target woid
speech output. Reading aloud and writing are impaibut oral and written comprehension are
mainly sparedTranscortical sensory aphasia a form of aphasia where language comprehension
and production are severely impaired due to selieal-semantic damage. Writing and — to a
lesser extent — reading are also impaired; on tharary, word and sentence repetition are
relatively preserved. Patients suffering framomic aphasianainly show lexical retrieval deficits

in picture naming tasks as well as in spontaneqeech; comprehension and repetition are

relatively preserved, and reading and writing arg anildly impaired or unimpaired.

2.2. Morpho-syntactic deficit in aphasia

Some aphasic patients exhibit specific difficulti®s syntactic processing, which are usually
identifiable as agrammatism or paragrammatism.

Agrammatismis often associated with Broca’s aphasia, and itharacterized by a so-called
“telegraphic” output, i.e. sentences are usually &hort (3-4 words in length), with omission of
closed-class vocabulary and omission (in Engligshgubstitution (in Italian) of bound morphemes
(inflectional or derivational affixes). Agrammatism also entails difficulties in sentence

comprehension, when the latter must rely on syotacannot be accomplished through the use of

® A crucial difference between English and Italiarthiat the latter is a language with rich morphpjoghere almost all
words are inflected. While in English the omissafrbound morphemes results in the production ofwthed root (e.qg.
playing — play), which is still a meaningful word, in Italian @malogous omission would result in a non-word (e.g.
giocando— *gioc). Therefore, bound morphemes as verb inflectiorsuaually subject to substitutions (eggpcando

— gioca).
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extra-linguistic (pragmatic) information (Caramaz&urif, 1976; Schwartz, Saffran and Marin,
1980a). For instance, agrammatic patients showvicdif§ in processing syntactically complex
sentences such as passive, interrogative andveelgintences. However, patients are usually able
to perform a grammaticality judgment on the samen-cemonical sentences they cannot
comprehend (see Linebarger, Schwartz & Saffran3)L98

Paragrammatismis a morpho-syntactic disorder sometimes co-oaegrwith fluent forms of
aphasia. The main symptom of paragrammatism isubstitution of inflectional and derivational
morphemes and of closed-class words; furthermopeech production is characterized by
blendings, i.e. errors resulting from the mergetvad different syntactic constructions. Examples
are given in (11) for English (see Butterworth &whod, 1987) and in (12) for Italian (see Luzzatti,

2005):

(11) a. *They’re not prepared to béhelpful
Resulting from the blend of
b. They're not prepared to bhelp

c. They're not prepared to belpful

(12) a. *Il gatto vea cerca di topi
Resulting from the blend of
b. Il gatto van cerca di topi

c. Il gatto vaa caccia di topi

2.3. The verb-specific impairment in nonfluent apha

There are several sources of evidence in the aplitssiature of a specific difficulty in producing
verbs (compared to nouns) in nonfluent aphasieptsj and particularly in agrammatism.

Verbs differ from nouns in several ways: first df avhile nouns indicate entities, verbs describe
processes (Laudanna & Voghera, 2002). Secondlyasvare usually acquired later in time than

nouns during language acquisition (Gentner, 198juns have many more lexical-semantic
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neighbors (categories) than verbs. An additiontibdince between nouns and verbs lies in the
type of information on which the definition of auroor a verb is based: in detail, verb knowledge
is based on functional information, whereas knogtedf nouns mostly relies on visual
information (McCarthy & Warrington, 1985). A reldtéssue is represented by the lower capability
of verbs vs. nouns of eliciting concepts associatéi a mental image, i.e. verbs have lower
imageability (or concreteness) than nouns (Birdwerd & Franklin, 2000, 2001, 2002). Last but
not least, verbs have a specific argument structurereas nouns do riot

Several neuropsychological studies outlined a dliffy for agrammatic patients to name verbs
when compared to nouns, and the opposite pattermnfamic patients (see Miceli, Silveri, Villa &
Caramazza, 1984; McCarthy & Warrington, 1985; Zsege& Berndt, 1988). However, later
studies pointed out that verb-specific impairmentat restricted to agrammatic patients, but often
generalizes to fluent aphasia (see Kohn, Lorch &r§wn, 1989; Berndt, Mitchum, Haendiges &
Sandson, 1997a, 1997b). These results were intedoes being in favor of a noun-verb double
dissociation within the mental lexicon, which leda number of studies aimed at identifying the
neural correlates of verb and noun processing énbtfain. In detail, Damasio & Tranel (1993)
proposed that the noun-specific impairment cameitatodiowing left-hemisphere temporal lesions,
whereas the verb-specific deficit was a consequeifidesions involving the left inferior frontal
gyrus. This hypothesis has recently been challeivgemhatomo-correlative studies (see Aggujaro,
Crepaldi, Pistarini, Taricco & Luzzatti, 2006; TeanManzel, Asp & Kemmerer, 2008) as well as
by neuroimaging studies (see Crepaldi, Berlingesiulesu & Luzzatti, 2011, for a recent review)
showing a far more complex pattern of brain damagjated to verb-specific impairment.
Moreover, not all the literature is in line withetlexistence of a verb-noun double dissociation. For
instance, according to Jonkers and Bastiaanse [, 189&phasic patients show a better retrieval of
nouns than of verbs, the opposite pattern derifiam linguistic and psycholinguistic variables

that influence word retrieval.

" There are however some abstract nouns deriving tfmverb root (e.gdistruzione[destruction], deriving from
distruggere [to destroy]) and verbs defining familiar relatsofike zio [uncle] that require a complement (elg.
distruzione della cittdthe destruction of the city]).
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Verb-specific impairment in nonfluent aphasia haserb subject to several contrasting
interpretations in the literature. The ongoing deban its nature entails two main positions: the
interpretation in terms of grammatical-class effantl the semantic account. In detail, the first
assumes that the noun-verb dissociation reflectsffarent representation of verbs and nouns
within the mental lexicon, and particularly eitterthe lemma level (Berndt et al., 1997a, 1997b;
Crepaldi et al., 2006) or at the lexeme level (Rap@ Caramazza, 2002). A semantic account of
the verb production deficit was first proposed byc@®arthy and Warrington (1985), who
interpreted the phenomenon in terms of disruptibthe underlying knowledge: indeed, while
nouns usually refer to objects and rely on vism&brimation, verbs refer to actions and rely on
functional information. According to this hypothesit is functional knowledge that is damaged in
agrammatic patients. A related semantically-basmmunt is the one proposed by Bird and co-
workers (2000, 2001, 2002), who assumed that varbssignificantly more difficult to produce
than nouns because they have lower levels of intdlggai.e. they are less capable of eliciting
concept associated with mental images. Since inmggausually has an influence on aphasic
patients’ performance in a variety of tasks, tluscant is relevant to the debate in that it entails
explanation of the noun-verb dissociation in terofisa unitary semantic deficit. However, the
semantic account has been challenged by the fiadofgRapp and Caramazza (2002), who
described the case of a patient showing a noun-disbociation whose impairment varied
according to the linguistic modality, i.e. a vegiesific impairment in written production and a

noun-specific impairment in spoken production. dotf these results cannot be accounted for by

Q

semantic deficit, which would cause the same pattérmpairment in all modalities. Furthermore,
Luzzatti and co-workers (2002) conducted a studyaogroup of fluent and nonfluent aphasic
patients, in order to test the extent of the verbedfic impairment in aphasia and its relation to
imageability. The authors found a verb-specific anment in the group of nonfluent aphasic
patients and conducted a bivariate logistic regmassn each of these patients in order to evaluate
the noun-verb dissociated pattern of accuracy whkeng into account the effect of imageability.
The results of this analysis pointed out that, hile verb-specific impairment disappeared in

many patients after imageability was partialled soime patients still showed a specific deficit for
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verbs. Therefore, these data discourage an intatjre of the noun-verb dissociation in terms of a
damage to the sensorial/conceptual system, ratiggiesting a grammatical class deficit.

Even theories that consider the verb productioncidéh agrammatic aphasia as grammatically
driven differ with respect to the locus of the veficit. For instance, Caramazza and co-workers
(Caramazza & Hillis, 1991; Hillis & Caramazza, 198app & Caramazza, 2002) hypothesize that
the verb-noun dissociation reflects selective impants of either noun or verb processing at a late
lexical stage, i.e. either the orthographical @ ponological output lexicon. The possibility that
the verb-specific deficit is located at an earbésge of language processing was introduced by
Berndt and colleagues (1997a, 1997b; Berndt, HgedinBurton & Mitchum, 2002). A similar
position was held by Crepaldi and co-workers (2008)o tested 16 aphasic patients in a picture
naming task and a sentence completion task elicthie production of both nouns and verbs. The
results outlined a clear co-occurrence of imagéghiind grammatical class effects, which was
attributed either to the role of the right hemiggh¢RH), as suggested by Coltheart (2000;
Coltheart, Patterson & Marshall, 1987) or to adakisyntactic deficit (lemma level) involving the
VAS. In their paper, Bastiaanse & van Zonneveld&assume that the verb deficit is located at
the lemma level, and outline three contrasting kiypses, i.e. damage to verb lemmas, defective
lemma access or a deficit in grammatical encodiffte authors discuss that damage to verb
lemmas is not likely to be responsible of the vandduction deficit: indeed, given that there isyonl
one set of lemmas, damage to lemma representations be reflected in comprehension tasks as
well. The latter has however been disconfirmed dsearch demonstrating spared comprehension
of verbs as singletons in agrammatic patients (Beekers, 1998). The two main contrasting
positions are therefore the following: defectiveniea access, as assumed by Kim & Thompson
(2000), and a deficit in the process of grammateatoding, i.e. the post-lemma level in which
sentence constituents are assigned their positithinithe sentence. The latter was proposed by
Bastiaanse and van Zonneveld (2005) in order towatcfor the difference in the performance of
agrammatic patients in producing the same verbsimple vs. complex syntactic structure. In
detail, the authors tested patients suffering fBnoca’s aphasia in two experiments using the same

set of verbs in two conditions that differed inmgraatical complexity. The results outlined lower
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accuracy in performing the task in the complex doorg suggesting that the verb deficit is related
to the sentence syntactic structure. Thereforeathtbors claimed that the locus of the deficit is
subsequent to lemma retrieval, i.e. at the levebm@mmatical encoding. Besides the several
accounts presented so far, there is a group ofi#seproposing that a purely syntactic deficit is
responsible of the symptoms of agrammatism (eg.G®dzinsky, 2000, for the Trace-Deletion
Hypothesis; Friedmann, 2000, for the Tree-Prutiggothesis). However, these accounts will not

be discussed since they are outside the scope ekiberimental research presented in Part 2.

2.4. Acquired dyslexia and grammatical class e$téEhe case of deep dyslexia.

Besides the difficulties in spoken production amdnprehension, aphasic patients often show a
deficit in reading words aloud, as a result of #uguired brain lesion. The reading disorder is
defined as acquired dyslexia, and can assume eliffefeatures according to which reading
procedure is damaged. The present classificatidgheo$everal forms of acquired dyslexia is based
on a cognitive model (dual-route model, see Colthé&zurtis, Atkins & Haller, 1993; Coltheart,
Rastle, Perry, Langdon & Ziegler, 2001) that ddmsithe unimpaired reading process as relying
on two separate procedures (or routes, see Figutbessub-lexical route and the lexical-semantic
route. The first provides a reading process accisimpdl by means of a grapheme-to-phoneme
conversion (GPC) routine, in which letter stringe aegmented into the constituent graphemes,
which in turn are translated into the correspondpttpnemes and then assembled into a
phonological string that enters the phonologicdfdsutto be temporarily stored until articulated. On
the contrary, reading aloud through the lexical-etic route entails the following steps: 1) visual
analysis of a given letter string, 2) retrievatloé orthographic representation through accedseto t
orthographic input lexicon (OIL), 3) retrieval dfed semantic features associated with the word, 4)
access to the phonological output lexicon (POL)emghthe phonological representation of the
word is retrieved, 5) storage of the phonologiegiresentation within the phonemic buffer and 6)
articulation. While the sub-lexical route allows feading of regular words and of non-words, i.e.

letter strings that do not have a lexical entrihie mental lexicon, the lexical-semantic routevaio
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for reading ofregular words and of words with irregular graphem@honeme correspondence

(e.g.yacht, pint or colongl

letter string

Figureb.
l Dual-route model of readinglhe

visual analysis | model entails two distinct
l procedures for reading letter
strings aloud: the sub-lexical route
orthographical input is represented on the right of the
lexicon picture, whereas the lexical-
semantic route is depicted at the
| ——— center. The third route, i.e. the
semantic grap direct lexical route, is different
system phoneme from the previous route in that it
SOMRETSION allows the reading process to
l bypass the semantic system
phonological output through the connection between
lexicon the orthographical input lexicon
and the phonological output

l | lexicon.

phonemic buffer I

}

articulated word

When the lexical-semantic route is impaired, regditoud is possible for non-words (engeckey
and regular words (e.garrot), in that both can be read via the applicatiothefGPC rules; on the
contrary, reading irregular words liklonelis impossible, since it relies on the retrievaltloé
word’s phonological representation, which is stoiadthe POL. The latter is the type of
impairment underlying a specific form of acquiregsléxia, namelysurface dyslexiaWhen the
sub-lexical route is damaged, reading aloud isiplesenly for words, i.e. letter strings that have
representation within the mental lexicon, wherezading of non-words is impaired: this is the
pattern that identifiephonological dyslexiaa reading disorder often co-occurring with noefiu
aphasia. The observation of patients with presereeding ability for irregular words but poor
comprehension of their meaning (e.g. Schwartz r&a# Marin 1980b) called for the introduction
of a direct lexical route connecting the OIL to 8L (and bypassing the underlying conceptual
knowledge) in addition to the aforementioned lekgmmantic route.

Deep dyslexigDD) (Marshall & Newcombe, 1973; Coltheart, Pater & Marshall, 1980), is an

acquired reading disorder often co-occurring wihaanmatic aphasia. Its main characteristic is the
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occurrence of semantic errors in the patients’ irgpgderformance: for instanceight is read as
sleep or river as ocean (Patterson & Marcel, 1977; Plaut & Shallice, 199gsides semantic
errors, patients suffering from deep dyslexia aisoduce visual (e.gwhite for while) and
morphological errors c{ass vs. classify. Their performance is also characterized by word
frequency effects and by imageability effects, tencrete nouns are read better than abstract
nouns. The DD reading performance is also infludrime grammatical class of the word stimuli,
with nouns being read better than adjectives, whicturn are read better than verbs and function
words (prepositions, auxiliaries, etc.). FinallyD atients are unable to read non-words, because
of the severe damage of the sub-lexical route adirgy.

Within this theoretical framework, DD is assumedrésult from damage to the sub-lexical route
and concomitant disruption of the direct lexicalte(see Nolan & Caramazza, 1982), which force
the retrieval of phonological representations tlofe the access of conceptual knowledge. An
additional fragility of either the semantic systéself or of the connection between semantics and
the phonological output lexicon would account foe bccurrence of semantic errors (Shallice &
Warrington, 1980).

Similarly to the noun-verb dissociation shown byfheent aphasic patients in production, the part-
of-the speech effect and the imageability effeat ttharacterize DD have often been interpreted as
consequences of the same core semantic defictt @ial., 2000, 2001, 2002; see 2.3.).

Deep dyslexia is quite rare and because of itsicodat features has been subject to several
attempts to explain the co-occurrence of its symgtoFollowing the aforementioned dual-route
model of reading, DD is conceived as resulting frooitiple sources of damage within the model,
within this framework, the pattern of errors obsehin DD is assumed to result from residual
abilities of the left hemisphere (LH). The lattgagpaoach is usually referred to as the “multiple-
deficit account” of DD. Another popular accounttlie so-called “Right-Hemisphere Hypothesis
(RHH)”, proposed by Coltheart and colleagues (198 by Saffran, Boygo, Schwartz & Marin
(1980). These authors suggested that DD would atetlee emerging right hemisphere (RH)
linguistic abilities, which are supposed to be tadito high-frequency concrete nouns. In detalil,

according to the RHH, an extensive LH lesion watddise damage to the LH orthographic input
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lexicon, thus forcing reading performance to ralyRH orthographic processing, i.e. rough lexical
and conceptual stores, which are limited to higlgfrency concrete nouns and no GPC. The RH,
however, is assumed to have no phonological competdaherefore, access to phonology would
have to occur within the LH. A further account oD[Darises from the “Failure-of-Inhibition
Theory” (FIT) proposed by Buchanan, McEwen, Westtamd Libben (2003; see also Colangelo
& Buchanan, 2005), according to which the presafiGamantic substitutions in DD would derive
from defective inhibition of semantically relatednapetitors within the phonological output

lexicon.
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3. Verb argument structure deficits in aphasia

Several studies, as earlier discussed, demonstavedb-specific impairment in aphasic patients,
and particularly in patients suffering from Brocaphasia with agrammatism. The selective
difficulty in verb production has been attributedmany factors, including the low imageability of
verbs in comparison to nouns, as explained in @tBer factors influencing verb production in

aphasia are the possibility of verbs to be assediaith different actions (see Kemmerer & Tranel,
2000), as well as the semantic reversibility of eamstions (e.gpull andpushdescribe the same

action, but with a reversal of thematic roles) ahd verb instrumentality, which according to
Jonkers and Bastiaanse (1996) renders verbs mtfreullito retrieve for aphasic patients. A

particularly relevant factor influencing aphasidig@ats’ ability to produce verbs is verb argument
structure (VAS), as shown by several studies thtte discussed in detail. Most studies focused
on nonfluent aphasic patients and particularly mgnatic patients, reporting an increasing

difficulty in verb production as more complex beasthe VAS.

3.1.The Argument Structure Complexity Hypothesis (ASCH)

The “Argument Structure Complexity Hypothesis”,ABCH, was proposed by Thompson (2003)
in order to account for findings concerning thduahce of argument structure complexity on verb
production in agrammatic aphasia. According to Hypothesis, verbs with a complex argument
structure — both in terms of the number of argusmdaken by a verb and of the presence of
syntactic movement in the underlying structure e @nore difficult to produce for agrammatic
patients. As far as the first issue, i.e. the nungberguments taken by a verb, the different degre
of verb complexity is reflected by the differenasteeen unergative and transitive verbs (see 1.1.),
whereas the second issue, i.e. the presence ofmeoien the underlying syntactic structure, refers
to the difference between unergative and unacagsatrbs (see 1.1. and 1.2.). Studies assessing
the two aforementioned issues in both aphasic aodofogically unimpaired participants will be

described in the following two paragraphs.
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3.2. Argument structure complexity I: the effedihef number of arguments

The assumption made by the ASCH concerning the purob arguments taken by a verb is
supported by several studies on aphasic patientdifferent languages. Thompson, Lange,
Schneider & Shapiro (1997) tested 10 agrammatiemtaton a picture description task and on an
elicited sentence production task in order to tlesteffect of the number of arguments taken by the
verb. Data showed that agrammatic patients moridygasduced unergative verbs than transitive
verbs. Two-place transitive verbs were easier ¢alpee than verbs such t@sgiveor to put which
require a three-place-argument structure. Finaggn the latter were more easily produced than
verbs such a$ sayor to know which are usually followed by a whole sentencg, e girl
knows the cat is under the besimilar results were obtained by Kim & Thomps@9@0, 2004),
both in a picture naming task and a verb categtwizaask, and further support was offered by
Thompson (2003). Data in line with these finding®aome from studies on agrammatic patients’
production in other languages, including Dutch k#we, 2000), Hungarian (Kiss, 2000), Italian
(Luzzatti et al., 2002), German (De Bleser & Kaks;2003) and Russian (Dragoy & Bastiaanse,
2010). However, not all studies report a gradiehdifficulty going in the same direction as
predicted by the ASCH. For instance, Jonkers arsti®@nse (1998) tested two patients suffering
from fluent aphasia, reporting in one of them aeree pattern of impairment, with transitive verbs
being retrieved more easily than intransitive veirbs picture naming task. Furthermore, data
regarding a complexity effect elicited by the numbé arguments taken by a verb come from
studies on nonfluent agrammatic patients’ productiwith the exception of one study (see
Schwartz et al., 1980a) in which sentence compabenwas less accurate for transitive vs.
intransitive verbs, other studies (see for instéfioe & Thompson, 2000, 2004) failed to report an
influence of argument structure complexity on cosm@nsion. Thus, the ASCH can account for
the pattern of verb production in agrammatic pasiebut not in comprehension. However, there
are a few studies reporting a modulation of patiemisponses by the number of verb arguments in
tasks that do not involve overt production: onthis aforementioned studies by Kim & Thompson
(2000, 2004), which outlined agrammatic patientgtdr performance in categorizing intransitive

verbs vs. transitive verbs; two additional studi®sapiro & Levine, 1990; Shapiro, Gordon, Hack
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& Killackey, 1993) analyzed instead reaction tiniegluent and nonfluent aphasic patients while
performing a cross-modal lexical decision task,orépg longer reaction times to verbs taking
three arguments (e.tn sell, to lenithan to two-place transitive verbs. Converginglemce also
comes from a neuroimaging study on five agramnyaditents (Thompson, Bonakdarpour & Fix,
2010), which showed an effect of the number of argnts (one-place vs. two- and three-place
verbs) on brain activation in the right angular ugyr These results reveal an activation of the
homologue region that was shown to be activateddmps with complex argument structure in
healthy participants. Indeed, the same study regdorhcreasing brain activation within the
posterior areas of the left hemisphere (angularugyyrsupramarginal gyrus) when healthy

participants performed the same task as aphasengsti.e. a lexical decision task.

3.3. Argument structure complexity II: the effect oftagtic movement

The assumption of the ASCH concerning the highenatexity of unaccusative in comparison to
unergative verbs has found support in the liteeatur aphasia in several languages. The first study
to show that unaccusative verbs were particulanpaired in agrammatic aphasia was conducted
by Kegl (1995). Luzzatti and co-workers (2002) ¢elsta large group of fluent and nonfluent
aphasic patients and found that — only in the groluponfluent aphasic patients - unaccusative
verbs were more impaired than unergative verbs picture naming task. Similar results were
obtained for the English language by Thompson (20&3d Thompson and Lee (2009) in
agrammatic patients, and Sanchéz-Alonso, Martir@reifo & Bastiaanse (2011) reported
analogous results for Spanish. A greater difficultyboth production and comprehension of
unaccusative vs. unergative sentences was founilldlister, Bachrach, Waters, Michaud &
Caplan (2009) for the group of aphasic patientsliting both nonfluent and fluent aphasic
patients) and for age-matched participants. Givieat tthe difficulty with production and
comprehension of unaccusative sentences was rigtted to aphasic patients, the authors claim
that their findings are better interpreted as aeganeffect of complexity and not as a linguistic

deficit concerning syntactic movement, as assunyetidd ASCH.
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3.4. Argument structure processing in healthy individgual

To sum up, most behavioral studies that addredsedssue of argument structure complexity in
aphasia — with a few exceptions - report resuli #re in line with the ASCH. Evidence also
comes from studies conducted on neurologically pained participants.

There are a few studies (Shapiro, Zurif & Grimsha@87; Shapiro & Levine, 1990) reporting a
modulation of reaction times to verbs with diffareargument structure: in both these studies,
however, higher reaction times were elicited bybgethat had multiple subcategorization options
(e.g.to sell, to lendlin comparison to verbs that had only one optioneikhibi). Another study
(Friedmann, Taranto, Swinney & Shapiro, 2008) tisd the same paradigm as the previous two
studies, i.e. cross-modal lexical decision taskowsd that control participants processed
unaccusative verbs in a different way from unexgatierbs, specifically participants demonstrated
a re-activation of the trace for unaccusative bat for unergative verbs, in line with the
Unaccusative Hypothesis (see 1.1.). Most evidefi@naffect of argument structure complexity
on verb processing in normal participants cometeatsfrom neuroimaging studies. Thompson et
al. (2007), in a study examining one-, two-, ancéhargument verbs, found graded activation in
the angular gyrus for young participants. This ibraiea in the left hemisphere was active for
processing two- versus one-argument verbs, andelalyy for processing three versus one-
argument verbs. Similar effects were reported by-Bbkachar, Hendler, Kahn, Ben-Bashat &
Grodzinsky (2003), who also found activation in gosterior peri-sylvian language network (PPN)
— and particularly of superior temporal gyrus (STa&ay sulcus - for verbs with a more complex
argument structure. Shetreet, Palti, Friedmann &ad§2007) found activation of the PPN and an
additional left inferior frontal (BA 47) activatiofor verbs with more dense subcategorization
frames, but did not report any difference for vadigng different number of arguments. While the
last two studies tested verb processing in a seateontext, Thompson and co-workers used a
lexical decision paradigm, thus testing the eftddhe number of arguments with verbs in isolation.
Den Ouden, Fix, Parrish & Thompson (2009) investiddhe effect of VAS complexity by asking
young participants to perform an action/object magtiask, where stimuli were either pictures or

videos. Results outlined greater activation of BN bilaterally — with a prevalence in the left
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hemisphere - for transitive vs. unergative; an @altl activation of the left inferior frontal gysu
including Broca's area was found as well.

As to the issue of unaccusativity, a recent neuaging study carried out by Shetreet, Friedmann
& Hadar (2009) found an increase in the activabbthe left inferior frontal gyrus and of the left
posterior middle temporal gyrus for unaccusativetesgces vs. unergative sentences by using a
plausibility judgment task.

To summarize, the joint consideration of both psgjiciguistic and neuroimaging research
indicates that argument structure complexity inflcess normal language processing by causing an
increasing processing load within left frontal indée and left posterior temporal language areas.
This has been shown to be reflected in a modulatioeaction times according to verb complexity,
but only for some aspects of argument structureptexity, i.e. the possibility of subcategorizing
multiple argument structures and the movement obtitwents within the syntactic structure of

unaccusative sentences (Shapiro et al., 1987; ®Sh&pievine, 1990; Friedmann et al., 2008).

3.5.Processing arguments and adjuncts in nonfluent sjgha

The main difference between arguments and adjueties on the fact that, while arguments are
obligatorily required by a verb, adjuncts add som@rmation to action expressed by a verb
without being necessary to make the sentence gréioaiya correct. Given this difference, some
authors investigated the possibility of these twordvcategories to be differently impaired in
acquired language disorders. A few studies examinegroduction of arguments and adjuncts in
aphasic patients, suggesting that arguments ater bgteserved than adjuncts. For instance,
Canseco-Gonzalez, Shapiro, Zurif & Baker (1990)n&d a severe Broca’s aphasic patient in an
artificial language and reported that the patiead Imore difficulty learning symbols representing
verbs in sentences where the third element wasdama rather than an argument. Further
evidence comes from a study by Shapiro, McNamateif,Z.anzoni & Cermak (1992), who
reported that a group of amnesic patients were mngpaired in repeating sentences with adjuncts
than those with arguments only. However, not adulis are in line with the findings so far

presented: Byng and Black (1989) found that sixaajih patients produced adjunct phrases
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successfully. A recent study by Lee and Thomps@i1® addressed the issue of the linguistic
difference between arguments and adjuncts by tgStiagrammatic patients and 13 age-matched
individuals in a sentence production task, whemrtigipants were instructed to generate a sentence
using the verb and the nouns presented on a scVékite the difference in accuracy between
producing arguments and adjuncts was not statlistisignificant, the inspection of eye-movement

data revealed a greater processing cost for adjwsciarguments for both groups.

3.6.Fluent aphasia and argument structure deficits

Despite the evidence reporting an effect of argunsémucture complexity for nonfluent aphasic
patients only, some studies suggested that the pagmomena characterizing the verb deficits in
nonfluent aphasia could apply to fluent patientsnadl. For instance, Luzzatti and co-workers
(2001) demonstrated that fluent aphasic patierftersa from difficulty in comprehending passive
sentences and - more in general - syntacticallyppexnsentences, similar to agrammatic patients.
Moreover, McAllister and colleagues (2009) foundpecific impairment in comprehending and
producing unaccusative sentences in a group ofsaplmatients (N=9), the majority of which
suffered from mild fluent aphasia. Since the mafference between unaccusative and unergative
sentences relies in syntactic complexity, i.e.hea presence of syntactic movement in sentences
with unaccusative verbs, data indicate that granoalatdisorders typically associated with
agrammatism may apply to fluent patients as well,peeviously suggested by other studies

(Lukatela, Shankweiler & Crain, 1995; Berndt ef #097a, 1997b).

3.7. A study of argument realization during sentencedpction: picture description in
fluent and nonfluent aphasic patients

In a previous study (Barbieri, Basso, Frustaci &zaitti, 2010), we investigated aphasic patients’
ability of producing verb arguments within trangitisentences. Based on the clinical evidence
reporting errors in verb argument production in agt patients, fluent and nonfluent aphasic

patients were tested as to their production of wguments in a picture description task, in order
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to inform about the locus of the verb productiofialein aphasia as well as to test the prediction
of lemma-lexeme seriality entailed in Levelt's mbfock & Levelt, 1994; Level et al., 1999).
Seven aphasic patients - five suffering from nagiluaphasia with agrammatism and two from
fluent aphasia - and ten neurologically unimpaiiadividuals participated in the study. In
Experiment 1, participants underwent a picture deten task administered in two conditions: in
the first they were asked to provide a free desionpof the image, while in the second they had to

complete the sentence structure provided by thmimea (see Figure 6).

Figure6.

Sketched representation of item
n°52,L’'uomo affetta il pane con il
coltello (The man slices the bread
with the knife). In Conditionl,
subjects were shown only the
upper part of the figure, and were
asked to describe the picture by
saying who is depicted in the
figure, what the person is doing
and which tool he/she is using. In
Condition 2, participants were
also presented with the sentence
‘ | structure (lower part of the
= figure), were asked to complete it
using two flash cards provided by
the examiner and to spell out the
sentence.

L'UOMO

The man

The task was composed of 53 images depicting tramsictions that needed an instrument to be
performed (e.gaffettare[to slice]). Target sentences were made of fienents: the grammatical

subject (or Agent), the verb, the direct object Tdtireme), the preposition introducing the PP-
adjunct and the name of the tool. Pictures wereslatiwn twice to the patients, once in each
condition. In detail, in Condition 1 participantsere presented with the picture and asked to
describe it by using a sentence that containethalparticipants in the action and the instrument
used to perform it. In Condition 2, the picture waesented in conjunction with the sentence

structure, where the grammatical subject was ajreadwn, and participants were asked to add a
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verb and then complete the sentence by placinglasb cards — one depicting the Theme and the

other depicting the tool of the action — in thereot place (see Figure 7).

i

0L T LG IL PANE
the knife the bread

Figure?.

Example of the flash card supplied to the participato fill the gaps of Figure 6. The picture ore thight
represents the direct object and has to be loadtedthe verb. The picture on the left depictsttied by which
the action is carried out and should be placetiérfinal position.

Results showed that five patients — 4 sufferingnfragrammatism and one from Wernicke's
aphasia — produced many errors where the seleetddwas appropriate for the picture but used
with an incorrect argument structure. For instapegients produced errors likéa*donna taglia la
forbice con la cartdlit. *the woman cuts (the) scissors with the pdyer the target sentenda
donna taglia la carta con la forbicghe woman cuts the paper with (the) scissorstjlanuratore
costruisce il mattone per il murpit. *the mason builds the brick for the wall] rfdhe target
sentencél muratore costruisce il muro con i mattojiine mason builds the wall with (the) bricks].
Data from Experiment 1 thus indicate that fluend aonfluent patients, when describing pictures,
may retrieve the correct verb but use it with azbmect argument structure. In particular, patients
tended to adopt the argument structure typicahefvierbusare[to use], which requires a tool as a
direct object, e.ga donna usa il cucchiaio per la minesthe lady uses the spoon for the s8up]

In some cases, patients produced errors ligedbnna chiude la chiavgit. *the lady closes the

8 Some errors produced by our patients suggest tiegt ¢could have used the correct verb with a defargument
structure, i.e. the argument structure of the wesdre[to use]. For instance, the sentent@ *signora cuce l'ago per |l
bottone[lit. The lady sews the needle for the button] Vdooe correct if the patient substituted the veuwbe[sews] with

the verbusa[uses].
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key], which could also be interpreted as derivirgnt the omission of the prepositioan [with] in

the target sentenda donna chiude con la chiajéhe woman closes with the key]. Therefore, in
order to test the latter hypothesis, the five pasiavho showed deficits in verb production in the
sentence completion task were also tested for @ af prepositions within prepositional
compounds and in a sentence context (ExperimenP&fients performed two tasks: the first
(Luzzatti & De Bleser, 1996) elicited the produatiof prepositions within noun phrases lixasta

al forno [baked pasta, lit. pasta on the oven]; the se¢bodzi & Luzzatti, 1995) tested patients’
ability of retrieving prepositions in a sentencentext, as inGiovanni andra dal dottore per una
visita [Giovanni will go to the doctor for a medical exaation]. The results of Experiment 2
indicated that at least 4 out of 5 patients weterpfble to retrieve the correct prepositions; in
particular, only a few omissions were made in thektwhere participants were asked to insert
prepositions in a sentence, even when the prepositas subcategorized by the verb, i.e. when it
was introducing a verb argument.

Data from Experiment 2 discouraged an interpratabioresults from the sentence completion task
in terms of preposition omissions and offered suppo our primary hypothesis, i.e. a real
argument structure deficit. In particular, our daidicate that fluent patients may present argument
structure deficits as well. Moreover, the fact thatients spontaneously retrieved the correct verb
used with an incorrect argument structure sugdbatshe verb production deficit in these patients
is located at the lemma level. Therefore, a difficin accessing lemma information may be
hypothesized. In our study, we concluded by sugggshat the phonological word form (lexeme)
may be retrieved without accessing argument strecidiormation (lemma), which is in contrast to
the strict lemma-lexeme seriality assumed by Lefigtick & Levelt, 1994; Levelt et al., 1999).
Instead, the results were interpreted in light @rdinazza’s model (1997), by assuming that
information about VAS is not fully activated duedalisconnection between the lexical-syntactic
network and the P-lexeme (see Figure 4).

In conclusion, the previous study suggests theilpitiss of encountering argument structure
deficits in fluent aphasia as well. Moreover, ttetune of the errors produced by most patients

indicates a deficit at the lemma level, and inipafar arising from a defective access to lemma
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information. However, in our study we adopted auye description task, i.e. a production task,
without specifically testing lemma access. Themfa more detailed investigation of aphasic
patients’ access to argument structure informaarequired in order to further inform about the

locus of the VAS production deficit in aphasia.
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Part 2

Experimental data
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4. Aim of the study

As widely described in the introduction, the liter@ on aphasia has outlined that the argument
structure is a verb feature influencing both thema participants’ and aphasic patients’ language
processing in a variety of tasks. In detail, resleaonducted mostly on English (see Shapiro &
Levine, 1990; Shapiro et al., 1993; Kegl, 1995; fpson et al., 1997; Kim & Thompson, 2000,
2004; Thompson, 2003) but also on other languageskérs, 2000; Kiss, 2000; Luzzatti et al.,
2002; De Bleser & Kauschke, 2003; Dragoy & Basts#ar2010) outlined that verbs requiring two
or more arguments (e.g. transitive verbs) are nddficult to produce than verbs requiring only
one argument, i.e. unergative verbs, for aphagienga, and particularly for nonfluent agrammatic
patients. Moreover, among verbs that require only obligatory element, unergative verbs were
found to be better preserved in both sentence ptimiuand comprehension of aphasic patients
(see Luzzatti et al., 2002; Thompson, 2003; Thom@d.ee, 2009 for production; McAllister et
al., 2009 for both production and comprehensiom).eXplanation of those data is offered by the
Argument Structure Complexity Hypothesis (ASCH, irfpson, 2003)according to which the
agrammatic patients' performance in production nigeiisely related to the argument
structure complexity, such that their performaneedmes worse as the number o*
arguments increases, and becomes worse on veitbsntia#dl syntactic movement in their
underlying structure compared to verbs that do not.

Despite most of the studies described in Part #shgated the production of verb arguments in
agrammatism, some authors suggested that a sipaldern could be found in fluent aphasic
patients as well (see Luzzatti et al., 2001; M et al., 2009; Barbieri et al., 2010). Moregver
most studies assessed patients’ production in rmeiabaming tasks, as well as in spontaneous
speech or sentence production. Only a few studiesstigated argument structure processing in
tasks that do not require overt production (seen@dz et al., 1980a; Shapiro & Levine, 1990;
Shapiro et al., 1993; Kim & Thompson, 2000, 2004&Allister et al., 2009), with results being
often controversial. As far as argument structur@cgssing in healthy individuals is concerned,
data mostly come from neuroimaging studies (Thompsial., 2007; den Ouden et al., 2009;

Shetreet et al., 2009) and they are not alwaym@with the predictions made by the ASCH (see
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Shetreet et al., 2007). In addition, there is aityescarce evidence (but see Shapiro et al., 1987;
Shapiro & Levine, 1990) regarding an effect of angat structure complexity on the performance
(accuracy, reaction times) of neurologically unitingd participants.

Given all these premises, the first goal of thespne research is to test the mental organization of
VAS and the generalization of the predictions @& &SCH, with respect to both the comparison
between transitive and unergative verbs and betwaergative and unaccusative verbs. In detalil,
the aims are the following: i) to test the effettlee number of verb arguments in a task that does
not require overt production but instead requingglieit access to information about the VAS in
Italian-speaking healthy participants (Experimehtas well as in fluent and nonfluent aphasic
patients (Experiment 3); ii) to test both the effetthe number of arguments and of the presence
of syntactic movement in a word naming task byirtgsa patient suffering from deep dyslexia
(Experiment 4). A second goal is to inform abowt treficit underlying the verb-specific deficit
that characterizes nonfluent aphasia (Experimenty3jesting the hypothesis of a defective lemma
access (Kim & Thompson, 2000) as compared to alposna deficit at the level of grammatical
encoding (see Bastiaanse & van Zonneveld, 2005).additional goal was to investigate the
independence between access to semantic and toiMA®nation, as suggested by models of
contemporary psycholinguistics, by testing heafibsticipants in a sentence completion task while
manipulating the type of information required tafpem the task (Experiment 2).

Four experiments will be described in this sectionExperiment 1a group of 20 Italian young
normal participants were tested in a sentence agiopltask where they were asked to complete a
sentence by selecting the correct verb among tteonatives that were similar as to their semantic
content, but differed as to their VAS, i.e. one veasunergative and one was a transitive verb.
Reaction times were used as a measure of parttsigagrformance to the taskxperiment 2vas
conducted on neurologically unimpaired participaatsnative speakers of American English, who
underwent an analogous sentence completion taskhesone used in Experiment 1, but
administered in two conditions, i.e. one in whidrly selection was based on the VAS, and one
where verbs had to be chosen according to theiasgencontent. IrExperiment 3the same task

used in Experiment 1 was administered to ten flaeat nonfluent aphasic patients, in order to test
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the possibility for them to access VAS. In thisegaaccuracy was the only measure of the patients’
performance, which was compared to the performafcen age-matched control participants.
Finally, Experiment dillustrates the case of an agrammatic patientesinff from deep dyslexia,
who was tested as to her ability of naming actiand reading verbs with different argument

structure.
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5. Experiment 1. A study on the processing of tramsitand intransitive

verbs in healthy Italian participants

5.1. Introduction

Several studies have demonstrated a verb-spegipairment in aphasic patients, and particularly
in patients suffering from Broca’'s aphasia and mgnatism (see Miceli et al., 1984; McCarthy &
Warrington, 1985; Zingeser & Berndt, 1988; Jonk&r8astiaanse, 1998; Luzzatti et. al, 2002;
Kim & Thompson, 2000, 2004). A relevant factor ughcing the aphasic patients’ ability to
produce verbs is verb argument structure (VASYedsed in Part 1. According to VAS, verbs are
classified as transitive when they require at I¢ast arguments, one of which is the verb direct
object, and as intransitive when they require amlg argument, i.e. the verb grammatical subject.
Among intransitive verbs, unergative verbs asshgnrole of Agent to the grammatical subject,
whereas unaccusative verbs assign the role of ThenteUnaccusative verbs are also assumed —
following the Unaccusative Hypothesis (Perlmutfd78; Burzio, 1986) to be syntactically more
complex than unergative in that their underlyingntagtic structure contains A-movement, as
illustrated in Figure 1a (see 1.1. and 1.2. foetaited description of the different types of vérbs
Most of the studies addressing the issue of tHaente of VAS complexity on verb processing in
aphasia have focused on nonfluent aphasic pat@mds particularly on agrammatic patients,
reporting an increasing difficulty in verb productias VAS becomes more complex. In particular,
several studies showed a lower accuracy for agrdimrpatients in producing transitive than
unergative verbs, primarily in English (see Thompsd al., 1997; Kim & Thompson, 2000;
Thompson, 2003; Kim & Thompson, 2004), but alsotiner languages, among which Italian (see
Luzzatti et al., 2002). A specific difficulty in pcessing unaccusative verbs, as compared to
unergative verbs, has been found in agrammatisrgl(H895; Thompson, 2003, Thompson & Lee,
2009), more generally in nonfluent aphasia (Lutztttal., 2002) and in some cases in fluent
aphasia as well (see McAllister et al., 2009). Poesibility that argument structure deficits may
occur in fluent aphasia is also suggested by thdysdescribed in 3.7. (Barbieri et al., 2010).

The “Argument Structure Complexity Hypothesis” (ASOwas proposed by Thompson (2003) in
order to account for findings concerning the infloe of argument structure complexity on verb
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production in agrammatic aphasia. According to Hypothesis, verbs with a complex argument
structure — both in terms of the number of argusdaken by a verb and of the presence of
syntactic movement in the underlying structure e @more difficult to process for agrammatic
patients. Despite a few evidences in contrast thighpredictions based on the ASCH (see Jonkers
& Bastiaanse, 1998), this hypothesis has receiaedel support, at least as far as results on
agrammatic patients’ production. Only a few studegsorted an influence of VAS complexity in
tasks that do not require overt production. Amdmgse, Kim & Thompson (2000, 2004) outlined
that agrammatic patients performed better on isitae than on transitive verbs in a verb
categorization task. Moreover, two studies (Shafilcevine, 1990; Shapiro et al., 1993) reported
longer reaction times — for nonfluent patients only verbs taking three arguments (e¢agsell, to
lend) than to two-place transitive verbs in a cross-ahdexical decision task. Two further studies
(Schwartz et al., 1980a; McAllister et al., 2008utlined an influence of VAS complexity on
aphasic patients’ performance in comprehension. predictions based on the ASCH have also
been tested in neuroimaging studies conducted omlogically unimpaired participants (see 3.4.),
with results mostly showing a greater amount ofirbractivation for transitive verbs than for
unergative verbs, mainly within the posterior laage areas in the left hemisphere (see Ben-
Shachar et al., 2003; Thompson et al., 2007; dese@et al., 2009), but also in the left inferior
frontal gyrus including Broca’'s area (den Oudemlet2009). However, Shetreet and co-workers
(2007) found activation of the left posterior lange areas and an additional left inferior frontal
(BA47) activation for verbs bearing multiple sulsggdrization frames (see 1.3.), but did not report
any difference between two-place and one-placesvéftlith respect to the issue of unaccusativity,
a recent neuroimaging study carried out by Sheteget colleagues (2009) found increased
activation in the left inferior frontal gyrus and the left posterior middle temporal gyrus for
unaccusative sentences vs. unergative sentenaesrgya plausibility judgment task.

To summarize, the joint consideration of both bétral and neuroimaging data indicates that
VAS complexity not only influences the performarafeaphasic patients in verb production, but
also modulates brain activity within areas suppgrtianguage processing of neurologically

unimpaired subjects. However, reaction times daiseloften failed to support the neuroimaging

44



data (see for instance Shetreet et al., 2007, Thomet al., 2010), and only a few psycholinguistic
studies have reported a VAS-related modulationeefction times in neurologically unimpaired
participants (see Shapiro et al., 1987; Shapirce&ihe, 1990).

Given all these premises, the aim of the presamystvas to investigate the effect of VAS
complexity — as outlined by the ASCH - on normaildaage processing, by using a task that did

not require overt production and tapped accessA® Mformation.

5.2. Aim of the study

The present study aims to investigate the extemthich the first prediction of the ASCH, i.e. the
greater complexity of transitive verbs in compamnigo unergative verbs, generalizes to 1) a task
that does not require overt production and to 2jnab language processing in healthy individuals.
The assumption of a more demanding processingdositive vs. unergative verbs was tested by
means of a sentence completion task in which naipeakers of Italian were asked to choose the
correct verb out of two options that were equadignantically acceptable within the given sentence
context. The task was structured so as to requpkcé lemma access without asking participants
for overt sentence production; moreover, verb otiovere created so that participants could
perform the task correctly only if they based theghoice on argument structure propetrtiese
main prediction was that, if the ASCH could accoiantthe performance of control participants, a
modulation of reaction times to the task shouldobserved, i.e. participants should be faster in

selecting unergative verbs than transitive verbs.

5.3. Participants
Twenty undergraduate students at the UniversityMdéno-Bicocca participated in the study.
Participants were selected so as to have normabroected-to-normal vision, to have no previous

history of language disorders and to be nativelggrsaof Italian only.
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5.4. Materials and methods

A list of thirty-five Italian verb synonymous (oemantically strictly related) pairs was prepared.
Each pair consisted of an unergative verb (ebipedire[to conform]) and a transitive verb (e.g.
esaudirgto fulfill]). Only strictly unergative verbs andritly two-place transitive verbs, i.e. verbs
requiring two arguments, were included in the studye selection of unergative verbs relied on
two sources of information: the type of auxiliagkén at the composite verb form, and the
thematic role assigned to the grammatical subjdeergative and unaccusative verbs are indeed
more easily distinguishable in Italian than in Eslgl given the different auxiliary they select et
composite form. For instance, an unergative vésddormire[to sleep] is inflected alsa dormitg
[(he) has slept], whereas the unaccusative gedmparirewould be inflected ag scomparso
[(he) has disappeared, lit. is disappeared]. ABriglish, unergative verbs assign the role of Agent
to their grammatical subjects, whereas unaccusagvies assign to the subject the role of Theme.
As far as transitive verbs are concerned, optignatinsitive verbs asnangiare[to eat] were
excluded, since they can be either used in a tremir in an unergative construction.

Verbs were paired so as to be either synonyms tr bemantically compatible with a given
sentence frame. Verb pairs were matched for lemmeguéncy, imageability and length in letters.
Imageability values were obtained by asking 12veasipeakers of Italian to judge all items as to
their capability of eliciting mental images whemdag them. Evaluations were given by assigning
a score ranging from 1 (very low imageability) tgvéry high imageability). Since transitive and
unergative verbs were always presented in pair;himey was performed by paired t-tests for each
of the considered lexical variables (frequency:.286, p=n.s.; imageability: t=0.195, p=n.s.;
length: t=1.060, p=n.s.).

Thirty-five sentence frames were prepared, all ibgathe same syntactic structure, with a NP
grammatical subject, a blank for the verb, and pest-verbal elements, the last of which was
always an adjunct. Sentence pairs were made of dgrience frames, with one fitting the
unergative option and one fitting the transitivetiap, as illustrated in (13) for the verb pair

obbedire/esaudirdconform/fulfill]. The first post-verbal elemeniuld either be a noun phrase
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(NP) or a prepositional phrase (PP) according thvbf the two verb options fitted the sentence

frame.
(13) a.La segretaria agli ordini del capo
[The secretary to the dioaxst of the boss]
bla segretaria gli ordini del capo
[The secretary the directiohthe boss]

In (13a) the sentence frame fits the unergativeoopt.e. the vertmbbediscgdconforms], whereas

in (13b) the sentence frame fits the transitiveaspesaudiscéfulfills].

Each element of the sentence pairs was assignadlish, so that each list contained only one
version — either the unergative or the transitivd the sentence frame associated to a given verb
pair, and participants were randomly assigned wairthe two lists in order to avoid any learning

effect. An equal number of sentences of each tygeincluded in the two lists.

5.5. Procedure

The task was performed on a laptop in a silent roamd the experiment ran in E-Prime
(Psychology Software Tools, Inc.). Stimuli were gmeted in white on a dark blue screen.
Participants read the instructions on the compstezen and were then shown with six practice
items in order to familiarize with the task. Thestiuictions were then repeated before beginning
with the experimental trials. The procedure wasftil®wing for each trial: a fixation cross (+)
appeared at the center of a computer screen fd@ ilseconds (ms) and followed by a sentence
with a blank in the verb position. Participantgsily read the sentence and pressed the spacebar as
soon as they had finished. Two verb options thegreaped on the screen, one above and one under
the sentence; subjects were instructed to choasedtrect option - as fast as they could - by
pressing the corresponding response button, ieeyeélow button — corresponding to the “y” key
on the keyboard — if they thought the correct wads the one above the sentence and the red

button — corresponding to the “b” key on the keyldoafor the verb appearing below the sentence
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(see Figure 8). Both response accuracy and reatitites were recorded; reaction times were

measured starting from the onset of the two vetlmog until the choice was made.

La segretaria
gli ordini del capo

1500 msee

obbedisce

Press spacebar BRI IR To L]
gli ordini del capo

esaudisce

D obbedisce
. esaudisce

Figure8.

Procedure used in Experiment 1 for the sentencepletion task. After a fixation cross (+) lasting 006 ms,
participants were instructed to read the senterared, i.e. the sentence with a blank in the veritiom, and then
press the spacebar as soon as they completed &ldénge The sentence represented here illustratesnef
experimental items included in the study, La. segretaria gli ordini del cafdhe secretary the
directions of the boss]. Then, the two verb optif;g.obbediscdconforms] andesaudiscéfulfills]) associated with
the sentence frame appeared on the screen, one ahdwne under the target sentence. Participarts imstructed
to press the yellow key (placed onto the “y” keytbe keyboard) in order to choose the option thas displayed
above the sentence, and to press the red key ¢ptatte the “b” key on the keyboard) in order to ab® the option
under the target sentence. Reaction times were meehfom the moment in which the two verb optioppeared on
the screen until the participants pressed the teeldey.

5.6. Results

Accuracy data underwent a logistic regression @mglywhereas reaction times were analyzed by
means of a multiple regression analysis. Analysesewperformed following the statistical
approach of mixed-effects models (Baayen, Davidsddates, 2008; Jaeger, 2009), i.e. with the
introduction of random effects, in order to evaduahe effect of the variables of interest by

partialling out item-related and subject-relatediafaility. Continuous variables, i.e. frequency of
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occurrence, imageability and length in letters, avelansformed into their logarithms, so as to
reduce skewness in the distribution .

Accuracy. Overall, participants performed well dwe task (97% of correct responses). Accuracy
was slightly better for unergative (97,7%) thantfansitive (96%) options, but this difference was
not statistically significant. (z=0.852; p=n.s). Wp of the lexical variables introduced in the

analysis had a significant effect on accuracy, heeitas single factors nor in the multivariate

analyses.

Reaction times. The inspection of raw data reve#ed participants responded faster when the
correct option was an unergative verb than whewvag a transitive verb (mean RT: 1575 ms for

unergative verbs, 1691 ms for transitive verbs Fgere 9).

Dunerg MEtrans

8,25

7,75

7.5

logRT

7,25

Figure9.

Mean reaction times (RT) for the sentence compiatisk in Experiment 1. The white column repres&itgo

transitive options, whereas the grey column illests the mean RT for unergative verbs.

Before running the analysis, incorrect answers vdelleted from the original dataset. Regression

analyses were performed stepwise, by introducing pmredictor at a time and by verifying the

contribution of each predictor to the model by meahANOVA comparisons between subsequent
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models.ltem and participant were introduced as random effects in each regnesmalysis. The
model including only the predictor of interest,. iv@rb type(unergative, transitive), showed a
highly significant effect of verb type on the paipants’ reaction times to the task (t=-2.92,
p=.004). The effect resisted the introductionmégeabilityandword frequencyas predictors in
the multivariate analyses. The best fit model feaction times data includederb type,
imageability, word frequencgnd the interaction of the last two variables eligtors (Table 1).
The effect ofverb typeproved to be statistically significant on partenips’ reaction times (t=-2.47,
p=.014), whereas neith@nageability, word frequencgor their interaction reached the threshold

for statistical significance (p>.05).

Estimate Std error t-value pCit)
Intercept 7.35 0.29 24.85 <.001
Verb type -0.05 0.02 -2.42 016
Frequency 0.03 0.06 0.52 n.s.
Imageability 0.08 0.19 0.45 n.s.
Frequency * Imageability -0.04 0.04 -0.89 s,

Table 1.

Performance of healthy Italian participants (N=20he sentence completion task. The Table illtissréhe output of the
best fit model resulting from the regression arialyResults are reported for fixed effects only,hwite exclusion of
random effects

5.7. Discussion

The present study investigated one of the predistinade by the ASCH (Thompson, 2003), i.e.
the higher complexity of transitive verbs when canga to unergative verbs, by testing healthy
participants in a sentence completion task, whieey tvere asked to fill the blank in the verb
position by choosing the correct verb among twoiomgt Since both verb options were
semantically compatible with the sentence framel a&rb options were matched for all lexical

variables, the task ensured that participants b#iseid responses on VAS properties. Results
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indicate that unimpaired speakers of Italian regpdrfaster to the sentence completion task when
the correct verb was the unergative option thannwhas the transitive option. Thus, data offer
further support to the ASCH, by demonstrating ttte¢ greater complexity of transitive vs.
unergative verbs can account not only for the pcddn impairment of nonfluent aphasic patients,
but may also explain the performance of healthyigipants. Given that participants had to access
VAS information in order to perform the task, datdicate that access to VAS is somehow easier
when verbs are unergative than when they are themsiThese data are interpreted as reflecting a
different degree of complexity of unergative arghsitive verb representations at the lemma level
(see Levelt et al., 1999), with reference to thmber of arguments taken by verbs. In detail, verb
lemmas referring to transitive verbs are likelyclontain a greater amount of information than
unergative verbs, since transitive verbs alwaysirecat least two arguments. This interpretation is
in line with data from neuroimaging studies (seeifigtance Ben-Shachar et al., 2003; Thompson
et al., 2007, 2010; Shetreet et al., 2007), dematnsy a modulation of language brain areas by
argument structure complexity in healthy particisamne. a greater amount of activation is found
for verbs requiring more arguments or bearing mldtsubcategorization options.

In the present study, the sentence completiondasld be performed correctly only if participants
relied on the VAS. The choice of this paradigm dedi from the need to address the issue of
argument structure complexity by teasing apartamy the possible influence of lexical variables
like word frequency and imageability, but also gussibility that the verb semantic content could
be responsible for the difference in the reactiores to transitive and unergative verbs. This is
relevant in relation to the assumptions made bycthrestructional approach grammar (Goldberg,
1995; 2003, see 1.6.). Indeed, within this theoattiramework, argument structure information is
assumed to be a property specific to the constmuati which the verb occurs, and it also bears a
specific semantic content. Following this approadtiferent constructions are likely to have
different semantic or pragmatic function. In oundst, the choice among the two verb options
associated with a given sentence frame was notreamsd by semantics, since verbs were either
synonyms or semantically strictly related. Therefdhe present results indicate that VAS has an

influence on lexical selection in normal particiggreven when semantics does not play a role in it.
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These data suggest a potential independence ohsieraad VAS processing, in line with models
from psycholinguistics (Levelt et al.,, 1999; Carame 1997) and in contrast with the
constructional approach of Goldberg (1995; 2008k Tatter issue will be explicitly addressed in

Experiment 2, by comparing access to semantic a8 iiformation within the same set of verbs.
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6. Experiment 2. Accessing semantic and argument tsteicinformation

while completing a sentence: data from English rabqparticipants

6.1. Introduction

As described in the introduction to Experiment lany studies have demonstrated that verb
argument structure (VAS) influences aphasic patieperformance in production tasks (e.g.
Thompson et al., 1997; Luzzatti et al., 2002; Theomp 2003) and — to a lesser extent — in tasks
that do not require overt production (e.g. Shagirhevine, 1990; Shapiro et al, 1993; Kim &
Thompson, 2000, 2004). In detall, transitive vdrhge been shown to be less frequently produced
than unergative verbs, and the latter have beeawrtapto be less impaired than unaccusative verbs.
An explanation for those data is offered by the ulingnt Structure Complexity Hypothesis
(ASCH; Thompson, 2003), in terms of a more cogalti\demanding processing of both transitive
and unaccusative verbs as compared to unergatises see 3.1.). With respect to normal
language processing, evidence in favor of the A®idtly comes from neuroimaging studies (see
Thompson et al., 2007; den Ouden et al, 2009, &heet al., 2009). In Experiment 1, the
performance of twenty ltalian-speaking healthy ipgrénts in a sentence completion task was
analyzed in light of the first prediction basedtbe ASCH, i.e. the more cognitively demanding
processing of transitive verbs in comparison torgaiive verbs. Reaction times to the sentence
completion task have demonstrated that the perfocen@f unimpaired participants is influenced
by VAS complexity, i.e. transitive verbs eliciteshger reaction times than unergative verbs.

An additional issue concerns the role of verb sditsun the determination of argument structure
complexity. Indeed, most of the studies mentiondwbve were conducted by adopting a
psycholinguistic-based approach according to wNM&§g is a feature coded at the lexical level.
Within such models, VAS information is represensegarately from conceptual information. For
instance, VAS is assumed to be stored at the letaws in the model of lexical production by
Levelt and co-workers (Levelt, et al., 1999; se®,1Figure 3). According to Caramazza (1997),
instead, VAS is represented as a lexical-syntanfarmation receiving activation from both the

lexical-semantic level and from the phonologicg@resentation (P-lexeme, see 1.5., Figure 4).
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Despite the differences between these two modeltarmjuage production, both assume that
semantic and VAS information correspond to sepdeatels of verb processing. However, not all
the literature is in line with this assumption. Bebretical linguistics-based approach, i.e. the
constructional approach to argument structure (Koig, 1995, 2003), holds a different position.
Within this theoretical framework, verbs and VA& astored as constructions, i.e. as ‘stored
pairings of form and function’ (cit. Goldberg, 2Q08ach carrying a specific meaning. Following
Pinker (1989), the constructional approach assuhasa sentence structure is predictable from the
verb semantic representation, and therefore diffesentence structures reflect differences in the
verb meaning or in the discourse function (see).l#&ccording to this approach, argument
structure is conceived as a piece of informatiorri@d by the construction (e.g. transitive,
unaccusative, passive construction) and not byéhie, as stated by psycholinguistic approaches as
well as by generative linguistic approaches. Moegpvsemantic and argument structure
information are supposed to be strictly tied toheather, and represented at the same level of

processing, so that the construction’s semantitsymdnes the way the verb realizes its arguments.

6.2. Aim of the study

This experiment had two main goals: the first wagest the same prediction concerning the ASCH
that was investigated in Experiment 1, i.e. thehbigdegree of cognitive resources required to
process transitive than unergative verbs. Thedgsin was a sentence completion task, which was
performed with the same paradigm as that used jpeiiiment 1 (see below, Condition 1). In detall,
the aim was to test the generalization to Englistne results obtained in Experiment 1 for Italian.
It was again expected that, if transitive verbsunex higher degree of cognitive resources than
unergative verbs, normal participants are fastselacting unergative verbs than transitive verbs.
The second goal of the study was to the test thengstion made by psycholinguistic models of
lexical production (Caramazza, 1997; Levelt et H99) in relation to the level of representation
of VAS information. According to both CaramazzasdalLevelt's models, a verb’'s argument
structure is assumed to be stored at a subsequentiatinct level of representation than its

semantic information, in contrast with the condiamal approach (Goldberg, 1995, 2003), which
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assumes that the main unit of representation iscéimstruction, i.e. a stored pair of form and
function. Within this framework, each constructicorresponds to a particular way for the verb to
realize its arguments, which is in turn associatéd a specific verb meaning. Therefore, semantic
and VAS information are assumed to be strictly tie@ach other and possibly represented at the
same level of processing. In order to contrastetlie® approaches, as well as to inform about the
level of representation of VAS information, an daigtial condition in which the choice between
the two verbs was based on semantics, i.e. on ¢hie meaning, was introduced (see below,
Condition 2). The latter was designed so as to emenghe participants’ performance to the
sentence completion task in this condition to tegfggmance in Condition 1, and thus to test the
hypothesis that access to different types of infdiom (semantic, VAS information) would result
in different reaction times, within the same seteifbs. In detail, our prediction was that, if th®
levels of processing (semantic, VAS) are separatdeywould find a difference in reaction times to
the two different types of verb choices. In patacufollowing Levelt's (1999) and Caramazza’s
(1997) models of language production, semanticrin&tion should be accessed faster than VAS

information.

6.3. Participants

Eleven healthy participants (age range: 20-35) warelled at the Department of Communication

Sciences and Disorders of Northwestern UniverBigyticipants were selected so as to have normal
or corrected-to-normal vision, to have no previbigtory of language disorders and to be native

speakers of American English only.

6.4. Materials and methods

Twenty-eight verb pairs were selected for the sem@eompletion task. In each pair, one verb was
strictly unergative (e.go retrea) and the other verb was a two-place transitivg. fe.abandoi
Verbs were preliminarily selected so as to belamgmhe argument structure class only (either
unergative or two-place transitive); phrasal verb®. combinations of a verb and a

preposition/adverb that modifies or changes thenmngaof the verb, were excluded. A subsequent
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formal classification was conducted by adminisig@nquestionnaire to 5 experts in linguistics, all
native speakers of American English, in which thegre asked to rate the group of verbs
preliminarily selected by the authors as to theguement structure properties. Each verb was
presented on a row, and participants were instiuictenark, for each verb, the box corresponding
to the argument structure category/categories twhwh belonged. Four categories were listed:
unergative, unaccusative, obligatory transitive ationally transitive. With respect to the
distinction between unergative and unaccusativdsyesubjects were instructed to rely on the
following tests (see Levin, 1993, for an extensiN&ussion): agentivity, the possibility of taking
cognate objects, the insertion in the “expletiveréfi construction and the use of the past par&cipl
as an adjective qualifying the grammatical subpéet sentence with the same verbo determine
the distinction between optional and obligatorynsitive verbs, the raters were presented with a
few examples and asked to imagine at least onatisituin which the direct object was not
necessary. Only verbs that were classified eitlseurgergative or as obligatory transitive were
included in the final set of stimuli.

6.4.1.Argument structure choice (Condition 1)

Similarly to Experiment 1, verbs were paired sot thath elements of each pair were either
synonyms or semantically compatible with a giventsece frame (see example in (14) for the
verb pairretreats/abandons A total of 28 verb pairs were used for the arguatrstructure choice
condition. Verb pairs were matched for word frequenas derived from the CELEX English
database (Baayen, Piepenbrock, & van Rijn, 1993}, far length in letters (t=0.196, p=n.s.;
t=1.081, p=n.s, respectively). Since it was impalssto match verb options for imageability, the
latter was included in all regression analyses peedictor. Imageability values were collected by

asking 19 graduate students to express a judgnmetiteocapability of each verb to elicit mental

® The distinction between unergative and unaccusagivbs in English is more complicated than in #alisince it is
only based on a few linguistic tests. The thremedures used to select unergative verbs for thsept experiment are
the following: the first is the possibility of talg cognate objects, i.e.direct objects that arephmogically derived from
the verb: the latter is a feature identifying uragnge verbs (e.glohn slept a peaceful sldewhereas unaccusative verbs
cannot be used in a similar construction (ehe' vase fell a noisy fallanother test concerns the possibility — for
unaccusative verbs only — to be used in the seadkixpletive there” construction: for instance, waraccusative verb
like to fall can be used in the senterideere fell the big vase in the kitchemhereas an unergative verb litee sleep
would generate an ungrammatical sentence as shgwtilTlbere slept John in his bedhe last test used for our
classification referred to the possibility for thast participle of unaccusative verbs (e.g. falterdppear as an adjective
qualifying the grammatical subject as shown byftilewing examplesThe fallen vasés grammatical, whereasThe
slept John is notA more extensive description of these tests amwraplete list of all linguistic tests used for the
discrimination between unergative and unaccusatvies can be found in Levin (1993).
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images, by ranking each verb on a range from 1 #hs7#or Experiment 1, sentence frames were
created so that all had the same syntactic strictuith a NP playing the role of grammatical
subject, a blank for the verb, and two post-veddaiments, the last of which was always a PP-
adjunct. The first post-verbal element could eitbera NP or a PP according to which of the two
verb options fit the sentence frame. Three diffesamtence frames were associated to each verb
pair, except for 4 verb pairs in which only two egpiate sentence frames were found to be
semantically compatible with both verb options. $ha total of 80 sentence frames were included
in the study, 39 of which fitting a transitive veahd 41 fitting the unergative option. The examples
in (14) and (15) illustrate sentence frames asstmtido the verb pairsetreat/abandonand
cooperate/promoterespectively. In order to ensure that an equallrar of sentence frames fitting
either the unergative or the transitive option waduded in the experiment, in half of the verb
pairs associated with three sentence frames, tveal fihe transitive option and one the unergative
option (see (14)), whereas in the other half, eamence frame fitted the transitive verb and two

fitted the unergative option (see (15)).

(14) a. The soldier the battlefield atfter defeat

b. The deputy the council on the crisis

c. The athlete from the competition fer tnedal
(15) a. The leaders the rights of theoritin

b. The doctors for the success of timeccli

c. The merchants __ for the increase inxperts

Sentences in (14) and (15) are examples of iteplgdad in the study. Sentence frames in (14) are
associated with the verb paietreats/abandonswith sentence frames in (a) e (b) fitting the
transitive option, i.eabandons and the sentence frame in (c) fitting the unevgaterb, i.e.

retreats Items in (15) illustrate the sentence frames @ated with the verb pair
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cooperate/promotewhere the sentence in (a) fitted the transitiyionm, i.e. promote and
sentences in (b) and (c) fitted the unergativeoopti.e. the verloooperate

6.4.2. Semantic choice condition (Condition 2)

As to the semantic condition, 14 verb pairs weeatd by coupling the 28 transitive verbs used in
Condition 1. Three distinct sentence frames (s6¥ (fere created for each verb pair, so that each
of the sentence frames clearly fit only one of th® verb options as far as semantics was
concerned, i.e. the selection of the incorrect weduld yield a semantic anomaly. Thus, 42
sentence frames were prepared in total, three aéhmvere used as practice items, while the
remaining 39 sentence frames were included in tperemental set of stimuli. An example of the

experimental items is given in (15) for the verlir plenounce/crave

(16) a. The landlord the theft in his aparttn
b. The customer the sandwich inéstaurant
c. The teenager the pancake fobteakfast

Sentence in (16a) fits the vedenouncesvhereas sentences in (16b) and (16c) fit the othdy

option, i.e.craves

6.5.Procedure

The same procedure adopted in Experiment 1 was iteets were randomly ordered both within
and between the two conditions, and presented aomgouter screen running the script within E-
prime (Psychology Software Tools, Inc.). Particiiganere not informed about the presence of two
distinct conditions: they were instructed to fill the blank in the sentence by choosing the correct
verb as fast as possible. The task began withraotipe items, half from Condition 1 and half from
Condition 2. Accuracy and reaction times were réedr with reaction times computed from the

moment at which the two verb options appeared erctimputer screen.

58



6.6. Results

Data analyses were again performed by adoptinghtked-effects approach for both accuracy data,
which underwent logistic regression (see Jaege®9R0and reaction times data, on which a
multiple regression was performed (see Baayen.e2@08). A preliminary inspection of reaction
times data revealed that one of the participardpaeded much slower than the average of the
other participants (2 SD above the mean); thereffimal data analysis was performed on the
dataset containing datapoints from ten subjectg. onl

Accuracy. The inspection of raw data revealed thadrall accuracy was around 95,7%, with
96,7% in the AS-choice condition and 93,7% for Hsmantic choice. Within the AS-choice
condition, accuracy was slightly better when therex verb was the unergative (98,8%) than the
transitive (94,6%) option. A regression analysissvperformed on the dataset containing data
deriving from both Condition 1 and Condition 2. Thest fit model contained the following
predictors:verb type @nergative or transitive);ondition (AS-choice vs. semantic choice), and
imageability None of these proved to significantly influendee tprobability of responding
correctly; despite the gap in accuracy betweengatime and transitive verbs within Condition 1,
the main effect of verb type did not reach siguifice (t=1.66, p=.10). Since none of the main
effects were significant in the general model, wkrbt proceed with the accuracy analysis to test
the two effects of interestérb typeandcondition) separately.

Reaction times (RT). The inspection of the raw datter the deletion of incorrect responses —

showed similar reaction times to Condition 1 (m&n= 2311 ms) and Condition 2 (mean RT =

2275 ms). However, within Condition 1, unergatiwrbs elicited faster reaction times (2178 ms)

than transitive verbs (2458 ms). In addition, wikensidering reaction times to transitive verbs in

the two conditions, reaction times to the semagticice (2275 ms) were faster than to the AS
choice (2458 ms). Analyses were initially performmd the database containing data from both
conditions (see Table 2a).

The multiple regression analysis revealed thatopevince to the sentence completion task was
significantly affected byerb type with responses to unergative verbs being fakem tesponses

to transitive verbs; a marginal effect@inditionwas found as well, with the semantic task being

59



performed faster than the AS-choice task. The efédéoverb typeresisted the introduction of
imageability which was not significant in predicting the peigiants’ reaction times, and wford
frequency which was instead found to be significant (Tab#. Since the interaction between
condition andverb typecould not be computed — due to the presence of omé level for the
independent variableerb typein Condition 2 — separate analyses were also atedun order to

evaluate the two main effects of interastrp type, condition

Table 2a.

Estimate Std. Error t-value PCEID
Intercept 7.87 0.14 55.82 <.001
Vetb type -0.15 0.05 -2.93 003
Condition -0.09 0.05 -1.88 06
Frequency -0.03 0.02 -2.16 031
Imageability 0.04 0.07 0.68 ns,
Table 2b.

Estimate Std. Exrror t-value L)
Intercept 7.67 0.12 63.92 =001
Verb type -0.13 0.05 -2.59 01
Imageability 0.03 0.08 0.43 n.s.
Table 2c.

Estimate Std. Error t-value P
Intercept 7.84 0.15 50.78 <.001
Condition -0.09 0.04 -2.05 .04
Frequency -0.05 0.02 -2.68 007
Imageability 0.16 0.08 1.96 .05
Table2.

Performance of healthy English participants (N=itO}he sentence completion task. Table 2a illustrahe best fit
model for the whole dataset, including both Conditloand Condition 2. Table 2b refers to resultsrriefg to best fit
model for the AS-choice (Condition 1), where RT toergative and transitive verbs were compared withie
participants’ RT to Condition 1 only. Table 2c shatws best fit model for the performance in the sergecompletion
task (Condition 1 and Condition 2), for the transitverbs.
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The effect ofverb typewas thus analyzed by performing a multiple regoes®n the dataset
containing data from Condition 1 only, whereasdffect of condition was evaluated by creating a
dataset including transitive verbs only, since thegre tested in both the AS-choice and the
semantic choice task. As to data from Conditiosele(Table 2b), the best fit model containerb
typeandimageabilityas predictorsvVerb typeproved again to predict reaction times to the esesd
completion task, with the same effect direction (R¥erg < RT trans; see Figure 10a) as in the

previous analysis, arichageabilitywas still non-significant.

Dunerg Btrans Btrans-AS  BtransSEM
8,25 e 8,25 *
§ 8
1.75 1,75
B e 15
T2 £ 25
7 7
6.75 6.75
6,3 6.5
Figure 10.

Mean reaction times (RT) for the sentence complidiigk in Experiment 2.

Figure 10a illustrates the mean RT to AS-choice @@@n 1), with the white bar representing RT fartsitive
options and the light grey bar depicting the RTniergative verbs.

Figure 10b represents the mean RT for the grouganéitive verbs: the white bar illustrates the mBarfor the AS-
choice (same bar as in Figure 5a), whereas thegiaykbar depicts the RT to the semantic choiceitiond

A third regression analysis (Table 2c) was perfalror responses to transitive verbs, in order to
evaluate the effect of condition on the reactiomes to the sentence completion task. As illustrated
in Table 2, the best fit model containeahdition, imageabilityandword frequencyas predictors.
Results showed thatondition significantly predicted participants’ reaction &émto the sentence
completion task, with the semantic-based choicstielg faster reaction times than the argument
structure-based choice (t=-2.05, p=.04, see Fid@e). In addition, both the effect aford

frequencyandimageabilityproved to be statistically significant (t=-2.68;.p07 and t=1.96, p=.05
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respectively). In the latter analysis, despiteittilrience of lexical variablesMord frequencyand
imageability on the participants’ performance to the task, &ffect of condition was still

significant also in the multivariate analyses.

6.7.Discussion

The aim of Experiment 2 was to investigate theuigrfice of two factors on the reaction times of
healthy participants to a sentence completion tasknely the type of VAS and the type of
information guiding the choice between the two vegdiions. Experiment 2 adopted the same
paradigm as Experiment 1, but differed from theelain that the task was performed in two
conditions.

Condition 1 (AS-choice) evaluated the influenceV#S on performing the choice between two
verbs that are both semantically compatible witlgieen sentence, so as to investigate the
prediction of the ASCH (Thompson, 2003) of a défece between verb types, due to the greater
complexity of transitive verbs compared to unergatierbs. Results show that participants indeed
responded faster when the correct choice was tleegative verb, in line with the gradient of
complexity stated by the ASCH. These data confihe tesults obtained on Italian healthy
participants using the same task. Condition 2 (s¢imahoice) was introduced in order to test the
participants’ access to different types of inforimatwithin the same set of verbs. In detail,
participants were asked to fill the blank in thebvposition by performing a choice between two
verbs that differed in their meaning and, thusheir appropriateness to the sentence frame. Both
options were transitive verbs, and particularly shene transitive verbs used in the AS-choice, so
as to test - within a given set of transitive verbthe effect of condition on the participants’
responses. Results demonstrated that, when thectasption was a transitive verb, subjects
responded faster if the choice relied on semamtformation than on argument structure
information.

As far as the effect of argument structure is comes, results demonstrate a pattern in line wi¢h th
results obtained in Experiment 1 for the Italiamtipgpants and with the predictions of the ASCH.

In detail, the present data indicate that lemmaesds easier for unergative than for transitive
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verbs, possibly because their representations icomtasmaller amount of ‘information’ than
transitive verbs. In fact, as in Experiment 1, iogyants could perform the task correctly only if
they relied on argument structure information, whig assumed to be stored either at the lemma
level (Levelt et al., 1999) or within the lexicatrgactic network (Caramazza, 1997). Following
this psycholinguistic approach, lemma access (cesx to the lexical-syntactic network) was
necessary to perform the task. In addition, a wifiee in accessing the argument structure
properties of different verb types must reflecfatiént ease of access to verb lemmas (or the verb
syntactic-lexical network).

With respect to the effect of condition, resultsnd@strate that the process of selecting the correct
verb in the sentence completion task was fastemwhe choice was based on meaning, i.e. on
semantic information, than on VAS. Notably, thefeténce in reaction times to the semantic and
the AS-based choice did not reflect a differencadauracy, thereby discouraging an interpretation
of the data in terms of a disproportionately gredifficulty of the AS-based choice than of the
semantic-based choice. Thus, data indicate thaarstizrand argument structure information — at
least as an offline measure - can be accessedandeptly when required by the task. In particular,
semantic information can be accessed faster thgumreent structure information. Since all the
verbs included in the study had a specific argunsémicture construction, i.e. they were all two-
place transitive verbs, and the comparison was madée same set of verbs, i.e. excluding other
potentially confounding factors, the comparisonrespnts a pure measure of participants’ access
to these two types of information.

The results of Experiment 2 are in line with psyietguistic models like that developed by Levelt
et al. (1999) or by Caramazza (1997), which bosuae separate levels of representations for
semantic and argument structure information. Howete® present data represent a challenge for
the constructional approach to argument struct@Gadberg, 1995, 2003). Indeed, according to
that approach, argument structure information idedoat the semantic level, as a construction
endowed with a specific verb meaning. Within thesitext, verb meaning is assumed to determine
the type of verb construction, so that argumenicstire and semantic information are strictly tied

to each other. The results from the present sthdyever, suggest an independent processing of
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these two levels. Indeed, Condition 1 showed theited responses with different reaction times
according to their argument structure (unergatige tvansitive). These data indicate that VAS
influences normal participants’ responses indepethdé&om the verb semantic content. However,
this does not directly address the issue of a agpaepresentation of the two types of information,
which is showed instead by the comparison of readtimes to Condition 1 and Condition 2 within
the same set of two-place transitive verbs. Moreayigen that transitive sentence frames in both
the AS-based and the semantic-based choice httbabhme syntactic construction, any difference
related to the particular sentence construction lvarexcluded. The finding of a separability
between semantic and argument structure informatidinin the same verbs is at odds with the
basics of the constructional approach. In fact,pesent data are hard to explain by an approach
where the verb semantic content and the VAS areesepted at the same processing level and
retrieved as a single construction. Rather, datansenore compatible with models assuming
separate levels of representations for these twestyf information. This does not imply that
semantics does not play any role in determininguent structure; it is likely that semantic
information increases or diminishes the probabiligt a particular argument structure — in case of
verbs bearing more than one — is selected. Howevspite on this interplay between the two, our
data demonstrate that argument structure informaten be accessed independently and affect
normal language processing even when semantiepisukder strict experimental control. Further
research is necessary to determine the way senmmli@rgument structure information interact,
and how semantics can pose restrictions on the wedys realize their arguments in sentence

production.
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7. Experiment 3: Argument structure and lemma accesdluent and

nonfluent aphasia

7.1. Introduction

As described in 2.3., several studies reportedlectsee difficulty for agrammatic patients in
producing verbs with respect to nouns. This feaha® often been compared to the performance of
anomic patients, who demonstrated a reverse paitetifficulty, with nouns being more impaired
than verb in picture naming (see Miceli et al., 49BlcCarthy & Warrington, 1985; Zingeser &
Berndt, 1988). However, later studies pointed bat & disproportionate verb-impairment was not
only restricted to agrammatic patients, but in saases generalized to fluent aphasia (see Kohn et
al., 1989; Berndt et al., 1997a, 1997b). Jonkemd Bastiaanse (1998) further extended this
assumption by stating that all aphasic patientsvshdetter retrieval of nouns than verbs, with the
opposite pattern resulting from the influence ofgmlinguistic variables affecting word retrieval.
One of the features that characterizes verbs (amchntess nouns) is the fact that verbs take
arguments, i.e. obligatory elements required bjpsevhen implemented in sentences (see 1.1. and
1.2. for a description of the verb types). As wyddiscussed in chapter 3, argument structure
properties has been found to influence agrammaiiemqts’ performance in production in several
languages (see Kegl, 1995; Thompson et al., 198@nipson, 2003; Kim & Thompson, 2000;
2004; Thompson et al., 2010, for English; Luzzeattal., 2002, Barbieri et al., 2010, for Italiare D
Bleser & Kauschke, 2003, for German; Jonkers, 2000,Dutch; Kiss, 2000, for Hungarian;
Dragoy & Bastiaanse, 2010, for Russian and Sandlhmzso et al., 2011, for Spanish). In order to
account for those results, Thompson (2003) propased Argument Structure Complexity
Hypothesis (ASCH), according to which agrammatitigmas’ production is as much difficult as
more complex becomes the verb argument structufS)Vboth in terms of the number of
arguments required by verbs and of the presensgrafictic movement (see 3.1.). Despite many
studies provided data in favor of the predictiorsdm by the ASCH, as shown also by data on
neurologically unimpaired participants (see Thommp&t al., 2007; den Ouden et al., 2009;
Shetreet et al., 2009; Thompson et al., 2010),etteme some exceptions (see Jonkers and
Bastiaanse, 1998; Shetreet et al., 2007). In dd@ikers and Bastiaanse (1998) found intransitive
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verbs to be more impaired than transitive verbsaagnammatic patients’ production, whereas
Shetreet and co-workers (2007) failed to find a ohaiibn of brain activity in relation to the
number of arguments required by verbs, in contveighh results obtained by Thompson and
colleagues (Thompson et al., 2007; den Ouden gP@0D9; Thompson et al., 2010). Moreover,
despite many studies focused on the performanpat@nts suffering from agrammatism, there are
a few evidences in favor of a possible generabratf the principles illustrated by the ASCH to
nonfluent aphasia in general (see Luzzatti eR80R), as well as to fluent aphasia (see McAlljster
et al., 2009; Barbieri et al., 2010). In detail, Micster and colleagues found better accuracy for
both production and comprehension of sentencesaicomg unergative verbs than for sentences
with unaccusative verbs, for both the group of aphdmostly fluent) patients and of healthy
participants. The finding of a better performanneproducing and comprehending unergative
sentences than unaccusative sentences in norntigigeats led the authors to hypothesize that the
ASCH could more reflect a general principle of ctéewmly underlying normal language processing
than a specific account of agrammatic patientstipetion. In addition, in an earlier study, Barbieri
and co-workers (2010) found that both fluent andfluent aphasic patients had difficulty in
retrieving the appropriate argument structure fangitive verbs describing actions that required
the use of an instrument (see 3.7. for a more lddtdiescription).

Since the pioneer studies on the verb-noun dissogi&ypical of agrammatic production, several
attempts have been made to account for the vedifigpenpairment characterizing agrammatism.
Among those, the two main contrasting positionerimtet the verb impairment either as a semantic
deficit or as a grammatically driven effect. Inagtaccording to the semantic account, agrammatic
patients are impaired in verb production because afsfunction of the semantic system, either in
the type of semantic knowledge underlying verb esentations, i.e. functional knowledge as
opposed to the visual knowledge underlying nourienal (see McCarthy & Warrington, 1985), or
as an effect of imageability, as suggested by saumtigors (Bird, Howard & Franklin, 2000, 2001,
2002). According to the latter hypothesis, the dipprtionate verb impairment depends on the
lower capability of verbs to elicit mental imagées, verbs are produced less accurately than nouns

because they have lower imageability. Despite dbount has received support in relation to the
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influence of imageability on the production of aplegpatients (see e.g. Bates, Burani, D’Amico &
Barca, 2001), it has been challenged by the filioigRapp and Caramazza (2002). Moreover,
Luzzatti and co-workers (2002) demonstrated thatleatst in some of the patients, the
disproportionate verb impairment persisted evennwhregeability was partialled out by adding it
as a predictor in a bivariate logistic regressioalgsis (see 2.3.). These results are therefore in
favor of an interpretation of the verb specific mmment as a grammatical class effect. Even
among authors supporting this assumption, howélverdebate concerns the precise location of the
deficit within models of lexical production. Forsitance, Caramazza and co-workers (Caramazza &
Hillis, 1991; Hillis & Caramazza, 1995; Rapp & Carazza, 2002) assume that the deficit is
located at a late lexical stage, i.e. either thenplogical output lexicon or the orthographical
output lexicon. Berndt and colleagues (1997a, 192002) suggest instead that the deficit could
arise at a lexical-syntactic levdéinma level as proposed by Crepaldi et al. (2006). As diseds

by Bastiaanse and van Zonneveld (2005), the defaild consist either in a damage to lemma
knowledge itself, or in a difficulty in accessirgmma information (see Kim & Thompson, 2000).
Moreover, Bastiaanse & van Zonneveld discuss thotmesis that the deficit could be located
right after lemma retrieval, i.e. in mapping vergwments onto the sentence syntactic structure.
Within Levelt's theoretical framework (1989; Levelt al., 1999), in this case the deficit would be
located at the level of grammatical encoding (s@e, Figure 3), i.e. where the word’s syntactic
environment is created. In their study, Bastiaars®van Zonneveld tested patients suffering from
Broca’s aphasia in two experiments using the sahefsverbs in two conditions that differed for
grammatical complexity. Since the authors found th@ performance of agrammatic patients
diminished in the most grammatically complex coioditi.e. the accuracy on the production of the
same verbs was influenced by the sentence struchey claimed that the locus of the deficit is
subsequent to lemma retrieval and located at Hyegf grammatical encoding.

As described in 3.7., in a previous study it hasnygroposed that the patients’ deficit derived from
a damage to the lemma information itself or toaitsess (Barbieri et al., 2010). This assumption
has also been discussed by Bastiaanse and vanu@&adneho claimed that an interpretation in

terms of a damage to lemma knowledge is not in it studies that report spared verb
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comprehension (see Jonkers, 1998; Kim & Thomps@@0OR Since in their previous study Barbieri
et al. did not test the performance of aphasiceptiin input tasks, the aim of the present stady i
to investigate argument structure processing iarfiland nonfluent aphasia, by using a task that
does not require overt production, but instead teapsna access, in order to further inform about

the locus of the verb production deficit in nonfitephasia.

7.2. Aim of the study

In detail, the aim of the present experiment watesd the first prediction made by the ASCH, i.e.
the greater difficulty in processing transitive emwith respect to unergative verbs, in a sentence
completion task, in order to (i) investigate thediction of a more demanding cognitive processing
of transitive vs. unergative verbs in a task thaesinot require overt production, (ii) test if the
prediction is restricted to the performance of agratic patients or rather generalizes also to
fluent aphasia, as suggested by previous studieslL(gzzatti et al., 2001; McAllister et al., 2009,
Barbieri et al., 2010) and (iii) investigate thespibility for nonfluent aphasic patients of accegsi
verb lemmas, in relation to theories about the doofi the deficit (Kim & Thompson, 2000;
Bastiaanse & van Zonneveld, 2005). The main priggicivas that, if the ASCH accounted for
patients’ performance to the task, their accuraapé selection of the correct verb would be higher
when the correct option was the unergative verh thlaen it was the transitive verb. Moreover, if
the prediction applied to the performance of flugphasic patients, a similar pattern would have
been found in both groups, i.e. in nonfluent anéluant aphasic patients. This task is assumed to
inform about the possibility for patients to accéssima knowledge, because if patients were
found to be sensitive to argument structure priggeri.e. to have a different ease of access for
unergative verb lemmas vs. transitive verb lemntlasy should have at least partial access to
lemma information. Indeed, following Levelt's mod@l999), information about the number of
arguments required by a verb is stored at the letewe: thus, if patients do not have access to
lemma knowledge, they should not demonstrated ferdiit performance with unergative and

transitive verbs.
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7.3. Participants

The study was conducted on a group (N=10) of aphpatients, selected with the following
criteria: presence of mild-to-moderate languagerdisr, based on the administration of standard
language examination, relatively spared written gahension, in absence of severe reading
deficit and/or severe articulation deficit. Followgi the administration of the Aachen Aphasia Test
(AAT, Italian version, Luzzatti, Willmes & de Blesel994), six patients were found to suffer from

nonfluent aphasia, whereas four patients suffex@ad fluent language disorder (see Table 3).

Name Age YoE Aetiology Type of aphasia
GR 34 13 heamorragic agrammatic Broca
LZ 48 15 stroke agrammatic Broca
NT 27 13 stroke agrammatic Broca
sSC 14 8 haemorragic non-agrammatic Broca
RC 52 14 stroke non-agrammatic Broca
GB 45 8 tumoral non-agrammatic Broca
VL 61 8 stroke anomic
MM 70 8 heamorragic anomic
LG 56 18 heamorragic Wernicke
5B 37 13 stroke unclassified fluent

Table 3.

Demographic data of the aphasic patients particigan the study.
YoE= Years of education.

In detail, nonfluent aphasic patients were diagdase following: three suffered from agrammatic
Broca’s aphasia and three from non-agrammatic Bsaaahasia. The classification of nonfluent
patients as agrammatic or non-agrammatic was basethe presence of “telegraphic” speech

output, which characterizes agrammatic aphasia palyents who showed slow rate of speech and
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simplified syntactic structure, but no classic gesghic output, were classified as non-agrammatic.
As far as fluent aphasic patients are concerned,vere diagnosed as suffering from anomic
aphasia, whereas the remaining two patients wagndsed as suffering from Wernicke’'s aphasia
and or from unclassified fluent aphasia.

Ten control participants, with age and educatideaél similar to those of aphasic participants
(mean age: 55.8 + 4.4; mean education: 8.9 + 2v8)e also included in the study. Control

participants were selected so as to have no previostory of language disorders, nor of

neurological/psychiatric illness, and to have ndranaorrected-to-normal vision.

7.4.Materials and methods

The stimuli were the same as those described irefirpnt 1. The procedure was adapted from
Experiment 1, as follows: participants listenedte instructions given by the experimenter and
were shown 6 practice items in order to become liamivith the task. After the practice trials,
instructions were repeated once and then partitspaare presented with the experimental trials.
Each trial (see 5.5., Figure 8) began with a fomtcross (+), which remained on the screen for
1500 milliseconds (ms) and was followed by a sagewith a blank on the verb position.
Participants were instructed to read the sentelozel aand were corrected by the experimenter in
case of error. Once the reading of the sentenceefias completed, the experimenter pressed the
spacebar and the two verb options appeared orcteers one above and one under the sentence
frame. Subjects were then instructed to choosedlmect option by indicating the selected verb on
the screen. Given the difficulty of the task, pap@nts were instructed to be accurate, and no
particular attention was paid to the time neededtie response. Therefore, reaction times to the
task were not considered, and accuracy was the dependent variable introduced in the

regression analysis.

7.5.Results

Items eliciting a mean accuracy that was more th&D below the mean of the whole group of

aphasic patients were deleted. Therefore, the &inalyses for both the group of aphasic patients
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and of age-matched control participants were peréoron a total of 30 verb pairs. Analyses were
conducted by using logistic regression within thpraach of mixed-effects models (Jaeger, 2009).
In all analyses, the dependent variable was itecaracy, and the main predictor of interest was
verb type(unergative, transitive). Lexical variabldsrima frequency, imageabilitgndlength (in
letters) were considered as predictors in the apalas well. In all analysesjbject item ageand
years of educationvere included as random factors. All analyses vperéormed by introducing
first the predictor of interest, i.e. verb type,dathen the other predictors one by one. The
contribution of each predictor to the model wasleated by performing ANOVAs between the
model containing the predictor under scrutiny drelrhodel without that predictor.

Control participants. Healthy participants perfochmverall well on the task (89,3% of correct

responses), and errors were equally distributedngmmergative and transitive verbs (10% and
11,3% of incorrect responses). The slight diffeesimcaccuracy between unergative and transitive
verbs was not found to be significant, as showthieyoutput of the logistic regressiore(b type
z=-0.352, p=n.s.).

Aphasic patients. The performance of aphasic patienillustrated in Table 4. A preliminary

analysis was conducted on the dataset of all peeitits in order to compare the overall
performance to the task of the group of aphasitepiat to control participants. This analysis
revealed that aphasic patients performed worsettilegroup of age-matched control participants
(z=-3.898, p<.001). Similar results were obtainezht the two groups of nonfluent and fluent
aphasic patients: patients’ accuracy to the seatenmpletion task was lower than accuracy of
control subjects for both groups (nonfluent: z=83.3p<.001; fluent: z=-2.310, p=.021).

A regression analysis was conducted on the whalepgof aphasic patients (Table 5a) and the
model that revealed to best fit of the data coetwerb type(unergative, transitive)luency
(nonfluent, fluent aphasiainageability word frequencyand the interaction between the latter two
factors as predictors. Among them, omlsrb type(z=2.893, p=.004) aniinageability (z=1.991,
p=.046) were found to be statistically significamith unergative verbs eliciting accurate responses
more often than transitive verbs. Wofictquencyand the interaction between frequency and

imageability were only marginally significant. (Tlaekba). On the contrary, verbiiencywas not
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found to have an effect on patients’ accuracy there was no significant difference in the overall
performance between fluent and nonfluent aphadiemia. As to the effect oferb type mean
accuracy was better when the correct option wasnangative verb (75,2%) than a transitive verb

(64%, Table 4).

Name Fluency 9 Correct transitive % Correctunergative
GR NF 53 57
LZ NF 63 70
NT NF 50 67
sC NF 53 67
RC NF 60 77
GB NF 73 93
mean accuracy NF 58.7 71.8
VL E 67 77
MM E 70 90
LG F 73 90
SB F 67 57
mean accuracyF 69.3 78.5
overallmean accuracy 64,0 75,2

Table 4.
Results obtained by the whole group of aphasic piatigN=10) in the sentence completion task.

A subsequent analysis was performed on the twopgrad patients (fluent vs. nonfluent type of
aphasia), in order to evaluate the effect of vgde twithin each group. The logistic regression on
the dataset of the nonfluent aphasic patients detraind again that the statistical model that best
fitted the data containegkrb type, frequency, imageabiliynd the interaction between the two as
predictors (see Table 5tyerb typewas found to be significant in this group (z=2.4p%.015),

with the same direction of the effect found in &mgire patient sample, i.e. with better accuracy fo
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unergative than for transitive verbs (71,8% vs7%8pf accuracy respectively, see Table 4). In this
group,imageabilitywas also marginally significant (z=1.918, p=.05H)e analysis conducted on
the group of patients suffering from fluent aphasiee Table 5c) revealed that the effecvero
typewas not significant neither as a single predi¢er1.625, p=n.s.), nor in conjunction with the

other lexical variables that were significant ie fhrevious regression analyses (see Table 5c).

Table 5a

Predictor Estimate Std. Error z-value [i(%
Verb type 0.53 0.18 2.89 004

Fluency -0.37 0.26 -1.46 .S,

Frequency 0.96 0.51 1.89 058

Imageability 2.99 1.50 1.99 046

Frequency*Imageability -0.60 0.33 -1.83 067

Table Sb

Predictor Estimate Std. Error Z-value

Verb type 0.56 0.23 2.42 015

Frequency 1.11 0.65 1.71 n.s.

Imageability 3.71 1.93 1.92 055
Frequency*Imageability -0.73 0.42 -1.74 n.s.

Table S¢

Predictor Estimate Std. Error Z-value PGz
Verb type 0.48 0.30 1.59 ns.

Frequency 0.48 0.44 1.08 n.s.

Imageability 0.45 0.51 0.88 1.8,

Frequency*Imageability -0.09 0.11 -0.84 n.s.

Table5.

Results from the logistic regression analyses pewdron the following groups: all patients (Tablg, Sonfluent
aphasic patients (Table 5b) and fluent aphasiepisti(Table 5c¢).

Given the aforementioned results, additional shugiee analyses were performed for each
participant within the group of aphasic patients,as to evaluate individual differences among
participants in each group (fluent and nonfluertigoais). As far as overall accuracy to the task is

concerned, 8 out of 10 patients showed lower acgutsan the age-matched control participants:
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all comparisons elicited higf values (p<.001), except the comparison between.NdrM controls
showingy®=4.7, p=.03. Two patients (G.B. and L.G.) showedwerall performance that did not
differ from control participants when considerirggponses to both unergative and transitive verbs
altogether £°=2.0, p=.16 ang’=3.2, p=.07 respectively). However, when considgtire accuracy

in responding to transitive verbs only, both paseshowed lower accuracy than control
participants °=5.77, p=.02 for both). The pattern of accuracy alas analyzed in each patient in

relation to the type of verb required to compléie sentence. Results are shown in Table 6.

— ey unergativ_e accuracy transitive_ accuracy % b

(N=30) (N=30) -
GR NF 17 16 0.07 ns.
LZ NF 21 19 0.3 .S,
NT NF 20 15 1.71 1.8
SC NF 20 16 1.11 LS.
RC NF 23 18 1.92 L8,
GB NF 28 22 4.32 04
VL F 23 20 0.74 ns.
MM E 27 21 3.75 .05
SB E 17 20 0.63 L8,
LG F 27 22 2.78 09

Table6.

Single-case analysis depicting the accuracy sdoaplmasic patients to the sentence completion teiglk,
respect to the type of verb (unergative, transjtrequired by the sentence.

The majority of aphasic patients showed differectusacy values for unergative and transitive
verbs (unergative verbs being more correct thamsitime verbs), which resulted to be significant
only in two of them (G.B. and M.M.). One patienbsled a pattern of accuracy that was close to
statistical significance, with the same directidrihe effect (L.G.). With respect to fluency, twb o

those patients were suffering from fluent aphaslav(. and L.G.) whereas one was classified as

suffering from nonfluent language disorder (G.B.).

74



7.6.Discussion

The present study was led by the aim of investigathe first prediction made by the ASCH
(Thompson, 2003), according to which agrammatideptd are more impaired in producing
transitive than unergative verbs, in relation te thifference in the number of arguments they
require. In detail, our goals were: first, to intiggte the prediction of a more demanding
processing of transitive than unergative verbstiasi requiring lemma access and bypassing overt
production; secondly, to test the possibility ohgeralizing this prediction to the performance of
fluent aphasic patients, as suggested by previtukes (McAllister et al., 2009; Barbieri et al.,
2010; see Luzzatti et al., 2001 for results ondbmprehension of passive reversible sentences).
An additional goal was, by testing the patientess to lemma knowledge, to inform about the
locus of the deficit in nonfluent aphasia, partely in relation to the hypothesis of a deficit in
lemma access (Kim & Thompson, 2000), a hypothésisias been challenged by Bastiaanse and
van Zonneveld (2005), who suggested instead alposta deficit, i.e. a dysfunction of the
grammatical encoding process.

Nonfluent and fluent aphasic patients, as well gsoap of healthy participants with comparable
age and educational level, underwent a sentenceletion task in which they were asked to
choose the correct verb among two alternativeswiea¢ very similar as to their semantic content,
but had different argument structure, i.e. one waargative and one was a two-place transitive
verb. The performance of control participants wassimfluenced by the verb type, in contrast with
McAllister and colleagues’ (2009) data, who found advantage for unergative verbs (in
comparison to unaccusative verbs) also in neurcddlyi unimpaired subjects. Despite accuracy
was slightly below the ceiling level, control paitiants made an equal amount of errors when the
correct option was either the unergative or thasiteve verb. This finding is line with data from
young healthy participants, who performed the saask showing no differences in accuracy
between the two verb types, but obtained fastectimra times in selecting unergative than
transitive verbs (Experiment 1). Results from theug of aphasic patients show instead a different
level of accuracy in selecting unergative vs. ttaresoptions. In detail, accuracy in performingth

sentence completion task was significantly highkemvthe correct option was an unergative vs. a
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transitive verb for the whole group of aphasic guas. Verb type was indeed found to be a
significant predictor of the performance of aphgsatients both as a single factor and in the
multivariate analyses, i.e. when considering thieeptlexical variables often influencing the
patients’ accuracy in a variety of tasks. In paitac, the effect of verb type resisted the
introduction of imageability, a factor referring the verb semantic content that has often been
claimed to account for the verb-specific deficinionfluent aphasia (Bird et al., 2000, 2001, 2002).
However, this variable has always been found teraut with grammatical class (Caramazza &
Hillis, 1991; Hillis & Caramazza, 1995; Rapp & Carvazza, 2002; Luzzatti et al., 2002, Crepaldi
et al., 2006). Imageability cannot be matched acramuns and verbs in a picture naming task
Luzzatti et al., 2002). In the present study, venith different argument structure, could be
perfectly matched for imageability. The item sdtatiwas made in order to ensure that patients
based their choice solely on the verb grammaticapgrties, i.e. on the VAS. Therefore, the
present results indicate a truly grammatical cifect elicited at the lemma level. In detail, thes
data are accounted for by the prediction of the AS€garding a more cognitively demanding
processing of verbs according to argument structongplexity.

As to the comparison between the performance @nfland nonfluent aphasic patients, overall
accuracy did not differ between the two groups. Blesv, the two groups behaved differently with
respect to the effect of verb type. In detail, tbsults revealed that nonfluent aphasic patients we
more accurate in choosing the correct verb whenaiget option was an unergative verb than a
transitive verb, whereas the effect of verb type ot reach significance in the fluent aphasic
patients. The single-case analysis conducted foh g@articipant demonstrated that, despite all
nonfluent patients showed a better performancenamgative than on transitive verbs, this effect
reached the significance level only in one pati@B.). This patient was classified as suffering
from non-agrammatic Broca’'s aphasia. Furthermie rémaining two patients in which transitive
verbs were more impaired than unergative verbsererdf from fluent aphasia. The data thus
suggest that the predictions of the ASCH may agplythe performance of non-agrammatic
nonfluent aphasic patients as well as to fluentajghpatients. The latter claim is — at least ir pa

in line with data from Luzzatti and co-workers (2)0who found an influence of the type of VAS
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on the performance of the whole group of nonflugpthasic patients in a picture naming task of
verbs. As to the different outcome of single-casalyses in comparison to group analyses, in this
case the lack of an effect of verb type may beadieer to variability related to the co-existenée o
different subtypes of fluent aphasia, or to intetividual variability, as suggested by the analysis
of single-case profiles.

The analysis of the performance of each patienisolation, outlined that the effect may
characterize the performance of either fluent arfloent aphasic patients. In detail, if considering
the cases of the patients that clearly demonsteatezifect of verb type in line with the predictson
of the ASCH, it is noticeable that their generaffpenance was closest to control participants.
Therefore, the finding of an effect of verb typeaatindividual level may be related to the level of
language severity, i.e. the effect arises morelyeasipatients with better preserved language
abilities.

The third objective of the present study was to thesories that explain the verb-specific definit i
aphasia. As to this issue, group analyses sudgatshonfluent patients may have access to lemma
information. Indeed, the results obtained fromgheup of nonfluent aphasic participants indicate
that they still may distinguish between unergatare transitive verbs. Their accuracy pattern
replicates the pattern found for reaction timestte same task in young control participants
(Experiment 1). Moreover, data are in line with tleiroimaging evidence attesting a modulation
of brain activity in language areas according @uarent structure complexity (see den Ouden et
al., 2009; Thompson et al., 2010). However youngtrads, as well as the control group tested in
the present Experiment, were not found to diffeaaturacy. Therefore, it can be assumed that,
since aphasic patients show greater ease in fielgiekre argument structure of unergative verbs,
they must have access to the processing level whisrenformation is stored, i.e. the lemma level.
If lemma knowledge may be accessed, then the défigbroducing verbs with more complex
argument structure (see e.g. Thompson et al., 19%Zatti et al., 2002) must be located after the
lemma has been retrieved, e.g. at the level of gratnal encoding, as suggested by Bastiaanse
and van Zonneveld (2005). This hypothesis could aigplain data from a previous study (Barbieri

et al.,, 2010), where patients showed errors ingugaxically appropriate verbs with a correct
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argument structure. In that study, both nonflugmaematic (4) and fluent (1) patients were found
to have difficulty in realizing transitive verbstguments when performing a picture description
task. Despite in that study we offered an explamaith terms of damage to the lemma level, those
data may also be accounted by a deficit in mapgpayed VAS knowledge and the sentence

syntactic structure.
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8. Experiment 4: A test of the ASCH in a word nagniask

8.1. Introduction

The verb argument structure (VAS), defined as & VYeature indicating the number and type of
participants in the event described by a verb, I@sn shown to influence aphasic patients’
accuracy in several studies and in different laggaasee 3.2, 3.3. and 3.6.). In detall, transitive
verbs (e.gto chas¢ have been reported to elicit lower accuracy iodpction, in comparison to
unergative verbs (e.do sleep. On the other side, unaccusative verbs (Eglisappeayr were
found to be more difficult to produce than unengatierbs. As described in 1.1. and 1.2., transitive
verbs differ from unergative verbs in the numbeaxuments taken by a verb, i.e. transitive verbs
require at least two arguments, whereas unergatvbs usually require only one argument.
Unergative and unaccusative verbs instead difféo dse underlying syntactic structure: according
to the Unaccusative Hypothesis (Perlmutter, 1978rzi®, 1986), the grammatical subject of
unaccusative verbs generates in the VP-internatigosi.e. the position usually occupied by the
direct object in transitive sentences, but movesh® subject position (SpeclP) leaving a trace
behind (see 1.1., Figure 1a). Thus, unaccusatinteisees are subject to a syntactic movement
(Argument-movement, or A-movemelit) analogous to the movement underlying passive
sentences. As a consequence of this, the grammatibgects of unaccusative verbs receive the
role of Theme, whereas unergative verbs assigmotheof Agent to their grammatical subjects. An
additional difference between ltalian unaccusa#iud unergative verbs relies in type of auxiliary
selected by verbs at the composite past formajna&ccusative verbs requigeserde.g.ll ragazzo

e scompars¢The boy disappeared, lit. The boy is disappearaddl unergative verbs require avere
(e.g.Gianni ha dormitdGianni slept, lit. Gianni has slept].

As earlier mentioned, several studies on agramrmpatients across different languages reported an
increasing difficulty in processing verbs as thenber of their arguments increases. This has been
shown for English by Thompson and co-workers (Theompet al., 1997; Kim & Thompson, 2000,
Thompson, 2003; Kim & Thompson, 2004). A difficuity naming transitive vs. unergative was

also reported by Luzzatti and coworkers (2002) Ifalian agrammatic patients. In addition, the

10 A-movement is defined as the movement of a veghraent from one position to a different one wittiie syntactic
tree (see Chomsky, 1995).
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authors found the whole group of nonfluent aphasitents to be impaired on unaccusative verbs
as later reported by Thompson (2003). In orderctmant for the data described so far, Thompson
proposed the Argument Structure Complexity Hypdth€ASCH), which explains the pattern of
impairment of the agrammatic patients’ verb produrctas a function of the argument structure
complexity, i.e. both in terms of the number ofuangnts taken by a verb and of the presence of
syntactic movement.

Evidence for an influence of argument structure glexity on verb processing also comes from
neuroimaging studies on normal participants, whegtort a greater amount of brain activation for
two- and three-place transitive verbs than for gagve verbs (see Thompson et al., 2007; den
Ouden et al., 2009), even though with some excaptiBhetreet et al., 2007), and for unaccusative
vS. unergative verbs (Shetreet et al., 2009).

To summarize, evidences for an effect of the nunatb@rguments taken by verbs on aphasic and
normal participants come from a variety of taskspag which some not requiring over production
(e.g. verb categorization in Kim & Thompson, 202004; lexical decision in Shapiro et al., 1987;
Shapiro & Levine, 1990; Shapiro et al, 1993; Thoompst al., 2007; Thompson et al., 2010). On
the contrary, vis-a-vis the issue of unaccusatiatgnost all data derive from studies on the aghasi
patients’ production, either in picture naming w$kuzzatti et al., 2002; Thompson, 2003) or in
sentence production tasks (see Lee and Thomps64),20ith only a few evidences coming from
tasks that did not require overt production (seéNikter et al., 2009, Shetreet et al., 2009).

8.1.1. Why studying deep dyslexia?

As described in 2.4., deep dyslexia (DD) (MarsBaMewcombe, 1973; Coltheart et al., 1980), is
an acquired reading disorder characterized by @o$sibility in reading hon-words, as well as by
the occurrence of semantinight vs. sleep, visual {vhite vs. while) and morphological errors
(classvs. classifyy when reading words. The patients’ reading perforoe is also characterized by
an imageability effect, i.e. concrete nouns arel flgetter than abstract nouns, and by an effect of
grammatical class, i.e. nouns are read better\hers and function words. Within the dual-route
model of reading (Coltheart et al., 1993; Coltheawl., 2001, see 2.4, Figure 5), DD is assumed to

result from damage to the sub-lexical route ancteomtant disruption of the direct lexical route
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(“multiple-deficit account”, see Nolan and Caran®z2982), which forces the retrieval of the
phonological representation to follow the accessarfceptual knowledge. An additional fragility
of either the semantic system itself or of the @mion between semantics and the phonological
output lexicon would account for the occurrenceerhantic errors (Shallice & Warrington, 1980).
Another account of DD that has received wide supj®rthe so-called “Right Hemisphere
Hypothesis” (RHH; Coltheart, 1980, 2000; Safframlet1980), according to which DD reflects the
emerging linguistic abilities of the right hemispbhgRH), which are supposed to be limited to
high-frequency concrete nouns (see 2.4). A furtmmount of DD arises from the “Failure of
Inhibition Theory” (FIT) proposed by Buchanan anlleagues (2003; see also Colangelo &
Buchanan, 2005), according to which the massivegmee of semantic substitutions in DD would
derive from a defective inhibition of semanticaliglated competitors within the phonological
output lexicon. The investigation of deep dysléxaa often provided the opportunity to test models
of lexical processing. For instance, Luzzatti, Mion& Semenza (2001) analyzed the performance
of an Italian agrammatic patient with phonologide¥p dyslexia in reading morphologically
complex words, in order to test Baayen and colleag1997a, 1997b) dual-route model of
complex words processifig This theory assumes an interaction between waduéncy and
decompositional processes and predicts that frédaens are stored as a whole and thus retrieved
faster than infrequent forms, which are insteadiesuilbto on-line (de)composition. The results
reported by Luzzatti and coworkers supported thereafientioned prediction, by showing a
significantly better reading performance of singutarms vs. plural forms for singular-dominant
nouns, i.e. for nouns whose singular form is moegudent than the plural one (engpsevs. noses.
Another example comes from Buchanan et al. (2008, tested a deep dyslexic patient (JO) with
respect to her ability to implicitly and explicitlgccess semantic information and to use this
information in a naming task. By showing an infloerof semantics on JO’s ability to read non-

words as novel compounds, the results support glidinaccess of semantic information and are

1 bual routemodels were introduced as a compromise solutighinvthe debate between supporters offthilisting
and of thefull-parsing models of complex words processing. WHildl-listing theories assume that morphologically
complex words are represented as a whole in thHedexand independently from morphologically relatedns, full-
parsingmodels are based on a fully decomposed represamtafiinflected and derived forms, where the raud &he
suffixes are stored separately and (de)composdihen-
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interpreted as an evidence in favor of a modekgichl processing named PEfRMoreover, the
investigation of patients with DD has informed aboagnitive models of processing of other types
of stimuli, such as numbers (see for instance Cobemaene & Verstichel, 1994). Aim of the
present study is to investigate the influence gliarent structure complexity while reading verbs
as singletons, by testing a patient suffering fragrammatism and DD. The aforementioned
studies on agrammatic patients (see Thompson, di98l7; Luzzatti et al., 2002; Thompson, 2003)
revealed a difficulty in producing both unaccusatignd transitive verbs when compared to
unergative verbs. These data are accounted by #@&HA(Thompson, 2003), which explains the
dissociation among verb categories in terms ofghdr complexity (either due to the number of
arguments or to the presence of syntactic moveofectinstituents) of transitive and unaccusative
verbs vs. unergative verbs. Since agrammatism aeg dyslexia share several features and they
also often co-occur in a same patient, the prestiaty was led by the idea that a similar set of
effects could be found in deep dyslexic patients. tmdeed, in light of the “multiple-deficit
account”, the DD reading disorder would follow axtemsive left perisylvian lesion causing
complete disruption of both the sub-lexical andtef direct route of reading: therefore, patients
have to rely on the lexical-semantic route, theseasing each word lexical entry. The assumption
implies therefore an access to the word lemma, evindormation about verb argument structure is
stored (Levelt et al., 1999, see 1.5., Figure 3sulming that the argument structure properties are
spared in DD patients, the fact that they are fibitceread via the lexical-semantic route predicts

that that their reading performance shall reflecA&CH complexity effect also in a reading task.

8.2. Aim of the study

In detail, main goals of the study are: 1) to malia specific impairment in reading verbs in
comparison to nouns, in line with several previstigdies showing an influence of grammatical
class on the reading performance of deep dysleatiemts; 2) to test the hypothesis of a

dissociation among verb categories based on timelenlying argument structure, in line with the

12 pccording to the PEIR, Production is based on Eipéiccess, which follows Implicit access, whichtimn depends
on intact Representation. This model of lexical pesing is the theoretical framework in which th& Fee above) was
conceived.
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predictions of the ASCH, and particularly: a) tegtithe effect of the argument number, by
comparing unergative to transitive verbs, and &firig the influence of A-movement by comparing
unergative to unaccusative verbs. As far as tiseéisue is concerned, we predict verbs to be more
impaired than nouns, as part of the grammaticakatdfect usually arising in DD. As to the second
objective, we predict the number of arguments éffede elicited even in a simple word naming
task, in line with neuroimaging studies that showedhodulation of language areas already in a
lexical decision task. These data actually indiGateeffect of the number of arguments taken by
the verb as soon as the lexical entry is acceSdegtefore, we expect DD patients to be more
accurate in reading unergative than transitive s.evidith respect to the unaccusativity issue, our
expectations are less clear. Indeed, similariyhtwdffect of the number of arguments, almost all
evidences of a greater complexity of unaccusats/auaergative verbs come from studies on verb
production in aphasic participants. Furthermordikarfor the number of arguments issue, the only
neuroimaging study reporting an effect of unacdusgtused a semantic plausibility judgment on
sentences. The same holds for the study on noraréicipants conducted by Friedmann et al.
(2008), who analyzed the processing of sentence&icing unaccusative verbs. Therefore, we
aimed at testing whether the syntactic complexitgtarlying the processing of unaccusative verbs

would also arise in a word naming task.

8.3. Participant

GR is a 34-years-old employee (GR) with 13 yearsdafcation, who suffered from a left fronto-

parietal haematoma three years prior to the presedly. GR’s language and cognitive abilities
were assessed before and after intensive languagigeng at the Villa Beretta Rehabilitation Unit.

The administration of the Italian version of thechan Aphasia Test (Luzzatti et al., 1994)
revealed a moderate Broca's aphasia with agrammatider speech was reduced to short
agrammatic utterances with rare production of vexbd almost complete omission of function
words. Her naming ability was further investigateyg administrating a picture naming task

(Crepaldi et al., 2006), in which GR was asked dame an equal number of objects (N=50) and
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actions (N=50). The results of this test indicaggaificantly better performance on nouns than on

verbs, and a difference in accuracy among therdifteverb types (unergative > transitive verbs).

N= naming accuracy

N %
natural 25 18 12
artificial 25 17 68
total nouns 50 35 70
unergative 17 i) 35
unaccusative 13 2 15
transitive 20 2 10
total verbs 50 10 20

Table7.
GR'’s accuracy in the picture naming task of nourts\arbs.

GR'’s reading performance was assessed by meaws aidditional tasks: a standard task assessing
the patient’s ability to read words and non-worts] a test specifically designed to investigate the
emergence of semantic errors in reading. The (irstaldo, Cattani, Zonca, Saletta & Luzzatti,
2006) included concrete nouns, abstract nouns andtibn words. Words were mixed with
phonotactically plausible pseudowords, in ordeageess the integrity of the GPC reading routine,
which is known to be necessary for reading non-worflhe second task investigated the
emergence of semantic errors in reading: the rgaliih was composed of pairs of semantically
related words, each pair being made of a highlgueat and a low frequent word (egatto -
micio [cat - kitten]). Based on the results on both sagkR was classified as suffering from deep
dyslexia. Indeed, GR was unable to read non-wondisthe analysis of her errors in the reading

tasks revealed a significant grammatical classimagdeability effect, many semantic errors as well
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as morphological and visual errors (see Marelligéjgro, Scola, Molteni & Luzzatti, 2009, for a

more detailed description of the tasks and of GR&gling performance).

8.4. Materials and methods

Seventy-eight verbs and thirty-one nouns were degdlin the experimental task. Verbs included in
the word naming task had to belong to only oneheffbllowing categoriesunaccusativeverbs,
unergative verbs, two-placetransitive verbs (see 1.1.). As far as the distinction betwee
unaccusative and unergative verbs is concerned fitbie criterion used to classify verbs as
belonging to one of the two categories was agemptive. verbs in which the grammatical subject
receives the role of Theme were considered as usatigces, whereas when the grammatical
subject identifies the performer of the action (Agethe verb was classified as unergative. An
additional criterion used to identify unaccusativerbs was the type of auxiliary taken in the
compound past form (e.g. the vezbistere[to exist] was classified as unaccusative, whetkas
verb tremare[to tremble] was classified as unergative, sirfoe first requires the auxiliary verb
esserdn the past tense, whereas the second takeeas auxiliary verb in the past form). With
reference to the issue of transitivity, all thebgeincluded in the study were classified as syrictl
transitive. Alternating unaccusative verbs afondare[to sink] (see 1.3.) and verbs that may
subcategorize both an unergative and a transiémgeace structure likmangiare[to eat] (see 1.1.)
were not included in the reading list. Verbs in theee categories were matched for lemma
frequency, length and imageability, whose valuegvadbtained by asking a sample of 15 control
participants to evaluate each verb on a Likertescahging from 1 (very low imageability) to 7
(very high imageability). The final set of stimalbntained seventy-eight verbs, 26 per category.
All verbs were presented in the infinitive formdeparlare [to talk]), which is in Italian the

citation form of verbs and is the easiest verb ftorproduce for agrammatic patieritshirty-one

B Italian is a language with very rich morphologyvihich both verbs and nouns are always inflectetlikg English,
the deletion of a verb or noun suffix would resmlta non-word. Not all inflections are equally difflt for Italian
agrammatic patients. Indeed, they usually prodwarbsyeither in the infinitive form (e.gnangiare, to eator in the
third-person singular present tense (mgngia, he/she egts
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nouns, all in the singular form (half of them begrithe masculine and half the feminine
grammatical gender) were also included in the reptist.

The stimuli were randomly presented on a computeren after a fixation cross lasting 1500 msec.
The participant was asked to read each word aland,then to press the spacebar to pass to the
following item. There was no time limit, but if thatient was unable to read a word, she was
encouraged to go on, by pressing the spacebarcambve to the following word. The whole
patient’s production — pauses included - was manai@nscribed. The task was administered in
two sessions, with a time interval of a month. 8itiee number of correct responses given by GR
in each session was relatively low, the final supnvas computed using the following criterium:
items that were read correctly (including repaiinsit least one of the two sessions were assigned a
score of “1”, whereas items that were read incolyan both sessions were assigned a score of

“0”.

8.5. Results

The first arising remark is GR’s overall low reagliperformance on verbs (13 correct responses
out of 78, see Table 7), which is in contrast vién good accuracy on nouns (27 correct responses
out of 31. The better performance in reading notmsverbs parallels the results obtained in the
picture naming task, where GR named 35 out of 38atdand only 10 out of 50 actions. A better
reading accuracy in reading nouns than verbs emeirgdoth sessions, whereas the patient’s
ability of reading verbs improved in the secondsgrs (6 vs. 12 correct responses out of 78 verbs
respectively).

With respect to our primary interest, i.e. to irigeste the possibility that the verb category
(unergative, unaccusative, transitive) has infleehGR’s ability of reading verbs in isolation, data
indicate that GR read unergative verbs signifigabtttter than unaccusative verbs, which were
read in turn more easily than two-place transitieebs (see Table 8). A similar pattern was also

found in the picture naming task (see Table 7).
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N= Correct

Unergative 26 8
Unaccusative 26 4
Transitive 26 1
Total Verbs 78 13
Nouns 31 27
Table8.

GR'’s accuracy in the word naming te

First session Second session

Nouns Verbs Nouns Verbs

(N=31) (N=78) (N=31) (N=78)
Correct 23 6 24 12
Visual 3 5 1 8
Morphological 0 4 0 5
Semantic 1 4 1 1
Mixed 0 2 0 2
Unrelated 0 0 1 6
No response 4 37 4 44

Table9.

Qualitative analysis of GR’s performance over the s@ssions. The label “mixed errors” illustratesstherrors
that were classified as belonging at the same timdwo of the following categories: “visual errors”
“morphological errors” or “semantic errors”.

The analysis of GR’s errors in the reading taskcatgs that, in case of difficulty, the patient
tended to give up and move to the following itentheut producing any response (see Table 9).
This type of behavior was the most frequent in vexéding. Among the types of error usually

characterizing DD, visual errors (earcederefo access— accendereto light) were overall more
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frequent than both morphological (eliadare,to look after— badantecare giver) and semantic
errors (e.garrestare,to arrest— prigione, jailnoun), Whereas morphological and semantic errors
appeared with almost equal frequency. Unrelatedoreses and mixed errors, e.g. errors that were
classified as being both visual and morphologiead.(ipotizzare to hypothesize— ipnotico,
hypnotic, viaipnotizzareto hypnotize) also emerged in GR’s production {(Ealgle 9).

8.5.1. Quantitative data analysis

The first aspect that was investigated is the gratial class effect. A logistic regression —
conducted using the approach of mixed-effects nsogele Jaeger, 2009) - was performed on GR’s
accuracy data, with the dependent variable beiagtbbability of a given item to be read correctly
in at least one of the two sessio¥srb regularity(for verbs) andyrammatical gendeffor nouns)
were introduced as random factors in the analySesmmatical class and all remaining lexical
variables (word frequency, length, imageability)revéncluded as predictors in the regression
design. In order to reduce the skewness of thatrildution length, frequency and imageability
values were transformed into their logarithms. Tégression was performed by introducing one
predictor at time and by comparing each model wh#h model including the newly introduced
variable by means of an analysis of variance (ANQVFe effect ogrammatical classvas found

to be highly significant both as a single predidt3.773, p<.001) and following the addition of
imageability(grammatical class: z=3.071, p=.002; imageability3.478, p<.001) as well as of the
other lexical variables. The model that best fitieel data containegrammatical classas well as
length, word frequency and imageabiligs predictors in the regression analysis. With the
exception of word frequency, which was found tostightly above the threshold for statistical
significance (z=1.920, p=.055), all other factagn#icantly predicted the patients’ accuracy te th
reading task (grammatical class: z=2.312, p=.0&hapeability: z=3.677, p<.001; length: z=-2.092,
p=.036). Data show a persistence of the grammatlaak even after partialling out the effect of
imageability.

Secondly, we performed an additional logistic regren analysis on GR’s accuracy for verbs only,
in order to investigate the effect of argumentcttice complexity. In this caseerb typereplaced

grammatical category as a predictor in the regoessnalysis. The model that proved to be the best
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to fit our data containederb type, imageabilitandlength as predictors. Despite length was not
significant (z=-1.659, p=.097), both imageabilitpdaverb type were found to significantly
influence the patient’s response to the task. Aamyin naming verbs was highest for unergative
verbs and progressively less inaccurate for unatiegsand for transitive verbs, but the contrast
between unergative and transitive verbs (z=-2.286022) proved to be statistically significant,
and the comparison between unaccusative and ikensierbs was found to be marginally
significant (z=-1.923, p=.054). On the contrarye tltomparison between unergative and

unaccusative verbs (z=-0.604, p= n.s.) did not@gugr significance.

8.6. Discussion

The present study investigated the effect of gratiwaidty in the reading performance of a deep
dyslexic patient, with respect to two main issudsthe dissociation between nouns and verbs and
its relationship to imageability; 2) the effect wérb type as outlined by the Argument Structure
Complexity Hypothesis (Thompson, 2003) . In detaiin of the present study was to investigate
the prediction that verbs that have a more comatgument structure, either because they require
more than one argument (e.g. transitive verbs) eabse their syntactic structure entails A-
movement (i.e. unaccusative verbs), are morecdiffito produce than verbs with more simple
argument structure. An agrammatic patient suffefrogn deep dyslexia (GR) performed a word
naming task on both nouns and verbs. The verbaded in the task belonged to the unergative,
unaccusative or transitive category. As to the tgpeerrors found in GR’s production, visual,
morphological, semantic and mixed (visual and seitaerrors were all represented. The analysis
of GR’s performance in the word naming task revet@every impaired ability of reading verbs,
whereas reading of nouns was only slightly impaifBde pattern of impairment found in GR’s
word reading ability replicates the data reportgdMarelli and coworkers (2009), who tested the
same patient in multiple tasks reporting an efffcgrammatical class and concreteness on her
production. These findings are in line with therd#ture reporting a grammaticality effect in deep
dyslexia, as outlined by Coltheart (1980) and sujggbby further research (see for instance

Friedman & Perlman, 1982). The main finding of #tedy is a dissociated pattern of impairment
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among verb types, i.e. a disproportionate impaitmétransitive verbs, which replicates the effect
of argument structure complexity found in the agratic patients’ production in several
languages (see Luzzatti et al., 2002 for Italiahpmpson, 2003; Lee & Thompson, 2004 for
English, Jonkers, 2000; Jonkers & Bastiaanse, 18383 for Dutch; de Bleser & Kauschke, 2003
for German). Data are discussed 1) in light ofdbbate on the relation between imageability and
grammatical effects, 2) with reference to the theoon the mental representation of argument
structure at the lemma level and 3) in light of $kgeral accounts of deep dyslexia.

8.6.1. Grammatical class effects and imageability

Part-of-speech and imageability effects on reado@uracy are typical symptoms of deep dyslexia.
They have often been interpreted as strongly ioterected, specifically in relation to the
impairment shown by deep dyslexic patients in negdiinction words. Function words are indeed
less imageable than nouns; therefore the gramrhatiss effect has often been considered as a
consequence of the semantic impairment typical edpddyslexia (see for instance Nolan &
Caramazza, 1982). A similar position has been asdusy some authors in attempting to account
for the pattern of verb and noun processing shoyadgorammatic patients (Bird et al., 2000, 2001,
2002). In detail, Bird and colleagues hold that éfiect of grammatical class results from the
different imageability underlying nouns and verbkis assumption is in contrast with the position
of other authors (Caramazza & Hillis, 1991; Beratfl., 2002; Rapp & Caramazza, 2002) who
assumed a separate representation of nouns ansl wétin the mental lexicon. Moreover, the
imageability account of the grammatical class affechallenged by some studies (Luzzatti et al.,
2002; Aggujaro et al., 2006) reporting a persistennt the noun/verb superiority even after
partialling out the effect of imageability in thagistic regression analysis.

The present experiment outlines a highly signifi@rammatical class effect, which is in line with
the data obtained in the picture naming task, detnating a much better production of nouns than
of verbs. Even if nouns and verbs were initially matched for length, frequency and imageability
these variables as well as their interactions virckided as predictors in the logistic regression.

The results show persistent grammatical class tsffdespite the introduction of imageability,
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indicating that the dissociated performance betwesams and verbs was not accounted for by
imageability, in contrast with Bird and coworke(2000, 2001, 2002) hypothesis.

However, the main finding of this study concern® ttlissociation among verb categories
(unergative, transitive and unaccusative verbsjhis case, the three lists of verbs were matched
for imageability, as well as for the other variahleMoreover, imageability was included as a
predictor in the logistic regression analysis, stcaevaluate the effect of argument structurengaki
into account the influence of this variable. Simjlato the noun-verb dissociation, the effect of
verb type persisted even after partialling outdffect of imageability. Taken together, the present
results are in line with data from Luzzatti et(2002) and Aggujaro et al. (2006), in that all s#sd
report grammaticality effects that cannot be actedirfor by differences in imageability, in
contrast with Bird and colleagues’ account (20@@12 2002).

8.6.2. Word naming and argument structure complexit

As far as the issue of verb argument structure ¢exiip is concerned, data show that the patient’s
performance followed the gradient of complexityiagaded by the ASCH: indeed, unergative verbs
elicited the highest number of correct responses| accuracy was progressively lower for
unaccusative and transitive verbs; however, ondy dbntrast between unergative and transitive
verbs proved to be statistically significant, withe comparison between unaccusative and
transitive verbs being marginally significant. Astllmed in the introduction, the ASCH conceives
the issue of complexity considering two aspects:rthmber of arguments taken by verbs and an
underlying syntactic movement. According to the diogon based on argument structure
complexity, verbs taking more than one argumentpafmstance transitive verbs, should be more
difficult to retrieve than unergative verbs, whiobquire only one argument. According to the
prediction based on syntactic movement, unaccusaterbs should be more complex than
unergative verbs in that their construction entailmiovement of one of the constituents which is
similar to the movement occurring in passive sargen(Perlmutter, 1978; Burzio, 1986). The
results obtained in the present study are in limg with the first of these two predictions, since
syntactic movement did not elicit a significantlyonse accuracy on unaccusative verbs in our

patient. On the contrary, the number of argumeetgired by verbs had an influence on GR’s
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production, as shown by the highly significant cast between unergative and transitive verbs, as
well as by the comparison between unaccusativetranditive verbs, which was very close to the
threshold for statistical significance. The abseofcan effect of A-movement in our data could be
due to the limited number of correct responsesrgibg our patient. However, an alternative
account of this result can be put forward, i.es¢hvo effects (number of arguments and syntactic
movement) arise at different levels of lexical @esing. In detail, we assume that the number of
arguments is a feature that becomes availablecsasothe lemma is accessed, since it is lexical in
nature. As far as the issue of unaccusativity iscemed, a further step — in terms of language
processing — is necessary. Indeed, unaccusativarsrdative verbs do not differ in the number of
required arguments, but in the syntactic structfréhe subcategorized sentences: therefore, the
higher complexity of unaccusative with respect teengative verbs arises when the a minimal
syntactic activation is required.

As already mentioned, the influence of thember of arguments taken by verbs has been reported
in studies assessing the aphasic patients’ verbupton both as singletons and in a sentence
context (Jonkers & Bastiaanse, 1998; Luzzatti et 2002, Thompson, 2003) as well as in
neuroimaging studies testing the processing of Isotgle verbs and of verbs implemented in
sentences (Ben-Shachar et al., 2003; Shetreet @08l7; Thompson et al., 2007, den Ouden et al.,
2009). Moreover, the complexity effect derivingrfradhe number of arguments was elicited not
only in tasks requiring production, but also bybseategorization (Kim & Thompson, 2000) and
lexical decision (Thompson et al., 2007: Thomp®onakdarpour & Fix, 2010), i.e. in absence of
a syntactic context.

On the contrary, as far as teHfect of syntactic movement is concerned, evidences of a more
demanding processing of unaccusative than unesgyagvbs mainly come from studies on the
aphasic patients’ verb production both in isolatjbuzzatti et al., 2002, Thompson, 2003) and in a
sentence context (Thompson, 2003, Lee & Thomps@d4)2 A more recent study (McAllister et
al., 2009) also reported an effect of A-movement bmth aphasic and normal participants’
accuracy, by showing better accuracy in producing eomprehending sentences that contained

unaccusative verbs when compared to unergativersegd. Neuroimaging studies so far conducted
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have shown an effect of unaccusativity only whescpssing sentences (see Shetreet et al., 2009).
In conclusion, there is no evidence of an effectidiccusativity in tasks beyond picture naming
for verbs as singletons. Picture naming, when desigto elicit verb production, entails the
depiction of the participants to the action, thokancing the probability that a (minimal) sentence
structure is prepared. Thus, it can be assumedthkatffect of unaccusativity, i.e. the effect of
syntactic movement, arises in an action naming, thek not necessarily when participants are
asked to perform a lexical decision or a word nagntask on verbs, since syntax is unlikely to be
activated in the last two conditions. Thereforegah be assumed that the representation of the
number of arguments required by verbs is contaiaedemma level, whereas the effect of
unaccusativity is likely to arise at a post-lemmeel (i.e. the stage gframmatical encoding). In

our study, picture naming data were collected aliffarent pool of verbs from those used in the
word reading task, this preventing a real comparisetween the results from the two tasks. GR’s
performance in the picture naming task demonstratetendency that is in line with the
aforementioned hypothesis. Indeed, out of the fenbw correctly retrieved by the patient, the
majority of them were unergative (35%), whereay df% of unaccusative and 10% of transitive
verbs were named correctly, thus suggesting ardettesal retrieval when an action is described
by an unergative verb than by either an unaccusatia transitive verb.

8.6.3. Lemma access and theories of deep dyslexia

The present study indicates that GR has accesketavord lexical-syntactic features, i.e. the
lemma where information about verb argument structarstéred These data are also in line with
previous research demonstrating a dissociationdbasegrammatical class, since this information
is part of the lemma as well. The fact that GR raaegess lemma stored information is consistent
with an interpretation of deep dyslexia in lightaoflual-route model of reading: indeed, assuming a
damage to both the GPC and the direct lexical r@imriltiple-deficits account”; Newcombe &
Marshall, 1980; Shallice & Warrington, 1980; Nol&nCaramazza, 1982), reading can proceed
only through the lexical-semantic route, thus inmdyaccess to the semantic and lexical features

of the word. Therefore, the possibility of accegsiemma information, which is assumed to be

1 In Levelt's model of lexical selection (Leveltat,1999; Levelt, 2001grammatical encodings the stage in which the
creation of the “syntactic environment”, i.e. tlealization of phrases and clauses, begins.
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located between semantics and the phonologicalbiggicon (Levelt, 1989, 1999), is in line with
this model. Another interpretation of deep dyslegiatlined in the introduction is the Right
Hemisphere Hypothesis (RHH; Coltheart, 1980, 20®#&ffran et al. 1980), which considers the
symptoms of deep dyslexia as resulting from the rgimg linguistic abilities of the right
hemisphere (RH), limited to frequent, concrete moWMithin this theoretical framework, if lemma
information is retrieved before the phonologicalrdvdorm, two alternative options need to be
considered: 1) lemma information is stored in blegmispheres and thus deep dyslexic patients
may access it in the RH; 2) lemmas are represemtigdn the LH and deep dyslexic patients shall
still be able to access this information. The fogtion is in contrast with the assumption of lieait
linguistic competence of the RH: information stor@dthe lemma level is abstract in nature;
moreover, even assuming that lemma informatiortased in the RH as well, it is unlikely that
such information may concern verbs. Thereforestmnd option seems to be more likely, as long
as processing of written words is assumed to &hifte left hemisphere immediately after retrieval
of the underlying semantic features.

A third account of deep dyslexia is the failurehdfibition theory (FIT; Buchanan et al., 2003),
according to which both semantic paralexias and ithgossibility of reading non-words are
explainable as a defective inhibition, respectivelfythe semantic competitors within the semantic
system and of the co-activated real words witheaghonological output lexicon. This theory has a
relevant advantage, i.e. the possibility of exptairthe complexity of symptoms appearing in deep
dyslexia in terms of a single mechanism: a defeditmhibition of active competitors. However, it
does not offer an explanation for the grammatitad< dissociation that is often observed in deep
dyslexia. The FIT is based on a model of lexicabdpiction labeled PEIR, which posits a
distinction between implicit and explicit access ghonological, semantic and morphological
information. Following this model, deep dyslexiacaused by an impairment in explicit access to
phonological representation, in spite of a presgiugplicit access. Our results are consistent with
a spared implicit access to word lexical informatigiven the possibility for GR to access VAS

information at the lemma level. However, Buchanarales (2003) theory does not offer an
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explanation for the grammatical class effects, ignitherefore little suitable to explain the finding
of a greater impairment in reading transitive veengative verbs in terms of competitors inhibition.
To conclude, the results of the present study detrate a pattern of verb reading that follows the
predictions of the ASCH, as far as the number gliaents (unergative vs. transitive, unaccusative
vs. transitive) is concerned. On the contrary,ahsence of a clear difference in accuracy between
unergative and unaccusative verbs suggests thahoihe demanding processing of unaccusative
verbs may arise at a post-lexical level, i.e. atlével of grammatical encoding. The sensitivity to
VAS is in favor of a spared access to the wordckxéyntactic properties (lemma) in our patient.
The possibility for deep dyslexic patients to ascksnma information is in line with both the
multiple-deficit account of deep dyslexia and thdHR on the contrary, the interpretation in light

of the FIT only partly accounts for our data.
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9. General discussion

The study was conducted so as to test the mengahzation of VAS and the generalization of the
predictions of the ASCH, with respect to both tleenparison between transitive and unergative
verbs and between unergative and unaccusative .Merbdetail, the aims were the following: i) to
test the effect of the number of verb arguments fask that does not require overt production but
instead requires explicit access to information uabthe VAS in Italian-speaking healthy
participants (Experiment 1) as well as in fluerd aonfluent aphasic patients (Experiment 3); ii) to
test both the effect of the number of arguments @hntthe presence of syntactic movement in a
word naming task by testing a patient sufferingrfrdeep dyslexia (Experiment 4). A second goal
is to inform about the deficit underlying the vespecific deficit that characterizes nonfluent
aphasia (Experiment 3), by testing the hypotheisis defective lemma access (Kim & Thompson,
2000) as compared to a post-lemma deficit at thel lef grammatical encoding (see Bastiaanse &
van Zonneveld, 2005). An additional goal was toestigate the independent access to semantic
and to VAS information, as suggested by modelsasfteamporary psycholinguistics, by testing
healthy participants in a sentence completion tahke manipulating the type of information
required to perform the task (Experiment 2).

As far as the first goal is concerned, Experimenindestigated the hypothesis of a greater
processing complexity of transitive verbs - as carmefd to unergative verbs - in a sentence
completion task where Italian healthy participantse asked to complete a sentence by choosing
among two verb options with similar semantic cohtan with different argument structure, i.e. by
choosing between an unergative and a transitivie. Vidre results outline that reaction times were
significantly faster in selecting unergative verds compared to transitive verbs, whereas no
differences were observed in accuracy. Analogossitewere found in Experiment 2 for English-
speaking participants: in this Experiment, natipeakers of American English were tested by
using the same paradigm, i.e. a sentence complésisk, and by manipulating the type of
information required to complete the sentence eliaiti Condition 1 was identical to Experiment 1,
with participants performing a choice based on ABrmation. On the contrary, in Condition 2

participants performed a choice based on the venhastic content: in this case, the two verb
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options were both two-place transitive verbs (thme transitive verbs used in Condition 1), with
only one of them fitting the sentence as far asaseits is concerned. As far as reaction times data
in Condition 1, results confirm those obtained talidn healthy participants, i.e. responses were
faster when the correct verb option was an unergatis. a transitive verb. Moreover, the
comparison between reaction times to transitives@r Condition 1 and Condition 2 reveals that —
among the same set of transitive verbs — respamsesfaster when performing a choice based on
semantic than on VAS information. In Experimentt®& same task and stimuli of Experiment 1
were administered to a group of aphasic patienspfswhich were suffering from nonfluent and
four from fluent aphasia. The results demonstraggyaificantly better accuracy — for the group of
nonfluent aphasic patients only — when respondingniergative than to transitive verbs. However,
when considering individual patterns of accuraayy @wo out of ten patients showed a significant
effect of thee number of arguments taken by veshe patient suffered from nonfluent aphasia and
one from fluent aphasia). Finally, in Experimena 4onfluent agrammatic patient (GR) suffering
from deep dyslexia was tested as to her abilityegding verbs with different VAS (unergative,
unaccusative, two-place transitive verbs). Resoitdine that GR performed overall better on
unergative than on transitive verbs, whereas tiferdnce between unergative and unaccusative
verbs failed to reach significance.

Considering the results of each Experiment in i@fato the goals stated above, an arising remark
is that the first prediction made by the ASCH, tlee more cognitively demanding processing of
transitive verbs as compared to unergative vesbspifirmed by two source of evidence: accuracy
data obtained from aphasic patients and the asatfsieaction times in healthy participants. In
detail, Experiment 3 has confirmed that the acgu@cnonfluent aphasic patients, at least at a
group level, is better for unergative verbs thantfansitive verbs, even in a task that taps adoess
VAS information without requiring overt productiotlowever, the analysis of the individual
profiles also suggest that in some cases fluenasiphpatients may show the same pattern:
therefore, the present data suggest that the pi@dicof the ASCH may generalize to fluent
aphasia as well. Moreover, Experiment 4 has shdwh this prediction can generalize also to a

word naming task, i.e. it can account for the patt# performance of patients suffering from deep
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dyslexia. Finally, the analysis of reaction timeatad of healthy participants (Experiment 1,
Experiment 2 — Condition 1) demonstrate that ttamsiverbs elicit longer reaction times than
unergative verbs, thus indicating that the ASCHIdaeflect a more general process regulating
normal language processing, as previously suggéestéttAllister and colleagues (2009).

As far as the second goal of the study is concermedtesting the more cognitively demanding
processing of unaccusative verbs as compared tmatnes verbs, the analysis of the accuracy
pattern shown by our deep dyslexic patient (GR)edaiin outlining an effect of syntactic
movement. Therefore, the second prediction of tH&CKH is not confirmed by data from
Experiment 4, as opposed of earlier evidence (Litizea al., 2002) attesting a less frequent
production of unaccusative than of unergative sénbnonfluent aphasic patients. The absence of
an effect of syntactic movement on GR’s productionld depend either on the limited number of
correct responses given by the patient or on the of task used in this Experiment. Indeed, GR
underwent a word naming task, where verbs wereepted as singletons, in absence of any
additional syntactic context. This particular cdmmh could have prevented the effect of syntactic
movement to arise, given that the more cognitivkdynanding processing of unaccusative verbs is
assumed to be related to a purely syntactic factorthe movement of the NP grammatical subject
from a post-verbal position to the subject position

Considering the third objective of the study, irdorming about the locus of the verb production
deficit in nonfluent aphasia, Experiment 3 indisateat nonfluent aphasic patients, at least at a
group level, can differentiate between unergativé @mansitive verbs, thus having at least partial
access to VAS information, i.e. to the lemma leVidlerefore, the greater difficulty in producing
transitive than unergative verbs reported in therdiure may be due to a deficit in mapping
arguments onto the sentence syntactic structuge,at. the level of grammatical encoding as
suggested by Bastiaanse and van Zonneveld (2005).

Finally, with respect to the fourth goal of thedsturesults obtained in Experiment 2 inform about
the role of semantic and VAS information in sengpcocessing. In detail, the finding of faster
reaction times — within the same set of transitieebs — in responding to semantic information

than to VAS information is interpreted as indicgtia faster access to semantic than to lemma
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knowledge. Therefore, data support an independec#sa to semantic and VAS information.
Further research is necessary to determine thesemantic and argument structure information
interact, and how semantics can pose restrictionshe way verbs realize their arguments in
sentence production.

To conclude, the present research offers evidemcivior of the role of VAS information in
determining the normal and aphasic subjects’ perdoice to verb and sentence processing. The
present data demonstrate that access to VAS infimmis faster (for healthy subjects) and easier
(for aphasic patients) for unergative than for $réwe verbs, in line with the first hypothesis read
by the ASCH. This suggests a more cognitively defiman processing of transitive verbs as
compared to unergative verbs, possibly in relatiotine different number of arguments required by
the two verb types. Moreover, the present dataesigtpat the ASCH could not only account for
the pattern of verb production in agrammatic pasiebut could reflect a more general process
underlying normal language processing in a vaétyasks, among which written word naming. In
addition, the results indicate that the greater glerity of unaccusative verbs as compared to
unergative verbs may arise at a post-lemma lewelthie level of grammatical encoding. The latter
level is also considered to be the stage — withidlets of lexical production - at which the deficit
characterizing the production of verbs in nonfluepbhasia is located. Finally, VAS and semantic
information can be accessed independently, thugestigg a representation of semantic and VAS

information at separate and subsequent levelsngliage processing.
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